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»
Lectures

Week 1

= April 4th
Video: Lecture 1 &

= April 5th
Video: Lecture 2 &%
Tutorial: Tutorial 1

= April 6th
Video: Lecture 3 &
= April 7th
Video: Lecture 4 @
Tutorial: Tutorial 2 (same as tutorial 1)
Solution: Partial Solution to the Weak Decay Problem - |'ve tried to get the signs rig

= April 8th
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M. E. Peskin and D. V. Schroeder
= Errata # for the book by Peskin and Schroeder

= Phenomenology of Particle Physics &
S. P. Martin

= This is a nice, comprehensive introduction to the Standard Model.

Rough Plan
Particle physicists use a wide variety of experiments to piece together the underlying theor
(LHC) is taking data that is expected to cast considerable light on the origin of weak-interac
space and time.

The aim of this course is to understand how we go from data to theory, with particular
look at the results of the latest particle physics experiments, from the LHC and beyond,
experiments have allowed us to deduce the symmetries of the Standard Model, and then
beyond the Standard Model. We'll be using the event generator Pythia to simulate LHC
between models of new physics.

In week 3 we'll develop these ideas to understand and incorporate the data from dark matt
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No Lecture

= April 14th
No Lecture
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Video: Lecture 8 &
Video: Lecture 9 &

Tutorial: Tutorial 3 (same as tutorial 1 & 2)

k Files for kinematics/analysis tutorial: [3] &
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ks You Need to Download. i i
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they're defined, you'll want to start here. If you modify ChameleonPSI . nb, it should automatically update ChameleonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to

t-ﬂ:ﬁsa: 4&%‘ . Page 94/501

| BT T ] | Y 1 - a1 - =B . 1 s B - - 1

[ —
L




| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Reading data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

nm&pﬁknwﬂ.mhﬁm&ntﬁuwlﬂhm. Ignore the warning about overwriting files--it won't.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[wmmuh.n&hummmmumnmnm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Marhemarica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

E P




| load the package. The line i

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

hid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

]

Reading data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files--it won't. il

pfigure the "master” cuts (optional) N
pd One or More Data Files with the LoadEvents Command 1

twm&hhaﬂehﬂuHWWWuﬂthM It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.




jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

e |
Reading data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the warning about overwriting files--it won't.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

lmmmum.ﬁhhmmmmmumuhnm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

B e N
pu want to compare several data sets, you can load each into a different list.

ply fiudiigolation Page 97/501
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jre using Chameleon, you need to download a few files from the LHC olympics website:

|hameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI.nb, it should automatically update ChameleonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

[cmdmm&wmm.mHwﬂh&ﬁrﬂﬁ:ﬁhmnﬂ(&m(ﬁ.fmﬂuwmﬁunmu
path syntax you may need to use "\" instead of "\").

| S
| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Reading data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

bu CAD't get shis to work, uncomment the line below to bring up a file browser. Ignore the warning about overwriting files—it won't. Page 98/501
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jre using Chameleon, you need to download a few files from the LHC olympics website: 1
jhameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI.nb, it should automatically update Chame leonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package ) [j

command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
L’nhvnph:yﬂnymnuyudhu "\" instead of "\").

| eSS LN
| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

¥V it

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't. 1 il

e.$he.; master” cuts (optional) Page 995501 |
One or More Data Files with the LoadEvents Command 11




jre using Chameleon, you
jhameleonPSI .m conta

leonPSI.nb is
they're defined,

jata sets from the website
from other files.

Working Directory 1

[ load the package. The line

Save As...
Save Selection As...
Revert...

Install...
Printing Settings

Print Selection...

O 38S minmmm.wﬂmmnmuwmu

I.nb, it should automatically update Chame leonPSI .m.

ckage uses WZt.lhco. You can change the commands later in this section to

8P all the files you need (On any OS, forward or backward slashes are ok, but

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

e the,; master” cuts (optional)

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't.

Page 100/501
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fre using Chameleon, you need to download a few files from the LHC olympics website:
jhameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this
they're defined, you'll want to start here. If you modify ChameleonPSI .nb, it should

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. '
from other files.

Working Directory and Load the Chameleon Package

[mﬂmwwmm,m&wmhﬁhﬂlmmmw@
i path syntax you may need to use "\" instead of "\").

B e e o T
| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the

Evaluation

Evaluate Cells
Evaluate in Place
Evaluate in Subsession

Evaluate Notebook
Evaluate Initialization Cells

v Dynamic Updating Enabled

Convert Dynamic to Literal

Debugger
Debugger Controls

Interrupt Evaluation...

Abort Evaluation

Remove from Evaluation Queue
Find Currently Evaluating Cell

Kernel Configuration Options...
Parallel Kernel Configuration...
Parallel Kernel Status...

Default Kernel
Notebook's Kernel
Notebook's Default Context

Start Kernel

Local
e the,’ master” cuts (optional) SLHA Template Study
One or More Data Files with the 111

38 2
X0«

3.

3.
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Evaluation

Do you really want to quit the kernel?

((Cancel ) (Quit)

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't. n i

e.$he: master” cuts (optional) Page 102/501 N
One or More Data Files with the LoadEvents Command 11




|re using Chameleon, you need to download a few files from the LHC olympics website:
jhameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI . nb, it should automatically update Chame leonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
Lmlﬂlyn:lywnlyudmu "\" instead of "\").

| 10

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files--it won't.

e, the: master” cuts (optional) Page 103/501
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jre using Chameleon, you need to download a few files from the LHC olympics website:
jhameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI .nb, it should automatically update Chame leonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

[wmwwuthgtﬂm:lly,wlueitwilhﬂhﬂhﬁhymmﬂ(&ny%,hnﬂuwm-n&,tu
path syntax you may need to use "\" instead of "\").

-

|
1

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't.

e the: master” cuts (optional) Page 104/501
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|re using Chameleon, you need to download a few files from the LHC olympics website:

|hameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI .nb, it should automatically update Chame leonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

[mM‘:mm,mkﬂh&hﬂhﬂhy&mﬂ(&m@,hﬁuwm-:&,m
1 path syntax you may need to use "\" instead of "\").

|
| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't.

e thes master” cuts (optional) Page 105/501
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| load the package. The line H

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

L A

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the waming about overwriting files—it won't. il

hfigure the "master” cuts (optional) N
pd One or More Data Files with the LoadEvents Command i i

[wmuﬂlﬁuﬁhhﬂnmmmﬁmﬂwhm“ﬂ. It also deletes from the record objects that fail 7
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

[ .|

pu Wisnt 19¢i9fGpare several data sets, you can load each into a different list. Page 106/501 1 i




command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but i
Ll:bwl' path syntax you may need to use "\" instead of "\").

| load the package. The line |

—
data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

i A

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the warning about overwriting files—it won't. 14

E'nh'm‘mtm N
One or More Data Files with the LoadEvents Command il

lmmumn.&hummmmuwnum It also deletes from the record objects that fail 7
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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Evaluation

;.I...B...L...ﬂ.l.l... TENTRESE TR TP AP T W RTINS TR

|25 = Do you really want to quit the kernel?

data as PGS
for compatibility

jid appear. PGS version

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

tmmummaﬁkhmmmmmumnum. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

F
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command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but "
Lm‘pﬂlmyuumymdbue "\" instead of "\").

| SRR
| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

i

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
.- §

pu can't get this to work, uncomment the line below to bring up a file browser. Ignore the wamning about overwriting files—it won't. 1]

Ebnh'wm(m N
One or More Data Files with the LoadEvents Command 7]

tmmumn.ﬁhhummmm-ﬂmnmm. It also deletes from the record objects that fail 7
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

k 9
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ndc pﬁmmmymnm'\h’h'udd'\').

| load the package. The line

data as PGS Version 4...set $PGSVersion=3

for compatibility with older (6-column, no-trigger) data format

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

bu can't get this to work, uncomment the line below to bring up a file browser. Ignore the warning about overwriting files--it won't.

pfigure the "master” cuts (optional) —t
hd One or More Data Files with the LoadEvents Command

command imports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objects that fail

lm‘ cuts defined above, and any events that are empty after this filtering.
ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.




| load the package. The line i

data as PGS Version 4...set S$PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

hid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

L Fa

nmwpﬁummuhmnﬁwlﬁhm.wummmmm .

pfigure the "master” cuts (optional) N
hd One or More Data Files with the LoadEvents Command 1

tmmumn.ﬁhhmmmmm-ﬂwnum. It also deletes from the record objects that fail 7
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

hu want to comnare ceveral data cete vou can load each into a different list by |



| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

hid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

—

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[wmhhhaﬁhhhmmWWﬁmhiﬁm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu Wisht 119 {#ipare several data sets, you can load each into a different list. Page 112/501




| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask

bu Wit 1 t8#ipare several data sets, you can load each into a different list.

'
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96.0909v1.pdf
97.0005v3. pdf
98.1028v4(2) . pdf
98.1028v4. pdf
10.3133v2. pdf
10.3585v3(2) . pdf
10.3585v3(3) . pdf
10.3585v3. pdf
11.1363v3. pdf
11.3029v1. pdf
11.4448v1. pdf
12.4218v1. pdf

-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/
ples/
ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card
ples/top. lhco
ples/top. log
ples/WZt.card
ples/WZt. lhco
ples/WZt.log
-128-141-150-28:Downloads ntoro$ mv PSI_PPexplorations_analysis_examples.tar.gz
e: mv [-f | =1 | -n] [-v] source target
mv [-f | =1 | =n] [-v] source ... directory
I-125-141-15l-2ﬂ:Dounloads ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz

& shirsa: 11040028
word:

| | TTOSEES| ORI IR SO el et GRSl Ss Sty erten ey

-128-141-150-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~
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L | WZt.card 2008-07-30 1:55 PM 4 KE {

Zlnane i _30 10 7 ME

LD ——————————————————— M it

es .
wORER: 11040028 E] sdarticle(4).pdf Portab... (PDF) . Janyary 25, 2
PPexp (% WZth.pdf Portab... (PDF)  November 1,



ChameleonPsl

Date Modified
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(~) Yesterday '

= — S

wORigk: 11040028 | Portab... (PDF) . lanuary 25, 2(
' Portab... (PDF) November 1,



Q- String Matching

----- PYSTAT: Statistics on Number of Events and Cross-sections #ekkkskk

I I I

Subprocess I Number of points I Sigma I

I | I

I I (mb) I

I I I

:0 Type I Generated I Tried I I
I I I

I I I

8 All included subprocesses I 58606 726363 1 4.736E-84 1
t‘s f + fbar -> g + gomma*/Z0 I 6686 186159 1 6©6.326E-85 I
6 f + fbar' -> g + W+/- I 28374 2804966 1 1.928E-84 I
B8 f + g —> f + gamma*/Z0 I 5942 98013 I 5.66%E-85 I
BL f + g —> ' + We/- I 16956 161043 1 1.604E-084 I
Bl q + gbar -> Q + Qbar, moss I 7 93 1 6.699E-68 I
B2 @ + § -> Q + Qbar, massive I 35 589 1 3.364E-07 I
I I I

Total number of errors, excluding junctions = 8wk Rk

Total number of errors, including junctions = I

Total number of warnings = B RO

Fraction of events that fail frogmentation cuts = 0.00112 **ekekxkk




Q- String Matching

| I I

Subprocess I Number of points I Sigma I

I I I

| I (mb) I

I I I

:0 Type I Generated Tried 1 I
I I I

I I I

8 All included subprocesses I 56008 726363 1 4.‘?3&-&4 I

f + fbar -> g + gomma*/Z8 I 6686 186159 1 6.326E-65 1

6 f + fbar' -> g + W+/- I 28374 280466 1 1.928E-04 I

38 f + g -> f + gamma*/Z0 I 5942 98013 I 5.669E-85 I
BL f + g —> ' + W/~ I 16956 161043 1 1.604E-84 I
81 q + gbar -> Q + Qbar, mass [ 7 93 I 6.699E-88 I
B2 g + g -> Q + Qbar, massive I 35 589 I 3.364E-87 |
I I I

[EREE SRS SRR
B OO R K

*x Total number of errors, excluding junctions
Total number of errors, including junctions
*xek Total number of warnings = R
Fraction of events that fail fragmentation cuts = 0.88112 **kkkkkkk




Date Modified
n 2008-07-30 2:16 PM
(& ntoro_su =) top.log 2008-07-30 2:16 PM 1.2 ME
b <cnrcs rom 5 WZt.card k 2008-07-30 1:55 PM 4 K1
= "~ WzZt.lhco 2008-07-30 10:05 AM 12.7 ME
(- Today - |
= B WZt.log 2008-07-30 10:05 AM
(- Yesterday ? cend
g % AN-10-391_temp.pdf Portab... (PDF) ., Apsll,S, 2011

(% sdarticle(4).pdf Portab... (PDF)  January 25, 2



Q- String Matching

I 1 I

Subprocess | Number of points I Sigma I

I I I

I 1 (mb) I

I I I

:0 Type I Generated Tried I I
I I I

I I I

8 All included subprocesses I 50800 726363 1 4.736E-804 1
f + fbar -> g + gomma*/Z0 I 6686 186159 1 6.326E-05 I

6 f + fbar' -> g + We/- I 28374 280466 1 1.928E-04 I
3B f + g -> f + gamma*/Z0 I 5942 98013 I 5.669E-85 I
BL f + g -> ' + We/- I 16956 161043 1 1.604E-84 I
81 q + gbar -> Q + Qbar, mass [ 7 93 I 6.699E-88 I
32 g + g -> Q + Qbar, massive [ 35 589 I 3.364E-87 I
I I I

GRS EEE RS EEEES
B SRR RO R

Total number of errors, excluding junctions
Total number of errors, including junctions
Total number of warnings = 8 ForpkkR koK
Fraction of events that fail fraogmentation cuts = 0.80112 *kokorkk
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event number 40000 of 50000 (Triggered on: 40008)
event number 41608 of 58088 (Triggered on: 41868)
event number 42000 of 50008 (Triggered on: 42668)
event number 43000 of 50000 (Triggered on: 43000)
event number 44808 of 50808 (Triggered on: 440860)
number 45008 of 58008 (Triggered on: 45008)
event number 46000 of 50000 (Triggered on: 46008)
event number 47000 of 50808 (Triggered on: 47068)
event number 48600 of 50008 (Triggered on: 48000)
event number 498608 of 50008 (Triggered on: 49000)
event number 50000 of 50000 (Triggered on: 50060
| NEXT_EVENT: done generating PYTHIA events i
cross section: 8.4736E+89 fb
ek PYSTAT: Statistics on Number of Events and Cross-sections #skkkkkkk

S8888888888

o e e e mm M mm o mm mm mm M M m M M M mm e
e e e e )

I I I

Subprocess I Number of points 1 Sigma I

I I I

I I (mb) I

I I I

:0 Type I Generated Tried I I
I I I

I I I

8 All included subprocesses I 50000 726363 1 4.736E-64 I

f + fbar -> g + gommo*/Z0 I 6686 186159 I 6.326E-85 I
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at event number 43008 of 50808 (Triggered on: 43068)
at event mnbeim of 50808 (Triggered on: 49000)
at event number'.50666 of 50006 (Triggered on: 50006 )
| NEXT_EVENT: done generating PYTHIA events

cross section: 8.4736E+09 fb

[ekerx PYSTAT: Statistics on Number of Events and Cross-sections *%kkkkikkk

Number of points Sigma

:0 Type Generated Tried

I I
I I
| I
I () I
I I
1 I
1 I

I I I

8 All included subprocesses I 50000 726363 1 4.736E-84 I
f + fbar -> g + gomma*/Z0 I 6686 186159 1 6.326E-85 I

6 f + fhar' - g + W+/- I 28374 280466 I 1.928E-84 I
B8 f + g -> f + gomma*/Z0 I 5942 98013 1 5.669E-85 I
BL f + g -> ' + We/- I 16956 161943 1 1.604E-84 I
81 q + gbar -> Q + OQbar, mass I 7 93 1 6.699E-88 I
B2 g + g -> ( + OQbar, massive I 35 589 I 3.364E-07 I
I I I
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pl+ 1 211 % p ; ; B.161748 3. BA746 A.21446 3.1395
KL@ 1 138 155 a a 8 -8.25517 -8.71934 -2.19981 2.381685 8.49767
pi- & =211 156 a a 2] 8.51569 0.82346 -1.15525 1.27301 08.13957
(pid) 2 111 156 8 740 741 -8.27976 0.08642 -8.57583 0.65995 08.13498
pi+ 1 211 157 a a 8 8.85572 -0.82576 -8.23699 0.28150 8.13957
B (pid) 2 111 157 8 742 743 -0.430893 -1.35224 -4.82828 4.27312 08.13498
P gamma » 22 158 8 a i) -0.25916 -8.77351 -1.91917 2.88536 0 .000800
p (pid) 2 111 158 8 744 745 8.208186 -0.83853 -0.21259 0.32583 08.13498
L gamma 1 2 159 (5 a ) 0.28420 -2.23991 -3.72448 4.35543 6 .06000
P gamma 1 2 159 8 ) 8 8.83600 -8.8779% -0.14646 0.16978 0 .00000
3 KL@ & 130 168 a a 8 1.86185 -1.85986 -8.65471 8.92962 0.49767
f p+ " 2212 161 8 a a -8.47254 -1.86787 -4.97053 5.19136 8.93827
pi- i -211 161 8 a a -0.17618 -0.13684 -1.87859 1.18245 0.13957
p+ 1 2212 163 2 a a -1.48943 -0.68551 -4.28518 4.59873 08.93827
pi+ 1 211 163 a a 8 -0.33644 -A.81289 -8.37358 08.52154 8.13957
pi- 1 =211 164 8 a 8 -0.23588 -0.39417 -2.89205 2.93162 8.13957
(pi8) 2 111 164 8 746 747 -2.22045 -1.183685 -9.25514 9.58243 0.13498
) n@ 1 -2112 165 () a 8 -1.77238 A.37340 -8.29751 8.54472 8.93957
L pi- 1 =211 165 8 a 8 -0.89769 A.87384 -1.32929 1.34219 8.13957
P (Lambda@ ) 2 3122 166 8 748 749 -3.19798 1.87919 -13.38199 13.93066 1.11568
3 gomma n & 22 166 8 ) ) -8.32261 9.13311 -1.43622 1.47802 9 .00000
n~8 “ -2112 167 3] a a -1.38978 a.57158 -4.7917%6 5.18908 8.93957
pi+ 1 211 167 8 a a -8.35839 0.40977 -1.62756 1.72186 08.13957
b pi- 1 -211 168 8 8 8 -8.63928 A.58976 -5.31953 5.38381 8.13957
(pid) 2 111 168 8 758 751 -8.084580 8.27156 -0.62408 0.69557 8.13498
pi+ 1 211 169 8 a a 08.17284 A.81044 -3.18836 3.28951 8.13957
(piBd) 2 111 169 8 752 753 -9.89811 -0.18737 -8.44569 8.51146 8.13498




5 parameters

parameter set representing LHC

Er of eta cells in calorimeter:
r of phi cells in calorimeter:
width of each cell in eta:
width of each cell in phi:

em calorimeter resolution {(a):
em calorimeter resolution (b):
hadron calorimeter resolution:
trigger MET resolution:
kimeter cell edge crack fraction:
finding algorithm (cone, ktjet):
cluster seed tower threshold:
Cluster shoulder tower threshold:
cluster finder cone size:

outer rodius of tracking {(m):
magnetic field (T):

sagitta resolution (m):

track efficiency:

minimum track pt:

tracking eta coverage

e/gamma eta coverage

320
200
8.83141590
8.83141598
0.01000000
8 .20000000
8 .50000000
8 .266000000
8.081000000
8.00000000
5 .00000000
1 .60080000
8 .50000000
2 .06600600
4 .00000000
8 .08001300
9.,95000000
1.06600008
3.08800000
3.00000008
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b parameters

parameter set representing LHC

::r of eta cells in calorimeter:
r of phi cells in calorimeter:
width of each cell in eta:
width of each cell in phi:

em calorimeter resolution (a):
em calorimeter resolution (b):
hadron calorimeter resolution:
trigger MET resolution:
kFimeter cell edge craock fraction:
finding algorithm (cone, ktjet):
cluster seed tower threshold:
Cluster shoulder tower threshold:
cluster finder cone size:

outer radius of tracking (m):
magnetic field (T):

sogitta resolution (m):

track efficiency:

minimum track pt:

tracking eta coveroge

e/gamma eta coverage

320
200

9.93141590
9.93141590
9.01009000
920000000
730000000
9.20000000
9.91000000
7.9PPRRAAA
5.00AARA

1 .am%
9.50000000
2.00000000

8 .006001300
9 .98000000
1.00000000
3.000000080
3.00600000
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parameter set representing LHC

Er of eta cells in calorimeter:
r of phi cells in calorimeter:
width of each cell in eta:
width of each cell in phi:

em calorimeter resolution {(a):
em calorimeter resolution (b):
hadron calorimeter resolution:
trigger MET resolution:
Fimeter cell edge craock fraction:
finding algorithm (cone, ktjet):
cluster seed tower threshold:
Cluster shoulder tower threshold:
cluster finder cone size:
outer rodius of tracking {(m):
magnetic field (T):

sagitta resolution (m):
track efficiency:

minimum track pt:

tracking eta coverage:
e/gamma eta coverage:

328
208
8.83141598
8.831415980
0.01000000
8 .20000000
8 .50000000
8 .20000600
0.01000000
8 .00000000
5 .00800600
1.06000000
8 .58000000
2 .D8600600
4 .00600000
8.08001300
8.958000000
1.90000008
3.00800600
3.00000000

Q- String Matching
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| MASS_TBL not defined...using

MSTU(11) changed from 6 to 86
memwum
HRRROROR R OROROROOKRORIOROROROROROIOROROKOROROIOROROKBORKOORIORO ORI IOROROR ORI Ok
o
L+
e * Welcome to the Lund Monte Carleo! *#
Broaligncensnsiie ¥
Xpzsasellasnssasnsssis: PRR Y Y TTTITH HIII A L
Reszsssrslissaassisininzi e P P YY T H HI AA =
®pazzseeasllizorsanseesanesizis® PPP ¥ T HHHHH 1 AAAAA  **
A R R P Y T H HI A A ==
Eszaseserllizesezasesaiziane P Y T H HIII AI A KK
®3ssasshicssseanssassss® |} ¥
i1 ®ersligegassssie I This is PYTHIA version 6.411 "
I 1% g ¥ I Last date of change: 38 Mar 2007 **
I Il I LE
! H 1 Now i 8@ Jan 2088 ot ©:88:88 *&
N 1 *¥
I lh I Disclaimer: this program comes ¥
' i without any guarantees. Beware -
R hh I of errors and use common sense >
N 1 " when interpreting results. **
H 1 o
I Copyright T. Sjostrand (2087) K
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| MASS_TBL not defined...using

MSTU(11) changed from 6 to 86
B S S SR S B B S S R S R
B S R e S P e PP S R e
*%
%
Benssna® Welcome to the Lund Monte Carlo! **
Frrsflozooooonoon® K
Rpssrssllrerrssrensnans PPP ¥ Y TITTTH HIII A ok
Bepzesaseiiszesesazenieanyee P P YY T H H1 A kX
¥rissessesiizacsessorseansas PPP Y T HHHHH I A *k
i P  § T H HI A A *x
B asl e nss P Y T H HIIIA A **
L HH R LR ok
1} ®Zzosilzseszerezeek ' This is PYTHIA version 6.411 K
I 1% 3 ¥ I Last date of change: 30 Mar 2087 **
] H ] ok
I H ] Now is @ Jan 2008 at 0:00:00 *x
N ] ¥
I Lh I Disclaimer: this program comes *x
" ] without any guarantees. Beware *x
] hh ] of errors and use common sense *x
N} L N when interpreting results. o
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Main author: Torbjorn Sjostraond; CERN/PH, CH-1211 Geneva, Switzerland, **
and Department of Theoretical Phyvsics, Lund University, Lund, Sweden; %%
phone: + 41 - 22 - 767 82 27; e-mall: torbjorn@thep.lu.se

puthor: Stephen Mrenna; Computing Division, GDS Group,

Fermi National Accelerator Laboratory, M5 234, Batavia, IL 68518, USA; **

phone: + 1 - 630 - 840 - 2556; e-mall: mrennadfnal .gov ok

Puthor: Peter Skands; Theoretical Physics Department, Lo
Fermi National Accelerator Laboratory, MS 186, Batavia, IL 68518, USA; **

phone: + 1 = 630 - 848 - 2279; e-mail: skands@fnal .gov *x

L2

MSEL changed from 1to a
MSUB(15) changed from @ to 1
MSUB(38) changed from f to 1
MSUB(16) changed from B to 1
MSUB(31) changed from f to 1
MSUB(81) changed from B to 1
MSUB(82) changed from A to 1
NSUB(04 ) changed from to 1
MSUB{85 ) changed from a8 to 1
MSTP(7) changed from 8 to 6
CKIN(1) changed from 2.00000 to 40 . 00008

PYINIT: initialization of PYTHIA routines »kkiiirkiirkkk
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K
ok
0B ROR BB R RORCRCRORORORROR IR ROROR O ROROROBOR BOROROK KRR 8 R RORORORORRORORR R ROROROR R ok
00 RO RCRCRORORORCH OB RO ORROR KR 0RO RO KOO HOROR ROk ok

MSEL changed from 1to a
MSUB(15) changed from 8 to 1
MSUB(38) changed from A to 1
MSUB(16) changed from @ to 1
MSUB(31) changed from 8 to 1
MSUB{81) changed from 8 to 1
MSUB(82) changed from @ to 1
MSUB(84) changed from to . |
MSUB(85) changed from @ to 1
MSTP(7) changed from @ to 6
CKIN(1) changed from 2.68008 to 40 .00008

PRk PYINIT: initialization of PYTHIA routines *kekkkpkiiliiek

PYTHIA will be initialized for a p on p collider
at 14000.808 GeY center-of-mass energy

= = =

hing: requested subprocess 84 has vanishing cross-section.
cess switched off!
hing: requested subprocess 85 has vanishing cross-section.
bess switched off!
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) - Ll T

or: Stephen Mrenna; Computing Division, GDS Group, *x
Fermi National Accelerator Laboratory, MS 234, Batavia, IL 68518, USA; **
phone: + 1 - 638 - 848 - 2556; e-mail: mrenna@fnal .gov *x
puthor: Peter Skands; Theoretical Physics Department, k
Fermi National Accelerator Laboratory, MS 166, Batavia, IL 68518, USA; **
phone: + 1 - 630 - 848 - 2279; e-mail: skands@fnal .gov or
o

ox

A RR RO KRR ORRCHIOROKCKCRFORHOR RO K OROROROOORH 00RO HHOROOROKR KKK K
000 BOK R O BOROR KRR IR RO R HOROBOROR BB K RORR ORI HOROROROR KRR Ok ok

MSEL changed from 1to a
MSUB(15) changed from @ to 1
MSUB(38) changed from 8 to 1
MSUB(16) changed from 8 to 1 I
MSUB(31) changed from 8 to 1
MSUB(81) changed from @ to 1
MSUB(82) changed from 8 to 1
MSUB(84) changed from 8 to 1
MSUB(85) changed from @ to 1
MSTP(7) changed from 8 to 6
CKIN(1) changed from 2.00008 to 40 .00008

jerrciokerikkeeek PYINIT: initialization of PYTHIA routines ®ekkkkkiiiclkkkk

PYTHIA will be initialized for a p on p collider I
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MSUB(15 ) changed from 8 to 1
MSUB{38 ) changed from @ to 1
MSUB(16) changed from 8 to 1
MSUB(31) changed from A to 1
MSUB(81) changed from 8 to 1
MSUB(82) changed from 8 to 1
MSUB(84) changed from 8 to 1
MSUB(85) changed from @ to 1
MSTP(7) changed from @ to 6
CKIN(1) changed from 2.00808 to 40 .00000

reercerrrees PYINIT: initialization of PYTHIA routines *essskkeririieres

PYTHIA will be initialized for a p on p collider I
at 14000.800 GeV center-of -mass energy

s e = ]

—_———==
hing: requested subprocess 84 has vanishing cross-section.
Cess switched off!
hing: requested subprocess 85 has vanishing cross-section.
cess switched off!

ek PYMAXI : summary of differential cross-section maximum search *erkkkex

I I I
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at 140008.808 GeV center-of-mass energy I

hing: requested smprocess 34 has vanishing cross-sectlm.
cess switched off!
hing: requested subprocess 85 has vanishing cross-section.
cess switched off!

ek PYMAXI : summary of differential cross-section maximum search *ekkkkkx

I I I
I ISUB Subprocess name I Maximum value I
I I I I
I I I
I 15 f + fbar -> g + gammao*/Z0 I 1.7621E-83 1
I 16 f + fbar' -> g + W+/- I 2.6641E-83 1
I 3@ f +qg->f + gommo*/Z0 I 9.2620E-84 1
I 31 f+g-—=>f's+Wef- | 1.5304E-83 1
I 81 q + gbar -> Q + Qbar, mass I 8.6845E-87 |
I 8 g+ g->0Q + OQbar, massive I 5.5376E-86 I
I 9 Semihard QCD 2 -> 2 I 1.6899E+84 1
I | 1

* PYMULT: initialization of multiple interactions for MSTP(82) = 4 *kkkxx
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1 182 9.000000 ho

24

8

0.00000 O ,00000E+00

0 .0eaae

1.

1

OL0OO0OT ®oO o U

eS888888

Ol vt ef v = =1 =1
11111141
-

HEREABRHE

0.00000 O.00000E+00

0 .000ae

4.

1

-
|

D00 3 O« 2 0

BEEBERER

1.39816 13.98156 0 .00DOOE+HD 1

175 .00000

1

= e T

6 .0e00800

1 182
1 182
1 182

1

41

B ,000000 gamma

42
43

44

i)
We

0 .000000
A .000830




BREBE

SEEUERRY

e

el e

el

-
rrrrrrrrrr

~chi_18

U'ﬂ'D'D"Wﬂ.rfﬂ‘ﬂ‘N oo COO0C DO

&

1

1

1

4 .50008

175 .00000
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0 .00008 0.00000 ©.000OOE+00

1.39816  13.98156 ©.0000OE+00

8

1




31 -1 182
32 1 1e2
5 5 b
33 1 182
34 1 182
35 1 182
36 1 182
37 1 182
38 1 182
39 -1 182
40 1 182
6 6 t
41 1 182
42 1 182
43 1 182
44 1 8
45 i a
46 . § a
47 - a
48 1 182
49 -1 8
58 -1 53
5@ -1 53
52 -1 53
53 -1 &3

0 .000000
8 .000000
8 .008008
8 .000008
0 .0e0008
0 .000000
0 .0e0008
0 .000008

000000000000

i

~chi_180
~chi_28
~chi_38
~chi_40

oo OO0
]

oo WO oo cr
1

d&d QT
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i 1 4.50000 0.00000 0.00000 ©.0000GE+00 B

1 1 175 .60808 1.39816 13.98156 0.000OOE+00 1




&

SEBYERRE

e e

el

-1
-1
-1
-1

2808 cBoosos

=0 o0®

A .068008
8 .000008
0 .000008
8 .000000
8 .000000
0 .000000
8 .0000080
8 .008008

HiHHT

o0 COCOCO
A%

T OO WU A o o ot

dddd
bbb

[
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1 1 4 .50000 0 .00000 0.00000 ©.00800E+00 8

i 1 175 .00000 1.39816  13.98156 ©.DO0O0DOE+H0 1
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1

0 .DBBOOE +08
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175 .00000 1.39816 13.98156 ©.0000OE+00
400 . 6aBne 0 .08000

- |
1

1
1

™ e el e -

-1

A R N N N
L0 0 3 0+« 2 0 ?_tttds.ﬂbtb#&%%.ﬁ%%

18
~chi_20

200000 ~chi_38

~Gravitino

W-
W-
" -
W-
W
We
W+
W+

thar
g
b 'bar

B . 600000 gamma
0 .000008 20
8 .000008
2 .000008
2 .000008
2 .000608
0 .000608 ha
A .000008
8 .0e6Boa gamma
2 .080008 Z8
0 .000830
0.0801765
A . 000606 h@
2 .000000 H+
2 .000008 ~chi
0 . 060606
0000880 ~chi_48
2 .060008 ~g
2 .000008

2}
.

o0
YYYYNEY _YYYCOCCYORRRRRR .
FTHEERET FYCIPECPTRABRATA

6
7 4
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0 .BBRGOE + 60
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175 .00000 1.39816 13.98156 0 .000OOE+00
460 . Baane 0 .00008

1
- |

-
1

o B T it B e
soasowwra Yboso orafPfPYYY 7:

18

~chi_30
~Gravitino

W
W-
W
W=
W+

b 'bar

2 .068600 gamma

8 .6a0008 28

A . 000008

2 .600008

2 .000000

8 .000608

B . 606666 hié

A .000000

B .0BoBoe hé

2 .000000 H+

2 .006008 ~chi

B . 606806 ~chi_28
000808
006608 ~chi_48

0 .006008 ~g

B .000008

FEEEEEERCEES] G REETTE
THEEBET P R o CETRANBRI
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DO 3 0P 20

0 .000008 gamma

1 1e2
1 182
1 1e2
1 182
1 182
-1 182
1 182

34
35
36
37
38
39
48

0.000000 79

W-

8 .000008
0 .000000
0 .0e6008
0 .006000

8 .006088 h8

1

1.39816  13.98156 ©.0000OE+00

175 .00000

1

1

o ¥ PYYYY
-

9889 =
I3
;22900 F P9
i o e
YT RRRBRR

<
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» |
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-1
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-1
-1

47
48
49
58
51
52
53
54
55

8. 0 . DBBOE + 08 1

469 . 00608 a.

1

b 'bar
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13.98156 0 .0000OE+00
0.00008 ©,00000E+00

1.39816
8 .00008

175 .00808
400 . 00800

.
1

1
i

11-1-1-_11

bbUCt.l.hb tttdﬁbhtb.ﬂ»%ﬂv&udvﬁu I

-18

~chi_20
~chi_38
~Gravitino

-
W-
W-
" -
We
W+
We
We

thar
9
b 'bar

0 .060008 gamma
0 .000000 28
0 .000000
0 .000808
0 .608000
0 .606000
A .606600 h@
0 .600000
A .600600 gamma
A .600000 Z8
0 .000838
0.881765
8.998285
8 .006000
0 .600000 hi
A .000000 H+
0 .000000 ~chi
8 .600000

.006080

.006000 ~chi_48
A .600000 ~g
0 .608000
A .880000

[ ]
YYYYHEY _YYYCOCCYORRRARRR LY

34
35
36
37
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39
48
41
42
43
47
438
49
58
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55
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FEE
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34 1 1e2 8 .be8008 gamma b
35 1 182 0 .000000 28 b
36 1 162 8 .000008 W- u
37 1 182 0 .608000 W- c
38 1 182 0 .000000 W- t
39 -1 182 0 .600000 W- "
48 1 182 8 .0e0008 h@ b
6 6 t thar 2 1 - | 175 .00000 1.39816 13.98156 0 .00D0OOOE+H0 1
y 1 182 0 .000000 g t
L 4 1 1e2 8 .0e8008 gamma t
43 1 182 8 .008008 Z8 t

45 1 ) 0.081765 W+ s

46 1 a 8.998285 W+ b

47 -1 8 8 .000000 W+ b’
48 1 182 0 .000000 he t

9 -1 9 8 .000008 H+ b

58 -1 53 8 .000008 ~chi_18 S |
51 -1 53 8 .6e6008 ~chi_20 ~t1
52 -1 53 0 .000000 ~chi_30 ~4
53 -1 583 8 .008008 ~chi_48 o = |
54 -1 53 8 .080008 ~g o 5 |
5 -1 53 0 .0o80a8 ~Gravitino .1

7 7 b' b ‘bar -1 1 1 460 .po80a 0 .08000 0.00000 ©.00600E+00 1

=N
=
[a
=3
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1.39816 13.98156
9 .00008

175 .00000
400 .00008

1
1

ol

| I I B B
00 3 0L+ 0 2tttd$bbtbﬂu¢.ﬂvﬁ-%% au.nb
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Q- String Matching

3% 1 192  0.900000 - u
37 1 192  ©.900000 - c
38 1 192  0.900000  W- t
39 -1 192  ©§.900990 V- £
49 1 102 £.908008  ho b
- 6 t toar 2 1 1 175.00000  1.39816  13.98156 0.00POGE+00 1
41 1 182 0£.000000 g £
42 1 182 0.000900  gamma t
43 1 192 ©0.900000 0 t
44 1 9 0.000030  Ws d
45 1 8 0.001765  We s
46 1 8 0.998205 s b
47 -1 8  0.000000 W b'
48 1 192  ©.900000  ho t
{ 4 -1 @ o0.000000 H. b
59 -1 53  0.000090  ~chi_10 ~4_1
51 -1 53 £.800090  ~chi_20 ~4_1
52 -1 53  0.000000  ~chi_30 ~_1
53 -1 53  0.000000  ~chi_40 ~4_1
54 -1 53  0.000000 ~g ~_1
55 -1 53 0.000099  ~Gravitino ~_1
7 7 b b 'bar 44 1 1 499.00000  0.09000  ©0.00000 0.0PPOGE.HO 1
56 1 12 £.000000 g b
57 1 192  ©£.000000  ganma b’
58 1 192  0.000909 0 b
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Q- String Matching
176 1 182  0.000000 e- e+
171 1 182  0.000000  mu- U+
172 1 182 0.000000  tau- taus
173 -1 192  0.000000  taou'- tau's
23 23 28 @ 8 8 91.18800 2.47813  24.78129 0.00POOE.00 1
174 1 32 9.1539% d dbar
17 1 32 9.119420 u ubar
176 1 32 9.153984 = sbar
17?7 1 32 08.119259 ¢ char
178 1 3R 8.152272 b bbar
179 1 32 0.000000 t tbar
180 -1 32 ©.000000 b’ b 'bar
181 -1 32 0.000000 t° t 'bar
182 1 8 9.83357%  e- e+
{ 18 1 @ 0.966806 nu_e nu_ebar
184 1 8 8.833576 mu- M+
185 1 @  0.066806 nu_mu nu_mubar
186 1 9@ 9.833500  tau- taus
187 1 8 8 .0866806 nu_tau nu_taubar
188 -1 8  9.000AND '- tou's
189 -1 B8 9.000000 nu'_tau nu '_taubar
24 24 i W- 3 (2 1 80 .45000 2.07115 20.71149 0,00000E+00 1
198 1 32 8.321369 dbar u
191 1 32 9.016494  dbar c
192 1 32 9.080080  dbar t
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Q- String Matching

1891 1 42 2 .005088 e+ nu_e Sigmad
1892 1 42 8 .pa5000 e+ nu_e Sigma*a
1893 1 42 8 .883880 e nu_e n@
1994 1 42 0 .082000 e+ nu_e Deltod
1895 1 42 A .065008 2e nu_e p+ pi-
1896 1 42 8 .086808 &+ nu_e n@ pi@
% } 12 s-mmm mile il mid lum:!::!a

; : mits 4TI T Sigege
1393 1 42  0.005000  mus i Stgma*g
1108 1 42 8 .0a5000 [T s g e
1161 1 42 9.902000 megs il Deitcs
1182 1 32 0 .906008 o 4+ (s THT] < THE ni-
1183 1 4% B -Be5000 7T [ T =F e Fil
1184 1 8 9 .986609 Siisss K-
1165 1 ) 8 .925000 Deitos+ K*-
1106 1 0 9.916808 n. Khar
1187 1 i) A .905509 pe K¥pard
1188 1 a 8 .885000 Daltos 35
1183 1 9 9 .905000 Deltos K*harg
1118 1 a 7 .885360 Lambdas pis
1113 i a 9 .905099 Lambdag rhos
1112 1 ) 0 .905500 Slﬁ pis+
1113 1 a 2 .004880 Sigmg rhos
1114 1 9  9.904999  Sigmo*s pls
1115 1 a A .904006 Sigma*g rhos
1116 1 5] 9 .904009 Sigmas pig
1117 1 a 0 .902609 ' &ta
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(omega(782))
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$19
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436
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=1.25272
-1.71614

= = T AQDL™T

-8.16368
141944
-1.66682
-2.23933
-8.22443
1.32872
1.82221
2.97939%
3.6127%
8.29542
8.51748
9.16837
-8.82347
8.17299
8.53159
-8.16781
-9 .4259

-1.11789
-1.81148
=0.28213
-2.89741
9.36261
-0.69105
-8.79281
-9.24869
.99399

QU277
8.62689
9.47250
8.29752
1.27868
1.78285
1.57638
1.32062
1.95974

78571
-7483%
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49.67765
47.62651
11.93539
34.27831

7-86178

6.26266
12.88736
12.27575

Q- rDT
+4.17338
41.27635
3.12986
554344
11.79756
19.53543
3.81648
4.29576
3.21332
2-43692
1.8%9827
9.53299
8.23562
1.78858
1.46534
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9.15858
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-1.64663
-2:62253
-3 -73643
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-22 . 1423? 22 .17976
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Q- String Matching

L ak a i i E ] . 20549 =Z OIBL0 - THOLY 55553

P gamma i 22 219 a (5] a -8.14656 -0.99619 -1.24299 1.25536 0 .00000
3 pi+ 1 211 228 a a (5] 0.37756 -0.38648 -3.89828 3.93794 0.13957
pi- 1 =211 228 a a a 8.626899 -8.17485 -6.53135 6.56461 8.13957
(pid) 2 111 228 B 687 688 8.43769 -A.81359 -2.37385 2.41688 0.13498
pi- 1 =211 221 a a (5] 8.34873 -8.24860 -1.46486 1.53255 8.13957
pi+ 1 211 221 a a a 8.82328 -0.47089 -1.74498 1.81272 0.13957
(pid) 2 111 221 B 689 690 0.08247 8.05546 -8.51957 8.53968 0.13498

B pi- 1 =211 222 (5] a a 8.66137 -A.41711 -5.82198 5.85448 8.13957
i (pta) 2 111 222 B 691 692 8.45991 B.16366 -5.98753 6.88891 0.13498
L n~8 % =2112 22§ (3] a a 1.44624 -0.72147 -32.81881 32.87201 0.93957
P pi+ 1 211 225 a a a 8.17321 B8.12653 -3.97189 3.97933 0.13957
3 K+ 1 321 226 (5] a a 8.67941 -8.87383 -13.31887 13.33674 0.493668
t pi- 1 211 226 8 a a 8.67783 -0.38451 -6.83973 6.89139 0.13957
(Lambda® ) 2 3122 227 B 693 694 1.12857 8.82588 -39.25191 39.29256 1.11568
pi- 1 =211 227 a a a 6.26380 8.82723 -8.91414 8.91918 0.13957
(piﬁ) 2 111 231 B 695 69 8.18784 B.856814 -15.44949 15.45129 0.13498

3 (pid) 2 111 231 8 697 698  09.22062 -9.B8981 -25.43226 25.43373  0.13498
. {piﬁ) 2 111 231 B 699 788 8.48963 #.83191 -26.84994 28 .85378 B.13498
A pi+ p 211 232 A 5] 8 1.28826 B.34632 -35.17513 35.28869 8.13957
L pi- 1 211 232 (5] a (3] 0.31886 0.94347 -24.85993 24 .86230 0.13957
P gamma : & 22 233 a a a -8.10620 8.087567 -2.22110 2.23892 0 .06000
3 gamma 1 22 g (5] a a -0.83425 a.12381 -4.78593 4.78763 0 .66666
(K~8) 2 -311 B 71 TH1 -B.22214 8.23277 -8.26328 8.28442 0.49767
pi- 1 =211 236 a a a -0.08881 -0 .05644 -9.78755 9.78873 0.13957
(k) 2 311 237 @ 782 782  0.98792  -8.25205 -28.61742  28.63723  0.49767
pi+ 1 211 237 B a 8 a.81864 A.16298 -9.88269 9.88526 8.13957
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-8.11743
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-0.06640
-0.88185
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Q- String Matching

168.74909
166.51471
61.45492
1.336480
54.67761
165.26930
22.51186

126.96959
12.84032
74.20683

365 .660268

160.74968

166.51672
61.45696

1.33660
54.67813

165.27163
22.51191
29.33025
27.54224
25.78827

5.32363

123.92292
22.44016
44.94425
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08.94172
4.88391
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-1.18244 3.76899
-8.35855 -1661.86156
0.54836 1.59886
-0.35832 -1660.51098
-1.175601 -966.82569
1.36504 -692.39436
-29.89823 -410.13045
28.72657 -557.34591
-1.17166 -967.47635
0.81298 -2324.31886
-8.83881 -8.43682
-8.81221 1.56429
0.37447 166.47879
26.88271 -496.87670
1.40536 -41.73759
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pi+
(Delta-)

(k*(892)-0)

(k@)

(omega(7682))

(k~)
(k*(892)0)

pi+

(rho(770)8)

(Delta~—-)
(Deltass)

(rho(778)-)

(pi8)
pi+
pi-
(K~8)
(Ke)

(omega(782))
(k*(892)-0)

(k8)

(rho(778)8)
(k*(892)-0)

(k*(832)8)
(eta)

(xho(77)s)
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-313

28

181
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311
313
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317
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335
337

348
342
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8.88690
-8.36912
-8.37706
-0.08920

8.089669

8.31579

8.25292
-8.40670

8.33385

8.06082

1.13686

1.84992

8.94157

8.35827

8.39085

8.78278

1.08889

8.23294
-8.79275

8.84666
-9.96760
-1.49143
-1.87168
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-8.52548
-1.49669
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Q- String Matching

¥a

020

3118.27276 18527 .90528

712.83788
340.63411
26.42429
89.37727
143.84840
109.29355
129.13688
117.34684
83.46982
292.81877
327.89296
143.86273
43.31667
190.69349
188.87817
179.88976
159.99115
461.27974
458.84393
466 .40508
449 .04000
229.30683
245.69785
325.83787
144.84524

712.83798
340.63764
26.43815
89.38383
143.87442
109.308485
128.19728
117.35575
83.58162
292.83189
327.98818
143.86763
43.31883
190 .69851
168.87290
179.81328
159.99320
461.28283
458.84577
466 .40987
449.84352
229.310829
245.78126
325.04244
144.85715

18855 .50414
8.13957
1.15487
8.85223
8.49767
8.77049
8.49767
8.89752
8.13957
8.77195
1.25267
1.38665
8.78653
0.13498
0.13957
8.13957
8.49767
8.49767
0.77739
8.89150
0.49767
0.91374
8.89377
8.86137
8.54745
8.74278




Q- String Matching
pis 1 211 13 0 G} 8 -2.95612 2.88916 -60.24183  60.38364 8.13957
(p18) 2 i1 113 @ =32 =33 -9.722%7 B.74361 -16.51352  16.64638 9.13498
gamma 1 2 114 @ -8 B -5,32063 6.84317 -i06.74544 139.84310 GG el
) paemies i =22 1ds =] 2 ] a.78966 ?.25837 .6 .26299 .6 .23683 2 .23055
L (pi@) 2 111 115 @ 53¢ 535  -0.86054 9.97893 -21.52795  21.56744 0.13498
£ pl+ 1 211 117 g -8 8 -8.28671 8.86411 -18.97665  11.81522 0.13957
B pi=- 1 =211 117 ) @ a -8.35544 0.24049 -6.57350 6.58897 0.13957
(pi0) 2 111 117 @ 536 537 -8.72491 0.96725 -16.46941  16.51426 0.13498
pi+ 1 211 18 e -8 08 -1.57037 1.26174 -24.12655  24.21891 8.13957
{pid) 2 111 119 # 538 539 -9.32060 9.75642 -12.75989  12.78623 9.13498
pi- 1 -211 129 B -8 -8 1.16844 0.22960 -23.56708  23.59756 0.13957
8 (pid) 2 111 120 @ 548 541 8. -0.35421 -19.14980  19.15624 0.13498
P pi+ - 1 211 121 B & -8 9.36230  -D.61656 -12.88866  12.82937 9.13957
A (pid) 2 11 121 B 542 543  -0.13784 -8.77811 -18.953280  19.98250 0.13498
L pi- 1 211 122 8 8 8  9.81203  -0.63643 -17.14916  17.18874 0.13957
P (p18) 2 111 122 B 544 545  -9.88350 -0.88682  -4.33456 4.33834 0.13498
B pis . 211 123 ? =5 -9 _9.91556 -1,41357 -17.850080 @ 17.92982 8.13957
(pig) 2 111 123 B 546 547 0.562180  -D.69324  -7.74386 7.79629 0.13498
(K~8) 2 311 125 A 548 548 2,90536  -4,30791 -57.11145  57,34950 8.49767
(pid) 2 111 125 @ 549 550 9.58825  -9.78852  -7.63261  -7.69042 9.13498
gamma 1 2 1 e TaEs 2.68471  -3.50539 -41.00646  41.24348 0 .00000
8 gamma 1 2 g 8 8 8 2,49958  -3,18629 -35.36873  35,57859 8 ,06000
P nd 1 2112 9 Gl 8  -9.25695 9.92905 278.78615 278.78940 9.93957
g pi- 1 =211 135 8 8 8 -8.12012 0.03638 61.84796 61.84824 0.13957
L K- 1 -321 136 8 8 8  -0.18508 9.16434  22.35784  22.36466 9.49360
P pis+ 1 211 136 8 Gl 8 8.17588  -0.88337 4.86645 4.87349 8.13957
; 5 i : D .09669 . 95628 09. 59.383¢ :




v i) o — 5 S L)

(rho(778)+)
(pig)
(omega(782))
(omega(782))
(eta)
(rho(778)-)
(eta)

pi+
(k*(892)-)
(kx(892)8)
Eﬂﬂ(’m)ﬂ
(K*(892)+)
(k*(892)-)
(k*(892)+)
(rho(778)8)
pi-
(rho(778)+)
(omega(762))
(omega(782))
Em(m)a)

K+

pi-
(rho(778)8)
(omega(732))
(omega(782))

NMNMNEPPENMNNNENNNNENNNERNNNNNNRN

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

o4O DCEEoOEeEOT O CECEC OO oOD e

cEEF2RELLALE

-1.32340
-8.87372
-1.38504
-1.24822
-8.32355
-8.56225
-8.46533
-8.51662
-1.39320
-1.25272
-1.71614
-8.16360
-1.419%44
-1.66682
-8.23993
-8.22443
1.32872
1.82221
9.87939
3.61276
8.29542
8.91748
8.16837
-8.82347
8.17299
9.53159
-8.16701

8.29752

LELHE

bmpmmpmmwm

Q- String Matching

39.89558
17.58038
48.63149

18.33880

LB

39.93586
17.63563
40.67785
47.62651
11.93539
34.27831
7.86170
6.28266
12.88736
12.27575
8.78754
4.17330
11.27635
9.12986
6.84344
11.78756
10.53543
3.81648
4.29576
9.21330
2.43692
1.89827
09.63290
0.23562
1.78850
1.46534
1.08864

8.69573
8.13498
8.77548
8.76356
8.54745
8.71588
8.54745
8.13957
8.91236
8.87941
1.94739
8.49360
8.86481
8.88429
8.88429
8.88969
8.13957
8.72999
8.77225
8.77623
8.76865
8.49360
8.49360
8.13957
8.66878
8.78873
8.78175

—_£_—




Q- String Matching

I I I

Subprocess I Number of points I Sigma I

I I I

I I (mb) I

I I I

t0 Type I Generated Tried I I
I I I

I ] I I

8 All included subprocesses I 566860 726363 I 4.736E-84 1
f + fbar -> g + gomma*/Z8 I 6686 186159 1 6.326E-085 1

6 f + fbar' -> g + W+/- I 20374 280466 1 1.928E-04 1
38 f + g -> f + gamma*/Z0 I 5942 98013 I 5.669E-85 I
BL f + g —> ' + W/~ I 16956 161043 1 1.684E-84 I
Bl q + gbar -> Q + Qbar, mass | 7 93 1 6.699E-88 I
32 g + g -> Q + Qbar, massive I 35 589 I 3.364E-87 I
I 1 I

GRESS SRR RS
B OO R KR

% Total number of errors, excluding junctions
*¥% Total number of errors, including junctions

won

Total number of warnings = G R AR
Fraction of events that fail fragmentation cuts = 0.88112 *&kolokikk




Q- String Matching

cross section: 8.4736E+89 fb
ek PYSTAT: Statistics on Number of Events and Cross-sections *ekkkkikkk
I I I
Subprocess I Number of points I Sigma I
I I |
I I {mb) I
I I I
o Type | Generated Tried 1 I
I I
I I I
8 All included subprocesses I 560608 726363 1 4.736E-84 I
f + fbar -> g + gomma*/Z0 I 6686 186159 I 6.326E-08 I
6 f + fbar' -> g + We/- I 28374 280466 1 1.928E-84 I
38 f + g —> f + gammao*/Z0 I 5942 98013 1 5.669E-85 I
B1 f + g —> ' + We/- I 16956 161043 I 1.604E-84 I
81 q + gbar -> Q + Qbar, mass [ 7 93 1 6.699E-88 I
B2 g + § -> 0 + Qbar, massive [ 35 589 1 3.364E-87 I
I I I

cexekx Total number of errors, excluding junctions = 8 ook
%% Total number of errors, including junctions = B kRO




Q- String Matching

cross section: 8.4736E+89 fb
pfekkokk PYSTAT: Stotistics on Number of Events and Cross-sections *kkkikokikk
I I I
Subprocess I Number of points I Sigma I
I | I
I I {mb) I
I I I
:0 Type | Generated Tried I I
I I I
I I I
8 All included subprocesses I 50000 726363 1 4.736E-064 I
I5 f + fbar -> g + gomma*/Z0 6686 186159 1 6.326E-85 I
38 f + g — f + gammao*/Z0 I 5342 98013 1 5.669E-05 I
31 f + g > f"' + We/- | 16956 161643 I 1.604E-84 I
q + gbar -> Q + OQbar, mass 1 7 93 1 6.699E-88 I
B2 g + § -> Q + Qbar, massive [ 35 589 1 3.364E-87 I
I I I

* Total number of errors, excluding junctions =
* Total number of errors, including junctions =

o
arninas - - XXX 223AX2ZE2L




Q- String Matching

cross section: 8.4736E+89 fb
ek PYSTAT: Statistics on Number of Events and Cross-sections *kkkkikk

Subprocess Number of points

:0 Type

[ B T I T T T |

8 All included subprocesses I 58080 726363 1 4.736E-084 1
f + fbar -> g + gamma*/Z0 I 6686 186159 I 6.326E-85 1

30 f + g —= f + gommo*/Z0 I 5942 96013 I 5.669E-05 I
B1 f + g —> ' + We/- I 16956 161043 1 1.604E-84 I
31q+¢lar-IQ+Q:|ur,llass I 7 93 1 6.699E-88 I
B2 g + 9 —> Q + Qbar, massive I 35 589 I 3.364E-087 I

I I I

kxek Total number of errors, excluding junctions = B Rk
*xkxk Total number of errors, including junctions = B FERREkEREkE




Q- String Matching

cross section: 0.4736E+89 fb
ek PYSTAT: Statistics on Number of Events and Cross-sections *ekikkikkk

Number of points Sigma

(mb)

:0 Type Generated Tried

Bl e b bl e bl e
lHHHHHHH

I I I

8 All included subprocesses I 50000 726363 1 4.736E-04 1
f + fbar -> g + ganma*/Z80 | 6636 186159 1 6.326E-85 I

f + fbar' -> g + We/- I 20374 280466 1 1.928E-84 I

f +g->f + gomma*/20 I 5942 98013 1 5.669E-85 I

81 q + gbar -> () + Qbar, mass I 7 93 1 6.699E-88 I
B2 g + @ -> Q + Qbar, massive I 35 589 I 3.364E-87 I
I I I

okkek Total number of errors, excluding junctions = B ook
*%%%x Total number of errors, including junctions = B Rk kK




Q- String Matching

cross section: 8.4736E+89 fb
jerkkiok PYSTAT: Statistics on Number of Events and Cross-sections ®ekkkkikk

I I I

Subprocess I Number of points I Sigma I

I I I

I I {mb) I

I I I

:0 Type | Generated Tried I I
I I I

I I I

B All included subprocesses | 56088 726363 1 4.736E-84 1
f + fbar -> g + gomma*/Z0 I 6686 186159 I 6.326E-85 I

6 f + fbar' -> g + We/- I 28374 280466 1 1.928E-04 I
38 f + g —> f + gamma*/Z0 I 5942 98013 I 5.669E-85 I
BL f + g —> ' + We/- I 16956 161043 1 1.684E-04 I
31 q + gbar ->f + Qbar, mass I 7 93 1 6.699E-88 I
B2 g + g -> 0 +0Qbar, massive [ 35 589 I 3.364E-87 I
I I I

*xkx Total number of errors, excluding junctions = R
% Total number of errors, including junctions = R Rt




Q- String Matching

I I I

Subprocess | Number of points I Sigma I

1 I I

I I (mb) I

I | I

:0 Type I Generated Tried I I
I 1 I

I I I

8 All included subprocesses I 50800 726363 1 4.736E-84 1
f + fbar -> g + gomma*/Z@ I 6686 186159 I 6.326E-85 I

6 f + fbhar' —> g + W+/- I 208374 260466 I 1.928E-84 I
38 f + g -> f + gammo*/Z8 1 5942 98013 I 5.669E-05 I
B1 f + g > " + We/- I 16956 1619043 1 1.684E-84 1
B1 q + gbar -> Q + Qbar, mass I 7 93 1 6.699E-88 I
B2 g + g -> Q + Qbar, massive I 35 589 1 3.364E-87 I
I 1 I

“*

A

[EREES RS SRR RS
B SRR RO K

*xk Total number of errors, excluding junctions
Total number of errors, including junctions

*ek Total number of warnings = 0§ Ak
Fraction of events that fail fragmentation cuts = 0.88112 *kkkikk




Q- String Matching

at event number 58800 of 58008 (Triggered on: 56808 )
| NEXT_EVENT: done generating PYTHIA events
cross section: 0.4736E+89 fb

Jeeekx PYSTAT: Statistics on Number of Events and Cross-sections *%kkkkkkk
I I I
Subprocess I Number of points I Sigma I
I I I
I I (mb) I
I I I
:0 Type I Generated Tried I I
I I I
I I I
8 All included subprocesses | 50808 726363 1 4.736E-84 I
f + fbar -> g + gomma*/Z@ I 6686 186159 1 6.326E-85 I
6 F + fbar' -> g + We/- | 28374 280466 1 1.928E-84 1
B8 f + g -> f + gamma*/Z8 I 5942 98013 1 5.669E-85 I
B1 f + g —> F' + We/- I 16956 161843 1 1.6004E-84 |
Bl q + gbar -> Q + Qbar, mass I 7 93 1 6.699E-88 I
329+g->Q+Qbm,wsTve I 35 589 1 3.364E-87 I
I I I

*ex Total number of errors, excluding junctions = B SRRk
Total number of errors, including junctions = B RROORROR Ok




at event number 50000 of 50000 (Triggered on: 58000 )
| NEXT_EVENT: done generating PYTHIA events
cross section: 8.4736E+09 fb

[eexcex PYSTAT: Statistics on Number of Events and Cross-sections *ekkkkkkk
| 2t 5 =+ 1 =+ + + ¢+ + £ £ + § + &+ = &+ 4+ § = + + + £ & # + F £ &£ + & 3 + & = & £ £ & + 3+ £ & 3 4+ & 4 £ £ ¢+ + + = = 3+ + & £ £ & § 3+ £ 3+ 3+ 1+ + ¢+ 3
I I I
Subprocess I Number of points I Sigma I
I I I
I I (mb) I
1 I I
:0 Type I Generated Tried I I
I | I
| 4+ 4+ 3+ + 3+ 4+ F &} -+ + ¢+ &+ &}
I I I
8 All included subprocesses I 50800 726363 1 4.736E-84 1
5 f + fbar -> g + gamma*/Z8 I 6686 186159 I 6.326E-685 I
6 f + fbar' -> g + W+/- I 20374 260466 1 1.928E-84 1
B8 f + g -> f + gammao*/Z0 I 5942 98013 I 5.669E-85 I
BL f + g -> ' + We/- I 16956 161843 I 1.604E-84 I
31q+mar->q-|-l'pal,mss I ¢ 93 1 6.699E-08 I
B2 g + g -> Q + Qbar, massive I 35 589 I 3.364E-87 I
I I I
Total number of errors, excluding junctions = B Rk

Q- String Matching




Q- String Matching

at event number 50888 of 50088 (Triggered on: 50008)
| NEXT_EVENT: done generating PYTHIA events
cross section: B8.4736E+89 fb
ek PYSTAT: Statistics on Number of Events and Cross-sections *ekkikkk

:0 Type GCenerated Tried

8 All included subprocesses

0 f + g I 31

B f +g—>F" + We/o I 16956 161943 1 1.684E-84 I

31 q + gbar -> Q + Qbar, mass I 7 93 1 6.699E-08 I

A2 g + g -> Q + Qbar, massive I 35 589 1 3.364E-87 I
I 1 I




Q- String Matching

at event number 50000 of 50000 (Triggered on: 50000)

| NEXT_EVENT: done generating PYTHIA events

cross section: 8.4736E+09 fb

ek PYSTAT: Statistics on Number of Events and Cross-sections *®ekkkkks

Number of points

Generated Tried

:0 Type

Bl bt b e b e ey
&
S’

8 All included subprocesses

BL f + g -> ' + We/- I 16956 161943 1 1.604E-84 1
B1 q + gbar -> Q + Qbar, mass 1 7 93 1 6.699E-88 I
82 g + § —> Q + Qbar, massive I 35 589 I 3.364E-87 I

I 1 I




at event number 50000 of 50000 (Triggered on: 56000 )
| NEXT_EVENT: done generating PYTHIA events
cross section: 8.4736E+089 fb

ferexeex PYSTAT: Statistics on Number of Events and Cross-sections *&kkkkkkk
I I I
Subprocess I Number of points I Sigma I
I I I
I I {(mb) I
I I I
:0 Type I Generated Tried I I
I I I
4 ¢+ & ===
1 I I
8 All included subprocesses I 50808 726363 1 4.736E-84 I
5 f + fbar -> g + gamma*/Z8 I 6686 186159 I 6.326E-05 I
6 f + fbar' -> g + W+/- I 28374 280466 1 1.928E-84 I
3B f + g -> f + gamma*/Z0 I 5942 98013 I 5.669E-85 I
BL f + g -> ' + We/- I 16956 161843 I 1.684E-84 I
Bl q + gbar -> Q + Qbar, mass | 7 93 1 6.699E-88 I
B2 g + g -> 0 + Qbar, massive I 35 589 I 3.364E-87 I
I I I
Total number of errors, excluding junctions = 8wk

Q- String Matching




at event number 50000 of 50000 (Triggered on: 50000)
| NEXT_EVENT: done generating PYTHIA events
cross section: 8.4736E+89 fb
[rrreex PYSTAT: Statistics on Number of Events and Cross-sections **eEkexks

o — ———_
I I I

Subprocess | Number of points I Sigma I

I I I

I I {(mb) I

I I I

:0 Type I Generated Tried 1 I
I I I

I I I

8 All included subprocesses I 58000 726363 1 4.736E-84 I
f + fbar -> g + gomma*/Z28 I 6686 186159 I 6.326E-85 I

6 f + fhar' -> g + W+/- I 20374 288466 1 1.928E-84 I
BB f + g -> f + gammao*/Z0 I 5942 98013 I 5.669E-685 I
BL f + g —> ' + We/- § 16956 161843 1 1.604E-84 I
Bl q + gbar -> Q + OQbar, mass I 7 93 1 6.699E-88 I
B2 g + g -> Q + Qbar, massive I 35 589 I 3.364E-87 I
I I I

Total number of errors, excluding junctions = 0wk

Q- String Matching




at event number 50000 of 50000 (Triggered on: 58000 )
| NEXT_EVENT: done generating PYTHIA events
cross section: 8.4736E+89 fb

jeexxix PYSTAT: Statistics on Number of Events and Cross-sections *eekrerek
| 2+ ¢ =+ + + + =& + ¢+ + ¢+ &+ + F + + 4 £ + &+ < & & £ + = # &+ £ £ = = s+ & = § + + + £ ¢+ = } + # = 1+ 4 £ £ £ # + + + = 1 + # * £ £ § + + = 2 1 ¢+ 1 3
I I I
Subprocess I Number of points I Sigma I
I I I
I I (mb) I
| I I
:0 Type I Generated Tried I I
I I I
===
I I I
8 All included subprocesses | 50808 726363 1 4.736E-84 |
ﬁ.s f + fbar -> g + gamma*/Z8 I 6686 186159 I 6.326E-65 I
6 f + fbar' -> g + W+/- I 28374 280466 1 1.928E-84 I
BB f + g -> f + gammao*/Z0 I 5942 98013 1 5.669E-65 I
BL f + g -> ' + We/- I 16956 161943 1 1.604E-84 I
B1 q + gbar -> Q + Qbar, mass I 7 93 1 6.699E-88 I
B2 g + g -> Q + Qbar, massive I 35 589 1 3.364E-87 I
I I I

Total number of errors, excluding junctions = B kR Rk

Kl
b

Q- String Matching




at event number 50000 of 50008 (Triggered on: 58000 )

| NEXT_EVENT: done generating PYTHIA events

cross section: 8.4736E+09 fb

ek PYSTAT: Statistics on Number of Events and Cross-sections *Febkkikkk

EE S =SS S SE TS S =SS ST EE=ECS S S S S S S S S E=ES= S SSES=ESS=E=SS=SS==S======m=====

I I I

Subprocess I Number of points I Sigma I

I I I

I I (mb) I

I I I

:0 Type I Generated Tried 1 I
I I I

1 I I

8 All included subprocesses I 56008 726363 1 4.736E-064 1
E f + fbar -> g + gamma*/Z@ I 6686 186159 I 6.326E-05 I
6 f + fhbar' -> g + W+/- I 20374 260466 1 1.928E-84 1
BB f + g -> f + gammo*/Z8 I 5942 98013 I 5.669E-685 I
BL f + g —> ' + We/- I 16956 161943 1 1.604E-84 I
B1 q + gbar -> Q + Qbar, mass I I 7 93 1 6.699E-08 I
B2 @ + g -> Q + Qbar, massive I 35 589 I 3.364E-87 1
I I I

Total number of errors, excluding junctions = B RO

Q- String Matching




Q- String Matching

TH=Ts O GG

i gamma 27 Iy 3 3 3 A . Z2AR6E A4 76 il A, 2466 3

0 gamma 1 22 949 G @ 8 -9.86895  -9.B2758  -9.B6349 8.09223 0 .66600

A gamma 1 22 949 2 a a 0 .00604 -0,18823 -0.,35119 0.36758 0 .00008

L gomma 1 2 959 il a 8  -9.90926 #.08778 8.03954 0.04133 0.00000

¢ gamma 1 2 959 0 @ @ -0.11872 -0.82367 -0.89362 8.15383 0.00060

3 gomma 1 22 968 2 a 8 -9.09521 A.046580 0.83359 0.11115 0 .00000

4 gomma 1 22 968 (% a (2 -8.,78667 9.01660 B.486081 A.88542 0 .00008
ganna 1 22 %1 @ @ @ -9.85211  0.48933 _9.11681  0.42895  0.98909
ganma 1 22 9%1 " B 8 -9.00240 P.20673  0.83417  £.2095¢  0.00000
gamma 1 2 962 (i) 8 8 8.085994 A.25248 0.82489 0.26868 0 .60808

ganna 1 22 9%2 8 8 @  0.08677  1.97961  0.32804  1.13191  0.00000

0 gamma 1 2 M 8 a A -9.01178 0.85777 -18.91231  18.91247 0.00000

B gamma 1 2 9N (5] a 8 =9 .59983 8.56188 -163.62772 163.62978 0 .88888

L gomma 1 2 92 Gl ) 8 -9.89866 0.05186 -27.86475  27.064%8 0.00000

> ganna 1 2 92 @ @ 8 -9.3%425  0.84579 -57.24263 57.24481  0.00000

3 gamma 1 22 95 i) (3] i) -0.08826 -8.82338 -1.87316 1.87333 A .00000

t  gomma 1 2 95 8 a a 8.15284 -0.83333 -49.7577 49.75682 8 .08000
ganna 1 22 9% @ 8 8  0.8950  0.28023 -144.67485 144.67799  0.96000

k. gomma 1 22 07 @ @ ] 2.01008 9.01004  _6.00404 6.00406 0.06000

at event number 10 of 50008 (Triggkred on: 10)

at event number 20 of 50088 (Triggered on: 20)

at event number 30 of 50000 (Triggered on: 38)

at event number 40 of 50000 (Triggered on: 48)

at event number 58 of 58080 (Triggered on: 58)

at event number 60 of 50008 (Triggered on: 68)

at event number 78 of 50008 (Triggered on: 78)

at event number 8@ of 58808 (Triggered on: 80)




-57.24263 57.24401

ganma 2 9 A B B8 -8 A.84570 a
3 gamma 22 975 A @ 8 -9.AP826 -9.82338  -1.87316 1.87333 9.00000
t  gamma 22 975 A @ ©  9.15284 -9.83333 -49.75577  49.75602 9.00909
ganna 2 9% 5 8 8  D.89650 P.28023 -144.67485 144.67799  ©.00000
ganma 22 9% A B ©  9.91008 9.01094  -6.89494  6.09496  0.00000

1

i

,

1

r |

event number 10 of 50088 (Triggered on: 18)
event number 20 of 50008 (Triggered on: 28)
event number 30 of 50000 (Triggered on: 38)
event number 4@ of 58000 (Triggered on: 40)
event number 50 of {Triggered on: 58)
event number 60 of 50000 (Triggered on: 60)
event number 70 of 50000 (Triggered on: 70)
event number 80 of 50008 (Triggered on: 808)
event number 98 of 58668 (Triggered on: 98)
event number 100 of 50000 (Triggered on: 108)
event number 200 of 50000 (Triggered on: 200)
event number 308 of 50808 (Triggered on: 308)
event number 408 of 50808 (Triggered on: 488)
event number 508 of 50008 (Trighered on: 508)
event number 608 of 50808 (Tridgered on: 608)
event number 708 of 56808 (Triggered on: 700)
event number 808 of 50008 (Triggered on: 508)
event number 900 of 50000 (Triggered on: 908)
event number 1000 of 58000 (Triggered on: 1000)
event number 2000 of 58000 (Triggered on: 2008)

G888 888838888388883888883%8
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Q- String Matching
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Q- String Matching

1 I

Subprocess I Number of points I Sigma |

I I I

| I (mb) I

I I - I

o Type - - I’ Generated — “Tried | I
I I I

I I !

(@ ALl included subprocesses [ = 500880 726363 1 4.736E-04 1
F f + fbar -> g + gamma*/Z0 I 6686 186159 1 6.326E-85 |
6 f + fhar' > g + We/- I 28374 260466 1 1.928E-84 |
30 f + g -> f + gamma*/Z0 1 _5942 98013 1 5.669E-085 I
BL f + g > ' + We/- I 16956 161043 1 1.604E-04 |
B1 q + gbar -> Q + Qbar, mass I o 93 1 6.699E-88 I
B2 g + g => Q +_Obar, massive | '35 589 1 3.364E-07 I
1 I 1 I

*x6x Total number of errors, excluding junctions = B ROk
** Total number of errors, including junctions = 0 KKK
*eeex Total number of warnings = 8 FERRRREEREkEE

Fraction of events that fail frogmentation cuts = 0.88112 *ekokekkk




Q- String Matching

I I I

Subprocess I Number of points I Sigma I

I I I

I I (mb ) I

I | I

:0 Type I Generated Tried I I
I I I

I I I

8 All included subprocesses I 56060 726363 1 4.736E-84 I
f + fbar -> g + gomma*/Z@ I 6686 186159 I 6.326E-85 1

6 f + fbar' -> g + W+/- I 28374 280466 1 1.928E-84 I
38 f + g -> f + gamma*/Z0 I 5942 98013 1 5.669E-85 I
BL f + g —> ' + W/~ I 16956 161043 1 1.604E-04 I
B1 q + gbar -> Q + Qbar, mass I 7 93 1 6.699E-88 I
B2 g + g -> Q + Qbar, massive I 35 589 I 3.364E-87 I
I I I

GREESSEE SRS 2R RS
B RRORROROKOK KKK

*kx Total number of errors, excluding junctions
Total number of errors, including junctions
Total number of warnings = R
Fraction of events that fail fraogmentation cuts = 0.80112 *&kiokikk

won




I I

I Subprocess I Number of poi
I I

I I

I I

I N:o Type I Generated
I I

I I

I 8 All included subprocesses I 58868
I 15 f + fbar -> g + gamma*/Z8 I 6686
I 16 f + fbar' —> g + Ws/- I 20374
I 38 f + g —>f + gamma*/20 I 5942
I 31 f+g—=>fFf"+ We/- I 16956
I 81q+qgbar -> 0 + Qbar, mass I 7
I 8 g+ g ->0Q + Qbar, massive | 35
I I Page 185/501




10.35
10.35

10.35
11.1368 ¥ SHARED
11.30 N
9. 4 B Cecilia Flori's
12.421 v pLaces
-128- @ ntoro
-128- physics
-128- -
ples/ | 7 Applications
ples/Cl 5 pocuments
ples/C
ples/C - Dropbox
ples/Cl  § Downloads
ples/t
oles/d &l ntoro_su
ples/t o crarcH FOR
ples
ples () Today
ples (L) Yesterday
-128-
s - (L) Past Week
mv (@ Al Images
-128-1
I-ua- ' [@ All Movies
es/ - All Documents
wWORgRe 11040028
(PPexpl

H : H
i Subprocess i Mumber- oi points Sigma - 1
I I I I
I I I I
I N:io Type I GCenerated Tried I I
1 I I I
1 e N 1 D - 1
I 8 All included subprocesses I 50000 726363 1 4.736E-84 1
I 15 f + fbar -> g + gamma*/Z0 I 6686 186159 I 6.326E-85 1
I 16 f + fbar' —> g + W+/- ) | 20374 200466 1 1.926E-84 I
I 38 f+g->f + gomma*/20 I 5942 98013 I 5.669E-85 I
I 311 +g=>1"'+¥W/- 1 16956 161043 1 1.604E-04 1
I 81 q + gbar => Q + Qbar, mass | 7 93 1 6.699E-88 I
‘1 B2 g+ g =>0Q +0Qbar, massive I -5 -689 I ~3.364E-87 I
1 I I I

¥ixkekkx Total number of errors, excluding junctions = 0 B
errkrerk Total number of errors, including junctions = B FRERREAEREEEE
Bepkoesx Total number of warnings = B AR AR

ooekokkkk Fraction of events that fail frogmentotion cuts = B.AA112 Frkrroe




Q- String Matching
I I I I
I Subprocess I Number of points I Sigma I
I I I I
I I I (mb) I
I 1 I I
I N:o Type I Generated Tried I I
I I I I
I I I I
I 8 All included subprocesses I 56088 726363 1 4.736E-84 1
I 15 f + fbar -> g + gamma*/Z0 I 6686 186159 I 6.326E-85 1
I 16 f + fbar' -> g + We/- I 20374 280466 1 1.928E-84 1
I 30 f + g ->f + gomma*/Z0 I 5942 98013 I 5.669E-85 I
I 31 f+g->fFf"4+ Ws/- I 16956 1618043 1 1.684E-84 1
I 81 q+gbar -=>(Q + Qbar, mass [ 7 93 1 6.699E-88 1
I 82g+g->0Q + Qbar, massive I 35 589 I 3.364E-87 I
I I I I
ockex Total number of errors, excluding junctions = B kR
oopoookek Total number of errors, including junctions = 8 koo
eckekekx Total number of warnings = B TRk kK
eoekreekx Fraction of events that fail fragmentation cuts = 0.00112 *eekkrck




Q- String Matching

Subprocess Number of points

Generated Tried

R N B B B e B
f
1
&
S
\
e B Bl e B

opkkeekk Total number of errors, excluding junctions = B ook
eoeeekex Total number of errors, including junctions = 0 FEERRRREREEEE
ook Total number of warnings = B koo

oecerek Fraction of events that fail frogmentation cuts = 0.88112 werkekkck




| load the package. The line i

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

hid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

L A
L

hfigure the "master” cuts (optional) N
hd One or More Data Files with the LoadEvents Command 1

[wmﬁnhhaﬁhhhmmWWﬂmthm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu Wisit 119 {0#ipare several data sets, you can load each into a different list. Page 189/50L 7 |




fead Thede 118 ZSymnndhhnwﬁnhlﬁctyp:inulhwmfmﬂ:

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

I I 50000
Triggers Passed:{1, 10, 11, 12)
s VMatrixForm=
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E pz px PY
1 4 -2.97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 ‘ -3.3" z-m H.l‘ ‘.2‘ 3. 0. 1.’ 0- ﬁ. ‘”.’I’ -‘“n‘“ -:31“31 3‘.0“’
3 4 2.767 4.205 9.76 2.12 S. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. S.3 0. 4.86457 -2.1038
Triggers Passed: {1} —
Is¥MatrixForm=
o typ eta phi pt 3jmas ntrk btag had/em duml dum2 E pz px PY

1 ‘ .- ‘-m uo‘ .. .l- .0 ‘n 0- 0- 13.‘ 0- -0-7“‘.‘ -n.57u

Page 190/501




f take a look at the number of events in WZt, and print out the first two events

1 6 0. 4.656 13.6 0. 0. 0. 0. 0.

fead these lists, you need to know the basic types in the Ihco event format:

jhoton

Pirsa: 11040028

rmmdnrpmtmhm

[ Isom
Triggers Passed:(1, 10, 11, 12}
4V MatrixForm=
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E Pz px PY
1 4 -2.97 5.439 27.12 4.22 1. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
! ‘ -3-3‘7 an 35.1‘ ‘.2‘ 3. 0. l., ﬂ- 0- 1”-92! "“.‘7’ 'nom., 2‘.0“-
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038
Triggers Passed: (1}
I5YMatrixForm=
2% typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz px PY

13.6 0. -0.766484 -13.5784

Page 191/501
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Triggers Passed:{1, 10, 11, 12}

fead these lists, you need to know the basic types in the Ihco event format:

jpoton
jectron: charge in ntrk column
puon: in ntrk column

Pirsa: 11040028

ju (hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay

PY
-20.270

-8.530:
-2.1038

= trp eta  phi pt Jmas ntrk btag had/em duml dum2 E pz pX
1 4 -2.97 5.439 27.12 4.22 1. 0. 2.29 0. 0. 265.04 -263.615 18.0169
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457
Triggers Passed: {1}
IsyMatrixForm=
2 typ eta phi pt jmas ntrk btag had/em duml dum2 E pz px
1 ‘ ﬂ. 4-‘5‘ 13.‘ ‘. '. '- 0. G. ﬁ- 13.‘ 0. -0-1“‘“ -13.5?")
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Triggers Passed: {1}

fead these lists, you need to know the basic types in the Ihco event format:
jpoton
jectron: charge in ntrk column

Pirsa: 11040028

Inm:ctnrpinnntonlnm

k take a look at the number of events in WZt, and print out the first two events
| 3 s I
g
| 50000
Triggers Passed:{1, 10, 11, 12} 3
|4VMatrixForm= >
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E pz px pY
1 ‘ -2."7 !.ﬂ’ 21-12 4.22 ’- 0- 2-” 'ﬁ. 0- 3‘5.“ -3‘3-‘“ 1..01"' -2.0210
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086°
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038

nmmm pt 9Jmas ntrk btag had/em duml dum2 E pz  px
( 0. 4.656 13.6 0. ©0. 0. 0. 0.

13.6 0. -0.766484 -11.57“}
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for Y = ’

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

rnlht'w cuts (optional)

One or More Data Files with the LoadEvents Command
lmdm&hhlﬁhhummmm-dmhhmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

;Jm intelligent isolation criterion) are not important here. Page 194/501

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask




for Y [+] r ’ g

ild appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

the "master” cuts (optional)
4 One or More Data Files with the LoadEvents Command

command imports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objects that fail
maste: are defined ahay nd an: s that are pmnty after this filterin

- b 0l

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
ated muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
|stiyipackimgoan intelligent isolation criterion) are not important here. Page 195/501




97.0005v3. pdf
08.1028v4(2) . pdf
98.1028v4. pdf
10.3133v2. pdf
10.3585v3(2).pdf
10.3585v3(3).pdf
10.3585v3.pdf
11.1363v3.pdf
11.3029v1.pdf
11.4448v1.pdf
12.4218v1.pdf

-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/
ples/
ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card I
ples/top. lhco
ples/top. log
ples/WZt.card
ples/WZt. lhco
ples/WZt. log
-128-141-150-28:Downloads ntoro$ mv PSI_PPexplorations_analysis_examples.tar.gz
e: mv [-f | -1 | -n] [-v] source target
mv [-f | =i | -n] [-v] source ... directory
l-125-141-15l-2!:Daunluads ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz

es/
wORiTge: 11040028 Page 196/501

PPexplorations_analysis_examples.tar.gz

- AAE NTEFAALER TTYe wasmm 5o .. T

-128-141-150-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~




10.3585v3(2).pdf
10.3585v3(3).pdf
10.3585v3. pdf
11.1363v3. pdf
11.3029v1.pdf
11.4448v1.pdf
12.4218v1.pdf

-128-141-150-28:Downloads ntoro$
-128-141-15@0-28:Downloads ntoro$
-128-141-15@-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/
ples/
ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card
ples/top. lhco
ples/top. log
ples/WZt.card
ples/WZt. lhco
ples/WZt.log
-128-141-150-28:Downloads ntoro$ mv PSI_PPexplorations_analysis_examples.tar.gz
e: mv [-f | =1 | -n] [-v] source target

mv [-f | =1 | -n] [-v] source ... directory
I-125-141-15l—2!:Dounlonds ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~
es/
word:
PPexplorations_analysis_examples.tar.gz

100% 359B8KB 171.3KB/s 00:21

I;123—141—15!-2H:Daunlonds ntoro$ auto examples/

—128-14002858-28: Down loads ntoro$ less examples/ Page 197/501
leonPSI.m ChameleonSMTutorialPSI.nb WZt.log top.log
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typ

o = B

NN

=] =

o O bbb N

4
4
4
6

Pir§e

6

eta

-2.970
-3.347
2.767
2.000

-1.022
8.973
8.000

-2.142
1.265
2.000

5
2.000
6
1.614

-8.352

-08.008
2.791

-2.819
9.000

7
2.000
8

-8.699

-3.629

-2.694
8.000

9

a: 11040028719

phi
3585
5.439
2.305
4,205
5.875

4.656
517
2.167
5.180
4.635
3585
2.961
e.618
4.715

2.411

3585
6.282
2.053
5.609
2.926
5.001
2.171

1.078
3585
5.548
2.183
2.463
4.604
513
5.077
2.064

-

pt

27.12
35.14
9.76
5.30

13.60

24.72
35.37
1.00

17.20
15.28
20.01

9.00

16.22
13.03
13.72
13.34

8.88
14.65

10.30

28.74

7.86
12.28
11.88

18.26
13.82

5.10
8.00
1.58
8.00

[

=
D ~NDN B

® W W w =
. - L]
-] = sSooeew

duml dum2
2.2 0.9
.0 0.9
2.0 0.0
2.0 0.9
.2 0.0
8.0 0.0
2.2 0.0
.0 0.9
8.0 0.9
0.0 0.0
.0 0.0
2.0 0.9
.2 0.0
.2 0.0
.0 0.9
2.2 0.9
2.2 0.9
2.0 0.9
2.2 0.0
8.0 0.9
.2 0.9
.2 0.9
2.8 0.9
.0 0.9
.9 0.9

Page 198/501




for y O ’

gger
hid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

rnllh'nﬂ' cuts (optional)

One or More Data Files with the LoadEvents Command
lmdmhhhlﬁhhmmmmmﬂmiﬁnmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
:mlﬂwmmhﬂ:mﬁ. We will use an algorithm for PGS written by A. Pierce and J. Thaler - the details
jrpackirgoan intelligent isolation criterion) are not important here. Page 199/501

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask




|hameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI.nb, it should automatically update ChameleonPSI.m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

[mmmwmgm.mnmmanﬂHpmmmm.Mummﬂmu
i path syntax you may need to use "\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

-~

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

cotiemangl9aports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objefes<hee3ail
master” cuts defined above, and any events that are empty after this filtering.

N

i




typ eta phi pt jmas ntrk btag had/em duml dum2
1 3585

4 -2.970 5.439 27.12 4,22 3.0 0.0 2.29 9.0 0.0

4 -3.347 2.305 35.14 4.26 3.0 0.0 1.9¢ 9.2 0.0

4 2.767 4.205 9.76 2.12 5.0 0.0 15.41 0.0 0.0

6 @.80@ 5.875 5.30 8.00 0.0 8.0 2.00 8.0 8.0
2 1

6 0.000 4.656 13.60 e.00 0.0 2.9 0.00 8.0 8.9
3 517

2 -1.822 2.167 24.72 .11 -1.0 0.0 9.7 9.0 0.0

2 9.973 5.180 35.37 .11 1.0 0.0 2.06 0.9 0.0

6 9.000 4.635 1.00 .09 0.2 0.0 2.0 9.2 0.0
4 3585

4 -2.142 ©9.961 17.20 3.46 9.0 0.0 3.33 0.0 0.0

4 1.265 0.618 15.28 3.66 3.0 2.0 1.16 0.0 2.9

6 9.000 4.715 20.01 .00 0.0 0.0 .09 9.2 0.0
5 1

6 9.000 2.411 9.00 .00 9.2 0.0 .00 9.2 0.0
6 3585

4 1.614 6.282 16.22 2.08 11.0 0.0 ]?.13 2.0 0.0

4 -9.352 2.853 13.@3 2.93 4.0 0.0 2.11 9.0 0.0

4 -9.008 5.609 13.72 2.63 2.0 0.0 2.19 9.0 0.0

4 2.791 2.926 13.34 2.35 10.2 0.0 .32 0.0 0.0

4 -2.819 5.001 8.88 1.9 17.0 0.0 16.73 9.0 0.0

6 e.000 2.171 14.65 2.00 g.0 8.0 2.00 8.0 8.0
7 1

6 @.000 1.078 10.30 .00 0.0 2.0 8.00 8.0 8.9
8 3585

4 -0.699 5.548 28.74 5.1@¢ 3.0 0.0 2.63 0.0 0.0

4 -3.629 2.183 7.86 .00 3.0 0.0 2.91 9.0 0.0

4 -2.694 2.463 12.28 1.58 3.0 0.0 .13 9.2 0.0

6 0.000 4.604 11.88 8.00 8.0 8.0 8.00 8.0 2.0
9 513
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4 -3.863 1.241 50.27 6.91 3.0 0.0 1.9¢ 9.9 0.0
6 8.000 5.629 2.52 e.0¢ 9.0 0.0 0.0 9.9 0.9
3@ 3585
3 @.288 2.233 15.01 e.e¢ 1.0 @.0 1.17 0.0 0.0
4 -0.679 5.189 21.57 3.98 3.0 @0.0 @.88 9.9 0.9
6 8.000 1.691 3.13 0.0 0.0 0.0 g.0¢ 9.2 0.0
31 3585
3 -0.901 4.062 20.93 e.0¢ 1.0 0.0 4.49 0.0 0.0
RS 8.422 1.311 28.21 2.52 3.0 0.0 8.46 0.9 0.0
4 1.478 @.110 7.68 .88 2.0 0.0 @.89 9.9 0.0
6 @.000 1.878 6.36 e.0¢ 9.9 0.0 8.0¢ 0.2 0.0
32 3585
4 -3.751 5.299 26.18 2.5 9.0 0.0 2,48 0.0 0.0
4 -1.861 2.564 29.65 4.02 8.0 0.0 1.24 0.0 0.0
4 -1.567 1.228 22.18 3.82 6.0 0.0 4.21 0.0 0.0
6 @.000 3.913 3.38 0.0¢ 9.0 0.0 0.0¢ 9.9 0.0
33 3585
4 -1.033 2.728 29.52 3.0 5.0 0.0 1.99 9.0 0.0
4 -3.712 4.546 12.68 1.38 6.0 0.0 1.19 9.9 0.9
4 -3.152 1.473 25.16 4.59 5.8 @o.e 18.71 @.e 0.0
4 1.7e9 2.7580 10.00 1.12 5.0 0.@ 4.54 0.0 0.0
6 0.000 6.275 23.75 .00 0.0 0.0 .00 0.0 0.0
34 3585
3 9.112 0.222 36.30 0.00 -1.0 0.0 1.54 0.0 0.0
ks 1.889 2.794 15.58 2.17 7.0 0.0 .81 0.0 0.9
6 8.200 3.468 4.63 g.e¢ 9.0 0.0 0.0 9.2 0.0
35 3585
3 8.252 3.661 18.03 0.0¢ -1.0 0.0 4.19 0.2 0.0
4 3.27@ 0.624 19.02 1.64 2.0 0.0 5.56 @8.9 0.0
4 -1.266 3.204 30.16 2.59 4.0 0.0 2.06 0.0 0.0
4 -9.271 6.277 34.80 3.1¢ 3.0 0.0 3.48 0.2 0.0
6 8.000 1.600 7.06 e.0¢ 0.2 0.0 2.8 0.0 0.0
36 513
Piga 11040028872 5.037  27.07 0.0 1.0 0.0 2.53 0.0 0.0 Page 202/501
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4 -@.342 5.575 35.72 8.38 8.0 0.0 5.4 @.9 0.0
4 -1.853 0.632 8.73 1.59 7.0 0.0 13.86 0.0 0.9
6 @.000 2.669 6.93 .20 0.0 0.0 e.ee 0.2 0.0
38 3585
4 8.950 4.278 33.98 4.56 3.0 0.0 1.31 0.0 0.0
R 1.873 1.250 28.45 4.41 4.0 0.0 1.67 ©8.20 0.0
4 -1.218 3.467 14.75 3.4 1.0 0.0 2.51 0.0 0.0
6 @.000 1.243 9.64 .00 0.2 0.0 0.0 9.0 0.0
39 3585
3 8.452 0.384 16.17 e.e¢ 1.0 0.0 4.32 0.0 0.0
4 3.171 3.478 17.78 1.9¢ 11.0 @.0 .71 9.2 0.0
- 1.278 1.463 17.14 2.62 7.9 0.0 2.09 9.2 0.0
6 8.000 4.124 10.30 .00 0.0 0.0 2.0¢ 0.0 0.0
40 3585
- 1.094 3.971 15.14 3.18 2.0 0.0 .89 9.9 0.0
4 -2.451 4.743 15.47 4.46 15.0 0.0 1.75 0.9 0.0
4 -1.306 0.512 13.68 3.09 10.0 0.0 4.53 0.0 0.0
6 8.00@ 3.125 4.94 .00 0.0 0.0 2.2¢ 0.2 0.0
41 3585
4 2.553 1.661 9.28 1.79 13.0 0.0 5.44 @.9 0.0
4 2.703 0.809 10.46 @.85 13.0 0.0 2.66 0.9 0.0
6 8.000 5.040 20.12 e.e¢ 09.90 0.0 .00 0.0 0.0
42 1
6 @.000 0.318 23.54 .00 0.0 0.0 0.0 9.0 0.0
43 3585
- 8.806 3.312 34.48 7.38 9.0 0.0 2.22 9.0 0.0
4 -0.522 0.334 47.74 13.02 10.0 0.0 1.33 9.0 0.0
4 -0.707 5.702 5.30 0.0 2.0 0.0 2.05 0.0 0.0
6 0.000 4.537 14.62 0.0¢ 9.0 0.0 g.0¢ 9.9 0.0
44 3585
4 -2.885 5.902 20.18 3.11 24.0 0.0 9.48 9.0 0.0
4 8.151 4.285 10.78 1.36 3.0 0.0 2.02 9.8 0.0
4 -2.234 3.541 15.76 4.19 20.0 0.0 4.67 ©@8.2 0.0
Pida: 11040028518 2.355  12.46 2.36 6.0 0.0 2.57 0.0 0.0 Page 203/501
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1.53@ 0.358 21.56 2.79 2.0 .2 0.9
2.739 3.360 28.02 1.53 6.0 0.0 2.9¢ 9.9 0.0
2.000 4.625 4.96 0.00 0.0 . .2 0.9
25 1
0.ee0 1.709 3.0 e.0¢ 0.0 0.0 e.0¢ @.0 0.0
26 3585
2.728 5.157 32.92 2.69
3.561 1.896 33.00 3.45
2.511 2.717 7.62 1.45
@.000 1.019 1.23 @.00
27 3585
2.208 4.227 22.19 3.85
1.305 4.673 19.15 3.28
1.813 1.521 14.54 2.01
0.000 1.088 30.52 2.00
28 3585
8.947 2.699 17.84 1.40
@.000 3.358 1.58 2.00
29 3585
-3.151 4.495 58.04 8.e3
-3.863 1.241 50.27 6.91
@.000 5.629 2.52 8.00
3@ 3585
8.288 2.233 15.01 e.00
-8.679 5.189 21.57 3.98
8.000 1.691 3.13 e.00
31 3585
-8.901 4.062 20.93 e.00
8.422 1.311 28.21 2.52
1.478 @0.110 7.68 @.88
.00 1.878 6.36 2.00
32 3585
4 -3.751 5.299 26.18 2.50
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typ eta phi pt jmas ntrk btag had/em duml dum2
1 3585

4 -2.970 5.439 27.12 4.22 3.0 0.0 2.29 0.9 0.0

4 -3.347 2.305 35.14 4.26 3.0 0.0 1.9¢ 0.9 0.0

4 2.767 4.205 9.76 2.12 5.0 0.0 15.41 ©0.0 0.0

6 2.000 5.875 5.30 .00 0.0 0.0 2.00 0.9 0.0
2 1

6 9.000 4.656 13.60 .00 0.0 9.0 .00 0.9 0.9
3 517

2 -1.022 2.167 24.72 .11 -1.0 0.0 .87 9.0 0.0

2 9.973 5.180 35.37 .11 1.0 0.0 .06 0.0 0.0

6 9.000 4.635 1.00 .00 0.9 0.0 .00 9.9 0.0
4 3585

4 -2.142 0.961 17.20 3.46 9.0 0.0 3.33 0.9 0.0

4 1.265 0.618 15.28 3.66 3.0 0.0 1.16 0.9 0.0

6 0.000 4.715 20.01 .00 0.0 0.0 .00 0.9 0.0
5 1

6 0.000 2.411 9.00 .00 0.0 0.0 .00 0.9 0.0
& 3585

4 1.614 6.282 16.22 2.8 11.0 0.0 1.13 0.0 0.0

4 -0.352 2.053 13.83 2.93 4.0 0.0 2.11 @.0 0.0

4 -0.008 5.609 13.72 2.63 2.0 0.0 2.19 9.0 0.0

4 2.791 2.926 13.34 2.35 10.0 0.0 .32 9.0 0.0

4 -2.819 5.001 8.88 1.09 17.0 0.0 16.73 @8.8 0.9

6 9.000 2.171 14.65 .00 9.9 9.0 2.00 0.9 0.0
7 1

6 9.000 1.078 10.30 2.00 0.0 0.0 .00 9.0 0.0
8 3585

4 -0.699 5.548 28.74 5.106 3.0 0.0 2.63 9.0 0.0

4 -3.629 2.183 7.86 .00 3.0 0.0 2.91 0.0 0.0

4 -2.694 2.463 12.28 1.58 3.0 0.0 .13 0.0 0.9

6 2.000 4.604 11.88 .00 0.9 0.0 .00 0.2 0.0
9 513
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6 @.200 3.498 3.52 e.e¢ 0.0 0.0 0.0¢ 0.2 0.0
20 1

6 8.000 5.429 4.41 .00 0.2 0.0 2.0 0.2 0.0
21 3585

3 -0.149 2.644 37.74 e.9@¢ -3.0 0.0 2.1¢ 0.0 0.9

- 2.825 5.985 15.61 1.15 4.0 0.0 .60 0.2 0.0

6 @.00@ 6.185 8.e9 e.0¢ 0.2 0.0 0.e¢ 9.9 0.0
22 3585

3 1.215 @.981 23.18 e.e¢ -1.0 0.0 8.51 @.0 0.0

4 2.630 4.013 26.40 4.5 6.0 0.0 6.93 0.0 0.0

6 @.00@ 5.927 3.78 e.e¢ @.0 0.0 .00 9.2 @0.0
23 3587

2 1.87@ 2.386 6.70 .11 1.0 2.0 .12 0.0 0.0

- 2.604 1.616 28.18 6.59 14.0 0.0 2.89 0.0 0.0

“ 2.289 4.962 18.39 3.46 14.0 0.0 1.52 0.0 0.0

6 0.000 4.591 10.95 .00 0.0 0.0 2.0¢ 9.2 0.0
24 3585

R 1.53@ 0.358 21.56 2.79 2.0 0.0 .30 9.0 0.0

B 2.739 3.360 28.82 1.53 6.0 0.0 2.9¢ 9.2 0.0

6 @.00@ 4.625 4.96 @.e¢ @.2 0.0 .00 @.2 0.0
25 1

6 8.000 1.709 3.91 e.0¢ 9.9 0.0 e.e¢ 9.9 0.0
26 3585

- 2.728 5.157 32.92 .69 3.0 0.0 14.71 0.0 0.0

R 3.561 1.896 33.00 3.45 3.0 0.0 3.29 9.0 0.0

- 2.511 2.717 7.62 1.45 3.0 0.0 .63 9.2 0.0

6 @.000 1.019 1.23 .00 0.2 0.0 .00 9.0 0.0
27 3585

4 2.208 4.227 22.19 3.85 10.0 0.0 1.76 @.9 0.0

4 1.305 4.673 19.15 3.28 11.0 0.0 1.75 0.0 0.0

- 1.813 1.521 14.54 2.01 7.0 0.0 .97 9.2 0.0

6 8.000 1.088 30.52 2.0@ 9.2 0.0 8.e@ 0.2 0.0
28 3585

Pida: 11040028947 2.699  17.84 .40 3.0 0.0 .94 0.0 0.0 Page 208/501
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10.3585v3(3).pdf
10.3585v3. pdf
11.1363v3.pdf
11.3029v1. pdf
11.4448v1.pdf
12.4218v1.pdf

-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz

-128-141-150-28:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/

ples/

ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card

ples/top. lhco

ples/top. log

ples/WZt.card

ples/WZt. lhco {b
ples/WZt. log

-128-141-150-28:Downloads ntoro$ mv PSI_PPexplorations_analysis_examples.tar.gz

e:mv [-f | =1 | -n] [-v] source target
mv [-f | =1 | -n] [-v] source ... directory

es/
word:
PPexplorations_analysis_examples.tar.gz
10@% 3598KB 171.3KB/s 00:21

-128-141-150-28:Downloads ntoro$ auto examples/
-128-141-150-28:Downloads ntoro$ less examples/

1 Rire RQAD028 ChameleonSMTutorialPSI.nb WZt.log

leonPSI.nb WZt.card top.card

9 deaamms o _ & 9 b (W L 7 " I — A R

I-123-141-15l—283Dounlonds ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~

top. log Page 209/501
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|hameleonPSI .m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI.nb, it should automatically update ChameleonPSI.m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

tmdmmwmﬁgdhmy.wh:kﬁlb&hﬂhﬁhymmd(mmym.wummﬂummm
i path syntax you may need to use "\" instead of "\").

I load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

hfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

cotmemangl9aports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objefrs<ase/5ail
master” cuts defined above, and any events that are empty after this filtering.

N

i




hid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

rnh'w cuts (optional)

One or More Data Files with the LoadEvents Command
tmmmmmﬁhhummmm-ﬂmnmnm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

| |

pu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to smdy
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

jrpackirgoan intelligent isolation criterion) are not important here. Page 211/501




pfigure the "master" cuts (optional)
hd One or More Data Files with the LoadEvents Command

[mmumh.ﬁhhummmmumnn-um. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

. picking an intelligent isolation criterion) are not important here.

l ]
|
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pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[mdm&hhlﬁhhhmmmhﬂﬂwithmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

the Data Set

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Page 213/501
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[ master* mmm.ﬂmmﬂmmmdﬁrﬁlm -
ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

rmnmﬂhuﬁﬁuﬁh. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
| take a look at the number of events in WZt, and print out the first two events

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask

A L

1 A
L

=




[ master* mmm,ﬂmmumm:ﬁﬁm i

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

. picking an intelligent isolation criterion) are not i iy

pck the Data Set
lwtwtmmﬁmnmﬂﬁumuﬁtmm

.
o
[=

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask




ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to smdy
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

bckithe Buta Set page 216/501
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» 2 Untitled

& apex_MC_tests_small
» [ WebEx

™ onlineapps_1114_short

) onlineapps_1114_short

-’"1 onlineapps_20101114103525.xls

= EarlyReferenceModels.pptx
> a Microsoft User Data
[% About Stacks.pdf

11-03-25
11-03-23
11-02-08
10-11-14
10-11-14
10-11-14
10-11-05
10-11-05
10-10-22

Enable: | All Files
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Working Directory and Load the Chameleon Package 1

tu:nmnndnuulluhnnnﬂnmlwuddn;dhnuuquwhumitwﬂlhdkﬁu1ﬂ1heﬁh:yuunaulﬂ:ulmyos.ﬁrl-ﬂcrhlﬂumudﬂhﬂunquigbul 1
i path syntax you may need to use "\" instead of "\").

[ load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

L Fa |
|

[:gunnﬂulﬁnllul'twn-(upﬂunln N
One or More Data Files with the LoadEvents Command 1]

lmmmmmmnurﬁsmmmmmhmnm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.




Working Directory and Load the Chameleon Package

i path syntax you may need to use "\" instead of "\").

SetDirectory::cdir : Cannot set current directory to /Users/ntoro/Downloads/example. »

tmmwmm,mnﬁnMhmmﬁummmuyos.wummm-emu

—

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Epnllu'm-h' cuts (optional)
One or More Data Files with the LoadEvents Command
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Pirsa: 11040028

tmmmumﬁhuummmm-ﬂmniunm It also deletes from the record objects that fail

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask

Page 219/501
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10.3585v3(3).pdf
10.3585v3. pdf
11.1363v3.pdf
11.3029v1.pdf
11.4448v1.pdf
12.4218v1.pdf

-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$ I
-128-141-150-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz
-128-141-150-2B8:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/
ples/
ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card
ples/top. lhco
ples/top. log
ples/WZt.card
ples/WZt. lhco
ples/WZt. log
-128-141-150-28:Downloads ntoro$ mv PSI_PPexplorations_analysis_examples.tar.gz
e: mv [-f | -1 | -n] [-v] source target

mv [-f | =1 | -n] [-v] source ... directory
I-128—141-15l-28:Dounlonds ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz
-128-141-15@-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~
es/
word:
PPexplorations_analysis_examples.tar.gz

10@% 3598KB 171.3KB/s 900:21
-128-141-150-28:Downloads ntoro$ auto examples/
-128-141-150-28:Downloads ntoro$ less examples/
1 Rirsa 940028 ChameleonSMTutorialPSI.nb WZt.log top.log Page 220/501
leonPSI.nb WZt.card top.card
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[mmwmm,wmnwﬂlMhﬂlﬁeﬁhmmd(muyos.w«mﬂﬂun&,hu
i path syntax you may need to use "\" instead of "\").

SetDirectory::cdir : Cannot set current directory to /Users/ntoro/Downloads/example. :»

| load the package. The line

data as PGS Version 4...set $PGSVersion=3

for compatibility with older (6-column, no-trigger) data format

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

E'nh'wm(m
One or More Data Files with the LoadEvents Command

command imports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Pirsa: 11040028 Page 221/501
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Working Directory and Load the Chameleon Package 7]

command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but i
Lm‘ path syntax you may need to use "\" instead of "\").

| S ——| |
I load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
—
pfigure the "master” cuts (optional) N

pd One or More Data Files with the LoadEvents Command y

lmmmmmﬁuhmmmmmmmumnm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

| | = - — S = = = Pl S s oy e —- -




data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Eanﬂn'w cuts (optional)

One or More Data Files with the LoadEvents Command
lmmmmmmhummmm-ﬂwnmﬂu It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Import::chtype : First argument $Canceled is not a valid file, directory, or URL specification. »
Part::partd : Part specification $Failed[1, 1] is longer than depth of object. :»
Drop::normal : Nonatomic expression expected at position 1 in Drop{$Failed, 1]. »
First::normal : Nonatomic expression expected at position 1 in First] $Failed]. »
First::normal : Nonatomic expression expected at position 1 in First{1]. >»
PirsapiS¢POtformal : Nonatomic expression expected at position 1 in Drop| $Failed, 1]. » aosees

ad d e el el el A4




ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Import::chtype : First argument $Canceled is not a valid file, directory, or URL specification. :»
Part::partd : Part specification $Failed[1, 1] is longer than depth of object. :»

Drop::normal : Nonatomic expression expected at position 1 in Drop| $Failed, 1].»
First::normal : Nonatomic expression expected at position 1 in First| $Failed]. »

First:normal : Nonatomic expression expected at position 1 in First[1]. >»

Drop::normal : Nonatomic expression expected at position 1 in Drop| $Failed, 1].»

n-mmmmm,ymmmmu.m&.

ply muon isolation

 milbi ik 48 %Pent (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful &F%dd{>"!
jated muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

il e |l Ll Ll Ll Ll Ll e




ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
b taki3 1R 28 the number of events in WZt, and print out the first two events Page 225/501
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ks You Need to Download.

jre using Chameleon, you need to download a few files from the LHC olympics website:
jhameleonPSI.m contains the definitions of all functions we will use here.

leonPSI.nb is used to generate ChameleonPSI.m. You don't need it to run this package, but if you want to improve on our functions or
they're defined, you'll want to start here. If you modify ChameleonPSI . nb, it should automatically update Chame leonPSI .m.

jata sets from the website or that you've generated yourself. This package uses WZt.lhco. You can change the commands later in this section to
from other files.

Working Directory and Load the Chameleon Package

[mmwmm.mnﬂhnkﬁu‘allﬂnﬂhymnud(mmyos.fum:rwm-e&.hu
i path syntax you may need to use "\" instead of "\").

| [ ra——— T
[ load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
|
Pirsa: 11040028 Page 226/501
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hfigure the "master” cuts (optional) N
hd One or More Data Files with the LoadEvents Command i f

[mmuumﬁhhummmm-ﬂmnm;‘m It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation 1

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
: MO% intelligent isolation criterion) are not important here. bage 2271501
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hfigure the "master” cuts (optional) N
hd One or More Data Files with the LoadEvents Command i f

[wmmum.ﬁuhmmmmm-ﬂwhm:ﬁ. It also deletes from the record objects that fail 7
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list. il

ply muon isolation 1

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
: m(%mm:m) are not important here. page 2261501

I I e i ' ||




pfigure the "master” cuts (optional)

bu want to compare several data sets, you can load each ir

ply-muemisclation
| muon in an event (e.g. from a b quark decay....) will prop

hd One or More Data Files with the LoadEvents Command

IWMMMhlﬁhiummmmﬂmitMM. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

Cut

Copy
Paste

Copy As

Make Hyperlink...
Insert Table/Matrix...
Check Spelling...
Reverse Quote
Citation

Style

Create Inline Cell
Divide Cell
Evaluate in Place

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Page 229/501
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pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[mmhdﬁhlﬂhiﬁemm:kﬂtnmhmﬂmhhmm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply-muen.isclation Page 230/501
| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study

N




hfigure the "master” cuts (optional) N
kd One or More Data Files with the LoadEvents Command i j

command imports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objects that fail = 7
cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

e

bu want to compare several data sets, you can load each into a different list. ¢

ply muon isolation 1

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
2 mog intelligent isolation criterion) are not important here. bage 231/501
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pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[umdm&dnhlﬁhhuHBMhmhmuﬂmhhmm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

Pirsa:.11040028
[ Muon

nnm{e.;.&unlbcp-tthcxy....)ﬂmmhm“ﬂhiﬁﬁdulmhkhmm%ﬁ%ml
jpred muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details




pu want to compare several data sets, you can load each into a different list.

ply muon isolation

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
f take a look at the number of events in WZt, and print out the first two events

Pigsa: 11040028

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
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pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study 1
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
f take a look at the number of events in WZt, and print out the first two events

Pigsa: 11040028
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pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
picking an intelligent isolation criterion) are not important here.

pck the Data Set
| take a look at the number of events in WZt, and print out the first two events

}a11040028
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation
 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study

muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler - the details

i s it St calih s o

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

Pirsa: 11040028
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation 1

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study i
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
. picking an intelligent isolati " - |

L
L A
L

pck the Data Set il
| take a look at the number of events in WZt, and print out the first two events ]

[ ]

| seocsea ]

fead {h52 %182° you need to know the basic types in the Ihco event format: Page 237/501 3
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[

bu want to compare several data sets, you can load each into a different list.

ply muon isolation T

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set 1]
s take a look at the number of events in WZt, and print out the first two events ]

I $Aborted|]

Pigsa: 11040028 Page 238/501
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1

New -
Open... #0

Open Recent - -

Close EW
Save a8S

- T—— Save As... 0 %8S
Save Selection As...

[P S—————— Revert...

 muon in an event (e.g. f

muons, and merge Install...

Printing Settings >

[ Print... ®xP
Print Selection... {3P

pck the Data Set
p take a look at the number of events in WZt, and print out the first ¢

-Il

i Imn

Pigsa: 11040028

r $Aborted|]

bl ibin e o K

A PR |

|.J_

ChameleonPSI
ChameleonSMTutorialPSI
ChameleonSMTutorial.nb
Distributions1_02.nb

ChameleonComparison_A.nb
ChameleonSLACDataChallengeComparison.nb

Chameleonl_02.nb
MultijetNotebook.nb
scan_analysis
Slowjet2.m
MultijetNotebook.nb
scan_analysis_OLD
slha_parse_pcs2
slha_parse_pcs
slha_parse(2).nb
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Open Recent >

Close EW
Save 8S
R —— Save As... 038
Save Selection As...
JRFOR———— Revert...
muon in an event (e.g. fr
zmmm Install...
Printing Settings >
[ Print... #EP
Print Selection... {3P

pck the Data Set
l“l“ﬂh“dﬂh%ﬂmmﬂlﬁlﬂﬂl

-Il

I Imn

Pigsa: 11040028

r $Aborted|]

ChameleqaPSI
ChameleonSMTutorialPSI
ChameleonSMTutorial.nb
Distributions1_02.nb
ChameleonComparison_A.nb
ChameleonSLACDataChallengeComparison.nb
Chameleonl1_02.nb

MultijetNotebook.nb

scan_analysis

Slowjet2.m

MultijetNotebook.nb

scan_analysis_OLD

slha_parse_pcs2
slha_parse_pcs
slha_parse(2).nb
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Chameleon 1.02 -- A black-box analysis
ckage in Mathematica for the LHC

lympics

arvard Blackbox Teanz

ima Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam

itzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
Jesse Thaler, Natalia Toro, Lian-Tao Wang

Harvard University, Jefferson Laboratory
July 9, 2006

petup functions (file-loading)

0ff£ [General::spelll];
OFEFFE Ncanaral s raesal111




oLeptonType([-3] = oTauMinus;
olLeptonType[-2] = oMuonMinus;
oLeptonType[-1] = oElectronMinus;
oLeptonType([0] = object_/; False;
oLeptonType[l] = oElectronPlus;
oLeptonType[2] = oMuonPlus;
oLeptonType([3] = oTauPlus;

oBJetLoose = oBL = m.tl -“1- {_' "' il wnill il sl el 1-0'

oB = oBJet = If[§PGSVersion = 4, oBl, oBl];
olonBJet = oNonB = {_, Q) 0 v ot ot 0.0, .
oNonLooseBJet = oNonB = L' " S N L O.ﬂ, _]I

oot [oType_] := Except[oType, oAny];

Hardness-selecting patterns

oHard [oType , pthard ]| = oType? ((ptOf[ &) z pthard) &);
oLessHard [oType , pthard ]| = oType? ((ptOf[2] < pthard) &);

ofrigger = (0, _, __};

Pirsa: 11040028
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Chameleon 1.02 -- A black-box analysis
ckage in Mathematica for the LHC

lympics

arvard Blackbox Team:

ima Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam

itzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
Jesse Thaler, Natalia Toro, Lian-Tao Wang

Harvard University, Jefferson Laboratory
July 9, 2006

petup functions (file-loading)
= Suppress wamnings

Pirsa: 11040028 Page 243/501
Off [General::spelll];
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@) % ChameleonPSI

Chameleon 1.02 -- A black-box analysis
ckage in Mathematica for the LHC

lympics 4
arvard Blackbox Team: 7
ima Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam

itzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
Jesse Thaler, Natalia Toro, Lian-Tao Wang

Harvard University, Jefferson Laboratory
July 9, 2006

petup functions (file-loac

Replace with: |0 007

Pirsa: 11040028
Off [General::spelll];
OFf¥ ITCanaral  rv2ama1 1171
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tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null]
« {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]]}
]

DeltaRToMuon [muon , object , Options___ ] := If[ MatchQ[object, oJet], DeltaR[muon, object], 99];

CheckMuonsInEvent [event , Options ] :=
Module| {muonlist, tempevent, themuon, t.b-j-tintn, thejet, thejetindex),
muonlist = M[m[mlm All] fevent]];
tempevent = event;
Do [
themuon = muonlist[[1i]];
thejetinfo = FindListMax|tempevent, -DeltaRToMuon|themuon, &, Options] &];
thejetindex = thejetinfo[[1]];
thejet = thejetinfo([[3]];
If [MatchQ[thejet, oJet] ,
tempevent [ [thejetindex]] = RecoastructPareat|{themuon, thejet), Type » 4,
ObjectCounter -+ thejet[[1]] , NTrack - thejet[[7]] + 0.1, Btag - thejet[[B8]],
HadEmFraction - thejet([[9]]];
tempevent = DeleteCases|tempevent, themuon],
tempevent = DeleteCases|tempevent, themuon])
1e
{1, Length[muonlist], 1, -1}];
tempevent
13

Mnhthn[ﬂtun_, Options ] := CheckMuonsInEvent [z, Options] & /@ evtList
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation T

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

L
L A L
L

pck the Data Set i
| take a look at the number of events in WZt, and print out the first two events ]
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[

bu want to compare several data sets, you can load each into a different list.

ply muon isolation
| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study

muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

|:
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

L A

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

Global ApplyMuonIsolation

1

i Pi[a: 11040028
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

Global  ApplyMuonIsolation
ke I N

i Imn

Pigsa: 11040028 Page 250/501

[ | sAvorted()




pu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler - the details
_ picking an intelligent isolati i i} here.

|
—

pck the Data Set

p take a look at the number of events in WZt, and print out the first two events

J

]

-Il

[ Imu
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|
]
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation T

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study i
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here. i

™
L A
L

pck the Data Set j i
p take a look at the number of events in WZt, and print out the first two events ]

| .

| &




command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
Lmlnhzymywmynuﬂwu "\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. I’BSvulhndl'lIynm“ywmmnmmdPﬁs.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[mmuum-ﬁhhmmwmm-ﬂwhum. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.




command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
Liﬁn”mywuyndmu "\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

lwm&m&.ﬁhhhmthﬂﬂwhhﬁm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

fe sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marthematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

F P




Immmmm,m&ﬂlh&ﬁrﬂldlﬂhymud(&lmym,fm-duwm“d,h
path syntax you may need to use "\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Global™ ApplyMuonlIsolation

pfigure the "master" cuts (optional)
hd One or More Data Files with the LoadEvents Command

tmmmmmﬁuhummmwmwnmnm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu gtar Ab.se¥alid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do s, §t ®ijiask
rlmumll:uilt'n'ﬁh. But don't worry! Your file will not be overwritten.




[mmmwm,M'ﬂﬂb&hﬂﬂlﬁhﬂﬂd(&ﬂ&,hﬂdﬁ“ﬂ“ﬂ&hﬁ 1
path syntax you may need to use "\" instead of "\").

| RS
I load the package. The line 1

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
|
| . |

Information::notfound : Symbol ApplyMuoniso not found. »

hfigure the "master” cuts (optional) N
pd One or More Data Files with the LoadEvents Command i

command imports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objects that fail 7
cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want 10 sppeswrite the existing file. But don't worry! Your file will not be overwritten. Page 256/501 |
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10.3585v3(3).pdf
10.3585v3. pdf
11.1363v3. pdf
11.3029v1.pdf
11.4448v1.pdf
12.4218v1.pdf

-128-141-15@-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz
-128-141-15@-28:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/
ples/
ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card
ples/top. lhco
ples/top. log
ples/WZt.card
ples/WZt. lhco
ples/WZt. log
-128-141-150-28:Downloads ’inrns mv PSI_PPexplorations_analysis_examples.tar.gz
e: mv [-f | -1 | -n] [-v] source target
mv [-f | =1 | -n] [-v] source ... directory
l-123-141-15l-2!:Daunloads ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~
es/
word:
PPexplorations_analysis_examples.tar.gz
10@% 3598KB 171.3KB/s 00:21

-128-141-150-28:Downloads ntoro$ auto examples/
-128-141-158-28:Downloads ntoro$ less examples/

| Rirgen 94D028 ChameleonSMTutorialPSI.nb WZt.log top. log Page 257/501

leonPSI.nb WZt.card top.card
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command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
Liﬁ:-spﬁmywmynadhu "\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[mmmuh.ﬁhhummmm-ﬂwhm;ﬂ. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.




Window

command sets Mathemarica's working directory, where it will look for all the fi : :
Li:bvnptsyﬂnxymmyundhu'\\'ilmdd'\'). Migl’llﬁtitlﬁl‘l ’

v Show Ruler
|| e e s s 1| 100 o0
. Stack Windows
load the package. The line
[ Tile Windows Wide
data as PGS Version 4...set $PGSVersion=3 T_IIC Wlndows Ti.“

for compatibility with older (6-column, no-trigger) data

Full Screen X #F
pid appear. PGS version 4 is what you want unless you are using an obsolete
Bring All to Front

Messages

hfigure the "master” cuts (optional) ChameleonComparison_A.nb

ChamelonPSI
i One or Move Deta Files with the LoadEvents Command ChameleonSLACDataChallengeComparison.nb

lmmmmh.ﬂhhummmmnﬂm Histogram - Wolfram Mathematica
master” cuts defined above, and any events that are empty after this filtering. v ChameleonSMTutorialPSI

ke sure you end this call with a semicolon, or Mathematica will try to print scan_analysis
nmmWﬂm,:&Mm(MummgwhEyﬂ=ll Eym!n.!“’

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

L 9




command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
Li:b'lpnmymmymedhu "\" instead of "\").

| | ——.
| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

[mdhnpuuﬂudllhaﬁhhmmmmmndwithmm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

i | —

-Chameleon 1.02 -- A black-box analysis

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
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itup functions (file-loading)
= Suppress warnings

Off [General::spelll];
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Flatten[Join [Table [GetFromF
Options [LoadEvents] = {Criteria -+ (True &), MaxEvents -+ @)}
TakeUpTo[list_, n_] := Take[list, Min[Length[list], a]];
LoadEvents [namespec_, LoadEventsOptions ] :=
TakeUpTo [Select [LoadEvents [ namespec] ,
Criteria /. {LoadEventsOptions) /. Options[LoadEvents]],
MaxEvents /. {LoadEventsOptions) /. Options[LoadEvents]];

[fhead <> "." <> ToString[i]], (i, O, afiles-1}]], 111;

Irticle-matching Patterns

If[§PGSVersion = 4,

oflectron =oE={(_, 1, _, _» v v v 1}
oElectronPlus = ofkPF = (_, 1, , , _, _, 1.0, _ };
oElectronMinus = ofM = {(_, 1, , _, _, _, =1.0, __}:]

If[$SPGSVersion = 3,

oElectron =oE=(_, 1, _, _, s v v )}

“Wl“ = OEP = {_,p 1' . 1-0, = _}’

oElectronMinus = ofEM = (_, 1, , _, _,-1.0, _, __}1]
=

If[§PGEVersion = 4,

oMuon = ou={_, 2, s ¢ ot ot )3

oMuonPlus = ouP= (_, 2, _, _, _, _» 1.0, __}3

m = m. (-' 1. -t =t =t =l -1-0, _} ']

If[SPGSVersion = ],

oMuon = ou={_, 2, s v t —t ¢
oMuonPlus = ouP=(_, 2, _, _, _, 1.0, _, __};
oMuonMinus = ouM={_, 2, _, _, _,-1.0, _, __}:]

Pirsa: 11040028
If[§PGSVersion = 4,
S r

g — -
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ofsmPlus=ocP={ , 3, , , ,1.0, ,_ 1}
oTauMinus = otM={_, 3, _, _, _,-1.0, _, _)}:
]

oLepton = oL = (oElectron | oMuon | oTau);

oLeptonPlus = oLP = (oElectronPlus | oMuonPlus | oTauPlus);
olLeptonMinus = OLM = (oElectronMinus | oMuonMinus | oTauMinus);
oLightLepton = oLL = (oElectron | oMuonm);

oLightLeptonPlus = oLLP = (oElectronPlus | oMuonPlus );
oLightLeptonMinus = oLLM = (cElectronMinus | oMuonMinus );

oLeptonType[-3] = oTauMinus;
oLeptonType[-2] = oMuonMinus;
olLeptonType[-1] = oElectronMinus;
oLeptonType[0] = object_/; False;
oLeptonType([l] = oElectronPlus;
oLeptonType[2] = oMuonPlus;
cLeptonType([3] = oTauPlus;

oPhotom =oy=(_, 0, _, _+ v s
alet = { , 8, , , s oD
oBJetTight = oBT =oBJet2=oB2 = {_, &, ; v v v v 2.0, _}s

oBJetloose = oBL =oBJetl =oBl ={_, 4, _, _, _, _, _, 1.0, ) |oB2;

oB = oBJet = If [§PGEVersion = 4, oBl, oBl);

) |

adgat TraPToaa 1 '= Feecant aTPvaa kvl »

]
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ofrigger = {0, _, _}; 3JJ

paning functions
= Enforcing muon isolation 1]
ptIscOf[{x_}] := ptIscof[x] .

etRatiocOf[{x }] := etRatioOf[x]

etRatioOf[{_, 2, _, _,_,_,_+ _s otratio , __}] := N[FractionalPart[etratio]];
oIsolatedMuon = { , 2, , + v v v s —r_ )2 ((PtIScOf[=] < 5.0 && etRatiocOf[#] < .1+9/8) &);
oMergeableMuon = {_, 2, _, s s v s —+ ) ? ((PtIScOf[#] 2 5.0 || etRaticOf[#] 2 .1+9/8) &);

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue},
tempmaxindex = 1;
tempmaxvalue = functiom[list([[1]]];
Do|
tempfunctionvalue = function[list[[i]]];
If [tempfunctionvalue > mﬁlg‘, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null]
+ {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon_, object_, Options ] := If[ MatchQ[object, oJet], DeltaR[muon, object], 99];
CheckMuonsInEvent [event , Options ]| :=

Pirspgd@@%e [ (muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex), Page 264/501
muonlist = PTSort[HGet [oMergeableMuon, All] [event]];




{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon , object , Options ] := If[ MatchQ[object, oJet], DeltaR[muon, cbject], 99];

CheckMuonsInEvent [event , Options ] :=
Module [ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
muonlist = PTSort[HGet [oMergeableMuon, All] [eveat]];
tempevent = event;
Do[
themuon = muonlist[[i]];
thejetinfo = FindListMax[tempevent, -DeltaRToMuon|[themuon, ¥, Optioans] &];
thejetindex = thejetinfo([[1]];
thejet = thejetinfo[[3]];
If [MatchQ[thejet, oJet] ,
tempevent [ [thejetindex]] = ReconstructParent|{themuon, thejet), Type = 4,
ObjectCounter + thejet[[1]] , NTrack + thejet[[7]] + 0.1, Btag -+ thejet[[8]],
HadEmFraction -+ thejet([[9]]];
tempevent = DeleteCases|tempevent, themuon],
tempevent = DeleteCases|tempevent, themuon]
1.
{i, Length[muonlist], 1, -1}];
tempevent
1:

ApplyMuonIsolation [evtList , Optioams ] := CheckMuonsInEvent|[#, Options) & /@ evtList

RemoveTriggerObject [event ] :=
DeleteCases|[event, oTrigger)

RboWEWEEL [x ] 1= ShowBvent[(x), 1] Page 265/501
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itup functions (file-loading)
= Suppress warnings

Off [General::spelll];
1 NDFEF TcCcanaral s»amal 117 »
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' | B Do you want to automatically evaluate all the
h | * initialization cells in the notebook "ChameleonPSI"? .
Inamel SIS
3 o) (el G
ackage

lympics
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itup functions (file-loading)




TakeUpTo[list , n ] := Take[list, Min[Length[list], n]];
LoadEvents [namespec , LoadEventsOptions ] :=
TakeUpTo [Select [LoadEvents [ namespec] ,
Criteria /. {LoadEventsOptions) /. Options|[LoadEvents]],
MaxEvents /. {LoadEventsOptions)} /. Options|[LoadEvents]];

Irticle-matching Patterns

= If[$§PGSVersion = 4,

oBlectron =of={_, 1, , _, _+ ¢+ o+ M
oElectronPlus = oEP = {_, 1, _, _, _, _, 1.0, __};
oElectronMinus = ofEM = {_, 1, _, _, _, _, =-1.0, __}3:]
If[$PGSVersion = 3,

oBflectron =of={_, 1, ., _, _+ ¢+ o M}
oElectronPlus = oEP = (_, 1, _, _, _, 1.0, _, _ )}
oElectronMinus = ofM = {_, 1, , _, _,-1.0, _, __}:]

|- If[$PGSVersion = 4, oElectron=o0E={_, 1, , , .+ .+ _+__):
oElectronPlus =oEP = {_, 1,

r r

= If[$PGSVersion = 3, oElectron =oE = {_, 1, , _, _+_+_+__}:
oElectronPlus =oEP ={_, 1, , , _, 1., _, _ }; oElectronMinus
= If[§PGSVersion = 4,
oMuon = ou={_, 2, _, _s _# v v )3
oMuonPlus = ouP=(_, 2, _, _, _+» _» 1.0, _};
oMuonMinus = ouM={_, 2, , _, _,_, =-1.0, _ };:]

PIiria'[%lO40028 - J,
auon =ou={ , 2, , .+ + + ¢+ _}2

r_r 1-;_}:“1““““:0“:{ s 1'
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Irticle-matching Patterns

= If[$PGSVersion = 4,

oElectron =of={_, 1, _, _, _+ v v __}:
oElectronPlus = ofP = {_, 1, _, _, _, _, 1.0, __};
oElectronMinus = ofEM = {(_, 1, , _, _, _» -1.0, __}3:]

1f[$PGSVersion = 3,

oElectron =oB={_, 1, _, _, s v v )3
oElectronPlus = ofP = {_, 1, _, _, _, 1.0, _, _}:
oElectronMinus = s S p 3 o0 =Ry i N8

|- If[$PGSVersion = 4, oBlectron =oB = {_, 1, , _, _,_, _., }s

= If[$PGSVersion = 3, oElectron=o0E={_, 1, , , ., ., _.

= If[$PGSVersion = 4,
oMuon = ou = {_: za_r - ol _}I
oMuonPlus = ouP = '[_r 2, aal il wal el 1.0, _}’
oMuonMinus = ouM={_, 2, _, _, _,_, =1.0, __}:]

1£[$PGSVersion = 3,

oMuon = ou = (_; 2:_: il aal il ol _}'
oMuonPlus = ouP=(_, 2, , _, _, 1.0, _,_};
oMuonMinus = ouM={_, 2, _, _, _,-1.0, _, __}1:]

= TE{§f8&¥ersion = 4, oMuon =ou={_, 2, _, + _+ _+_+__);

oElectronPlus =oEP = {_, 1, , , , _, 1., _}; oElectronMinus =oEM = {_, 1, _

oElectronPlus =oEP={_, 1, , , _, 1., _, __}; oElectronMinus =oBM={_, 1, , , _,-1., _,__};] 1.

oMuonPlus = ouP = {_, F o P 1-:_}3 oMuonMinus = ouM = {_r 2, o o i -1.,____}3]

-

Page 270/501%
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Imﬂmmm,m&wﬂlb&hﬂuﬂhymud(mmym,fmﬂuwdﬂu:ud,hu 1
1 path syntax you may need to use "\" instead of "\").

|
I load the package. The line 1

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
pd One or More Data Files with the Loac Particle-matching Patterns

[mmummaﬁbinums 3 lac
master” cuts defined above, and any events that are ¢

inf31)= If[SPGSVersion = 4,
oElectron = oE={_, 1, _, _+ ¢+ —t v )3

ke sure you end this call with a semicolon, or oElectronPlus = s Yok ot n Ry )0
m.'ﬂ-{_' 1'-'_' -'_'-'1-0' _}’]

bu enter an invalid filename, a file browser may (de

pu want to overwrite the existing file. But don't wor If[$PGSVersion = 3,
oElectron = d-L‘ 1;_; il il il el _}'
k oElectronPlus = ofP = {_, 1, , ., , 1.0, _, _ )3

oElectronMinus = oEM = {_, 1,_, _, _,-1.0, _, __}3]

Ouf3t}= If[$PGSVersion = 4, oElectron =oE = {_, 1, _, s pageomuse— 17
oElectronPlus =oEP = {_, 1, oo lep )3 ollmrmﬂinuw

-'-



[mnmwm.Miﬁlkﬂ&tﬂldﬂﬁhymuﬂ(&lﬂm.wwwm“mh
path syntax you may need to use "\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
hd One or More Data Files with the LoadEvents Command

tmmmuh.mhmmmmﬁm-ﬂmnmnm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.




hd One or More Data Files with the LoadEvents Command

[wm&dﬂthaﬂhhummmmuﬂwhhmm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

nmumrﬂhm.mmhﬁeﬂhldﬁuh

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
jrpackirsgoan intelligent isolation criterion) are not important here. Page 273/501
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pu want to compare several data sets, you can load each into a different list. 1]

ply muon isolation

1]
 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

bck the Data Set | j“
s take a look at the number of events in WZt, and print out the first two events

s ——




bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

pi




bu want to compare several data sets, you can load each into a different list. it

ply muon isolation 1

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study §
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set i f
b take a look at the number of events in WZt, and print out the first two events ]

= PirsI: 1$dubmzated | | Page 276/501 j




10.3585v3(3).pdf
10.3585v3. pdf
11.1363v3.pdf
11.3029v1.pdf
11.4448v1.pdf
12.4218v1.pdf

-128-141-150-28:Downloads ntoro$
-128-141-150-28:Downloads ntoro$

-128-141-150-28:Downloads ntoro$ rm PSI_analysis_examples.tar.gz

-128-141-150-28:Downloads ntoro$ tar czvf PSI_analysis_examples.tar.gz examples/

ples/

ples/ChameleonPSI.m
ples/ChameleonPSI.nb
ples/ChameleonSMTutorial.nb
ples/ChameleonSMTutorialPSI.nb
ples/top.card

ples/top. lhco

ples/top. log

ples/WZt.card

ples/WZt. lhco

ples/WZt.log

-128-141-150-28:Downloads ntoro$ mv PSI_PPexplorations_analysis_examples.tar.gz

e: [-f | =1 | -n] [-v] source target

mv [-f | =i | -n] [-v] source

es/
word:

«ss directory
I-123-141-150-Zl:Daunlonds ntoro$ mv PSI_{,PPexplorations_l}analysis_examples.tar.gz
-128-141-150-28:Downloads ntoro$ scp PSI_PPexplorations_analysis_examples.tar.gz toro@ntoro.stanford.edu:~

PPexplorations_analysis_examples.tar.gz
100% 3598KB 171.3KB/s 00:21

-128-141-150-28:Downloads ntoro$ auto examples/
-128-141-150-28:Downloads ntoro$ less examples/

| Riveey Q40028
leonPSI.nb WZt.card
N ahaaams o _ & _ 9 L LI'Yae T Lh o

ChameleonSMTutorialPSI.nb WZt.log

top.card

a o o B

top. log Page 277/501




bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
b take a look at the number of events in WZt, and print out the first two events

II-I1 3

= PirsI: 1$dubmated | | Page 278/501 1




bu want to compare several data sets, you can load each into a different list. 1]

ply muon isolation i |
 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study

muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
:.Mnhﬁﬂgmmm“n é 1

X
|

Particle-matching Patterns

inf31)}= If[SPGSVersion = 4,
oElectron =of={_, 1, , _, _+ _+r _» )}
oElectronPlus = oEP = {_, 1, _, _, _, _» 1.0, __}3»
oElectronMinus = oM = {_, 1, , _, _, _» =1.0, __}:]

pck the Data Set
ks take a look at the number of events in WZt, and pr

If[SPGSVersion = 3,

oElectron = of={_, 1, _, s ¢t —r » 13
oElectronPlus {m mnil s T o . n o2l s 3
oElectronMinus = oEM = (_, 1, _, _, _, -1.0, _, __}1:]

Outf3t)}= If[$§PGSVersion = 4, oElectron=oE={_, 1, , , .page.zr/gassl_”
oElectronPlus =oBP = {_, 1, _, _, _,_+1e, _}: o:ucmmﬂ

II-I1

= PirsI: M[l




ply muon isolation

pck the Data Set
ks take a look at the number of events in WZt, and

pu want to compare several data sets, you can load each into a different list. s £

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an

= Split into events (automatically delete comment line, if there is one)

nf22}= SplitData[rawObjList ] := Split[Drop[rawObjList, If[NumberQ(

= Master importing functions
inf23):= FCheck|[fname ] := If[MatchQ[FileType|[fname], File], fname, Sy|

for PGS written by A. Pierce and J. Thaler -- the details

Less [First[#l], First[22]] &];

GetFromFile[fname ] := SplitData[Import[fname, "Table"]];
GetFromFile[$Failed] := Null;

LoadEvents [ fname ] := GetFromFile[FCheck|fname]];
LoadEvents [ fname , nfiles_ 7?NumberQ] := Module[{fhead},

fhead = fname] ;
fhead = m.l.u[nnd, ".dat.0" » ".dat"];

Flatten[Join[Table [GetFromFile[fhead <> "." <> ToString[i]
Options [LoadEvents] = {Criteria + (True &), MaxEyengs = ©};

TakeUpTo[list , n ] :=Take[list, Min[Length[list],6 n]];
LoadEvents [ napespec . LoadEventsOptions BT




pu want to compare several data sets, you can load each into a different list.

ply muon isolation
 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not

2|

36}~ If[$PGSVersion = 4,
ofau = 0T={_, 3, s vt ot 0 )2
oTauPlus3Prong = otP3=(_, 3, _, _, _,_, 3.0, )}
oTauMinus3Prong = otMd = {_, 3, _, _, _,_, =3.0, __}:
oTauPluslProng = otPl=(_, 3, _, _, _, _, 1.0, _ )}
oTauMinuslProng = otMl = {_, 3, _, _, _, _,=-1.0, _}:
oTauPlus = orP = orPl |a|:r3'
oTauMinus = otM = otMl |otM3;]

pck the Data Set
b take a look at the number of events in WZt, and pri

If[$PGSVersion = 3,

ofau =0t ={_, 3, _, s+ v ot ot )
oTauPlus = otP=(_, 3, _, _, _, 1.0, _, )}
P= |1 ]m-o:?-{_, Se =l 5 )3

b PirsI: M[]

oTauPlus =otP=(_, 3, _, _,

s 1ey s __)}; OTauMinus = oTM = {_|




pu want to compare several data sets, you can load each into a different list. 1]

ply muon isolation i

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an for PGS written by A. Pierce and J. Thaler -- the details

DeltaRToMuon [muon , object_ , Options ] := If[ MatchQ[objec

pck the Data Set

b take a look at the number of events in WZt, and CheckMuonsInEvent [event , Options ] 1=

Module( {muonlist, tempevent, themuon, thejetinfo, thejet, ¢
muonlist = PTSort[HGet [oMergeableMuon, All] [event]];
tempevent = event;

Do[
themuon = muonlist([[i]];
thejetinfo = FindListMax|[tempevent, -DeltaRToMuon [them
thejetindex = thejetinfo[[1]];
thejet = nJ&muo[[J]];
I1f[MatchQ[thejet, oJet] ,
tempevent [ [thejetindex]] = RecoastructParent|{themuon,
ObjectCounter - thejet[[1]] , NTrack -» th¥3¥¢1(71]1 + 0,
HadEmFraction -+ thejet[[9]]];




bu want to compare several data sets, you can load each into a different list. 1

ply muon isolation 1]

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study 1
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here. I

pck the Data Set il
f take a look at the number of events in WZt, and print out the first two events 3

"l ]

= PirsI: 1$dbeted | | Page 283/501 j




bu want to compare several data sets, you can load each into a different list. 1

ply muon isolation 1]

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study A
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set il
p take a look at the number of events in WZt, and print out the first two events 3

"B ]

= PirsI: 1§autmated | | Page 284/501 j




pu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon
muons, and merge non-isolated muons into the nearest jet. We will use an

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

H-I1

= pirSI: SAborted [ ]

Minimize
Zoom

Magnification
v Show Ruler
Show Toolbar

Stack Windows
Tile Windows Wide
Tile Windows Tall
Full Screen L 3#F
Bring All to Front

Messages

ChameleonComparison_A.nb
ChameleonPSI
ChameleonSLACDataChallengeComparison.nb
Histogram - Wolfram Mathematica

v ChameleonSMTutorialPSI

scan_analysis

]
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File

New >

Bt m_“ %O B P 48 B 10, L, ]

Print Selection... {3P

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

H-I1

f= parSI: Saborted | ]

L Open Recent -
Close ®W
Save #s
Save As... 385
bu want to compare seve;  save Selection As... list.
Revert...
ply muon Install...
 muon in an event (e.g. f muon chambers and be identified as a muon, but it is often useful to study
muons, and merge Printing Settings p will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
opicking s il Print... %P

]
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» 2 Untitled
& apex_MC_tests_small
» [l WebEx

onlineapps_1114_short
= onlineapps_1114_short
~| onlineapps_20101114103525.xIs
EarlyReferenceMode®.pptx
» [ Microsoft User Data
“ About Stacks.pdf

11-03-25
11-03-23
11-02-08
10-11-14
10-11-14
10-11-14
10-11-05
10-11-05
10-10-22

Enable: | Mathematica Files (*.nb, *.cdf, ... W4
Optionsics )  Click the Options button to change the default settings for accessing selected files.
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LHC1.pdf

—— - g (.

Name  Date Modified v
1| PSI_PPexplorations_analysis_examples(2).tar.gz 11:12 AM
71 PSI_PPexplorations_analysis_examples.tar.gz 10:05 AM

» Q] examples 10:05 AM
' SM_examples.zip 9:29 AM
" 1535-Costas_Fountas.ppt 8:20 AM
'« HCPO7_poster-draft-May10(2).pdf 8:04 AM
* HCPO7_poster-draft-May10.pdf 8:04 AM
'« talk.incandela.pdf 7:52 AM
% eno_road_to_discovery_L1.pdf 7:50 AM
'« Herten-Tracking1-Print.pdf 7:50 AM
“ TullyCalorimetryLecturel.pdf 7:49 AM
'« shapiro_objects_Aug11.pdf 7:43 AM
« shapiro_objects_Aug12.pdf 7:43 AM
= shapiro_objects_Aug10.pdf 7:43 AM
 PPhysHwk1.pdf 7:40 AM
'« ParticleResults.pdf 7:39 AM
% 1102.5290v1(3).pdf 7:37 AM

6:52 AM

Enable: | Mathematica Files (*.nb, *.cdf, ... W4
Click the Options button to change the default settings for accessing selected files.
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Search: This Mac (IL1) “Downloads” | (TP File Name

Name Last Opened

wh zs:u._v.u-gd 11-02-17

(% 2sSL_V(@2 11-01-14

(% 0708.1028v4.pdf 11-02-24

(% 0708.1028v4(2).pdf 11-02-24

(% 0805.3993.pdf 10-08-04

(% 0810.3921v2.pdf 11-01-10

(% 0811.1030.pdf 11-03-31

(% 0903.2110.pdf 11-02-14

(% 0904.2567v2.pdf 11-03-24

* 0904.4262v2.pdf 11-01-29

| E 0906.4657.pdf 09-07-30
(% 0907.0008.pdf 09-07-28

‘ (% 0907.0031.pdf 09-07-28
(% 0907.2276.pdf 09-10-06

(% 0907.5418.pdf 09-08-02

(% 0907.5418v1.pdf 11-01-19

« v

Select an item to see its path.

Enable: | Mathematica Files (*.nb, *.cdf, ... 4
Click the Options button to change the default settings for accessing selected files.
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(Save ) (4
phaestos Name R . Last Opened
Macintosh HD '} cleanExamples.tar.gz 11-04-08
iDisk G examples 11-04-04

@l Examples 10-10-31
(4l examples 11-02-16
R—— Gl examples 09-03-31
&l examples 11-04-06
Desktop @l examples Today, 9:30 AM
ntoro Gl examples 10-01-12
physics Gl examples_C 10-01-13
Applications ' [l examples_py 10-01-13
Documents " [l examples_ROOT 10-01-13
Dropbox c| input_examples.C 10-01-12
Downlonds 'c] IntervalExamples.C 11-03-14
moro_su 'c| makeExamples.C 11-04-09
- |e] makeExamples.C 11-04-08
- | makeExamples.C~ 11-04-07
2_:_? . v| Select an item to see its path.
Enable: | Mathematica Files (*.nb, *.cdf, ... W84
Optionswczs )  Click the Options button to change the default settings for accessing selected files. Page 290/501




Search: This Mac _ Home | Contents (save)
Name - Last Opened
@l examples Today, 9:30 Al

] 10-01-12
@l examples_C 10-01-13
@l examples_py 10-01-13
@l examples_ROOT 10-01-13
'c] input_examples.C 10-01-12
'c) option_examples.C 10-01-12
1 PSI_PPexplorations_analysis_examples.tar.gz Today, 10:05.
E] PSI_PPexplorations_analysis_examples(2).tar.gz Today, 11:12.
H SM_examples.zip Today, 9:29 Al
@l usage_examples 10-01-12

«»l

Select an item to see its path.

Enable: | Mathematica Files (*.nb, *.cdf, ... 4

Click the Options button to change the default settings for accessing selected files.
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-

A

11 items (Q examples €
Search: ThisMac Home | Contens GIITTDD Csave)
Today, 9:30 Al
ples 10-01-12
@l examples_C 10-01-13
examples_py 10-01-13
@l examples_ROOT 10-01-13
'c] input_examples.C 10-01-12
'c] option_examples.C 10-01-12
1 PSI_PPexplorations_analysis_examples.tar.gz Today, 10:05.
'} PSI_PpPexplorations_analysis_examples(2).tar.gz Today, 11:12.
H SM_examples.zip Today, 9:29 Al
Gl usage_examples 10-01-12

v @ ntoro » (@] Downloads » (] examples

Click the Options button to change the default settings for accessing selected files.

Enable: | Mathematica Files (*.nb, *.cdf, ... 4
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10:04 AM

10:04 AM
08-07-30
08-07-30
08-07-30
Desktop 08-07-30
ntoro 08-07-30
physics 08-07-30
Applications
Documents
Dropbox
Downloads
ntoro_su
[ARCH FOR "~
) Today 2
N et b

Enable: | Mathematica Files (*.nb, *.cdf, ... 4
omm) Click the Options button to change the default settings for accessing selected files. Page 203/501




bu want to compare several data sets, you can load each into a different list.

ply muon isolation

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
| take a look at the number of events in WZt, and print out the first two events

II-II

= PirsI: ]mrl

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

]
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Functions , | Sections , |;Update _IDebug (Run Package

XUy sECE_, Pz, Py ___TITE pax

ptof((_, ,eta , phi , pt ,  }]|1= pt
nTracksOf ({_,4,_ ,_,_, .,nTrack , _ }]:=Floor|[aTrack];

nMergedMuonsOf (( ,4, , , , ,nTrack , }]:=(nTrack-Floor[nTrack])«10;
hadEmFractionOf({_, , , , s _s_sr_sfraction , }]|:=fraction;

etaOf({a }]:= etaOf(a]
phiOf[{a }):= phiOf[a)
E"M?ﬂf[{dl ]ll- Ptﬂflﬂl s =

rmrvmnrrrt-[{ ¢+ _sota , phi , pt , mass , }] := (Sqrt[pt“2 Cosh[eta]“2+mass"2], pt Sinh[e
mﬁh[{;-_.p! PX_ fr_}l t= Sqrt[Max(pe”2 - pz"2 - px"2 - py©2,0.0]];

| P‘!'Bnrf._[nbjr.i.lt__] t=Sort [ocbjList,Greater [ptOf [=1] ,ptOf [22] | &] b
FourVectorSum|objList | :=Apply[Plus Map |FourVectorFrom,objList]|]|;
LeptonIndexcount [ typelist_,n_] [evt_]:= (NumOf [oLeptonType[n] | -eq-Count [typelist,n]) [eve]
)|

LeptonContent [typelist | [evt |:=LeptonIndexCount[typelist,-3][evt]&&
LeptonIndexCount |[typelist,-2] [evt]&&

LeptonIndexCount|[typelist,-1] [evt]&&

LeptonIndexCount|[typelist, 1] [evt]&&

| TeantonTndaxCount [ tvnelist. 2] [evt] Ak

100% » “« >




—_—

Functions | Sections . [« Update IDebug (Run Package

LEPLIST={-1,-2,-3,1,2,3);

singleLeptonCount [evtList |:=Module[{TMPLIST},
TMPLIST=Select [evtList, (NumOf [oLepton]-eg-1)];
utrmu-.[[{"--,.H-".r—-'..*-"j'.]%.,-'E-i-.}'

Map [CriterionCount [TMPLIST,LeptonContent [ {z}]]&,LEPLIST]}]];

DiLeptonCount [evtList |:=Module[{TMPLIST,F1,UTfnc},

TMPLIST=Select|[evtList, (NumOf [oLepton]|-eq~2)];

Fl[a |:=Abs[a]+2 Sign[a];

UTEnc[l J:=F1[1[[1]]]<=F1[1[[2]]];

MatrixForm|Transpose [Join[¥("-", "e-", "u-","z-", "@+", "us","z+"}},Transpose [Join[{{"e-", "u-","z-","
Map [If[UTfnc (] ,CriterionCount [TMPLIST,LeptonContent [~]],0]&,Outer[List ,LEPLIST,LEPLIST],{2}]]]]

AdvancedCount [evtList ,crit ,objsel ,boolFunc |:=Count|[objsel/@Select|[evtList,crit],ev_/;boolFun

e — = ~ = = = = = — = = -
RunInclusiveCounts [evtList |:=Print|["\nPhotons: ", SpeciesCount|evtList,oy,4]," Jets: ", Species




w_—'—“—'——'_'——
. s —

Functions | Sections .| [« Update (Debug (Run Package

NumOf [objType ] [objList ]:=Count[objList,objType];

eq[attr ,n | [objList |:=attr[objList]==n; “
gt[attr ,n ]| [objList ]:=attr[objList]>n;
lt[attr ,n | [objList_ ]:=attr[objList]<n;
ge[attr ,n ]| [objList |:=attr[objList]>=n;
! le[attr ,n ] [objList ]:=attr[objList]<=n;
> KTuples|[k ,crit | [objLi.t_I] t=Select [Subsets [objList, (k}],crit]; b
[ | ShowEvent [evtList , num_ ,ShowEventOptions _ ]:= l{If[sr'Gs‘Vch:iitmztuli,!lll;l:j.:!'e:nzl:ll[.‘.lt::rj.:i[{["':.t","'.'Lcl","a-1I
If[$PGSVersion==4, Module[{tempObjects),tempObjects = DeleteCases|[evtList[[num]], oTrigger];Prin:
| ]  teptonindexcount(typelist_,n_|(evt_]:=(wumof (oLeptontype(n] |-eq-Count typelist,n]) [eve] |
E k|

LeptonContent [ typelist | [evt |:=LeptonIndexCount|typelist,-3][evt]&&
LeptonIndexCount|[typelist,-2] [evt] &&

LeptonIndexCount |[typelist,-1] [evt]&&

LeptonIndexCount |[typelist,l] [evt]&&

LeptonIndexCount |[typelist,2] [evt]&&

LeptonIndexCount |typelist,3] [evt];




oLeptonType|[-3] = oTauMinus;
oLeptonType[-2] = oMuonMinus;
oLeptonType[-1] = oElectronMinus;
oLeptonType[0] = object_/; False;
oLeptonType[l] = oElectronPlus;
oLeptonType[2] = oMuonPlus;
oLeptonType (3] = oTauPlus;

- =t et =

oB=oBJet=I1f[$PGSVersion==4,0B1,0B1];

oNonBJet = oNonB={_, 4, , _, _, _+ _s 0.0,__ };
oNonLooseBJet = m={__‘ "__‘- - P 0.0,____}:
oNonTightBJet=-oNonB |oBl;

oMissingPT = oMPT= (_, 6,_, _, _+ _+ o __};

OoAny = {_, s o _v_s_s_s__}3

__ONot [oType ]|:=Except|oType,oAny];




w —

- —

[ ]| Functions | Sections ., |;Update (_IDebug (Run Package
k|
(-’-‘i”l’l-‘tii’l-"l'i"l"l"l"itii"l'i'li"l'it’l'I'l""l*i’.*iii'l'i*-ii"-'i'l'ii**ii'i‘lii*'iiiiiiittt)
(» This file was generated automatically by the Mathematica front end. «)
(« It contains Initialization cells from a Notebook file, which *)
(» typically will have the same name as this file except ending in *)
(« ".nb" instead of ".m". .
(= : *)
"y (+ This file is intended to be loaded into the Mathematica kernel using »)
E (« the pucluii;e loading commands Get or Needs. Doing so is equivalent *)
(» to using the Evaluate Initialization Cells menu command in the front =)
F (» end. *)
(= *)
k (» DO NOT EDIT THIS FILE. This entire file is regenerated * )
(» automatically each time the parent Notebook file is saved in the *)
(» Mathematica front end. Any changes you make to this file will be .
(» overwritten. *)
(l"'."l"!’l'l"l’lll’"lI'I’"lIII’l'I.*'I-"'li'tl.l.l’."l"l“'ll.'l.Il"ll‘"l"l‘“l]
f ot i
e ' b |
Off [General::spelll];
Off [General::spelll];
s P k|
(#<<Graphics Graphics
<<Graphics MultipleListPlot"
T o N, T s, N, -




b.

Rt et AL § ot R |

olLeptonType[1]
olLeptonType[2]
olLeptonType([3]
olLeptonType[-1]
olLeptonType[-2]
olLeptonType[-3]
olessHard[oType_, pthard_]
oNot{oType_]
Options[LoadEvents]
OSDilLeptonfevt_]
OSDilLightLepton[evt_]
phiOff{a_j]

phiOfi_, _, eta_, phi_, pt_, __1]
ptOfia_}]

ptOf[(_, _, eta_, phi_, pt_, __J
PTSort[objList_]
RuninclusiveCounts[evtList_]
ShowEvent[evtList_, num_, ShowEventOptions___]
SingleLeptonCountfevtList_]
SpeciesCount[evtList_, patt | Nmax_]
SplitData[rawObjList_]

SSDiLepton[evt_]

SSDiLightLeptonfevt_]

TakeUpTollist_, n_]

F aﬂuﬂﬁ%hﬂnj

amedlf Ttaas 1

(_Debug (Run Package |

l'."l"-'"-'tl'I"‘.‘*l‘l‘*l‘itl‘i'l‘t'*t.i***]
|

| the Mathematica front end.
Notebook file, which

8 file except ending in

|

the Mathematica kernel using
h. Doing so is equivalent
1ls menu command in the front

‘ is regenerated
ook file is saved in the
Fnka to this file will be

Pltt'-tltt!tt'tttlt'tt'ttltt!!)

.)
«)
")

*)

R |




‘TV anapi_, g__jievi_|

| eqlattr, n_][objList_]
[ ] FGetilevt) (IDebug (Run Package
FGetf{{funcl_, pattl_, sell_}, MoreArgs__|]fevt_]
FGet[func_, patt_, Alljfevt_] P —— b
Fefunc pat_ n_jew. o e —
FGet[func s PR, lrl_]][evt_] r file except ending in *)
I FGet|func_, patt_, UpTo[n_]|fevt_] | '_})
: j gefattr_, n_][objList_] the Mathematica kernel using =)
. 28 & . Doing so is ivalent .
E | gtiattr_, n_J[objList_] Fa menu E:c)ma;d ‘:luthal front -:;
CS9 HGet[{}])[evt_] *)
| ‘ HGet{{patt1_, sell_}, MoreArgs__Jjlevt ] is regenerated : J)
[ HGatipatt:_, At ] Lmk figla is saved in the *)
‘ HGet[patt_, n_]evt_] make to this file will be  «)
| HGet[patt_, (n_J)fevt_] L )
| HGetipatt_, UpToin_Jjfevt ] | SEtEEETEEE s EstEEE R RS ERRRTS)
Pk join[f_jlevt_) |
b1 oinff. g_Jevt L - - - - " 3
L KTuples[k_, crit__JlobjList_]
lefattr_, n_]JlobjList_] ' L )
LeptonContent(typelist_Jievt ] |
| LeptonindexCount{typelist_, n_]levt_]
| Itfattr_, n_]objList_]
=l 1MOf[objType_J[objList_]
or{f_Jievt_]




[I=

FCheck[fname_]

Fourlength({pe_, pz_, px_, py_ll
FourVectorFrom([{_, _, eta_, phi_, pt_, mass_, __}]
FourVectorSum{objList_]

CetFromFile[fname_]

GetFromFile[SFailed]

hadEmFractionOf[{_, _, _, _, _, _, _, _, fraction_, __}|
InvMass[objList_]

InvMassi[{}]

LoadEvents|fname_|

LoadEvents|fname_, nfiles_?NumberQ]

LoadEvents[namespec_, LoadEventsOptions___]
MissingPT[objList_]

nMergedMuonsOf[(_, 4, , , , _,nTrack_, _ ]
nTracksOff(_, 4, _, _, _, _, nTrack_, __]J]
oHard[oType_, pthard_]

olLeptonType([0]
olLeptonType[1]
oLeptonType|[2]
olLeptonType[3]
olLeptonType[-1]
olLeptonType([-2]
olLeptonType[-3]

Pisa: 1104f0s sHard [oType_, pthard_)

oNotloType |

, - - - k|
f'.iil'-'tlii‘l'*i‘l‘*l"ii'l"i"l“l'i'i"l'ii'*"'!':l
| the Mathematica front end. «+)
Notebook file, which )
8 file except ending in *)
*)
*)
the Mathematica kernel using =)
B. Doing so is equivalent *)
s menu command in the front =»)
*)
*)
is regenerated *)
ook file is saved in the *)
make to this file will be *)
*)
R R R R R s s RS TITIITIIIITSY
L_ S— —y o —— S — S . _1
B S e




— AdvancedCountfevtList_, crit_, objsel_, boolFunc_]

g i CriterionCountfevtList_, crit_] =
| DeltaPhif{a_}] (Debug (Run Package
F I DeltaPhifobj1_, obj2_] (
DeltaR[{a_}] [ : |
D‘_"wohll-‘ Objz-]_ ' the Mathematica front end. «)
DiLeptonCount[evtList_] Notebook file, which *)
- EffMass[objList_] 8 file except ending in *)
* EffMass((]] | =
plyl|  etaOff(a_)) the Mathematica kernel using »)
B ‘ etaOf[{_, _, eta_, phi_, pt_, __ 1] 8. Doing so is equivalent *)
i - 1s menu command in the front )
o | Flla_] e
% FCheck[fname_] *)
L is regenerated *)
Fourlengthlipe_, pz_, px_. py_l] ook file is saved in the *)
FourVectorFrom[(_, _, eta_, phi_, pt_, mass_, __J] make to this file will be )
FourVectorSum(objList_] *)
GetmeFile[ﬁ -] '.t--tl'l»tt-tttttttttttt:tittt--t:l
CetFromFile[$Failed] i :
F hadEmFractionOf[[_._,_,_,_._,_,_,fraction_,_]] ’ k|
nvMassfobjList_] :
InvMass({}] |
LoadEvents[fname_] | 1
LoadEvents|fname_, nfiles_?NumberQ]
e LoadEvents[namespec_, LoadEventsOptions___]
P 110Mi¥singPT [objList_]
nMeraedMuonsOfii 4. = = . nTrack . 11




— AdvancedCountfevtList_, crit_, objsel_, boolFunc_]
CriterionCountfevtList_, crit_]

DeltaPhi[{a_]]

F Delt2Phifobj1_, obj2_]
DeltaR[{a_}] )
D-elﬂﬁ.[objl_, ob-'z—]_ l* the Mathematica front end. «)
DiLeptonCount[evtList_] Notebook file, which *)
Eﬁuus{objl.ist_] 3 file except ending in *)
EffMass((]] ”

etaOf({a_}] the Mathematica kernel using =)
etao‘f"_l- -l eta_l wi_l m_l _]] " Dﬂlnq 8o is aquivnlent *)
Flla_] ls menu command in the front «)

is regenerated «)
FourLengthlipe_. pz_, px_. py_l] ook file is saved in the )
FourVectorFrom[(_, _, eta_, phi_, pt_, mass_, __}] make to this file will be .)
FourVectorSum(obijList_] *)
GameFile[F -] :I.l'-'-""..""-'I’"I"I""I’:l
CetFromFile[$Failed] :

L

LoadEvents|fname_, nfiles_?NumberQ]
LoadEvents[namespec_, LoadEventsOptions___]
Pike: 1LIOMiESingPT [objList_]

nMeraedMuonsOfit 4 = = nTrack . 11




Ny

—
[ - e

Functions | Sections , |<;Update (_Debug (Run Package

‘:.’*.’*i"**ii**i.*#.ﬁ****ﬁ*i***t'l'*""l'-"-'*l'*'-"-'"-'i‘-"l‘"tl'l'-"l'*il‘*‘l’*‘*i’t******i***)

(» This file was generated automatically by the Mathematica front end. «)

(» It contains Initialization cells from a Notebook file, which *)
(» typically will have the same name as this file except ending in *)
(» ".nb" instead of ".m". *)
(» *)

(» This file is intended to be loaded into the Mathematica kernel using =)
(» the package loading commands Get or Needs. Doing so is equivalent *)
(» to using the Evaluate Initialization Cells menu command in the front =)

(» end. *)
(= *)
kL (» DO NOT EDIT THIS FILE. This entire file is regenerated *)
(» automatically each time the parent Notebook file is saved in the *)
(» Mathematica front end. Any changes you make to this file will be *)
(» overwritten. *)

(l’."l"'""!t"I‘I"t"!.!"'l""tl’"‘l"llt"l"l"l"l'-'t'l"l'II’.l"I‘Itt""i"t!'t'.""]

L o J
I Off [General::spelll];

Off [General::spelll];

(#»<<Graphics Graphics™

<<Graphics MultipleListPlot"

e R B




bu want to compare several data sets, you can load each into a different list. 1

ply muon isolation i |

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study 1
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set il
lﬂblh&nmmdmh‘ﬁh—dmuu&nmm ]

W
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| e e
pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.
pck the Data Set
—
p take a look at the number of events in WZt, and print out the first two events

1]

q
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bu want to compare several data sets, you can load each into a different list.

muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
F take a look at the number of events in WZt, and print out the first two events
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
| take a look at the number of events in WZt, and print out the first two events

Pi







bu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
f take a look at the number of events in WZt, and print out the first two events
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File

Oen...
Open Recent
| Close
Save
Save As...
Save Selection As... A
bu want to compare se Revert... list. g i
Install... :
ply muon isolation ]
| muon in an event (e.g. f Printing Settings < muon chambers and be identified as a muon, but it is often useful to study b
muons. and merge Print... ®P use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
. prcking an intellig Print Selection... (%P ;
pck the Data Set i
| take a look at the number of events in WZt, and print out the first two events ]




ply muon isolation

. picking an intelligent isolation criterion) are nc

pck the Data Set
k take a look at the number of events in WZt, and pr

bu want to compare several data sets, you can load each into a different list. i i

 muon in an event (e.g. from a b quark decay....) will
muons, and merge non-isolated muons into the ne

DeltaRToMuon [muon , object , Options ] := If[ MatchQ[objec

CheckMuonsInEvent [event , Options ]| :=
Module( {(muonlist, tempevent, themuon, thejetinfo, thejet, ¢
muonlist = PTSort[HGet [cMergeableMuon, All] [event]];
tempevent = event)
Do|
themuon = muonlist[[41]];
thejetinfo = FindListMax|[tempevent, -DeltaRToMuon [them
thejetindex = thejetinfo([1]];
thejet = thejetinfo[[3]];
If [MatchQ[thejet, oJet] ,
tempevent [ [thejetindex]] = ReconstructParent|{themuon,
ObjectCounter - thejet[[1]] , NTrack - tE¥3#€3°%{71]1 + 0.
HadEmFraction - thejet[[9]]];




DeltaRToMuon [muon , object , Options ]| = 1f[ MatchQ[ocbject, oJet], DeltaR[muon, cbject], 99];

CheckMuonsInEvent [event , Options ] =
Module| {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
muonlist = PTSort|[HGet [cMergeableMuon, All] [event]];
tempevent = event);
Do[
themuon = muonlist[[i]];
thejetinfo = FindListMax[tempevent, -DeltaRToMuon|[themuon, &, Optioas] &];
thejetifdex = thejetinfo[[1]];
thejet = thejetinfo[[3]];
I1f [MatchQ[thejet, oJet] ,
tempevent [ [thejetindex]] = RecoanstructParent|{themuon, thejet), Type - 4,
ObjectCounter + thejet[[1]] , NTrack - thejet[[7]] + 0.1, Btag -+ thejet[[B8]],
HadEmFraction -+ thejet[[9]]];
tempevent = DeleteCases|tempevent, themuon],
tempevent = DeleteCases|tempevent, themuon]
1.
{1, Length[muonlist], 1, -1}];
tempevent
13

ApplyMuonisolation[evtList , Options ] := CheckMuonsInEvent[&, Options] & /@ evtList

RemoveTriggerObject [event | :=
DeleteCases[event, oTrigger]

ShowEvent [x ]| := ShowEvent|[{x}, 1]
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= Suppress warnings

b= Off [General::spelll];
Off [Genaral::spelll);

= Load packages

= (#»<<Graphics Graphics™
<<Graphics MultipleListPlot™
<<Statistics DataManipulatiom”
<<Discret th Combinatorica™ «)

= Function definition for version < 5.1 (for backwards-compatibility) added Oct 20

If[$VersionNumber < 5.1, Except[pl , p2 ] := (p27 (Not [MatchQ[#, pl]] &));
Except(pl ] := _? (Not [MatchQ(#, pl]] &);]

= Check Chameleon Version Settings

If[Or[$PGSVersion = 4, | ValueQ[$§PGSVersion]],
Print [
"Reading data as PGS Version 4...set $PGSVersion=1 for compatibility with
older (6-column, no-trigger) data format"); $PGSVersion = 4,
If[$PGSVersion = 3,
Print|[
"Reading data as PGS Version 1...set $PGSVersion=4 for compatibility with
new (ll-column, triggered) data format"]]];

rDefRGBE[ £ , fdef | 1= 1£[$PGSVersion = 4, fdef, Clear[f]];

e e b o . _ah__ __hal

Page 315/501 |

=M




arvard Blackbox Team:
ma Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam

tzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
psse Thaler, Natalia Toro, Lian-Tao Wang

arvard University, Jefferson Laboratory
uly 9, 2006

ptup functions (file-loading)
= Suppress warnings

p= Off [General::spelll];
Off [General::spelll];

= Load packages

= (#»<<Graphics Graphics’
<<Graphics MultipleListPlot™
<<Statistics DataManipulation’
<<DiscreteMath Combinatorica =)

= rFunction definition for version < 5.1 (for backwards-compatibility) added Oct 20
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oReconstructed =oRec=oR= {_, 7, _, , s s+ MW
Pp=ochny = {_, _,_ s s+ v M
)= oNot [oType_] := Except|[oType, oAny];

= Hardness-selecting patterns

—
|= ofard[oType , pthard ] = oType? ((ptOf[ &] 2 pthard) &) ;
olessHard [oType_, pthard ] = oType? ((ptOf [#] < pthard) &);

oTfrigger = {0, _, __}; a oL il
leaning functions _
= Enforcing muon isolation 1]

ptIscOf[{x }] 1= ptIsocOf[x] 3

etRatioOf[{x_}] := etRatioOf[x]

PtIscOf({_, 2, _, _+ _+ _+ _+ _» Ptiso_, __}] 1= N[IntegerPart|[ptiso]];

etRatioOf([{_, 2, ., _+ _+ v v _setratio , }] := N[FractionalPart[etratic]];

olsolatedMuon = {_, 2, _, /s r vt ot v J2((ptIscOf[#] <5.0 & etRatioOf([#] < .1+9/8) &);
oMergeableMuon = {_, 2, , ., _, _, s s+ )}2((ptIscOf[x] 25.0 || etRatioOf[=] 2 .1+9/8) &);

PFiditPFemax[list , function ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue), F29°317°01
tempmaxindex = 1;




leaning functions
= Enforcing muon isolation

ptIscOf([{x_}] := ptIsocOf[x]
etRatiocOf[{x }] t= etRatioOf [x]

etRatioOf[(_, 2, _, _+ _+ ot v _» @tratio_, __}] := N[FractionalPart[etratio]];
olsolatedMucs = (et 20 bttt bt ot v )2 ((PtIscOf([Z] < 5.0 &k etRatioOf (7] < .1+9/8) &);
oMergeableMuon = {_, 2, , ., s s _rrr J2((ptIscOf[x] 25.0 || etRatioOf[=] 2 .1+9/8) &);

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue},
tempmaxindex = 1;
tempmaxvalue = function[list([[1]]];
Do|
tempfunctionvalue = function[list[[i]]];
If [tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null]
¢« {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon_ , cbject , Options ]| := 1f[ MatchQ[object, oJet], DeltaR[muon, cbject], 99];

CheckMuonsInEvent [event , Options ] :=
Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
Pirsa: 1138081 ist = PTSort[HGet [oMergeableMuon, All] [event]];
tempevent = event;
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leaning functions
= Enforcing muon isolation

ptiscOf[{x }] := ptIsocOf(x]

etRatioOf[(x }] := etRatioOf [x]
ptiscOf({_, 2, _, _+_+_+_+_spPtiso_, __}] t= N[IntegerPart|[ptiso]];
# ottt —t s Otratio , __}] := N[FractiomalPart [
ol ol ot ol ot ot ot )2 ((ptIscOf[2] <5.0 5k !
oMergeableMuon = {_, 2, _, _, s _+ _+r v _» )7 ((ptIscOf[®] 25.0 ||

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue,
tempmaxindex = 1;
tempmaxvalue = fuanctiom[list([[1]]];
Do|
tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxval)
Null)
» {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon_ , cbject_ , Optioms_ ] := 1f[ MatchQ[object, oJet],
CheckMucnsInEvent [event , Options ] :=

Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
Pirsa: 1138081 ist = PTSort[HGet [oMergeableMuon, All] [event]];

tempevent = event;
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leaning functions

= Enforcing muon isolation

ptIscOf[{x_}] t= ptIsocOf[x]

etRatioOf[{x }] := etRatioOf[x]

}] = N[IntegerPart|[ptisoc]];
_}] := N[FractionalPart [et:

__}? ((ptIscOf[z] < 5.0 &&
_J?((ptiscOf([=] 25.0 ||

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue,
tempmaxindex = 1;
tempmaxvalue = functiom([list([[1]]];
Do’
tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxval)
Null]
¢« {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]]}
]

DeltaRToMuon [muon , object_ , Options ] := If[ MatchQ[object, oJet],

CheckMuonsInEvent [event , Options ] :=

Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),

Pirsa: 1180881 ist = PTSort[HGet [ocMergeableMuon, All] [event]];
tempevent = event;
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Clear Formatting
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leaning functions

= Enforcing muon isolation

ptiscOf[(x }] := ptisocOf(x]

etRatioOf[(x )] := etRatioOf [x])
ptw[{-l 2' anl enf onf ol ol =i ptm_! —
etRatioOf[( , 2, , ,_+_+_s+ s otratio
olsolatedMuon = {_, 2, _, _, _+ ¢+t s
oMergeableMuon = {_, 2, _, _, _s _+ _+ _s

FindListMax[list , functionm ] := Moduli
tempmaxindex = 1;
tempmaxvalue = function[list[[1]]];
Do|
tempfunctionvalue = function[list[
If[tempfunctionvalue > tempmaxval
Null]
+ {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[ta
]

DeltaRToMuon [muon_, object , Optioas

CheckMuonsInEvent [event , Options ] @
Module | {muonlist, tempevent, themuon
Pirsa: 11808581 ist = PTSort[HGet [cMergeabl
tempevent = event;
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leaning functions
= Enforcing muon isolation

ptiscOf([{x_}] := ptIscOf[x]
etRatioOf[(x )] := etRatioOf[x]

ptIscOf({_, 2, _, .+ _+ v v+ Ptiso_, __}] := N[IntegerPart|[ptiso]];

etRatioOf([{(_, 2, _, _+ _+ v v+ _sotratio , _}] := N[FractionalPart[etratioc]];

olsolatedMuon = {_, 2, , , _, o+ ¢+ _¢t¢ )12((ptiscOf[z] <5.0&k etRatioOf([=] < .1+9/8) &);
oMergeableMuon = {_, 2, _, _, _s_+r_r_r_r_)72((ptIscOf[x] 25.0 || etRatioOf[=] 2 .1+9/8) &);

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue},
tempmaxindex = 1;
tempmaxvalue = function([list([[1]]];
Do|
tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null)
« {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon , cbject_, Options ] := 1f[ MatchQ[object, oJet], DeltaR[muon, cbject], 99];

CheckMuonsInEvent [event , Options ] :=
Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
Pisa: 1180861 ist = PTSort[HGet [ocMergeableMuon, All] [event]];
tempevent = event;
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leaning functions
= Enforcing muon isolation
ptiIscOf([(x }] t= ptIsocOf([x]
etRatioOf[{x_}] := etRatioOf[x)
ptiscOf[{_, 2, ., _, _+_+_+r_sptiso_, _}] 1= N[IntegerPart[ptiso]];
etRatiocOf[{_, 2, _, _, _+_+_+_+otratio , __}] := N[FractionalPart|[etratioc]];
olsolatedMuon = {_, 2, , , _, s s s+ )2((ptlscOf[z] <5.0&k etRatiocOf([=] < .1+9/8) &);
oMergeableMuon = {_, 2, , ., s s+ _rrr J2((ptiIscOf[x] 25.0 || etRatioOf[=] 2 .1+9/8) &);
FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue},
tempmaxindex = 1;
tempmaxvalue = functiom([list([[1]]];
Do|
tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null]
¢« {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]
DeltaRToMuon [muon , object , Options ] := If[ MatchQ[object, oJet], DeltaR[muon, object], 99];
CheckMuonsInEvent [event , Options ] :=
Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
Pisa: 1180861 ist = PTSort[HGet [cMergeableMuon, All] [event]]; Page 323/501
tempevent = event;




leaning functions
= Enforcing muon isolation

ptIsoOf[(x_}] := ptIsoOf[x]
etRatiocOf[{x }] := etRatioOf[x]

etRatioOf([{_, 2, _, _, _+ _+ _+ _»otratio_, __}] := N[FractionalPart[etratio]];

olsolatedMuon = {_, 2, , , , s+ ¢+ _¢r )2((ptIscOf[2] <5.0 k& etRatiocOf([2] < .1+9/8) &);
oMergeableMuon = {_, 2, _, _, s s+ _r_r_r J7((ptIscOf[x] 25.0 || etRatioOf[=] 2 .1+9/8) &);

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue},
tempmaxindex = 1;
tempmaxvalue = function([list([[1]]];
Do/
tempfunctionvalue = function([list[[i]]];
If [tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null]
» {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon , object , Options ] := If[ MatchQ[object, oJet], DeltaR[muon, object], 99];

CheckMuonsInEvent [event , Options ] :=
Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
Pirsa: 11808561 ist = PTSort[HGet [ocMergeableMuon, All] [event]];
tempevent = event;
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leaning functions

= Enforcing muon isolation

ptIsocOf[{x_}] 1= ptIsoOf[x]
etRatioOf[{x }] := etRatioOf[x]

etRatioOf([(_, 2, _, _+ _+ _+ _+ _» otratio_, __}] = N[FractionalPart [et:
olsolatedMuon = {_, 2, , , ., , +_ +_+ )2 ((ptiscOf[z] <5.0&&
oMergeableMuon = {_, 2, _, _, _+ v s v _» )7 ((ptIscOf[x] 25.0 ||

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue,
tempmaxindex = 1;
tempmaxvalue = function([list([[1]]];
Do |
tempfunctionvalue = functioa[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxval)
Null]
» {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon , object , Optioms ] := 1f[ MatchQ[object, oJet], D

CheckMuonsInEvent [event , Options ] :=

Module [ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetinde:

Pirsa: 113808%€1 ist = PTSort[HGet [oMergeableMuon, All] [event]];
tempevent = event;
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leaning functions

= Enforcing muon isolation

ptIscOf[{x_}] := ptIscOf[x]

etRatioOf[(x }] := etRatioOf[x)

ptiscOf({_, 2, _, _+ ¢+ v _+ .+ Ptiso_, __}] := N[IntegerPart[ptiso]];
etRatioOf[( , 2, , _, _+_+_s+ _setratio , }] t= N[FractionmalPart|
olsolatedMuon = {_, 2, , , ., + ¢+ ¢+ )2((ptiscOf[z)] <5.0&&
oMergeableMuon = {_, 2, _, _, s _vr_rr v J2((ptIscOf[z] 25.0 ||

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue,
tempmaxindex = 1;
tempmaxvalue = function([list([[1]]];
Do’
tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxwvali
Null]
. {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon_, object , Options ] := If[ MatchQ[object, oJet], D

CheckMuonsInEvent [event , Options ] :=

Module[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindm

Pirsa: 1180881 ist = PTSort[HGet [cMergeableMuon, All] [event]];
tempevent = event;
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leaning functions

= Enforcing muon isolation

ptIsoOf[(x_}] := ptIsoOf[x]

etRatioOf[{(x }] := etRatioOf[x)

ptIscOf({_, 2, ., s _+ .t s .+ Ptiso_, __}] := N[IntegerPart|[ptiso]];
etRatioOf([(_, 2, _, _+ _+ v+t v+ _sotratio , _}] t= N[FractionalPart |
olsolatedMuon = {_, 2, , , ., + ¢+ s+ )2((ptlscOf([z] <5.0&&
oMergeableMuon = {_, 2, _, _, s _v s+ v+ )2 ((ptIscOf[x] 25.0 ||

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue,
tempmaxindex = 1;
tempmaxvalue = function[list[[1]]];
Do|
tempfunctionvalue = function[list[[i]]];
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i;
Null]
» {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon , object , Optioms ] := If[ MatchQ[object, oJet], D
CheckMuonsInEvent [event , Options ] :=
Module | {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindm
Pisa: 1180881 ist = PTSort[HGet [oMergeableMuon, All] [event]];
tempevent = event;
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leaning functions

= Enforcing muon isolation

ptIscOf([(x }] t= ptIsoOf([x]
etRatioOf[(x }] := etRatioOf [x]

oMergeableMuon = {_, 2, _, s s s s v _» __}7((ptIscOf[=] 25.0 ||

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue,
tempmaxindex = 1;
tempmaxvalue = function([list([([1]]];
Do|
tempfunctionvalue = function([list[[i]]]; -
If[tempfunctionvalue > tempmaxvalue, tempmaxindex = i;
Null)
» {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list[[tempmaxindex]])
]

DeltaRToMuon [muon , object , Options ] := If[ MatchQ[object, oJet], D

CheckMucnsInEvent [event , Options ] :=

Module|[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetinde

Pirsa: 118808%€1ist = PTSort[HGet [oMergeableMuon, All] [event]];
tempevent = event;
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leaning functions

= Enforcing muon isolation

ptiscOf[{x_}] t= ptIscOf[x]
etRatiocOf[{x_}] 1= etRatioOf [x] ¥

etRatioOf£([{_, 2, _, _, _, _s» _s _s @tratio_, __}] := M[FractionalPart[etratio]];
oIsolatedMuon = {_, 2, _, s v v s —r —+ )2 ((PtIScO£[=] < 5.0 && etRatioOf[=] < .1+9/8) &);
oMergeableMuon = {_, 2, _, s s s v —+ s __) 2 ((PtISCO£[#] 2 5.0 || etRatiocOf([#] 2 .149/8) &)}

FindListMax[list , functiom ] := Module[{tempmaxindex, tempmaxvalue, tempfunctionvalue},
tempmaxindex = 1;
tempmaxvalue = functiom([list[[1]]];
Do
tempfunctionvalue = function[list[[i]]];
If [tempfunctionvalue > tempmaxvalue, tempmaxindex = i; tempmaxvalue = tempfunctionvalue,
Null]
» {1, 2, Length[list]}];
{tempmaxindex, tempmaxvalue, list|[[tempmaxindex]])
]

DeltaRToMuon [muon_ , cbject_ , Optioms ] := I1f[ MatchQ[object, oJet], DeltaR[muon, cbject], 99];

CheckMuonsInEvent [event , Options ] 2=
Module|[ {muonlist, tempevent, themuon, thejetinfo, thejet, thejetindex),
Prse 181 1st = PTSort[HGet [oMergeableMuon, All] [event]]; B
tempevent = event;




oLeptonMinus = oLM = (oElectronMinus | oMuonMinus | oTauMinus);
cLightLeptomitinus = oLiM - (cRlectrositises | chucatisus ))

oLeptonType[-3] = oTauMinus;

oLeptonType(-2] = oMuonMinus;

olLeptonType[-1] = oElectronMinus;

oLeptonType (0] = object /; False;

olLeptonType[1] oElectronPlus;

oLeptonType (2] oMuonPlus;

oLeptonType([3] oTauPlus;

oPhoton = oy=({_, 0, ., v _+ v v )1

oJet = { , &, _, _s v v o M1

oBJetTight = oBRT = ocRJet2 = o2 = 2 9% _4 . 050588 ___ 1)
oBJetloose =oBL =oBJetl =oBl ={_, 4, _, _, _, _» _, 1.0, ) |oB2;
ob = oBJet = 1f[§PGSVersion = 4, oBl, oBl)]; '

cionBJet = olonB = {_, 4, _, _, _, _» _+ 0.0,___}s P——
oNonlooseBJet = oNonB = (_, 4, , _, _, _, - 0.0, __)»
oNonTightBJet = oNonB |oBl; — — — : :
clissiagt® = a2 { , 6; _, 5 5 5 3 —h =—=

g B TSN S |
oot [oType_] := Except[oType, olny])

Hardness-selecting patterns

ollard [oType_, pthard ] = oType? ((ptOof[ #] 2 pthard) &)
oLessHard [oType_, pthard ]| = oType? ((ptOf (=] < pthard) &);
Pirsa: 11040028

oTrigger = {0, _, __};
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new (ll-column, triggered) data format"]]];

DefPGS4[f , fdef | := 1£[$PGSVersion = 4, fdef, Clear([f]]; 3
= Pre-Processing Function Definitions 1

= Split into events (automatically delete comment line, if there is one) 17

b- SplitData[rawoObjList ] := Split [Drop[rawObjList, If[NumberQ[rawobjList[[1, 1]1], 0, 111, ]
Less [First [21], First[52]] &];
p

= Master importing functions

j= FCheck|fname ] := If [MatchQ[FileType [ fname], File], foame, SystemDialogInput|"FileOpen"]] L
GetFromFile|[fname ] := SplitData[Import|fname, "Table"]];
GetFromFile[§Failed] := Null;
LoadEvents [ fname ] := GetFromFile[FCheck|[fname]];
LoadEvents [ fname , nfiles ?NumberQ] := Module[{fhead},

fhead = FCheck|[ fname] ;

fhead = StringReplace [fhead, ".dat.0" -+ ".dat"];

Flatten[Join[Table [GetFromFile[fhead <> "." <> ToString[i]], {i, 0, nfiles-1}]], 1]];
Options[LoadEvents] = {Criteria -+ (True &), MaxEvents » @)}
TakeUpTo[list , n_] := Take[list, Min[Length[list], n]];
LoadEvents [ namespec , LoadEventsOptions ] :=

TakeUpTo [Select [LoadEvents [ namespec],
Criteria /. {(LoadEventsOptions) /. Options[LoadEvents]],
MaxEvents /. {LoadEventsOptions} /. Options[LoadEvents]]; 1

article-matching Patterns

Pirsa: 11040028

= If[$PGSVersion = 4,
oElactrof8 2 osBE = T . 1. . . . . 18
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b=

new (ll-column, triggered) data format"]]];

DefPGS4[f , fdef ] := 1f[§PGSVersion = 4, fdef, Clear([f]]; i)
Pre-Processing Function Definitions L
Split into events (automatically delete comment line, if there is one) i1
SplitData[rawObjList ] := Split [Drop[rawObjList, If[NumberQ[rawObj Cut

Less [First [#1], First([#2]] &]; Copy

Paste

e - [ CovAs
FCheck|foame | := If[MatchQ[FileType | foame),6 File], fm,‘lrltﬂ.hlq
GetFromFile[fname ] := SplitData[Import[fname, "Table"]]; Merge Cells
GetFromFile[$Failed] := Null; Ungroup Cells
LoadEvents [ fname | := GetFromFile[FCheck|[faame]]; .
LoadEvents [ fname_, nfiles_?7NumberQ] := Module[{fhead}, Open/Close Group

fhead = FCheack|[ fname] ;

fhead = StringReplace[fhead, ".dat.0" -+ ".dat"];

Flatten[Join[Table [GetFromFile[fhead <> "." <> ToString([i]], (1,0, &
Options [LoadEvents] = {Criteria -+ (True &), MaxEvents » @};
TakeUpTo[list , n ] := Take[list, Min[Length[list], n]];
LoadEvents [ namespec_, LoadEventsOptions | :=

TakeUpTo [Select [LoadEvents [ namespec],
Criteria /. {LoadEventsOptions) /. Options[LoadEvents]],
MaxEvents /. {LoadEventsOptions) /. Options[LoadEvents]];

article-matching Patterns

Pirsa: 11040028

= I£[$PGSVersion = 4,

oElact*rod 2 sBE = I . 1. . . . . . 18

Open All Subgroups
Close All Subgroups

Evaluate Cells
Remove from Evaluation Queue

Clear Formatting

Style »

Version Advisory
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new (ll-column, triggered) data format"]]];

DefPGS4[f , fdef ] := 1£[§PGSVersion = 4, fdef, Clear[f]];
Pre-Processing Function Definitions

Split into events (automaticaily delete comment line, if there is one) i

SplitData[rawObjList ] := Split [Drop[rawObjList, If[NumberQ[rawobjList[[1, 1]1]], 0, 1]],
Less [First[#1], First[#2]] &];
]

Master importing functions

FCheck | fname ] := If [MatchQ[FileType[fname)], File], fname, SystemDialogInput|"FileOpen"]] L
GetFromFile[fname ] := SplitData[Import|fname, "Table"]];
GetFromFile[$§Failed)] := Null;
LoadEvents [ fname ]| := GetFromFile[FCheck|[fname]];
LoadEvents [ fname , nfiles ?NumberQ] := Module[{fhead},

fhead = FCheck[ foame) ;

fhead = StringReplace[fhead, ".dat.0" -+ ".dat"];

Flatten[Join[Table [GetFromFile[fhead <> "." <> ToString[i]], (i, 0, nfiles-1}]], 1]];
Options [LoadEvents] = {Criteria -+ (True &), MaxEvents » @};
TakeUpTo[list , n_ ] := Take[list, Min[Length[list], n]];
LoadEvents [ namespec , LoadEventsOptions | :=

TakeUpTo [Select [LoadEvents [ namespec],
Criteria /. {(LoadEventsOptions) /. Options[LoadEvents]],
MaxEvents /. {LoadEventsOptions) /. Options[LoadEvents]];

article-matching Patterns
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DefPGS4[f , fdef | := 1£[$PGSVersion = 4,

= Pre-Processing Function Definitions

Less [First[21], Pirst[22]] &];

s Master importing functions

GetFromFile[$§Failed] := Null;

fhead = FCheck|[ fname] ;
fhead = StringReplace [fhead, ".dat.0"

TakeUpTo [Select [LoadEvents [ namespec],

new (ll-colummn, triggered) data £

= Split into events (automatically delete comment line, if there i
b= SplitData[rawObjList ] 1= Split[Drop [rawObjL.

j= FCheck|[fname | := If[MatchQ[FileType [ fname], )
GetFromFile[fname ] := SplitData[Import [fnam¢ Show Expression

g Convert To

Grouping > Evaluatable
Divide Cell ¢ 38D | . X
Merge Cells 0 8M Initialization Cell
— History... . Initialization Group
Delete All Output 1]
prpe it["FileOpen"]) ¥
T —~

LoadEvents [ fname ]| := GetFromFile [FCheck|[fname]];
LoadEvents [ fname , nfiles ?NumberQ] := Module[{fhead},

- ".dat"];

Criteria /. {LoadEventsOptions) /. Options|[LoadEvents]],
MaxEvents /. {LoadEventsOptions) /. Options[LoadEvents]];

__

"™ IR  Oper
£d Cell Tags » v Editable

Flatten[Join[Table [GetFromFile[fhead <> "." <> ToString[i]], {i, 0, nfiles-1}]], 1]];
Options[LoadEvents] = {Criteria -+ (True &), MaxEvents » @);

TakeUpTo[list , n ] := Take[list, Min[Length[list], n]];
LoadEvents [ namespec_, LoadEventsOptions ] :=

1.
P-

article-matching Patterns

Pirsa: 11040028
= If[$PGSVersion = 4,
oElact*rod8 =z aBE = T . 1. . . . . .

18
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ll-column, triggered) data f '
BB ) R Cell Properties v Open

fﬁ? Cell Tags » v Editable
Grouping >

DefPGS4[£f , fdef | := 1£[$PGSVersion = 4,

—— ina Function Definiti Evaluatable

Divide Cell 38D
events (automatically delete comment if
S : - m‘ Merge Cells O #M
f= SplitData[rawObjList ] := Split[Drop [rawObjL. {
Less [First[=1], First[=2]] &]; - Notebook History...
s Master importing functions Delete All Output
}= FCheck|fname ] := If [MatchQ[FileType[fname], it["FileOpen"]]

GetFromFile[fname ] := SplitData[Import[fnam ShOW Expression O 3E
GetFromFile[$Failed] := Null; T —
LoadEvents [ fname ] := GetFromFile[FCheck|[fname]];
LoadEvents [ fname , nfiles ?NumberQ] := Module[{fhead),

fhead = FCheck[ fname] ;

fhead = StringReplace[fhead, ".dat.0" -+ ".dat"];

Flatten[Join[Table [GetFromFile|[fhead <> "." <> ToString(i]], {4, 0, nfiles-1}]], 1]];
Options [LoadEvents] = {Criteria -+ (True &), MaxEvents » @};
TakeUpTo[list , n ] := Take[list, Min[Length[list], n]];
LoadEvents [ namespec_, LoadEventsOptions ] :=

TakeUpTo [Select [LoadEvents [ namespec],
Criteria /. {(LoadEventsOptions) /. Options[LoadEvents]],
MaxEvents /. {LoadEventsOptions) /. Options[LoadEvents]];

article-matching Patterns

Pirsa: 11040028

= If[$PGSVersion = 4,
oElactreo =2 sBE =2 T . 1. . . . . 18
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Less [First[21], Pirst[22]] &);

= Master importing functions

GetFromFile[$§Failed)] := Null;

fhead = FChack[ fname)] ;

= Pre-Processing Function Definitions

= Split into events (automatically delete comment line, if there is one) 17
SplitData[rawObjList ] 1= Split[Drop[rawObjList, If[NumberQ[rawobjList[[1, 1]]1], 0, 1]], ']
1

FCheck [ fname ] := If [MatchQ[FileType[fname)], File], fname, SystemDialogInput|"FileOpen"]] L
GetFromFile[fname ] := SplitData[Import|fname, "Table"]];

LoadEvents [ fname ]| := GetFromFile[FCheck|[fname]];
LoadEvents [ fname , nfiles ?NumberQ] := Module[{fhead}, k=

fhead = StringReplace [fhead, ".dat.0" -+ ".dat"];

Flatten[Join[Table [GetFromFile[fhead <> "." <> ToString(i]], {i, 0, nfiles-1}]], 1]];
Options[LoadEvents] = {Criteria -+ (True &), MaxEvents » @};
TakeUpTo [list , n_ ] := Take[list, Min[Length[list], n]];
LoadEvents [ namespec_, LoadEventsOptions ] :=

TakeUpTo [Select [LoadEvents [ namespec],
Criteria /. (LoadEventsOptions) /. Options[LoadEvents]],
MaxEvents /. {LoadEventsOptions) /. Options|[LoadEvents]];

new (ll-colummn, triggered) data format"]]];

DefPGS4([f , fdef ]| := I1£f[$§PGSVersion = 4, fdef, Clear(f]]; L

article-matching Patterns

Pirsa: 11040028
}= If[$PGSVersion = 4,
oElact*r»rsn = aBE = . 1. . .
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ptup functions (file-loading)
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= "Suppress warnings i



Working Directory and Load the Chameleon Package 1]

[w:nlmmm,wuuhﬂMhﬂuﬂhmmd(mwm.m-dwwmdmn&.u y
1 path syntax you may need to use "\\" instead of "\").

| e et |
[ load the package. The line 1

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
pfigure the "master” cuts (optional) H
pd One or More Data Files with the LoadEvents Command y i

[mmmmmﬁhhummmmmwnmmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Pirsa: 11040028 Page 339/501
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Working Directory and Load the Chameleon Package |

tw“mmm,wm&wﬂlMhduﬂhmmﬁ(mmm.hwﬂuwm“&.w Y
i path syntax you may need to use "\" instead of "\").

e -}
| load the package. The line 1

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

L A

E'nﬂu'm'm(m jp|
One or More Data Files with the LoadEvents Command 1

[mmmndﬂnhnﬁhhmmme-dWRMcm It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.
ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!
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bu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask




Working Directory and Load the Chameleon Package i i

tw“mmm , where it will look for all the files you need (On any OS, forward or backward slashes are ok, but i
path syntax you may need to use "\\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
or compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Global  ApplyMuonIsolation

hfigure the "master” cuts (optional) N
hd One or More Data Files with the LoadEvents Command i ff

tmmhhmlﬁbnmmmmﬁmﬂwnmm It also deletes from the record objects that fail
madeer %0 defined above, and any events that are empty after this filtering. Page 341/501
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Working Directory and Load the Chameleon Package : ||

[WNWMM,MRWMhﬂﬂﬁhwnﬁ(&w(ﬁ.faﬁuhﬂnﬂﬂaﬂun&.w i
1 path syntax you may need to use "\" instead of "\").

B .y
| load the package. The line i

data as PGS Version 4...set $PGSVersion=3
or compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
hfigure the "master” cuts (optional) N

hd One or More Data Files with the LoadEvents Command ¥ fj

lmmmmmﬁhhmmmmm-ﬂmnhmm. It also deletes from the record objects that fail 7
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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Firefox

No Lecture

= April 15th
Files for kinematics/analysis tutorial: | link to tarball of example files &
Video: Lecture 8 &
Video: Lecture 9 &
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Terminal

Ly
No Lecture

= April 15th
Files for kinematics/analysis tutorial: | link to tarball of example files &
Video: Lecture 8 &
Video: Lecture 9 &
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from other files. 1]

Working Directory and Load the Chameleon Package 1]

[cmdmmm&wy,whuhﬂh&hﬂlﬁ:ﬁhmmmﬂwm.w«'wm“&.u i
1 path syntax you may need to use "\\" instead of "\").

| eSS |
| load the package. The line [

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.
pfigure the "master” cuts (optional) N
pd One or More Data Files with the LoadEvents Command y i

lmmmmmﬁhhmmmwmmmnmﬂm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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Working Directory and Load the Chameleon Package

tw:mmwuthgdhmy,m&ﬂb&hnﬂﬁ
1 path syntax you may need to use "\\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion-=3
for compatibility with older (6-column, no-trigger)

pid appear. PGS version 4 is what you want unless you are using an obsolete

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

[mmmmmﬁhhmmmmmm
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to

pu enter an invalid filename, a file browser may (depending on your
pu want to overwrite the existing file. But don't worry! Your file will not be

Pirsa: 11040028

New Graphic

Drawing Tools iy
Alignment Guides Enabled
Rendering >
Croup

Ungroup

Move to Front
Move to Back
Move Forward
Move Backward

Align Left Sides
Align Centers Vertically
Align Right Sides

Align Bottoms
Align Centers Horizontally
Align Tops

Distribute Left Sides

Distribute Centers Horizontally
Distribute Right Sides
Distribute Space Horizontally

Distribute Tops
Distribute Centers Vertically

0 so, it will ask
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Convert To -
S P— 7 r Cell Properties > ]
Cell Tags > :
Worki = S Grouping > T
command sets Mathemarica's working directory, where it will look{  Divide Cell 23D i or backward slashes are ok, but
Lmnpm:ymymmyudmu "\" instead of "\"). Merge Cells O #¥M |

Notebook History...
Delete All Output
Show Expression {3E

| load the package. The line

data as PGS Version 4...set $PGSVersion=
for compatibility with older (6-column, no-tri

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional) N
pd One or More Data Files with the LoadEvents Command ) fi

[mmmmmﬁhhmmmmmmmhhmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!
bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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Window

Minimize

_I_A.L-.I-..I.-l..l.-l.l-t- s 5 o F . . B 3 _f 3 . o o | zmm -\-xl

I Magnification g
v Show Ruler

Working Directory and Load the Chameleon Package S o i

command sets Mathematica's working directory, where it will look for all the

thvlphmymmymdmme'\\'wd'\'). B Stack Windows

| Tile Windows Wide
| setotectonyi®/vsers /atoro/pomnicata /exampien’ls | Tile Windows Tall
e . Full Screen L #F

data as PGS Version 4...set $PGSVersion=3 Bring All to Front
for compatibility with older (6-column, no-trigger) data

Messages

ChameleonComparison_A.nb
ChameleonSLACDataChallengeComparison.nb
His_ agram - Wolfram Mathematica
v ChameleonSMTutorialPSI
scan_analysis

jid appear. PGS version 4 is what you want unless you are using an obsolete ven

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

[mmummﬁhhummmmmwnhmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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Working Directory and Load the Chameleon Package

[mmwmdﬁmy.MRﬁﬂh&hﬂlmﬁh
1 path syntax you may need to use "\\" instead of "\").

| load the package. The line

data as PGS Version 4...set §$PGSVersion=3
for compatibility with older (6-column, no-trigger) data

pid appear. PGS version 4 is what you want unless you are using an obsolete

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

[ master® cuts defined above, and any events that are empty after this filtering.

Pirsa: 11040028

i —

Magnification
v Show Ruler
Show Toolbar

Stack Windows
Tile Windows Wide
Tile Windows Tall
Full Screen

Bring All to Front
Messages
ChameleonComparison_A.nb

Histoaram - Wolfram Mathematica

v ChameéleonSMTutorialPSI

scan_analysis

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

ChameleonSLACDataChallengeComparison.nb

} command imports the data in a file in the PGS BlackBox output format and separates it into events. It also deletes from the record objects that fail

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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Mathematica

Y About Mathematica... )

data as PGS Version 4...set $PGSVersion-=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

Y WP TN TP SR T TR TR T
Preferences... 3, 7 ———- o~ J J
Services >

W neleon Package :
HiS Msonmicn: e where it will look for all the files you need (On any OS, forward or backward slashes are ok, but j
- JLY you any . or are
L: Hide Others a2 | ke |
Show All
Quit Mathematica 3Q

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

IWMMMha&hmmmmmnﬂwhhmm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!
bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.
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New
e Bpen... %20

L B

| - - Install...
data as pGs  Printing Settings -
for compatibility Print... $P ) data format
Print Selection...

pid appear. PGS version

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

master” cuts defined above, and any events that are empty after this filtering.
ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Pirsa: 11040028

i —

from other files. Open Recent > i 1]
Close #EW

Working Directory t ¢ %5 L 1]

command sets Mathemat Saye As... %S all the files you need (On any OS, forward or backward slashes are ok, but 7

' path syntax you!  gaye Selection As... :

lmmmmmﬁkhmmmmmmmhmﬂm. It also deletes from the record objects that fail

pu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
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Chameleon 1.02 -- A black-box analysis
ckage in Mathematica for the LHC

lympics

arvard Blackbox Team:

ima Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam

itzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
Jesse Thaler, Natalia Toro, Lian-Tao Wang

Harvard University, Jefferson Laboratory
July 9, 2006

petup functions (file-loading)
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Chameleon 1.02 -- A black-box analysis
ckage in Mathematica for the LHC

lympics

arvard Blackbox Team:

ima Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam
itzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
Uesse Thaler, Natalia Toro, Lian-Tao Wang

Harvard University, Jefferson Laboratory
July 9, 2006

Betup functions (file-loading) ]
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Chameleon 1.02 -- A black-box analysis |
Backage in Mathematica for the LHC
lympics

Pirsa: 11040028



Do you want to automatically evaluate all the
initialization cells in the notebook "ChameleonPSI"?

(c-m:)  Yes)

Balympis

— S — S— ———
!
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Chameleon 1.02 -- A black-box analysis
Backage in Mathematica for the LHC
lympics
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0 ' ChameleonSMTutorialPSI

'..I.._lz ....... | U A | AP Bt i, | AEE 7 T T T | T I, ]
from other files. g ’ ; - = J
Working Directory and Load the Chameleon Package : |l

Chameleon 1.02 -- A black-box analysis
package in Mathematica for the LHC
Olympics
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Chameleon 1.02 -- A black-box analysis
Eackage in Mathematica for the LHC
lympics
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Chameleon 1.02 -- A black-box analysis
ckage in Mathematica for the LHC

lympics
arvard Blackbox Team:
ima Arkani-Hamed, Matthew Baumgart, Clifford Cheung, Liam

itzpatrick, Tom Hartman, Can Kilic, Aaron Pierce, Philip Schuster,
Uesse Thaler, Natalia Toro, Lian-Tao Wang

Harvard University, Jefferson Laboratory
duly 9, 2006

petup functions (file-loading) |
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Chameleon 1.02 -- A black-box analysis
Eackage in Mathematica for the LHC
lympics
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Chameleon 1.02 -- A black-box analysis
DE ckage in Mathematica for the LHC i
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Chameleon 1.02 -- A black-box analysis
Backage in Mathematica for the LHC
lympics
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from other files.

| load the package. The line

data as PGS Version 4...set |
for compatibility with older (6-c

jld appear. PGS version 4 is what you want unle

pfigure the "master” cuts (optional)
hd One or More Data Files with the Lc

| command imports the data in a file in the PGS
master” cuts defined above, and any events that a

ke sure you end this call with a semicolon, or
bu enter an invalid filename, a file browser may (d
pu want to overwrite the existing file. But don't

Pirsa: 11040028

Working Directory and Load the Chameleon Package il

command sets Mathematica's working directory, where it will look for all the files you need (On any OS, forward or backward slashes are ok, but
Lnlbws' path syntax you may need to use "\\" instead of "\").

Chameleon 1.02 -- A black-b
package in Mathematica for
Olympics
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from other files.

Working Directory and Load the Chameleon Package

i path syntax you may need to use "\\" instead of "\").

| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

pid appear. PGS version 4 is what you Want unless you are using an obsolete version of PGS.

[WNMMM,MRWHMhﬁuﬂhmnﬁ(muym.fumuwmn&.u

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

master” cuts defined above, and any events that are empty after this filtering.
ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

Pirsa: 11040028

[mmmmmﬁuhummmm-ﬂmnmﬂm. It also deletes from the record objects that fail

bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
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| load the package. The line

data as PGS Version 4...set $PGSVersion=3
for compatibility with older (6-column, no-trigger) data format

jid appear. PGS version 4 is what you want unless you are using an obsolete version of PGS.

pfigure the "master” cuts (optional)
pd One or More Data Files with the LoadEvents Command

lmmmmmﬁhhummmm-ﬂmnhnm. It also deletes from the record objects that fail
master” cuts defined above, and any events that are empty after this filtering.

ke sure you end this call with a semicolon, or Mathematica will try to print the whole event record to your screen!

bu enter an invalid filename, a file browser may (depending on your Marhematica version) appear to let you select a file. When you do so, it will ask
nmnmhe:!ﬁuﬁk. But don't worry! Your file will not be overwritten.




bu enter an invalid filename, a file browser may (depending on your Mathematica version) appear to let you select a file. When you do so, it will ask
pu want to overwrite the existing file. But don't worry! Your file will not be overwritten.

bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pckithe Data Set
k take a look at the number of events in WZt. and print out the first two events
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bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

1.

1_
]

pck the Data Set
f take a look at the number of events in WZt, and print out the first two events
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IW

i



pu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

pck the Data Set
| take a look at the number of events in WZt, and print out the first two events

| ——

Triggers Passed:(1, 10, 11, 12}

39)/MatrixForms= W T
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E pz px ey
dobood -2-97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 20,270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086
1 4 2.767 4.205 9.76 2.12 S. 0. 15.41 O. O. 77.9804 77.3381 -4.74235 -8.530:




bu want to compare several data sets, you can load each into a different list.

ply muon isolation

| muon in an event (e.g. from a b quark decay....)
ted muons, and merge non-isolated muons into
kdty, picking an intel isolati iserion)

pck the Data Set
F take a look at the number of events in WZt,

Chameleon 1.02 --
package in Mathematica for

A black-b

Triggers Passed:{1, 10, 11,
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Evalualion

Evaluate Cells
Evaluate in Place 36~
Evaluate in Subsession AWt L

Evaluate Notebook

ameleon 1.02 -- A black-b0) -:aiate niiaiization ceis

v Dynamic Updating Enabled

tkage in Mathematica for th” . omamic to Lters

1 | Debugger
m p|cs Debugger Controls B

- - —

Interrupt Evaluation... X 38.

' Abort Evaluation a8,
Remove from Evaluation Queue 3.
Find Currently Evaluating Cell

Kernel Configuration Options...
Parallel Kernel Configuration...
Parallel Kernel Status...

Default Kernel
Notebook's Kernel
Notebook's Default Context

Start Kernel
Quit Kernel

Pirsa: 11040028 ﬂ
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AEUTEL ]y

Evaluate Cells
Evaluate in Place
Evaluate in Subsession

imeleon 1.02 -- A black-b o)™ ———

v Dynamic Updating Enabled

tkage in Mathematica for th” ;..o mamic o Liters

Debugger
Debugger Controls

Pirsa: 11040028

Interrupt Evaluation...

Abort Evaluation

Remove from Evaluation Queue
Find Currently Evaluating Cell

Kernel Configuration Options...
Parallel Kernel Configuration...
Parallel Kernel Status...

Default Kernel
Notebook's Kernel
Notebook's Default Context

Start Kernel
Quit Kernel

O«
88 <
X0

>

3.
3.
O 38.
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d

ameleon 1.02 -- A black-box analysis
tkage in Mathematica for the LHC
mpics

—
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bu want to compare several data sets

ply muon isolation

muon in an event (e.g. from a b qui
ted muons, and merge non-isolc
ktty, picking an intell -

pck the Data Set
E take a look at the number of events

Triggers Passed: (1, .

Chameleon 1.02 -- A black-box &
package in Mathematica for the
Olympics




bu want to compare several data sets, you can load each into a different list.

ply muon isolation

 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
E.MIWMM)IB“MM

pck the Data Set
s take a look at the number of events in WZt, and print out the first two events

 ——

Triggers Passed:{1, 10, 11, 12}

39}/ MatrixForm= 3
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E pz px pY
N 1%)4002% -2.97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -ng;%/'goll
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.
3 4 2.767 4.20% 9.7¢ 2.12 5. O. 15.41 0. ©O. 77.%B04 77.3381 -4_7423% _-8.530:




 muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details
, picking an intelligent isolation criterion) are not important here.

pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

|

Triggers Passed:{1, 10, 11, 12} 3
39}/ MatrixForm=
o typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz px PY
1 4 -2.97 5.439 27.12 4.22 1. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 1. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086°
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038

- —

- _
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muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler — the details
, picking an intelligent isolation criterion) are not important here.

i —
pck the Data Set
p take a look at the number of events in WZt, and print out the first two events

Triggers Passed:{1, 10, 11, 12}

7. B WV I S

I=
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39)/MatrixForm=
o typ eta  phi pt Jmas ntrk btag had/em duml dum2 E pz px PY
1 4 -2.97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086°
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530/
4 6 0. 5.87% 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038
| _ |




pck the Data Set

Triggers Passed:{1, 10, 11, 12}

39)/MatrixForm=
a
1 -2.97 5.439 27.12 4.22
2 ~3.347 2.305 35.14 4.26
3 2.767 4.205 9.76 2.12
4 0. 5.875 5.3 0.

Pirsa: 11040028

= |,

3.
3.
5.
0.

f take a look at the number of events in WZt, and print out the first two events

2.29
1.9
15.41
0.

0.
0.
0.
0.

0.
0.
0.
0.

typ eta phi pt Jmas ntrk btag had/em duml dum2
4
4
4
6

E
265.04

77.9804 77.3381

5.3

-263.615 18.0169
‘”o’” -‘”-‘7’ -uom I‘.ﬂ“’

-4.74235
4.86457

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler -- the details

, picking an intelligent isolation criterion) are not important here.

194
-20.270
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pck the Data Set

Triggers Passed:(1, 10, 11, 12)

39)/MatrixForm=
2
1 -2.97 5.439 27.12 4.22 3.
2 -3.347 2.305 35.14 4.26 3.
3 2.767 4.205 9.76 2.12 5.
4 0. 5.875 5.3 0. O.

II-I1

I .} sapgreean

| = "

p take a look at the number of events in WZt, and print out the first two events

z.”
1.9
15.41
0.

typ eta  phi pt Jjmas ntrk btag had/em duml dum2
4
4
4
6

-263.615 18.0169

PY
-20.270

499.929 -498.675 -23.5437 26.086°
-4.74235
4.86457

77.9804 77.3381
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_._._L.j. et e b.s . Bt 1.8, 1 .:.5,.0.:2.8,.0.,.7,.1.9.8,.1..:. ...1...‘..|...“..J_

Triggers Passed:{1, 10, 11, 12}

|29YMatrixForm=
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E pz px PY
1 4 -2.97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086"
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038
| _ |
q
= |som
Triggers Passed:{1, 10, 11, 12} 3
B2¥yMatrixForm=
v
I typ eta phi pt jmas ntrk btag had/em duml dum2 E pz px pY
1 4 -2.97 5.439 27.12 4.22 1. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086°
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
“ ‘ ﬂ. 5."5 503 °. '. °. .. ﬂ'- °- 5.3 0- ‘.“‘5, -2.m.
Pirs%% Passed: { 1} Page 379/501
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- Isam
Triggers Passed:{1, 10, 11, 12}
K2yMatrixForm=
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E Pz px PY
1 4 -2.97 5.439 27.12 4.22 1. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086°
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038
Triggers Passed: (1}
43}/ MatrixForm=
o typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz px PY
1 6 0. 4.656 13.6 0. 0. 0. 0. 0. 0. 13.6 0. -0.766484 -13.51!4)

4 Wud —d L—

fead these l&.ymmdnmw%b-ﬁctnuiumﬂhwmw

nmozgrksip=d-udm. 1 or 3 indicates 1- or 3-prong decay

Pirsa: 1104
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Triggers Passed:{1, 10, 11, 12}

42)MatrixForm=

typ eta phi pt jmas ntrk btag had/em duml dum2 E

“ i -” !-u’ 27.12 ‘-n 3. n- 1.2’ 0- 0'- 2‘500‘
4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.92%
4
6

B W=

0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3

Triggers Passed: (1)}

43}/ MatrixForm=
2 typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz

pz px PY

~-498.675 -23.5437 26.086"

px

-767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢

o- ‘I“‘S’ -2. 103'

Py
1 6 0. 4.656 13.6 0. 0. 0. 0. 0. 0. 13.6 0. -0.766484 -11.51“)

[ead these lists, you need to know the basic types in the Ihco event format:
jhoton

jectron: charge in ntrk column

puon: charge in ntrk column

ju (hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay
44

pissing energy: one per event, always assumed to have eta=0

Pirsa: 11040028
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T
Triggers Passed:{1, 10, 11, 12} 3

42)MatrixForm=
o typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz px PY
1 4 -2.97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086"
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038

Triggers Passed: (1)}

43}/ MatrixForm=

o typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz px pY
1 6 0. 4.656 13.6 0. 0. 0. 0. 0. 0. 13.6 0. -0.766484 -13.51“)

u

fead these lists, you need to know the basic types in the Ihco event format:
jpoton

charge in ntrk column

(hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay
bt

pissing energy: one per event, always assumed to have eta=0

Pirsa: 11040028 Page 382/501
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.875 5.3 0. 0. 0. 0.

1 6 0. 4.656 13.6 0. 0. 0. 0.

fead these lists, you need to know the basic types in the Ihco event format:
jpoton

jectron: charge in ntrk column

-mmmgum

energy: one per event, always assumed to have eta=0

Pirsa: 11040028

5.439 27.12 4.22 3. 0. 2.29
2.305 35.14 4.26 3. 0. 1.9
2.767 4.205 9.76 2.12 5. 0. 15.41
5

0. 265.04 -263.615 18.0169
0. 499.929 -498.675 -23.5437 26.086"
-4.74235
4.86457

0. 77.9804 77.3381

typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz
4
4
4
6

o typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz px

13.6 0. -0.766484

px

s )
-13.5784

PY
-20.270

-8.5304
-2.1038
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: charge in ntrk column

ing energy: one per event, always assumed to have eta=(0

Event Selections

of the events in this sample aren't very interesting (for example, producing a Z that decays invisibly). Let's make a few subsets, using the Select
tion:

|l consider events with one lepton (e or mu):

HES

|d events with two leptons:

Im

ﬁ'w sample: events with at least one b-tagged jet Page 384/501
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pissing energy: one per event, always assumed to have eta=(0

Event Selections

of the events in this sample aren’t very interesting (for example, producing a Z that decays invisibly). Let's make a few subsets, using the Select
rtion:

|lI consider events with one lepton (e or mu):

r |s'us

|d events with two leptons:

3 Im
jther interesting sample: events with at least one b-tagged jet

Pirsa: 11040028 Page 385/501
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jissing energy: one per event, always assumed to have eta=(0 JJ-

Event Selections

of the events in this sample aren't very interesting (for example, producing a Z that decays invisibly). Let's make a few subsets, using the Select
Ftion:

|l consider events with one lepton (e or mu):

I~ I 5749 j

|d events with two leptons: h|

| NS V. S I

ke I 435
jther interesting sample: events with at least one b-tagged jet 3

Pirsa: 11040028 Page 386/501
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Event Selections

of the events in this sample aren't very interesting (for example, producing a Z that decays invisibly). Let's make a few subsets, using the Select
tion:

|I consider events with one lepton (e or mu):

= I.'ms

|d events with two leptons:

"Im 1

jther interesting sample: events with at least one b-tagged jet

e
I 1087
Pirsa: 11040028 Page 387/501
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HT (scalar sum of all pTs)

]
Pirs|: 11040028 Page 388/501
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'UNCTION REFERENCE LIST (may be out of date)

Pirsa: 11040028
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|eptonic events where one lepton is missed (but both neutrinos contribut to MET)

fnts where some of the missing energy is actually jet energy that wasn't properly accounted for.

'UNCTION REFERENCE LIST (may be out of date)

ject Types (patterns)
juilt-in patterns

or short form.

lepton patterns are:
oElectron=0oE (matches e+or e-)

oElectronPlus=0EP (matches only e+)
oElectronMinus=0EM (matches only e-)
oMuon=ou (matches p+or i)
oMuonPlus=ouP (matches only u+)
oMuonMinus=ouM (matches only u-)
oTau=or (matches r+orr-)

PIST 2494%807P (matches only t+)

N TN W |  a a . &a &8 b

uses Mathematica pattern-matching to determine the (purported) identities of objects in an event listing. Each pattern can be given ina
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-

-
g b p B s p s WL U b R by Bk s B S e B R B L ]

ject Types (patterns) 1]
P— .

uses Mathematica pattern-matching to determine the (purported) identities of objects in an event listing. Each pattern can be given ina 1
or short form.

lepton patterns are: 5
oElectron=0E (matches e+or e-) -

oElectronPlus=0EP (matches only e+)
oElectronMinus=0EM (matches only e-)
oMuon=ou (matches p+or u-)
oMuonPlus=ouP (matches only u+)
oMuonMinus=ouM (matches only u-)
oTau=or (matches T+or r-)
oTauPlus=o7P (matches only T+)
oTauMinus=orM (matches only r-)
oLepton=ol(matches any lepton)
olLeptonPlus=oLP(matches any I+)

Pirsa: 1E040028 ﬁly l-) Page 391/501
oLightl epton=olL. (matches any e or mu)




oLeptonMinus=oL.M(matches any I-)

oLightl epton=oLL (matches any e or mu)

oLightLeptonPlus=0LLP (matches any e+ or u+)
oLightl_eptonMinus=oLLM (matches any e- or mu-)

fons can also be referred to by a number between -3 and +3 (generation number x charge), as
oleptonType(-1] = oElectronMinus;

oLeptonType{1] = oElectronPlus;

oleptonType{-2] = oMuonMinus;

oLeptonType{2] = oMuonPlus;

oLeptonType(-3] = oTauMinus;

oleptonType{3] = oTauPlus;
jons and jet patterns are
oPhoton = oy (matches photons)

olet (matches any jet)
oBJet =oBJetloose=0oB=0B |=0BJet | =0BL. (matches a b-tagged jet)

PiWﬂz (matches a right b-tagged jet)

oNonBlet = oNonB=oNonLooseBJet (matches a jet that was not tagged as a b)
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oBJet =oBJetl oose=0B=0B 1=0BJet]|=0BL (matches a b-tagged jet)

oBJetTight=0BJet2=0BT=0B2 (matches a righr b-tagged jet)
oNonBlet = oNonB=oNonLooseBJet (matches a jet that was not tagged as a b)
oNonTightBJet (matches a jet that was not tagged as a b with the tight tagger)

also includes as an object the missing PT of an event. If it is greater than MISSINGPTCUT, this object remains in the listing processed by
, and matches

oMissingPT=0MPT ]
jw additional patterns are
oAny (matches any properly formed object, including missing pt) I
oNot{oType] (matches any object that doesn't match type oType. For example oNot{oLepton| matches jets photons and missing pt)
oHard[oType, pthard) (matches an object of type oType with pt > pthard)
oLessHard[oType, pthard) (matches an object of type oType with pt < pthard) 1]
reating your own kinematically constrained patterns 1]

oHard function above creates a kinematically constrained pattern from an unconstrained pattern (e.g. the pattern “electron with pT>30 GeV" from -
pattern "electron”).

possible to create your own constrained pattems using Marhematica's patterncriterion construction, which matches only things that match pattern
satisfy the Boolean function criterion. Thus, for example, if you are interested in looking at particles well separated from the beamline, you can
jpe the function

EtaRestrict|[etaMax ) [obj_):=(etaOf[obj]>0 && etaOf[obj)<etaMax)

thefi'tié BF8€?EtaRestrict[ 1. 5] the same way you would use any other pattern. Page 393/501




pattern "electron”).

be the function
EtaRestrict|[etaMax ] [obj_]:=(eta0f[cbj]>0 && etaOf[obj]<etaMax)

then use oJet ?EtaRestrict([1.5] the same way you would use any other pattern.

jiding criteria

lecting objects from an event

lnting and Histogramming

ther documentation may be added later. For now, please see the examples above.

Pirsa: 11040028

oHard function above creates a kinematically constrained pattern from an unconstrained pattern (e.g. the pattern “electron with pT>30 GeV" from

satisfy the Boolean function criterion. Thus, for example, if you are interested in looking at particles well separated from the beamline, you can
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jpe the function
EtaRestrict(etaMax | [obj_]:=(eta0Of[ob]j]|>0 && etaOf[obj)]<etaMax)
then use oJet ?EtaRestrict( 1.5 ] the same way you would use any other pattern.

jiding criteria ¥
lecting objects from an event

jnting and Histogramming

ther documentation may be added later. For now, please see the examples above.

Pirsa: 11040028

oHard function above creates a kinematically constrained pattern from an unconstrained pattern (e.g. the pattern “electron with pT>30 GeV" from
pattern “electron”).

possible to create your own constrained patterns using Mathematica's pattern’Icriterion construction, which matches only things that match pattern
satisfy the Boolean function criterion. Thus, for example, if you are interested in looking at particles well separated from the beamline, you can
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nts number from 0 to 5 of oBJet= B Jet objects in the OnelLepton region

plelLeptonCount picks out events with exactly one lepton, and counts how the frequency of each lepton type. The arguement is the event list:

@ U- T- @ U+ T+
PFUPARP 936 2500 1840 1364 2665 A




] (OSDL: 603, SSDL: 182)

I

on 0 1234y 1 2
ST, (43115 1745 76 4 0 =
0 1 2 34 0 1 2 3 4
(u 913 1037 50 0 o) ®POR: | 35238 10552 1142 67 1
a- 78 T= a-+ L+ T+
SRSHEAR W S g m""(uu 936 2500 1840 1364 2665

Single- and Di-Lepton Counts (events with no jets):

- @= U= T~ @+ U+ T+

e- 0 0 15 114 4 21

- . . i u- 0 0 15 2 107 9
t- 0 0 28 24 11 52

658 510 356 986 747 398 S & B &8 0 12
u+« 0 0 0 O 0 11

t+ 0 0 0 O 0 22

r § ia: 11%0(@ "

0 3
(10669 12456 14056 6969 3381 1559 57

Kl

o 0 00 o0 o

g= T=-

34
37
87

e+
212
5
71
1
0
0

J) e

U+ T+
5 48
187 26
35 204
0 55
0 41
0 9%

7. |
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Single- and Di- Lepton Counts

e U+
1247 936 2500 1840 1364 2665

Single- and Di-Lepton Counts (events with no jets):

15 114 4

658 510 356 986 747 398

o oo o0oo0oo
(=2 - I - I - B - -]

jre Simple Counting

pw, we explicitly construct several inclusive counts, many of which are included in the set produced by RuninclusiveCounts. They are included here
how you how to generate them yourself or generalize them, and to introduce the notation used in the remainder of the program.

ciesCount tabulates the number of events in which a given species of object appears n times. All object types begin with o, and most have long and
it forms (a list of all object types is SSSEREFSELETERNNYY). For example, oLL (or oLightl epton) matches a leptons of type e or u. Thus, the

jmand below counts events with 0, 1,2, 3,4, or 5 leptons.

T+
21
9
52
12
11
22

s
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pu want to compare several data sets, you can load each into a different list. il

ply muon isolation 1

| muon in an event (e.g. from a b quark decay....) will propagate to the muon chambers and be identified as a muon, but it is often useful to study q
muons, and merge non-isolated muons into the nearest jet. We will use an algorithm for PGS written by A. Pierce and J. Thaler - the details
, picking an intelligent isolation criterion) are not important here. |

m
L A
i

pck the Data Set 1]
f take a look at the number of events in WZt, and print out the first two events ]

Triggers Passed:{1, 10, 11, 12}

39} MatrixForm=
o typ eta phi pt Jmas ntrk btag had/em duml dum2 E pz px PY
1 4 -2.97 5.439 27.12 4.22 3. 0. 2.29 0. 0. 265.04 -263.615 18.0169 -20.270
2 4 -3.347 2.305 35.14 4.26 3. 0. 1.9 0. 0. 499.929 -498.675 -23.5437 26.086"
3 4 2.767 4.205 9.76 2.12 5. 0. 15.41 0. 0. 77.9804 77.3381 -4.74235 -8.530¢
4 6 0. 5.875 5.3 0. 0. 0. 0. 0. 0. 5.3 0. 4.86457 -2.1038




% typ eta phi pt Jjmas ntrk btag had/em duml dum2 E pz  px pY
(1 6 0. 4.656 13.6 0. 0. 0. 0. 0. 0. 13.6 0. -0.766484 -13.5784

fead these lists, you need to know the basic types in the lhco event format: 7
jpoton

jectron: charge in ntrk column

puon: charge in ntrk column

ju (hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay

jissing energy: one per event, always assumed to have eta=0

ng Event Selections

of the events in this sample aren't very interesting (for example, producing a Z that decays invisibly). Let's make a few subsets, using the Select ]
tion:

|l consider events with one lepton (e or mu):

[mRmmmmemeessemn
F | 1

Pirsa: 11040028 Page 400/501
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2 typ eta phi pt jmas ntrk btag had/em duml dum2 E pz px PY
(1 6 0. 4.656 13.6 0. 0. 0. 0. 0. 0. 13.6 0. -0.766484 -13.57“)

fead these lists, you need to know the basic types in the Ihco event format:
jhoton

jectron: charge in ntrk column

puon: charge in ntrk column

ju (hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay
ft

pissing energy: one per event, always assumed to have eta=0

Using Event Selections

EXAMPLES OF BASIC ANALYSIS

i L 4 L Al
g

'UNCTION REFERENCE LIST (may be out of date)

ject Types (patterns)
juilt-in patterns
uses Marhematica pattern-matching to determine the (purported) identities of objects in an event listing. Each pattern can be given in a
I‘:l’F!l'r?aHl%EB Page 401/501

| lepton patterns are:




2 typ eta phi pt jmas ntrk btag had/em duml dum2 E pz px PY
(1 ‘ 0- ‘-‘5‘ u-‘ ﬂ- ﬂ- ﬂ'- 0- 0- 0- 13-‘ 0- -001“‘“ -13-51“)

[ead these lists, you need to know the basic types in the Ihco event format:
jpoton

jectron: charge in ntrk column

puon: charge in ntrk column

ju (hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay
bt

pissing energy: one per event, always assumed to have eta=0

Using Event Selections

EXAMPLES OF BASIC ANALYSIS

'UNCTION REFERENCE LIST (may be out of date)

ject Types (patterns)
Built-in patterns

uses Mathematica pattern-matching to determine the (purported) identities of objects in an event listing. Each pattern can be given ina
mF’l'réha:.}lm Page 402/501

| lepton pattems are:

|

1

1




1 6 0. 4.656 13.6 0. 0. 0. 0. 0.

[ead these lists, you need to know the basic types in the Ihco event format:
jpoton

jectron: charge in ntrk column

puon: charge in ntrk column

ju (hadronic): ntrk sign = charge of tau, 1 or 3 indicates 1- or 3-prong decay
't

pissing energy: one per event, always assumed to have eta=0

_‘nmmm pt Jjmas ntrk btag had/em duml dum2 E pz px

Py
0. 13.6 0. -0.766484 -13.57.‘) ‘

Using Event Selections

EXAMPLES OF BASIC ANALYSIS

'UNCTION REFERENCE LIST (may be out of date)

Pirsa: 11040028
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jll consider events with one lepton (e or mu):

& I 5749 j

|d events with two leptons:

|could instead have selected events with one hard lepton, with pT > 20 GeV, say.




|ll consider events with one lepton (e or mu):

e 1

|d events with two leptons: ]

"
|

jther interesting sample: events with at least one b-tagged jet ]

|
il e

[could instead have selected events with one hard lepton, with pT > 20 GeV, say. ]




|l consider events with one lepton (e or mu):

& I 5749 j

|d events with two leptons: ]

|could instead have selected events with one hard lepton, with pT > 20 GeV, say. ]




JlI consider events with one lepton (e or mu):

e
AL |

Id events with two leptons: ]

|could instead have selected events with one hard lepton, with pT > 20 GeV, say. ]




Q- String Matching
I I I 1
I Subprocess I Number of points I Sigma I
I I I I
I I I (mb) I
I I I
I N:o Type I Generated Tried I I
I I I I
I I I I
I 8 All included subprocesses I 56008 726363 1 4.736E-84 1
I 15 f + fbar -> g + gamma*/Z8 I 6686 186159 I 6.326E-85 1
I 16 f + fbar' -> g + Ws/- I 28374 280466 1 1.928E-84 1
I 3 f + g ->f + gomma* I 5942 98013 I 5.669E-85 I
I 31 f +g->fFf"4+ Ws/- I 16956 1619043 1 1.684E-84 1
I 81 q+gbar -=>Q + Qbar, mass [ 7 93 1 6.699E-88 1
I 82g+g->0Q + Qbar, massive [ 35 589 I 3.364E-87 I
I 1 I I
ek Total number of errors, excluding junctions = B ROk
ook Total number of errors, including junctions = 8 ook
oeeekerk Total number of warnings = 8 koo
ek Fraction of events that fail fragmentation cuts = 0.80112 *FRkkkekx







[could instead have selected events with one hard lepton, with pT > 20 GeV, say. ]




|l consider events with one lepton (e or mu):

e 1

dmmmw ]

I | s :
jther interesting sample: events with at least one b-tagged jet ]

r N 1

[could instead have selected events with one hard lepton, with pT > 20 GeV, say. ]




"'lmH

jther interesting sample: events with at least one b-tagged jet

- I 1087
|could instead have selected events with one hard lepton, with pT > 20 GeV, say.

r |4m

Pirsa: 11040028
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Q- String Matching

I I I I
I Subprocess I Number of points I Sigma I
I I I 1
I I I (mb) I
1 1 I I
I N:o Type { I Generated Tried I I
1 I I 1
I I I I
I 8 All included subprocesses I 50000 726363 1 4.736E-84 1
I 15 f + fbar -> g + gamma*/Z0 I 6686 186159 I 6.326E-85 1
I 16 f &+ fbar' => g + Ws/- I 20374 280466 I 1.928E-84 1
I 30 f + g ->f + gamma*/Z8 I 5942 98813 I 5.669E-85 I
I 31 f+g->fF"4+ We/- I 16956 161643 1 1.684E-84 1
I 81 g+ gbar -=>(Q + Qbar, mass | 7 93 1 6.699E-88 I
I 82g+9g->0Q + 0Qbar, massive [ 35 589 I 3.364E-087 I
I I I I
ook Total number of errors, excluding junctions = B kkoorookr
eeekeek Total number of errors, including junctions = B koo
opoocer Total number of warnings = B ook
oeeekeex Fraction of events that fail frogmentation cuts = 0.88112 *Fkkkkkek

| B s g S gy g e e e e e e S



I= Inu

|d events with two leptons:

= | 43s

jther interesting sample: events with at least one b-tagged jet

H

|could instead have selected events with one hard lepton, with pT > 20 GeV, say.

4949

Pirsa: 11040028
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Q- String Matching
I I I I
I Subprocess I Number of points I Sigma I
I I I I
I I I (mb) I
I 1 I 1
I N:o Type I Generated Tried I I
I I I I
I I I I
I 8 All included subprocesses I 560808 726363 1 4.736E-84 1
I 15 f ¥ fbar -> g + gamma*/Z8 I 6686 186159 I 6.326E-85 1
I 16 f % fbar' -> g + We/- I 20374 280466 I 1.928E-84 1
I 3 f + g ->f + gamma*/Z8 1 5942 98013 I 5.669E-85 I
I 31 f+g->Ff'a+ We/- I 16956 161043 I 1.604E-84 1
I 81 g+ gbar ->Q + Qbar, mass | 7 93 1 6.699E-88 1
I 82g+ g ->0Q + Qbar, massive [ 35 589 I 3.364E-07 I
I I I I
eoeeoex Total number of errors, excluding junctions = B koockookk
ook Total number of errors, including junctions = 8 koo
opooookx Total number of warnings = R
Toekekerk Fraction of events that fail fragmentation cuts = 9.00112 *ekkkkkkk

| g g s e e g e g A T i L N
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3684 1 53
%5 1 53
3686 1 583
3687 1 &3
3668 1 &3
3689 1 &3
3698 1 53
3691 1 &3
3692 1 53
3693 i 53
3694 1 &3
3695 1 &3
3696 1 5
3697 1 &3
3658 1 &3
3699 1 83
3708 i 53
370l 1 83
3702 1 &3
3783 1 &3
3704 i &3
3785 1 53
2000082 318 ~U_R
3706 1 &3
3707 1 53
3708 1 &3

Qﬁﬁ@@@ﬁﬁ?@@@@@ﬁ@@

i

HHHHHITHTT

oo

8 .800880
0.000000
f .000000

Q- String Matching

1 1 500 . 00000 1.08000 16.00000 ©.DDDOOE.20 1
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PGS parameters

--> parameter set representing LHC

number of eta cells in calorimeter:
number of phi cells in calorimeter:
width of each cell in eta:

width of each cell in phi:

em calorimeter resolution (a):

em calorimeter resolution (b):
hadron calorimeter resolution:
trigger MET resolution:

alorimeter cell edge crack fraction:
jet finding algorithm (cone, ktjet):
cluster seed tower threshold:
cluster shoulder tower threshold:
cluster finder cone size:

outer radius of tracking {(m):
magnetic field (T):

sagitta resolution (m):

track efficiency:

minimum track pt:

tracking eta coverage:

e/gamma eta coverage:

9.0831415%0
9.08314155%0
9 .01008000
9 .200000800
9 .50000000
0 .20000000
0 .010080000
9 .00000000
5 .00000000
1 .00600000
9 .50008000
2 .00808080
4 .00000000
9 .00081300
9 .95000000
1.90000060
3 .00000600
3.00000000
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#™ ignore case

Q- String Matching

PGS parameters

--> parameter set representing LHC

number of eta cells in calorimeter:
number of phi cells in calorimeter:
width of each cell in eta:

width of each cell in phi:

em calorimeter resolution (a):

em calorimeter resolution (b):
hadron calorimeter resolution:
trigger MET resolution:

alorimeter cell edge crack fraction:
jet finding algorithm (cone, ktjet):
cluster seed tower threshold:

cluster shoulder tower threshold:
cluster finder cone size:

outer radius of tracking (m):
magnetic field (T):

sagitta resolution (m):

track efficiency:

minimum track pt:

320

200
9.083141590
9.083141550
9 .01000060
9 .20000000
8 .50000000
9 .20000080
8 .01600060
0 .0000000n
5 .000008600
1 .00608660
9 .50000000
2 .0808000e
4 .00000680
9 .000013680
8 .956008600
1.00008600




I I I I
I Subprocess I Number of points I Sigma I
I I I I
I I I (mb) I
1 | 1 1
I N:o Type I Generated Tried I I
I I 1 I
I I I I
I 8 All included subprocesses I 56068 726363 I 4.736E-84 1
I 15 f + fbar -> g + gamma*/Z0 I 6686 186159 I 6.326E-85 1
I 16 f + fbar' -> g + Ws/- I 20374 280466 1 1.928E-94 1
138f+g->f+gmo*/. I 5942 980813 1 5.669E-85 1
I 31 f +g-—=>7F"4+ We/- I 16956 1618043 1 1.604E-84 1
I 81 q+gbar ->Q + Qbar, mass [ 7 93 1 6.699E-88 I
I 82g+g->0Q + Qbar, massive I 35 589 I 3.364E-07 I
I I I I
ook Total number of errors, excluding junctions = 8 ook
eoeeeex Total number of errors, including junctions = B kRoRkokor
ook Total number of warnings = B kkkkokokokok
eekeeekx Fraction of events that fail fragmentation cuts = 8.80112 *ekkkkrkk
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Q~ String Matching

KF

ook PYINIT: initialization completed *eeicookciooricokrook

Particle/parton data table

KC particle
IDC on/off ME Br.rat.
| d
1 1 182 8 . 006008
2 1 182 0 .660000
3 1 182 0 .000000
4 1 182 A .000800
5 1 182 8 .000000
6 1 182 A .000000
7 -1 18z B .000088
8 1 182 (5515 5,554
2 u
9 1 182 0 .0800000
18 1 182 8 . 000808
11 1 182 0 .006000
12 1 182 A .608008
13 1 182 2 .000000

antiparticle
decay products

dbar

9
gamma
28

-
W-
W-

chg col

i
Y

= W o o i T = = T = T =

W ac S C

anti mass width w-cut lifetime decay
1 0.33000 0.00000 0.00000 ©.000OOE+00 a
1 8.336000 0 .00000 0.00008 ©,00000E+00 a
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Q- String Matching

167 8 182 A .000000 t tbar
168 -1 182 A . 000000 b' b 'bar
169 -1 182 2 .000000 % t 'bar
170 1 182 0 .000000 Ee e+
11 1 182 8 .006008 M= M+
172 1 182 A . 606000 tau- taus+
173 -1 182 A .800000 tau'- tau's+
23 23 20 a ] ] 91.18800 2.47813 24.76129 ©0.00DBOE+00 i
174 1 32 8.153995 d dbar
175 i1 X 8.119420 u ubar
176 1 X 8.153984 s sbar
17T 1 32 8.119259 € cbhar
178 i1 X 8.152272 b bbar
179 i1 X 0 . 008000 t tbar
188 -1 32 8 .000000 b' b 'bar
181 -1 32 A . 006000 E t 'bar
182 | (% 8.833576 e- =Ty
183 1 8 A .866886 nu_e nu_ebar
184 : | a 8.833576 M- MU+
185 i B 8.866886 nu_mu nu_mubar
186 i a 8.833508 tau- taus+
187 1 a 8.866806 nu_tau nu_taubar
188 -1 a A .000000 tou'- tou's
189 -1 a A . 0008008 nu'_tau nu ' _taubar
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Single- and Di- Lepton Ccruntl(

0
48175 1745 76 4 0
0 1
48913 1037 50 0 O

0
( 10669 12

] e (3!233 10

552 1142

u+
1247 936 2500 1840 1364

Single- and Di-Lepton Counts (events with no jets):

e- u- T~

658 510 356 986 747 398

Pirsa: 11040028

=T = = = = = ]
o 00000

L=
15
15
28

T+

4 21
107 9

52
12
11
22

456 14056 6969 PSBI 1559 57

(OSDL: 603, SSDL: 182)

H= T-
34 212 S5

0o 00O

BJets:
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Single- and Di- Lepton Countl(

0
48175 1745 76 4 0
0 1
48913 1037 50 0 O

j Eeny

0
( 10669 12

456 14056 6969 PJBI 1559 57

38238 10552 1142 67 1

- L+
1247 936 2500 1840 1364

Single- and Di-Lepton Counts (events with no jets):

e - L=

658 510 356 986 747 398

Pirsa: 11040028

I
I

L=
15
15
28

T+
21
9
52
12
11
22

] (OSDL: 603, SSDL: 182)

®
k ~

34 212 S5

o 00 o0 oo
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3

4

5 64 ) ———

456 14056 6969 PJBI 1559 57

0 1 2 34 0 1 2

RS (4&175 1745 76 4 o) Jot®¢ (10559 12
o 1 2 34 0 1 2 34
(u 913 1037 50 0 o) epton: (3! 238 10552 1142 67 1

Single- and Di- Lepton Countl(

=

T=

as+

s+ T+

Single- and Di-Lepton Counts (events with no jets):

a- = L= a+ H+ T+
658 510 356 986 747 398
Pirsa: 11040028

L=
15
15
28

as
114
2
24

T
L]
107

11

T+
21
9
52
12
11
22

1247 936 2500 1840 1364 2665

U= T= @+ U+ T+

0
0
0
0
0
0

] (OSDL: 603, SSDL: 182)

34 212 5 48
37 5 187 26
87 71 35 204
0 1 0 55
o 0 0 41
o o 0 94
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a -

- |
;1. . B, 1 .. B, 1 ., . , 5, 43 ., ¥, 1., 7T, 1 4. 8, 1., 9,6 ., /%, 3 , 11, 3|
RuninclusiveCount function displays several inclusive signatures. ]
3
S 0 1 2 34 era 0 1 2 I 4 5 6 -
= (4:175 1745 76 4 0 * (10559 12456 14056 6969 3381 1559 514] SO
0 1 2 34 0 1 2 34 AT
(u 913 1037 50 0 o] S—— (Jn 238 10552 1142 67 1 (OSDL: ' S
- @@= U= T= &+ H+ T+
e- 0 0 34 212 5 48
. - _ u- 0 0 37 5 187 26
- = - + u+ +
Single- and Di- Lepton Counts| .., 935 2500 1840 1364 2665 )| ° 2 97 HI .
e+ 0 0 0 1X 0 55
u+« 0 0 0 0 0 41
t+ 0 0 0 0 O 94
Single- and Di-Lepton Counts (events with no jets):
- @ U= T=- & U+ T4
e- 0 0 15 114 4 21
. e . |4- 0 015 2 107 9
- U= - + e +
- 0 0 28 24 11 52
658 510 356 986 747 398 . . 0 0
u+ 0 0 0 0 O 11
t+ 0 0 0 0 O 22
Pirsa: 11040028 Page 431/501
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a- u- T= @+ LU+ T+
658 510 356 986 747 398

Ire Simple Counting

irsa: 11040028

a-
Single- and Di- Lepton Cnunu( 1247

=

936 2500 1840 1364

B
]

=
15
15
28

T=

a+
114
2
24

e+

U+

4 21
107 9

11
0
0
0

U+

Single- and Di-Lepton Counts (events with no jets):

T+

52
12
11

22

T+
2665

.-.
U=
T=
a4+
U+
T+

=

o0 o0oo0o0oo

-bt-

a+ LU+ T+
34 212 5 48
37 5 187 26
87 1.:‘71 35 204
0 1 0 55
0 0 0 41
0 0 0 94

0 1 2 34 0 1 2 3 4 5 6
I S— (4:175 1748 76 ¢ 0] == (10559 12456 14056 6969 3381 1559 574] .
o 1 2 34 0 1. a2 34
(u 913 1037 50 0 o) ePTom: (3! 238 10552 1142 67 1] (VNEG SN0y: GWELS ZN)
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pw, we explicitly construct several inclusive counts, many of which are included in the set produced by RuninclusiveCounts. They are included here ’|
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a-
”-
@~ U=~ T=- @+ U+ T+ -
658 510 356 986 747 398 —
u+

\ T+

Ire Simple Counting

irsa: 11040028

[-
Single- and Di- Lepton Cﬂllntl( 1247
L

0 1 2 34
TS (4&175 1748 76 ¢ 8] == (
o 1 2 34 0
(4:913 1037 50 0 0 - (

0
10669 12456 14056 6969 3381 1559 57

1

1

2

3 4

38238 10552 1142 67 1

=

L=
15
15
28

T=

a+
114
2
24

e+

U+

U+

Single- and Di-Lepton Counts (events with no jets):

T+

4 21
107 9

11
0
0
0

52
12
11
22

] (OSDL: 603, SSDL: 182)

T+

836 2500 1840 1364 2665

3

4

T

oo ooo

5

-td

34
37
87

8+ LU+ T+
212 5 48
5 187 26
71 35 204
1 0 55
0 0 41
0 0 94

4 ] BJets:
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pw, we explicitly construct several inclusive counts, many of which are included in the set produced by RuninclusiveCounts. They are included here =|




0 1 2 3 4
48175 1745 76 4 0

e

0 1 2 34
(4!913 1037 50 0 0

U= T- @+ U+ T+
G!B 510 356 986 747 398

Plrsa !1040028

o

Jets: (

Single- and Di- Lepton Cnunu( 1;;1

=

936 2500 1840 1364

cocoooool

T=
15
15
28

1

T=

e
114
2
24

e+

U+
4

107 9

11
0
0
0

1

2 3

38238 10552 1142 67 1

u+

Single- and Di-Lepton Counts (events with no jets):

T+
21

52
12
11
22

4

T+
2665

3

[ B
U=
T=
a4+«
U+
T+

4
10669 12456 14056 6969 3381 1559 574

T

o000 0O0

-

5

T=

BJets:

] (OSDL: 603, SSDL: 182)

e+ U+ T+
212 5 48
5 187 26
71 35 204
1 0 55
0 0 41
0 0 954
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@ U~ T- @+ U+ T+
658 510 356 986 747 398

Ire Simple Counting

irsa: 11040028

a-
Single- and Di- Lepton Cnuntl( 1247

0 1 2 34
T — (43175 1745 76 4 o) Jets: (
o 1 2 34 0
(u 913 1037 50 0 o ePtom: (

=

936

coocooob

2500 1840 1364 2665

-
15
15
28

0
10669 12456 14056 6969 3381 1559 57

1

T=

a+
114
2
24

e+

e

4 21
107 9

11

|

2

3 4

38238 10552 1142 67 1

U+

Single- and Di-Lepton Counts (events with no jets):

T+

52
12
11
22

] (OSDL: 603, SSDL: 182)

T+

3

4

=

(=10 = I = B = = Y =]

5

d-t-

@+ U+ T+
34 48
37 26
87 71 35 204
0 1 0 58
0 0 0 41
o 0 0 94

4 ) BJets:
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pw, we explicitly construct several inclusive counts, many of which are included in the set produced by RuninclusiveCounts. They are included here ‘l




e = & T e o
- Y- - + U+ +

t- 0 0 28 24 11 52

658 510 356 986 747 398 e+ 0 0 O O 0 12

u+ 0 0 0 O 0 11

t+ 0 0 0 0 o0 22

jre Simple Counting
we explicitly construct several inclusive counts, many of which are included in the set produced by

They are included here

you how to generate them yourself or generalize them, and to introduce the notation used in the remainder of the program.

tabulates the number of events in which a given species of object appears n times. All object types begin
t forms (a list of all object types is SRR AL Lo b 3). For example, oLL (or oLightlepton) matches a leptons
jmand below counts events with 0, 1,2, 3, 4, or 5 leptons.

jisssoes

s is guaranteed by our selection) Of course some events also have taus

| (o 3 2022

thé P Bf oLepton is higher than the number of oLightLepton:

0, and most have long and
type e or . Thus, the

Page 436/501

L |




jore interesting place to count leptons is in the b-tag sample: 7

_ i

o 1 2 3458 I i
(l?ﬂ!.!?!.!_lﬁﬂ) .

Ints number from O to 4 of oy (oPhoton) objects in WZt. 1

[nts number from O to 8 of aJet objects. ]

0 1 ) % - BTN :
P a:(tm 12456 14056 6969 3381 1559 574 213 T,) Page 437/501



nts number from O to 8 of oJet objects.

0 1 2 3 B 5 6 7 8
(10“9 12456 14056 6969 3381 1559 574 213 7

s look at a bar chart :

z of jets (All events)
14000

12000
10000

Pifsa: 110400

)

Page 438/501
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0 1 2 3 4 5 ¢ 7 ©
(:I.IICI! 12456 14056 6969 3381 1559 574 213 'l!)
s look at a bar chart :
it of jets (All events)
14000

12000
10000

Pirsa: 11040028 Page 439/501

nts number trom 0 to 5 of oBJet= B Jet objects in the OneLepton region




0 1 2 3 4 5 6 7 8
(10‘.’ 12456 14056 6969 3381 1559 574 213 T!)

s look at a bar chart :
- _

2 of jets (All events)
14000

12000
10000

e

2000

|nts number from 0 to 5 of oBJet= B Jet objects in the OneLepton region

Pirsa: 11040028 Paie 440/501 1 _|




gleLeptonCount picks out events with exactly one lepton, and counts how the frequency of each lepton type. The arguement is the event list:

- @+ U+ T+

e- -
(uu 936 2500 1840 1364 2665

- leptons), in this case it's probably physical. The same discrepancy isn't seen for taus...let's come back to this.

Etlthne‘nchnpmmﬂy-m&.dmhe—mﬂm—byafnﬂofﬂﬁ. This could be a detector effect (different efficiencies for

e- 0 0
Pi§sa: 1&100@ u
- 0 0

a similar discrepancy in the one-btag subset? We don't really have the statistics to say...

|

@ U- T- @+ U+ T+
13 3 82 14 14 71

[eptonCount tabulates a matrix of di-lepton counts in the event list (again restricting to events with exactly two leptons).

T=- @+ U+ T+
34 212 5 48
37 5 187 26 Page 441/501
87 71 35 204
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[ that the only same-sign events involve taus. This suggests that the taus may be fakes (it happens often).

lnting with Preselection

wmmmﬁhamwm.ucﬁum This counts all events with at least one e or mu, and
PT of at least 50.

[ Inn \

also use the Select function to consider only those events that satisfy a criterion, and use the counts above. Here are some examples:
(NumOffoJet}~eq~0):

@ U- T- @ U+ T+
658 510 356 986 747 398

past 2 jets (NumOffoJet}~ge~2)

P'\Iia: 11040028 Paie 442/501
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lnting with Preselection

PT of at least S0.

(NumOf{alet}~eq-0): N

@ U= T= @+ U+ T+
658 510 356 986 747 398

Past 2 jets (NumOffolet}~ge~2)

Pigsa: 11040028
r 'l- u- t- @+ U+ T+
ag 1 1

[ that the only same-sign events involve taus. This suggests that the taus may be fakes (it happens often).

L:ummmmﬂyﬁlmmm.nmmm This counts all events with at least one e or mu, and

also use the Select function to consider only those events that satisfy a criterion, and use the counts above. Here are some examples:

L
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f's a more complicated example. oHard{parr, pThard] is a pattern that matches only objects of type panr with pT>pThard.
pe case below, Select picks out events that have at least one jet with pt greater than 200 GeV.

_ q

0o 1 2 34
(n«nauan)

hstructing Histograms at the Event Level (building up basic notation from simple histograms)
|ograms in Chameleon can be generated with the command H1st. gThe arguments to Hist are:

Event sample

Selection criterion (a boolean function) -- only events for which the criterion is true are included in the histogram.
Object selection: an object or set of objects from which kinematic variable is computed

Kinematic variable, e.g. invariant mass of two particles, or sum pT of all particles.

Range specification of histogram: {min , max , nbins}
|historical reasons, you will see many histograms in this notebook specified as
pill stup@i n [ eviList, criterion , objectSelection , kinematicVariable | , {min , max ,nbins} ] . This is completely equivalent to Page 444/501
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Kinematic variable, e.g. invariant mass of two particles, or sum pT of all particles.

Range specification of histogram: {min , max , nbins }

|historical reasons, you will see many histograms in this notebook specified as

Hist [ Bin(ewtlist, criterion , objectSelection , kinematicVariable | , {min, max ,nbins} | . This is completely equivalent to
Hist [ evilist, criterion , objectSelection , kinematicVariable , {min, max , nbins} |

pw are a few examples. We construct several frequency data lists using Freq, then plot histograms with them.
jpe are the same histogram entered in two formats. They are calculating the effective mass (sum pT of all the objects selected —in this case, the jets).

_ |
| 4

3

10000

4000

Pifsa: 11040028 50 100 150 200 Page 445/501
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|historical reasons, you will see many histograms in this notebook specified as

Hist [ Bin[ewtlist, criterion , objectSelection , kinematicVariable | , {min, max ,nbins} | . This is completely equivalent to
Hist [ eviList , criterion , objectSelection , kinematicVariable , {min , max ,nbins} |

pw are a few examples. We construct several frequency data lists using Freq, then plot histograms with them.

100 150 200

Piia: 11040028
10000

jpe are the same histogram entered in two formats. They are calculating the effective mass (sum pT of all the objects selected —in this case, the jets).

Page 447/501
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pw are a few examples. We construct several frequency data lists using Freq, then plot histograms with them. ]
ppe are the same histogram entered in two formats. They are calculating the effective mass (sum pT of all the objects selected --in this case, the jets).

10000

100 150 200

10000

Pigsa: 11040028 Page 448/501
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jpe are the same histogram entered in two formats. They are calculating the effective mass (sum pT of all the objects selected --in this case, the jets).
- _ |
3

10000

150 200

10000

E | 6000
Pigsa: 11040028 Page 449/501




10000
8000
E
100 150 200
| 2110.' -
9
10000
8000
E 6000

Pifsa: 11pAA0ZB Page 450/501




4000

Pirsa: 11040028

Page 451/501




10000

v |

w
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10000
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3500

jtograms for Z's: i
Pirsa: 11040028 Page 454/501
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3500

Pirsa: 11040028 Page 455/501
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250 300

jtograms for Z's: i fi
Pirsa: 11040028 Page 456/501
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50 100 150 200

Pifsa: 11040028 Page 457/501
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100
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100F

50 100 150 200

tau+tau- (tau decays always produce at least one neutrino, so the reconstructed tau (the hadronic decay products) has lower energy than the original -

D) <o 11040028 Page 459/501 i
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| i i L s 1

150 200

tau+tau- (tau decays always produce at least one neutrino, so the reconstructed tau (the hadronic decay products) has lower energy than the original -
pn)

50 100 150 200

TE: The Z in b-tagged jets below is actually quite hard to see, because QCD production of b bbar is much stronger. But here since we
[en't included that process in our sample, we can reconstruct the Z easily.

| [uisiiuamm., metieame)-cr-2. st ton, 31, semen), (0. 200,80 e ]




tau+tau- (tau decays always produce at least one neutrino, so the reconstructed tau (the hadronic decay products) has lower energy than the original -
pn)

i}

TE: The Z in b-tagged jets below is actually quite hard to see, because QCD production of b bbar is much stronger. But here since we
jen't incinded that process in our sample, we can reconstruct the Z easily.

Pirsa: 11040028

Page 461/501
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tau+tau- (tau decays always produce at least one neutrino, so the reconstructed tau (the hadronic decay products) has lower energy than the original
pr)

50 100 150 200

TE: The Z in b-tagged jets below is actually quite hard to see, because QCD production of b bbar is much stronger. But here since we
|en't included that process in our sample, we can reconstruct the Z easily.

Pifsa: 11040028 Page 462/501
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50 100 T 1s0 200 J

TE: The Z in b-tagged jets below is actually quite hard to see, because QCD production of b bbar is much stronger. But here since we
jen't included that process in our sample, we can reconstruct the Z easily.

50 100 150 200

flistograms that we do NOT trust Pythia for: 1]




TE: The Z in b-tagged jets below is actually quite hard to see, because QCD production of b bbar is much stronger. But here since we
jen't included that process in our sample, we can reconstruct the Z easily.

50 100 150 200

Histograms that we do NOT trust Pythia for:

B e e ot

97




TE: The Z in b-tagged jets below is actually quite hard to see, because QCD production of b bbar is much stronger. But here since we
jen't included that process in our sample, we can reconstruct the Z easily.

50 100

fistograms that we do NOT trust Pythia for: il




Histograms that we do NOT trust Pythia for:

200 [N
150
100
50
Pifsa: 1104
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F,W

100

2 4 6 8

the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more

!). It also doesn't accurately reproduce pT distributions of jets, especially the 2nd, 3rd, etc.

Page 467/501




e 2 A i

0 2 E 6 8

3

under-estimates the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more
uﬂy!}. It also doesn't accurately reproduce pT distributions of jets, especially the 2nd, 3rd, etc.
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flistograms that we do NOT trust Pythia for:

200
150
k
| d
100
50
0 2 - 6
Pillsa: 11040028
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hia under-estimates the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more
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fistograms that we do NOT trust Pythia for:

150

100

0 2 4 s 8

Pilsa: 11040028

hia under-estimates the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more
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150

100

0 2 4 6 8

under-estimates the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more
Ly!}. It also doesn't accurately reproduce pT distributions of jets, especially the 2nd, 3rd, etc.

|| s, s e, e 00

Pirsa: 11040028 Page 471/501
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I Pifsa: 11040028

for W's<
need to define our own function to study W's: the transverse mass:

k. let's see what it does in the Z events:

Page 472/501
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0 2 4 6 8

under-estimates the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more 3
1). It also doesn't accurately reproduce pT distributions of jets, especially the 2nd, 3rd, etc.

oo, sy e, i, s 00,0
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150

100

0 2 4 6 8

under-estimates the number of events with 2 or more (hard) jets (matrix element generators like Alpgen and Madgraph do this more
!). It also doesn't accurately reproduce pT distributions of jets, especially the 2nd, 3rd, etc.
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Histograms that we do NOT trust Pythia for: il 1

for W's
need to define our own function to study W's: the transverse mass:

k. let's see what it does in the Z events:
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for W's
need to define our own function to study W's: the transverse mass:

k. let's see what it does in the Z events:
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k. let's see what it does in the Z events:
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k. let's see what it does in the Z events:
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for W's
need to define our own function to study W's: the transverse mass:

| _
k, let's see what it does in the Z events:
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need to define our own function to study W's: the transverse mass:

k. let's see what it does in the Z events:
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hparison of missing energy in one-lepton and two-lepton events:

k

Missing PT in one-lepton events
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Missing PT in two-lepton events
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pparison of missing energy in one-lepton and two-lepton events: ]
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Missing PT in one-lepton events Missing PT in two-lepton events
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|[dence for top?
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HT (scalar sum of all pTs)
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