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24 years and counting

24++

1984
Workshop in Lausanne on installing a Large Hadron Collider (LHC) in

the LEP tunnel [energy per beam 10-18 TeV, luminosity
10°7 *cm 2s '] 1983:W/Z discovered at SPS pp machine

1992
General meeting on LHC physics and detectors Evian-les-Bains
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Workshop in Lausanne on installing a Large Hadron Collider (LHC) in
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General meeting on LHC physics and detectors Evian-les-Bains
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Letters of intent for LHC detectors submitted; SSC canceled

«p > =0

r—]
Page 24/287 ‘@,‘

irsa: 07080012




24 years and counting

24++

1984
Workshop in Lausanne on installing a Large Hadron Collider (LHC) in

the LEP tunnel [energy per beam 10-18 TeV, luminosity
10°7 ¥ecm s '] 1983:W/Z discovered at SPS pp machine

1992
General meeting on LHC physics and detectors Evian-les-Bains

1993
Letters of intent for LHC detectors submitted; SSC canceled

1994
Technical proposals for ATLAS and CMS approved (1996:LEP2 starts

operation /s up to 200 GeV)

«p > - O

5]
Page 25/287 g"

irsa: 07080012




24 years and counting

24++

1984
Workshop in Lausanne on installing a Large Hadron Collider (LHC) in

the LEP tunnel [energy per beam 10-18 TeV, luminosity
10°" *cm 2s '] 1983:W/Z discovered at SPS pp machine

1992
General meeting on LHC physics and detectors Evian-les-Bains

1993
Letters of intent for LHC detectors submitted; SSC canceled

1994
Technical proposals for ATLAS and CMS approved (1996:LEP2 starts
operation /s up to 200 GeV)

=
irsa: 07080012 Page 26/287 b';l, ﬁ



24 years and counting

24++
2000
CMS assembly begins above ground [LEP collider closes/end of
LEP2]
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24 years and counting

24++
2000
CMS assembly begins above ground [LEP collider closes/end of
LEP2]
2003

ATLAS underground cavern completed and assembly started

2004
CMS cavern completed
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24++
2000
CMS assembly begins above ground [LEP collider closes/end of
LEP2]
2003

ATLAS underground cavern completed and assembly started

2004
CMS cavern completed

2007-8
Experiments ready for beam

July 2008

14 TeV collision run - the be . ez~ lag
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24 years and counting

24++
2000
CMS assembly begins above ground [LEP collider closes/end of
L EF2]
2003
ATLAS underground cavern completed and assembly started
2004
CMS cavern completed
2007-8
Experiments ready for beam
July 2008
14 TeV collision run - the beginning of an O(10)-year long

experimental program. —
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Mission Statement

Mission Statement of the LHC and its experiments

From the Presentation to CERN Council in Dec 1993

[...] the Large Hadron Collider (LHC) [is] the right machine for further
significant advance in the field of high energy physics research and
for the future of CERN [...]The accelerator will produce not only higher
energy but also a higher luminosity [...] than has been achieved
before and it will reveal the behavior of fundamental particles of
matter which has never been studied. [from Council report]

- ’ > s e ——

irsa: 07080012




Mission Statement

Mission Statement of the LHC and its experiments

From the Presentation to CERN Council in Dec 1993

[...] the Large Hadron Collider (LHC) [is] the right machine for further
significant advance in the field of high energy physics research and
for the future of CERN [...]The accelerator will produce not only higher
energy but also a higher luminosity [...] than has been achieved
before and it will reveal the behavior of fundamental particles of
matter which has never been studied. [from Council report]

lf’ :i
irsa: 07080012 Page 32/287 ;.:



Mission Statement

Mission Statement of the LHC and its experiments
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From the 1994 “Go-ahead”

Today's decision is a major step for the future of High Energy Physics
and CERN. Council’'s decision represents a 20-year commitment to
High Energy Physics research. | believe this to be a unique
commitment to fundamental scientific researeti and | am honored by

this vote of confidence in fu d LER ific
capabilities.[...] Chris Liewe iy s ’ = |,E[‘ e =




Mission Statement

Mission Statement of the LHC and its experiments

From the Presentation to CERN Council in Dec 1993

[...] the Large Hadron Collider (LHC) [is] the right machine for further
significant advance in the field of high energy physics research and
for the future of CERN [...]The accelerator will produce not only higher
energy but also a higher luminosity [...] than has been achieved
before and it will reveal the behavior of fundamental particles of
matter which has never been studied. [from Council report]

From the 1994 “Go-ahead”

Today’s decision is a major step for the future of High Energy Physics
and CERN. Council’'s decision represents a 20-year commitment to
High Energy Physics research. | believe this to be a unique
commitment to fundamental scientific researcti and | am honored by

this vote of confidence in fu d .ER ific
capabilities.[...] Chris Liewelym a ’ = |,E[‘ ) &
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Mission Statement of the LHC and its experiments

From the Presentation to CERN Council in Dec 1993

[...] the Large Hadron Collider (LHC) [is] the right machine for further
significant advance in the field of high energy physics research and
for the future of CERN [...]The accelerator will produce not only higher
energy but also a higher luminosity [...] than has been achieved
before and it will reveal the behavior of fundamental particles of
matter which has never been studied. [from Council report]

From the 1994 “Go-ahead”

Today's decision is a major step for the future of High Energy Physics
and CERN. Council’'s decision represents a 20-year commitment to
High Energy Physics research. | believe this to be a unique
commitment to fundamental scientific research and | am honored by
this vote of confidence in fundamental science and CERN's scientific

capabilities.[...] Chris Llewellyn Smith, DG.
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Mission Statement

The major physics scope of the LHC

» Find and characterize the new particles that compose the
dark matter of the universe

» Find the Higgs particle

» Find new particles, forces, extra dimensions of space
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The “Machine”

Outline

The “Machine”
The Large Hadron Collider
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The “Machine”

Outline

T'he “"Machine”
The Large Hadron Collider
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The “Machine”

LHC in the news:

“It would be essentially
impossible for the LHC
to see nothing new”,
Newman Science, 27
March 2007

“the man” of the
machine: Lyn Evans.
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The “Machine”
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The “Machine”
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The “"Machine”

The Large Hadron Collider

P S

e 14 TeV center of mass proton-proton collider. Located in the

franco-swiss border close to Geneva Switzerland, installed in the 27

Km LEP tunnel ~100 m underground. ~1232 superconducting dipole
bending magnets, 392 quadrupole focusing magnets; together with
sextuples, octaples, decapoles and other correctors, about 8,000 T~
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The “Machine”
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1232 Cryodipoles: The bending force
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1232 Cryodipoles: The bending force
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The “Machine”
g

1232 Cryodipoles: The bending force

e 8.33 T dipole fields; 31,000 tons of superconductmg dipoles to be
operated at 1.9°K [currents of >15,000 amps] — 90 tons of liquid
helium and > 1,000 tons of liquid nitrogen for cryo purposes.
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The “Machine”
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1232 Cryodipoles: The bending force

e 8.33 T dipole fields; 31,000 tons of superconducting dipoles to be

operated at 1.9°K [currents of >15,000 amps] — 90 tons of liquid
helium and > 1,000 tons of liquid nitrogen for cryo purposes.
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The “Machine”
: P

1232 Cryodipoles: The bending force

— g

To collide two counter-rotating proton beams, the beams must be in
separate vaccum chambers (in the bending sections) with opposite B
field direction: The are TWO LHCs: The twin-bore design was pro-
posed by John Blewett, BN LaifinisSubie
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The “Machine”
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1232 Cryodipoles: The bending force

To collide two counter-rotating proton beams, the beams must be in
separate vaccum chambers (in the bending sections) with opposite B
field direction: The are TWO LHCs: The twin-bore design was pro-
posed by John Blewett, BNL in 1971.
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The “Machine”
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1232 Cryodipoles, Installation




The “Machine”

1232 Cryodipoles, Installation




The “Machine”

point the QRL

iInterconnecting dipales
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The “"Machine”

point the QRL

iInterconnecting dipoles
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The “Machine”
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The "Machine”
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Schematic View of the LHC

CMS
Sy S,
NN » |P1=ATLAS (general purpose)
| » |P5=CMS (general purpose)
o |[P2=ALICE (ion-ion, p-ion)
Ay s » |P8=LHCD (pp, B-physics,
\LICE o~ —~ LHCB CP-violation)

\TLAS

e Design: 2808 x 2 bunches of pratons, 10"" protons/bunch
accelerated to 7 TeV; The total energy of each beam: 2808 x 1.15 x
10"" protons per bunch x 7 TeV = 0.185 Mp.no = 362 MJoules —
Absolutely NO accidents all
surface of 1/10 mm will be s
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Schematic View of the LHC

CMS
NN L » |P1=ATLAS (general purpose)
e |P5=CMS (general purpose)
o |P2=ALICE (ion-ion, p-ion)
Y e » |P8=LHCD (pp, B-physics,
\LICE. \— " LHC-B CP-violation)
\TLAS

e Design: 2808 x2 bunches of protons, 10'" protons/bunch

accelerated to 7 TeV; The total energy of each beam: 2808 x 1.15 x

10" protons per bunch x 7 TeV = 0.185 Mpi..a = 362 MJoules —

Absolutely NO accidents allowed : if the beam is steered wrongly a

surface of 1/10 mm will be subjected to 4 Terawatts of proton beam -
Pz osiower ~ detonation of 86 Kg of TNT! pese 2287 | S|



The “Machine”
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The beam

RF buckets and bunches
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The “Machine”
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The beam

RF buckets and bunches

M particles
ascillate back
RF Voitage snd farth n this gives the bunch structure
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The particles are trapped 'n the RF voitage
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The beam

RF buckets and bunches
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The “Machine”

The beams

Every collision adds to the “beam-beam budget” we must avoid
unnecessary direct beam encounters where the beams share a

common vacuum (IPs) COLLIDE WITH A CROSSING ANGLE
IN ONE PLANE:

0 —®——
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The “Machine”

The beams

Every collision adds to the “beam-beam budget” we must avoid
unnecessary direct beam encounters where the beams share a

common vacuum (IPs) COLLIDE WITH A CROSSING ANGLE
IN ONE PLANE:
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The “Machine”

RF acceleration

» The LHC RF system operates at 400 MHz

» |t is composed of 16 superconducting cavities (@4.5 K), 8
per beam.

» Peak accelerating voltage of 16 MV/beam (cf3600
MV/beam at LEP), accelerating field of SMV/m.

HC @ 7 Tew 7 e
EP @ 104 GeV ~3 eV /t

The _AC beam radiates a
sufficient amount of visible
pRretons Ta be acTually
ARSE~DIE anth 1 Fomern

(total power ~ C 2 W/m)




The “Machine”
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RF acceleration

« The LHC RF system operates at 400 MHz

» |t is composed of 16 superconducting cavities (@4.5 K), 8
per beam.

» Peak accelerating voltage of 16 MV/beam (cf3600
MV/beam at LEP), accelerating field of SMV/m.

Synchrotron

~adiaton oss

LHC @ 7 TeV 6.7 xeV /turn

The _HC beam radiates a
sufficient ameount of visible
prctons To De actually
anservahie with n comern

(total power ~ C 2 W/m)
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The “Machine”

Tunnel Views

strai_ght section IP8 LHCD
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The “Machine”

straight section IP1 ATLAS

. .
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The “Machine”

Junction of TI8 and the LHC - note the QRL (cryogenic distribution
line) going up to make_ way for injection line magnets
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The "Machine”

Junction of TI8 and the LHC - note the QRL (cryogenic distribution
line) going up to make way for injection line magnets
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The “"Machine”

Tunnel Instrumentation

Regular arc: i
Magnets i

1232 main dipoles

-

3700 muitipole
corrector

2500 corrector magnets magnets
~ (dipole. sextupole, octupcle) 2 (o0 tynoie.

’ - - octupole
decapoie) p—
. : Page 74/287 ;,
o

392 main quadrupoles +
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The "Machine”

Tunnel Instrumentation

=
Connection via service

module and jumper

- : ’;‘ ‘ 3 .
5 o
s Static bath of superfiuid

Supply and recovery of helium at 1 9 K in cooling
helium with 26 km leng of 1108 .
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The “Machine”

Tunnel Instrumentation

o : . Regular arc: '
" Connection via service
module and jumper Cryogenics I

2 ﬂ
e Static bath of huid
Supply and recovery of helium at 1.9 K in cooling

helium with 26 km long
cryogenic distribution li
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== : ' Regular arc: |
Beam vacuum for -
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The “Machine”

Tunnel Instrumentation
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Accelerator Complex
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The "Machine”

Schedule
General LHC Schedule

ineering run originally foreseen at end 2007 now preciuded by
ys in installation and equipment commissioning.

4 - - - i
B <450 GeV gperation nNow

chedule being reassessed, accounting for inner triplet
d their impact on sector commissioning

N

achnical systems commissioned to 7 TeV operation, and

= 4 A \ v 1 plalal=|
llisions at 14 TeV c.m. July 2008

l
0
O
Y
1
!
J
)
C
i
-
m
-]
0
i

56 bunches for reaching 10°? cm s! by
end 2008
B No provision in success-oriented schedule for major mishaps, e.q.
additional warm-up/cooldown of sector
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The “Machine”

Schedule
General LHC Schedule

B Engineering run originally foreseen at end 2007 now preciuded by
deiays in installation and equipment commissioning.

B 450 GeV cperaticn now part of normal setting up procedure for
Deam commissian "‘g ton gﬂ-ene,--;?-

B General schedule Deing reassessed, accounting for inner triplet

repairs and their impadct on sector commissioning

-- All technical systems commissioned to 7 TeV operation, and

" 4 4 i T =N = |
llisions at 14 TeV c.m. July 2008

ot run pushed to 156 bunches for reaching 103 cm

oY

Ll

m No provision in success-oriented schedule for major mishaps, e.qg.
additional warm-up/cooldown of sector
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Schedule

== __ General LHC Schedule

B Engineering run originally foreseen at end 2007 now preciuded by
deiays in installation and equipment commissioning.

B 450 GeV cperaticn now part of normal setting up procedure for
Deam commissioning to high-energy

B General schedule being reassessed, accounting for inner triplet
repairs and their impact on sector commissioning

-

-- All technical systems commissioned to 7 TeV operation, and
machine closed April 2008

-- Beam commissioning starts May 2008
-- First collisions at 14 TeV c.rp. July 2008

-- Pilot run pushed to 156 bunches for reaching 10°° cm s! by
end 2008

B NO provision in success
additional warm-up/cod

Pirsa: 07080012
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Schedule

General LHC Schedule

B Engineering run originally foreseen at end 2007 now precluded by
delays in installation and equipment commissioning.

B 450 GeV cperation now part of normal setting up procedure for
Deam commissioning to high-energy

B General schedule being reassessed, accounting for inner triplet
repairs and their impact on sector commissioning

-- All technical systems commissioned to 7 TeV operation, and
machine closed Apnl 2008

-- Beam commissioning starts May 2008
-- First collisions at 14 TeV c.m._July 2008
s

-- Pilot run pushed to 156 bunches for reaching 1032 cm2 s'! by
end 2008

B No provision in success
additional warm-up/codg
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The “Machine”

Schedule
General LHC Schedule

B Engineering run originally foreseen at end 2007 now preciuded by
deiays in installation and equipment commissioning.

B 450 GeV operation now part of normal setting up procedure for

-

B eneral schedule oeing reassessed, accounting for inner triplet
d their impact on sector commissioning

ical systems commissioned to 7 a\/ operation, and
machine closed Apnl 2008

-- Beam commissioning starts May 2008

= . T i 3 .l
-- First collisions at 14 TeV c.m. July 2008

-- Pilot run pushed to 156 bunches for reaching 10 cm s! by
end 2008
m No provision in success-oriented schedule for major mishaps, e.q.
additional warm-up/cooildown of sector

Pirsa: 07080012
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Schedule

= General LHC Schedule

B Engineering run originally foreseen at end 2007 now precluded by
delays in installation and equipment commissioning.

B 450 GeV cperation now part of normal setting up procedure for
Deam commissioning to high-energy

B General schedule being reassessed, accounting for inner triplet
repairs and their impact on sector commissioning

-- All technical systems commissioned to 7 TeV operation, and
machine closed April 2008

-- Beam commissioning starts May 2008
-- First collisions at 14 TeV c.m. July 2008

-- Pilot run pushed to 15§ bunches for reaching 10°° cm s ! by
end 2008

B No provision in success
additional warm-up/coa
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The “Machine”

Schedule
General LHC Schedule

Engineering run originally foreseen at end 2007 now preciuded by
deiays in installation and eguipment commissioning.
450 GeV operation now part of normal setting up procedure for

b b

P
| —_— P - " - - — - P
Deam commissioning to high-energy

General schedule being reassessed, accounting for inner triplet
repairs and

their impadct on sector commissianing

achnical systems commissioned to 7 TeV operation, and
machine closed Apnl 2008

-- Beam commissioning starts May 2008

2 - 4 — - . Ta
llisions at 14 TeV c.m. July 2008

l
0
O
.
1
J
.
-
i
-
m
-1
T
0
-

56 bunches for reaching 1032 cm? s! by

| R—— -~ - . - - - - - -
{0 Drovision iIn success-oriented schedule for major misnaps, e.g.
additional warm-up/cooldown of sector
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Schedule

=__ General LHC Schedule

B Engineering run originally foreseen at end 2007 now preciuded by
deiays in installation and equipment commissioning.

450 GeV operation now part of normal setting up procedure for
c
beam commissioning to high-energy

m General schedule being reassessed, accounting for inner triplet
repairs and their impact on sector commissioning

-- All technical systems commissioned to 7 TeV operation, and
machine closed Aprnil 2008

-- Beam commissioning starts May 2008
-- First collisions at 14 TeV c.m. July 2008

-- Pilot run pushed to 156 bunches for reaching 1032 cm s! by
end 2008

B No provision in success
additional warm-up/cod

Pirsa: 07080012
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The “Machine”

Cool

1 sector=3.3 Km, 1534 dip
cooled-down in Feb 07.
e orosodid M@y COOI-down of all sé
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The “Machine”

Cool

Magnet temperature profile along sector 78 at 07:45 Jun 18

Temperature (K]

Pont 7 Mid Arc Pomnt 8

1 sector=3.3 Km, 154 dipoles. The first sector was
cooled-down in Feb 07.
resocnnfdMeEly cOol-down of all sectors determines the schedule.
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Schedule

|l HC General co-ordination schedule, EDMS 102509, 12 June 2007

Interconmection of He coohimnous cvostat _J{}iurn.; presage w5t $Comsoldanon

Leak testy of the last b secton | Flssbany
lomer Troplets repams & miercomnectons '.i{';u;.:uwn = . F
i v . =
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Commissioning stages

The steps toward the design luminosity:

» number of bunches and bunch intensity
» Crossing angle

» |less focusing at the collision point (larger 37)

Parcmeter Phase A Phase B Phase C Nemincl
k / no bunches 43-156 336 2808 2808
Sunch spacing (ns) 2021 -56¢ ¥ 25 Fip

N (10'" orotens) C 4-09 0409 C5 115
Crossing angle {urad) C 250 280 280
U(B*/B" Q) 2 "2 1 1

* (um, IR145)

L (em s D)

Pirsa: 07080012
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The “Machine”

Commissioning stages

The steps toward the design luminosity:
» number of bunches and bunch intensity
» crossing angle
» |less focusing at the collision point (larger 37)

Parameter Phase A Phase B Phase C Neminal
k / no bunches 43-156 336 2808 2808
Bunch spacing (ns) 2021 -566 Figo 25 25
N (1C*' orotons) C 4-09 J4-089 05 115
“rossing angle (jrac) 0 250 280 280
/B ) 2 . 1 1
c® (um, IR145) 32 22 16 16
L (em g 1) 6x10%-10% 10°2-104 (1-2p10°3 10

lf"'nn: i
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The “Machine”

High Energy Lines
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The Luminosity

Luminosity
e ””N;fff’e‘” ~ 10% cm~ s~ !, where

fev = €/27 km ~ 10* Hz and
A?ﬁf — 4?rcr§, the effective transverse area of the proton beam
with o, = 16 microns

«p > -

irsa: 07080012

Page 93/287

5]



The Luminosity

Luminosity
L= ”fN;fff’E“ ~ 10% cm™2%s~!, where

f.er = €/27 km ~ 10* Hz and
A?ﬁf = 4?rcr§. the effective transverse area of the proton beam
with o, = 16 microns

«p > -

irsa: 07080012
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The “"Machine”

The Luminosity

Luminosity
__ NN Ngfrey
L= Ae

feo = €/27 km ~ 10* Hz and

A" = 4ro2, the effective transverse area of the proton beam
with o, = 16 microns

cross section

total inelastic [non-diffractive] cross section 60 millibarns. [1
barn=10—2% cm?]

¢ long range inelastic strong interactions modelled by meson
exchange as in the original Yukawa theory [ back of the envelope
calculation, o = wrange” ] will give this answer as well!

=7 1
~ 10% cm%s~!. where

Pirsa: 07080012
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The “Machine”

The Luminosity

Luminosity
L= ”“NAT v . 1034 cm~2s~!, where

f.e = ¢/27 km ~ 10* Hz and

A" = 4no2, the effective transverse area of the proton beam
with o, = 16 microns

cross section

total inelastic [non-diffractive] cross section 60 millibarns. [1
barn=10—2% cm?]

¢ long range inelastic strong interactions modelled by meson
exchange as in the original Yukawa theory [ back of the envelope
calculation, o = wrange” ] will give this answer as well!

Pirsa: 07080012 Page 96/287 b"



The “Machine”
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The Luminosity

Luminosity

L= ”fN;gf’f’e‘” ~ 10% cm— 257!, where

f.ey = ¢/27 km ~ 10* Hz and
A?fﬁ = 4?rcr§. the effective transverse area of the proton beam
with o, = 16 microns

|

Page 97/287 @

Pirsa: 07080012



irsa: 07080012

2 »»
The “"Machine

B Bl ele] GlEle 8lilels S 0]E

The Luminosity

Luminosity
L= ”fwszf'e‘” ~ 10% cm~2%s~!, where

frey = €/27 km ~ 10* Hz and

A?ﬁf =3 4?rar§. the effective transverse area of the proton beam
with o, = 16 microns

collision rate

# of collisons per second= £ x o ~ 10° Hz

e detect, record and analyze this: a billion per second...

«p > -

r—]
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The “Machine”

The Luminosity

Luminosity
L = ”SN;Z‘,{? v, 1034 cm?s” !, where

frey = €/27 km ~ 10* Hz and

A¥" = 47 o2, the effective transverse area of the proton beam
with o, = 16 microns

collision rate

# of collisons per second= £ x o ~ 10° Hz

e detect, record and analyze this: a billion per second...

Pirsa: 07080012
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The “Machine”
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The Luminosity

Luminosity
L = ”’:N;ff v . 1034 cm s~ !, where

frey = €/27 km ~ 10* Hz and

Aem‘ 4-;—52 the effective transverse area of the proton beam
w1th o M 16 microns

collision rate

# of collisons per second= £ x o ~ 10° Hz

e detect, record and analyze this: a billion per second...

r—]
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The Luminosity

Luminosity
L= ”’“NAE., afev 1084 cm 25!, where

ey = C/27km 10* Hz and

A = 4~rcr , the effective transverse area of the proton beam
w1th o — 16 microns

bunch crossing rate

The rate that the 2808 proton bunches “cross” eachother at
each interaction region = 2808 ¢/27000~ 3 x 107 Hz

e each bunch crossing produces >20 proton-proton
scatterings! e bunch crossings every 25 ns; in 25 ns light
travels 7.5m, much less than the size of the detectors! No
electronic system can read the data fron: the entire detector

and decide to do anything S
about! Readout is interga ’ = l o "*l &




The “Machine”

The Luminosity

Luminosity
b= ”"NAT ey . 10%% cm~2s~!, where

for = C/27 km ~ 10* Hz and

A" = 4no2, the effective transverse area of the proton beam
with op, = 16 microns

bunch crossing rate

The rate that the 2808 proton bunches “cross” eachother at
each interaction region = 2808 ¢/27000~ 3 x 107 Hz

e each bunch crossing produces >20 proton-proton
scatterings! e bunch crossings every 25 ns; in 25 ns light
travels 7.5m, much less than the size of the detectors! No
electronic system can read the data from the entire detector
and decide to do anything with it before the next event comes

about! Readout is intergated over many bunch crossings! ——
Pirsa: 07080012 Page 102/287 ;ﬂ
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The Luminosity

Luminosity
L= UL‘NEE;?" v . 10%% cm—2s~!, where

frev = C/27km 10* Hz and

A = 4-rcr , the effective transverse area of the proton beam
w1th Gy — 16 microns

bunch crossing rate

The rate that the 2808 proton bunches “cross” eachother at
each interaction region = 2808 ¢/27000~ 3 x 107 Hz

e each bunch crossing produces >20 proton-proton
scatterings! e bunch crossings every 25 ns; in 25 ns light
travels 7.5m, much less than the size of the detectors! No
electronic system can read the data fron: the entire detector

and decide to do anything rt ev
n m&bout! Readout is interga * ’ ’# e lllb: 9 @
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The Luminosity

Luminosity
e ”’“NA":_ slev . 10%% cm 325!, where

frey = €/27 km ~ 10* Hz and

A = 4~rcrb. the effective transverse area of the proton beam

with oy — 16 microns

integrated luminosity

[ Lat = L; unitscm™2 or fo~'. One year is about = x 10”s. One
“collider running year” [or Snowmass year] is 1/ this. So the
integrated luminosity over a year at the LHC is 10*'cm—2 —
100 fo'. Compare with the total integrated luminosity of the
Tevatron after 10 years of running which is 2 fb—'!

e Caveat: Design luminosity at the LHC .=z 3 subject matter of

2010 | 1- "
o Experiments are preparifity m ’ 4 I, S Q &
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The Luminosity

g = ””N'“N,’“ v . 10%% cm— 325 , where

Luminosity
AET“
bay = €27 kiti ~

10* Hz and

AE’Icﬁc = 4~rcr§. the effective transverse area of the proton beam
with oy, — 16 microns
the harvest [example]

process cross section in fb
pair of 500 GeV jets 10,000

SUSY with 1 TeV superpartners 3,000

light Higgs 2,500

heavy Higgs 1,000

3 TeV Z! 2

e N.B. this is before taking

“gfficiencies

e 11 >
* * | T l 6 Page 105/287 @



The “Machine”

The Luminosity

Luminosity
= ”:Nﬁf”“ ~ 10% cm~2s~!, where

fe, = €/27 km ~ 10* Hz and

A" = 4no2, the effective transverse area of the proton beam
with o, = 16 microns

the harvest [example]

process cross section in fb
pair of 500 GeV jets 10,000

SUSY with 1 TeV superpartners 3,000

light Higgs 2,500

heavy Higgs 1,000

3TeVZ 2

e N.B. this is before taking account the trigger, detector etc

irsa: 0708001

efficiencies
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The Luminosity

Luminosity
L = ”L‘N;g:’f‘?‘” 1034 cm~%s~!, where

frew = €/27 km ~ 10* Hz and

Ae"ﬁ — 4~rcr§. the effective transverse area of the proton beam
with oy, — 16 microns

the harvest [example]

process cross section in fb
pair of 500 GeV jets 10,000

SUSY with 1 TeV superpartners 3,000

light Higgs 2,500

heavy Higgs 1,000

3TeVZ 2

e N.B. this is before taking
“efficiencies
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The “Machine

More Info Than We Need to Know?

10-15 PB/year

» One reason for going into the LHC “arithmetics” is that
each of the two general purpose detectors with an data
event size of ~1 MB/event are exposed to income raw data
rates of 100 TB/s (10° Hz, 1MB/event..).

» after selecting 100-200Hz of data to keep they will produce
10-15 PB per year (1PB=10""Bytes)

« And only 5 events out of every billion is e.g. a light Higgs
event!

«p > -

irsa: 07080012
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The “"Machine”

More Info Than We Need to Know?

10-15 PB/year

» One reason for going into the LHC “arithmetics” is that
each of the two general purpose detectors with an data
event size of ~1 MB/event are exposed to income raw data
rates of 100 TB/s (10° Hz, 1MB/event..).

» after selecting 100-200Hz of gata to keep they will produce
10-15 PB per year (1PB=10"Bytes)

e And only 5 events out of every billion is e.g. a light Higgs
event!

i S
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The "Machine”
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More Info Than We Need to Know?

10-15 PB/year

» One reason for going into the LHC “arithmetics” is that
each of the two general purpose detectors with an data
event size of ~1 MB/event are exposed to income raw data
rates of 100 TB/s (10° Hz, 1MB/event..).

» after selecting 100-200Hz of data to keep they will produce
10-15 PB per year (1PB=10""Bytes)

 And only 5 events out of every billion is e.g. a light Higgs
event! :

«p > -
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A lot of data

High-Rate
Level-1Trigger (1 MHz)

High No. Channels
High Bandwidth

Layel-1 . LHCB { 500 Gbluﬁ}
Hate (Hz)
ATLAS
i cMS
' CDF 1
KLOE DO (1)
10 @—-._ HERAB High Data
. Archive
- PetaByte
@ cor ALICE . yte)
10 : H1 . ._'
1 ZEUS

i

Pirsa: 07080012 7
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The “Machine”
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The Answer is the Trigger/DAQ Architecture

» The triggers pipeline the data coming out of the detector
subsystems (to buy a little time), then decide quickly which
events are sufficiently interesting to pass along to the next layer
of filtering.

» There are enough layers of triggers to reduce the original 40
MHz event rate down to 100-200 Hz of interesting events, which
are then permanently “written to tape” for later analysis (analysis
“offline”)

» 3 good trigger Is a fast trigger that keeps all the interesting
events and is reprogrammable to respond to detector
understanding and possible change of the physics targets

«p > -

f
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The “Machine”

The Answer is the Trigger/DAQ Architecture

» The triggers pipeline the data coming out of the detector
subsystems (to buy a little time), then decide quickly which
events are sufficiently interesting to pass along to the next layer
of filtering.

» There are enough layers of triggers to reduce the original 40
MHz event rate down to 100-200 Hz of interesting events, which
are then permanently “written to tape” for later analysis (analysis
“offline”)

* a good trigger is a fast trigger that keeps all the interesting
events and is reprogrammable to respond to detector
understanding and possible change of the physics targets

| :ﬂ';
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The “Machine”
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The Answer is the Trigger/DAQ Architecture

» The triggers pipeline the data coming out of the detector
subsystems (to buy a little time), then decide quickly which
events are sufficiently interesting to pass along to the next layer
of filtering.

» There are enough layers of triggers to reduce the original 40
MHz event rate down to 100-200 Hz of interesting events, which
are then permanently “written to tape” for later analysis (analysis
“offline”)

a good trigger is a fast trigger that keeps all the interesting
events and is reprogrammable to respond to detector

understanding and possible change of the physics targets

Nota Bene

e events that do not pass the
heavy charged slow particle
wez@ Jevatron the L1 atthe L

trinnarce
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The Answer is the Trigger/DAQ Architecture

» The triggers pipeline the data coming out of the detector
subsystems (to buy a little time), then decide quickly which

events are sufficiently interesting to pass along to the next layer
of filtering.

» There are enough layers of triggers to reduce the original 40
MHz event rate down to 100-200 Hz of interesting events, which

are then permanently “written to tape” for later analysis (analysis
“offline”)

» a good trigger Is a fast trigger that keeps all the interesting
events and is reprogrammable to respond to detector
understanding and possible change of the physics targets

Nota Bene
e events that do not pass thg
heavy charged slow particle

= oosb3® Tevatron the L1 at the L
trinoeare
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The “"Machine”

The Answer is the Trigger/DAQ Architecture

» The triggers pipeline the data coming out of the detector
subsystems (to buy a little time), then decide quickly which
events are sufficiently interesting to pass along to the next layer
of filtering.

» There are enough layers of triggers to reduce the original 40
MHz event rate down to 100-200 Hz of interesting events, which
are then permanently “written to tape” for later analysis (analysis
“offline”)

* 3 good trigger Is a fast trigger that keeps all the interesting
events and is reprogrammable to respond to detector

understanding and possible change of the physics targets

Nota Bene
e events that do not pass the trigger are rejected; so for example
heavy charged slow particles can be missed in the trigger;e Unlike

= omifi€@ Tevatron the L1 at the LHC is all based on calorimetry and muGg sses: @
trinneare
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The Answer is the Trigger/DAQ Architecture

» The triggers pipeline the data coming out of the detector
subsystems (to buy a little time), then decide quickly which
events are sufficiently interesting to pass along to the next layer
of filtering.

» There are enough layers of triggers to reduce the original 40
MHz event rate down to 100-200 Hz of interesting events, which
are then permanently “written to tape” for later analysis (analysis
“offline”)

a good trigger is a fast trigger that keeps all the interesting
events and is reprogrammable to respond to detector
understanding and possible change of the physics targets

Nota Bene

e events that do not pass thg
heavy charged slow particle
3@ levatron the L1 atthe L
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The “Machine”

Example

The Answer is the Trigger/DAQ Architecture

CMS Trniggers and DAQ

irsa: 07080012
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Example

The Answer is the Trigger/DAQ Architecture

CMS Trniggers and DAQ

irsa: 07080012
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Example

The Answer is the Trigger/DAQ Architecture

CMS Trniggers and DAQ

irsa: 07080012
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The “Machine”

And the Grid

The vast ammount of data cannot be stored at any one single
place

the Grid architecture with the distributed analysis model is a
nhuge global enterprise.

The data from the LHC experiments will be distributed around
the globe, according to a four -tiered model. A primary backup
will be recorded on tape at CERN, the “Tier-0" centre of LCG.
After initial processing, this data will be distributed to a series of
“Tier-1" centres, large computer centres with sufficient storage
capacity for a large fraction of the data, and with round-the-clock
support for the Grid.

The “Tier-1" centres will make data available to Tier-2 centres,

each consisting of one or several collaborating computmg

facilities. Individual scie S win aCCess inese iad ='lelg
“Tier-3" computing res¢ a ers

in a University Depart rage 120207 O]
may be allocated to L
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The "Machine”

And the Grid

The vast ammount of data cannot be stored at any one single
place

the Grid architecture with the distributed analysis model is a
nuge global enterprise.

The data from the LHC experiments will be distributed around
the globe, according to a four -tiered model. A primary backup
will be recorded on tape at CERN, the “Tier-0” centre of LCG.
After initial processing, this data will be distributed to a series of
“Tier-1" centres, large computer centres with sufficient storage
capacity for a large fraction of the data, and with round-the-clock
support for the Grid.

The “Tier-1" centres will make data available to Tier-2 centres,

each consisting of one or several collaborating computing

facilities. Individual scientists will access these facilities through
“Tier-3” computing resources, which can consist of local clusters

in a University Department or even individual PCs, and which,__,,,.... a
may be allocated to LCG on a reqgular basis.
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The “Machine”

And the Grid

The vast ammount of data cannot be stored at any one single
place

the Grid architecture with the distributed analysis model is a
nhuge global enterprise.

The data from the LHC experiments will be distributed around
the globe, according to a four -tiered model. A primary backup
will be recorded on tape at CERN, the “Tier-0” centre of LCG.
After initial processing, this data will be distributed to a series of
“Tier-1" centres, large computer centres with sufficient storage
capacity for a large fraction of the data, and with round-the-clock
support for the Grid.

The “Tier-1" centres will make data available to Tier-2 centres,

each consisting of one or several collaborating computing

facilities. Individual scientists will access these facilities through
“Tier-3” computing resources, which can consist of local clusters

in a University Department or even individual PCs, and which,__,,..... ’5’]
may be allocated to LCG on a regular basis. -



Pi

IIIII

: 07080012

The “Machine”

And the Grid

The vast ammount of data cannot be stored at any one single
place

the Grid architecture with the distributed analysis model is a
nhuge global enterprise.

The data from the LHC experiments will be distributed around
the globe, according to a four -tiered model. A primary backup
will be recorded on tape at CERN, the “Tier-0" centre of LCG.
After initial processing, this data will be distributed to a series of
“Tier-1" centres, large computer centres with sufficient storage
capacity for a large fraction of the data, and with round-the-clock
support for the Grid.

The “Tier-1" centres will make data available to Tier-2 centres,
each consisting of one or several collaborating computmg
facilities. Individual scicHitiSiSswithateesSSHineSSHas '9lelg

“Tier-3” computing res a ers
in a University Depart roge 120257 (D))
may be allocated to L




The “Machine”

The GRID

e monitoring >40,000 computerss' mmmm

countries. ¥ —
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The “Machine”

The GRID

e monitoring >40,000 computers, 120 computing centers, 40
countries. —
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A lot of data: Impact on Detector Design

« The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

* The detector subsystems must have fast repsonse [20-50
ns| — very challenging readout electronics

» The segmentation should be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring bunch crossing —
very large number of readout channels and high cost

e the detectors must be highly resis.wiii to lethal radiation
dose —special m

)
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The “Machine”

A lot of data: Impact on Detector Design

« The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

» The detector subsystems must have fast repsonse [20-50
ns] — very challenging readout electronics

» The segmentation should be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring bunch crossing —
very large number of readout channels and high cost

o the detectors must be highly resistent to lethal radiation
dose —special materials, tight quality control

lf" :“
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A lot of data: Impact on Detector Design

» The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

» The detector subsystems must have fast repsonse [20-50
ns| — very challenging readout electronics

» The segmentation should be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring bunch crossing —
very large number of readout channels and high cost

* the detectors must be highly resistent to lethal radiation

dose —special m ontrol
«p > -0
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The “Machine”

A lot of data: Impact on Detector Design

« The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

» The detector subsystems must have fast repsonse [20-50
ns| — very challenging readout electronics

» The segmentation should be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring bunch crossing —
very large number of readout channels and high cost

» the detectors must be highly resistent to lethal radiation
dose —special materials, tight quality control
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A lot of data: Impact on Detector Design

« The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

* The detector subsystems must have fast repsonse [20-50
ns| — very challenging readout electronics

» The segmentation shotild be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring bunch crossing —
very large number of readout channels and high cost

» the detectors must be highly resistent to lethal radiation

dose —special m ontrol
«p > - O
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The “Machine”

A lot of data: Impact on Detector Design

» The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

» The detector subsystems must have fast repsonse [20-50
ns] — very challenging readout electronics

» The segmentation should be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring bunch crossing —
very large number of readout channels and high cost

» the detectors must be highly resistent to lethal radiation
dose —special materials, tight quality control
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The “Machine”

OO OMIOD

A lot of data: Impact on Detector Design

» The large luminosity of the LHC is required such that we
get a chance to capture the data from smaller than the
standard model cross section processes.

» Even before we go the two general puprose detectors, we
can see the impact on the detector design:

* The detector subsystems must have fast repsonse [20-50
ns| — very challenging readout electronics

» The segmentation should be fine to minimize the chance of
overalap of say a photon from the Higgs event with a photon
from a min-bias event from a neighboring Bunch crossing —
very large numbper of readout channels and high cost

» the detectors must be highly resistent to lethal radiation

dose —special m ontrol
«p > - O
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The "Machine”
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Impact on event content

We saw that each recorded “event” consists of >20
different 14 TeV collisions

most of them have large impact parameter and produce
relatively low momentum particles in the final state; we call
them “minimum bias” collisions and they involve
nonperturbative QCD — to understand them we have to
model them from the actual LHC data!

although min-bias are “soft” at the LHC a typical event will
contain more than 1 TeV of “soft” energy from min-bias
collisions (cf the most energetic hard scattering was a 1.36
TeV collision at the Tevatron)

we refer to as “pile-u Dias NS
over many bunch cras& o ’ e v
y 'U‘ Page 134/287 >
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The “"Machine”

Impact on event content

We saw that each recorded “event” consists of >20
different 14 TeV collisions

most of them have large impact parameter and produce
relatively low momentum particles in the final state; we call
them "minimum bias” collisions and they involve
nonperturbative QCD — to understand them we have to
model them from the actual LHC data!

although min-bias are “soft” at the LHC a typical event will
contain more than 1 TeV of “soft” energy from min-bias
collisions (cf the most energetic hard scattering was a 1.36
TeV collision at the Tevatron)

we refer to as “pile-up” the integrated min-bias interactions

over many bunch crossings -
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The "Machine”
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Impact on event content

We saw that each recorded “event” consists of >20
different 14 TeV collisions

most of them have large impact parameter and produce
relatively low momentum particles in the final state; we call
them “minimum bias” collisions and they involve
nonperturbative QCD — to understand them we have to
model them from the actual LHC data!

although min-bias are “soft” at the LHC a typical event will
contain more than 1 TeV of “soft” energy from min-bias
collisions (cf the most energetic hard scattering was a 1.36
TeV collision at the Tevatron)

we refer to as “pile-u Dias NS
over many bunch cros& o ’ = (%]
y : 'D" Page 136/287 ‘"
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The “Machine”

Visual Impression
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Status of the LHC Experiments

Outline

Status of the LHC Experiments
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Status of the LHC Experiments

Status of ATLAS and CMS

w!'

m“‘" |

 LHCb and ALICE are on track
» here highlights from CMS and

Pi

'J"’
Page 149/287 \ i ]



Status of the LHC Experiments

CMS: Compact Muon Solenoid detector at LHC

n<3 <5
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Status of the LHC Experiments

CMS: Compact Muon Solenoid detector at LHC
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Status of the LHC Experiments

CMS: Compact Muon Solenoid detector at LHC

-
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Status of the LHC Experiments

CMS: Compact Muon Solenoid detector at LHC
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coiL e HCAL

< Trehia

Ak T

RON YOKE
g MUON
ot ek ENDCAP
e MUON BARREL DCAPS
Vgt -_'” § i T e il P oo SHng (Mg ¥
: DY PLETID HIPY ity sl | Pummteers P

P

Pirsa: 07080012 Page 153/287 i



Status of the LHC Experiments

ATLAS: A Toroidal LHC AparratuS

eTracking Si pixels and strips; Transition Radiation Detector
reoszalorimetry EM : Pb-LAr with Accordion shape, HAD: Fe/scintillatwgelsm@

i NALL Ar s abMMiimarm OQraacstrarmatsr © aircsere teasrmside ot )mmo s,
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weight (tons)

Status of the LHC Experiments

ATLAS CMS
7,000 12,500

diameter (m) 22
length (m) 46 20
magnetic field for tracking (T) 2
solid angle coverage An x Ao 27x5.0 27x5.0
cost in M CHF 550 550
Object Weight (tons)
Boeing 747 [fully loaded] 200
Endeavor space shuttle 368
ATLAS 7,000
Eiffel Tower 7,300
USS John McCain 8,300

CMS

12.500
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Status of the LHC Experiments

ATLAS CMS

weight (tons) 7,000 12,500
diameter (m) 22 15
length (m) 46 20
magnetic field for tracking (T) 2 4
solid angle coverage An x Ao 27x5.0 27x5.0
cost in M CHF b0 550

Object Weight (tons)

Boeing 747 [fully loaded] 200

Endeavor space shuttle 368

ATLAS 7.000

Eiffel Tower 7,300

USS John McCain 8,300 pege 5257 @)

CMS 12 500 =



Number of
Laboratores |

Mempber States 81
Non-Member Stateg 64
USA 49
Tota T4

Nr ot Scientitig
Authors
Memper States 1055
Norn-Member Stated 428

USA | 54

Assocated Institutes
Number of Scentists 6
Number of Laboratoneg 8

Pirsa: 07080012

Status of the LHC Experiments

o Seientific Authors
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Member States

Nor-Member Stateq

Uusa

Lad

Member States 39

Nor-Member Statey {28

USA

Number of Scientists

Number of Laboratones

Pirsa: 07080012

Status of the LHC Experiments

2030 Scientific Authors
38 Countries
174 Institutions

l.f'
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Status of the LHC Experiments

ATLAS in cavern-2005

P
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Status of the LHC Experiments

ATLAS EndCap Calorimeter

eOne end-cap calorimete
e o3 SIdE S@Me cryostat, sur

Tila~raly RhaimAa moevnvradd 1imeida thea Rarral fAarm A
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Status of the LHC Experiments

ATLAS EndCap Calorimeter

e e L

e¢One end-cap calorimeter (LAr EM, LAr HAD, LAr Forward
w=otnSide same cryostat, surrounded by HAD Fe/Scintillator e @

Tila~raly RhaimAa menrard meida thea lRarral fAarm A



Status of the LHC Experiments

CMS surface assembly

W
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Status of the LHC Experiments

CMS surface assembly

P
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Status of the LHC Experiments

CMS superconductlng solenmd

e Magnet length 12.5 m; Diameter
6 m; Magnetic field 4 T; Nominal
current 20 kA; Stored energy 2.7
GJ! ; the most energetic magnet
ever built+you can drive a truck into

0708I)t}2-



Status of the LHC Experiments

CMS surface configurations for the Magnet and
Cosmic Slice Test

A " - ] | - v 3 - i
: Iz ]
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Status of the LHC Experiments

CMS ECAL

crystal delivery from Russia and China is ongoing and foreseen
to end in March 2008. First endcap Dee will be ready for
insertion end of Feb. 2008. Construction of second endcap will
be finished by early summer 2008.

—
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Status of the LHC Experiments

CMS continues detailed tests of Gravity

- -:
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Status of the LHC Experiments

CMS continues detailed tests of Gravity

V=T
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Status of the LHC Experiments

CMS continues detailed tests of Gravity
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Status of the LHC Experiments

CMS at the pit now
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Status of the LHC Experiments

CMS at the pit now
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Status of the LHC Experiments

CMS at the pit now
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Status of the LHC Experiments

Silicon (pixels (L), SST (R))

P
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Status of the LHC Experiments

alignment goal: 30 1 04.08
ST istallation: starting

ST cosmic commissioning:
(M) recorded cosmic events

ixel installation: <summer 08

£ —
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Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
integration in preparation for data in summery 2008.

irsa: 07080012

May 07 and few days commissioning/global runs/
every end of month cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

++ install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 :

3]
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Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
Integration in preparation for data in summery 2008.

irsa: 07080012

May 07 and few days
every end of month

commissioning/global runs/
cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

++ install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 14 TeV physics run

I -
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Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
integration in preparation for data in summery 2008.

irsa: 07080012

May 07 and few days commissioning/global runs/
every end of month cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

o _ install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 |

'l""
Page 178/287 ii']



Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
integration in preparation for data in summery 2008.
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May 07 and few days
every end of month

commissioning/global runs/
cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

++ install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 14 TeV physics run
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Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
Integration in preparation for data in summery 2008.
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May 07 and few days commissioning/global runs/
every end of month cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

o install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 |

r
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Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
integration in preparation for data in summery 2008.
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May 07 and few days
every end of month

commissioning/global runs/
cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

++ install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 14 TeV physics run

IJ"T-.
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Status of the LHC Experiments

Schedule

Both experiments are in status of commissioning and
iIntegration in preparation for data in summery 2008.
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May 07 and few days commissioning/global runs/
every end of month cosmics/test data

Sep. 07 CSAQ7

Oct-Dec 07 cosmics/integration

Feb 08 beam pipe close

-k install pixels/ECAL EE (one)
Mar 08 cosmics/integration

Apr 08 close CMS for 14 TeV run
Jun 08 s
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Status of the LHC Experiments

big and challenging

* high energy

=
-

“
"l
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Status of the LHC Experiments

big and challenging

high energy

" -'5:- .

» high luminosity

1k

high data rates (trigger.
GRID)

...not a walk in the park s f_ﬁ‘
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Status of the LHC Experiments

Detector Concept

The detectors designed to identify most of the very energetic
particles emerging from the proton-proton collisions, and to
measure as efficiently and precisely as feasible their trajectories
and momenta.

The interesting particles are produced over a wide range of
energies (from a few hundred MeV to a few TeV) and over the
full solid angle. They therefore need to be detected down to
small polar angles (#) with respect to the incoming beams (a
fraction of a degree corresponding to pseudorapidities n up to 5,
where n = —logltan(6/2)].

No detectable particle should escape unseen.

The design is “cylindrical onion”

=
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Status of the LHC Experiments

The homework assigement is then...

Why ATLAS and CMS are so differently designed?

P+ -

irsa: 07080012
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Status of the LHC Experiments

you can say they are “dual”

Clue1: Benchmark design requirement

Measure the momentum of 1 TeV muon to no worse than 10%
precision

' A
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Status of the LHC Experiments

you can say they are “dual”

Clue1: Benchmark design requirement

Measure the momentum of 1 TeV muon to no worse than 10%
precision

Clue2: Benchmark design requirement has at least 2
solutions!

| @
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Status of the LHC Experiments

Homework
Ap 1

Because . ~ ;5 ; where B is the magnetic field strength and L
IS the distance over which the bending of the muon takes place.

I T T T
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Status of the LHC Experiments

Homework

Because lf ~ 5,2 Where B is the magnetic field strength and L
IS the distance over which the bending of the muon takes place.

| A
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Status of the LHC Experiments

Physics objects

jets (calorimetry/tracking)

missing Er (calorimtery)

electrons/photons (calorimetry/tracking)

muons (tracking, muon chambers)

hadronic taus (narrow jets)

b's (jets with secondary vertex)

top, W, Z (as reconstruction/calibration examples)

«-p s+ -
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Status of the LHC Experiments

Physics objects

jets (calorimetry/tracking)

missing Er (calorimtery)

electrons/photons (calorimetry/tracking)

muons (tracking, muon chambers)

hadronic taus (narrow |ets)

b's (jets with secondary vertex)

top, W, Z (as reconstruction/calibration examples)

i:’"ﬂ! 1
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Status of the LHC Experiments

Physics objects

jets (calorimetry/tracking)

missing Er (calorimtery)

electrons/photons (calorimetry/tracking)

muons (tracking, muon chambers)

hadronic taus (narrow |ets)

b's (jets with secondary vertex)

top, W, Z (as reconstruction/calibration examples)

'f.... |
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Status of the LHC Experiments

Physics objects

jets (calorimetry/tracking)

missing Er (calorimtery)

electrons/photons (calorimetry/tracking)

muons (tracking, muon chambers)

hadronic taus (narrow jets)

b's (jets with secondary vertex)

top, W, Z (as reconstruction/calibration examples)

«p 3+ 0O
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Status of the LHC Experiments

Physics Objects @14 TeV

jets from a highly boosted top are on top of each-other

44% of the energy of a Pr=35 GeV electron in the barrel is
lost in brems (algorithms to recover ok)

TeV muons shower and brem too

material before calorimetry in ATLAS and CMS ~dark
matter of the universe (interactions with matter complicate
reconstruction)

b3 -
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Status of the LHC Experiments

Physics Objects @14 TeV

jets from a highly boosted top are on top of each-other

44% of the energy of a Pr=35 GeV electron in the barrel is
lost in brems (algorithms to recover ok)

TeV muons shower and brem too

material before calorimetry in ATLAS and CMS ~dark

matter of the universe (interactions with matter complicate
reconstruction)

=
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Status of the LHC Experiments

Physics Objects @14 TeV

jets from a highly boosted top are on top of each-other

44% of the energy of a Pr=35 GeV electron in the barrel is
lost in brems (algorithms to recover ok)

TeV muons shower and brem too

material before calorimetry in ATLAS and CMS ~dark
matter of the universe (interactions with matter complicate
reconstruction)

«p > -
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Status of the LHC Experiments

Coordinates and solid angle segmentation (7, o)

e The origin x = y = z = 0 is at the nominal collision point in the
geometrical center of the detector

* The z direction is the direction of the proton beam; the detector
solid angle segmentation is designed to be invariant under boost
along the z—direction. o is the azimuthal angle about the z—axis

n (pseudorapidity) is related to the polar angle # by the relation:

qE—!ﬂtang (1)

e The pseudorapidity, n,is equivalent to the rapidity, of a particle in
the limit of p >> m. where p is the momentum of the particle
and m its mass. The rapidity Y, is defined by

(2)

r—]
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Status of the LHC Experiments

Coordinates and solid angle segmentation (n, o)

e The origin x = y = z = 0 is at the nominal collision point in the
geometrical center of the detector

» The z direction is the direction of the proton beam; the detector
solid angle segmentation is designed to be invariant under boost
along the z—direction. o is the azimuthal angle about the z—axis
n (pseudorapidity) is related to the polar angle # by the relation:

nz—lntang (1)

» The pseudorapidity, n.is equivalent to the rapidity, of a particle in
the limit of p >> m, where p is the momentum of the particle
and m its mass. The rapidity Y, is defined by

1 E_pz

Y=, (2)

lf’ :Ii
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Status of the LHC Experiments

If Y is expanded interms of n and o = m/Pr7)

1 \‘."'c::*nsh2 n+ a? +sinhnp

Y = = In(

N |

\,."'{ct':ish2 n+ a? —sinhn
ey = _5(]:‘2 taﬂh T? il i O(G’-a) H(S)

» The rapidity Y of a particle transform linearly under a boost,
Y — Y + constant. Taking the derivative shows that
segmentation in rapidity is Lorentz invariant, dY — dY. The
rapidity is a function of the particle’s mass and polar angle and is
not used to define the angular segmentation. Pseudorapidity
depends only on the polar angle and is approximately Lorentz
invariant under z— boosts for high P+ particles. It is used to
define angular segmentation.Being transverse to the z—direction
the o Is also invariant under z-boosts and is the orthogonal solid
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Status of the LHC Experiments

Jets

 Hadronic jets: final state of outgoing partons (subject to

fragmentation) in a a hard scattering
Jet reconstruction algorithms: Clumping “clusters” of final
state particles (towers, hadrons, tracks) into “jets” so that
their kinematic properties (momenta) are related to the
original parton
Jet measurements: tests of QCD, mass reconstruction,
search for new physics: (test of QCD predictions[PDFs
x-section ‘jet constituent’) is deposited by a massless
particle striking the tower center and by summing the
4-momenta of all the towers(i) that by clustering construct
the jet: .

E = Z(Efem L E{had)

px — Z(Efem sin 9:5:’"? i E;‘TEG’ sin BFEG) cos O, Page 201/287 Uﬂ
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Status of the LHC Experiments

Jets

 Hadronic jets: final state of outgoing partons (subject to

fragmentation) in a a hard scattering

Jet reconstruction algorithms: Clumping “clusters” of final
state particles (towers, hadrons, tracks) into “jets” so that
their kinematic properties (momenta) are related to the
original parton

Jet measurements: tests of QCD, mass reconstruction,
search for new physics: (test of QCD predictions[PDFs
x-section ‘jet constituent’) is deposited by a massless
particle striking the tower center and by summing the
4-momenta of all the towers(i) that by clustering construct
the jet: .

E = Z (E,‘Em ry E{had)

/

Px = Y (EFMsinf™ + EM*sing2%) cos o;  rweme (]
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Status of the LHC Experiments

Jets

¢ Hadronic jets: final state of outgoing partons (subject to
fragmentation) in a a hard scattering

» Jet reconstruction algorithms: Clumping “clusters” of final
state particles (towers, hadrons, tracks) into “jets” so that
their kinematic properties (momenta) are related to the
original parton

» Jet measurements: tests of QCD, mass reconstruction,

search for new physics: (test of QCD predictions[PDFs
X-section ‘jet constituent’) is deposited by a massless
particle striking the tower center and by summing the
4-momenta of all the towers(i) that by clustering construct

the jet: .
£ ) (Eime

px:z:(

had

'1"' EI
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Status of the LHC Experiments

Jets

 Hadronic jets: final state of outgoing partons (subject to

fragmentation) in a a hard scattering

Jet reconstruction algorithms: Clumping “clusters” of final
state particles (towers, hadrons, tracks) into “jets” so that
their kinematic properties (momenta) are related to the
original parton

Jet measurements: tests of QCD, mass reconstruction,
search for new physics: (test of QCD predictions[PDFs
x-section ‘jet constituent’) is deposited by a massless
particle striking the tower center and by summing the
4-momenta of all the towers(i) that by clustering construct
the jet: .

E = Z(Em ; had

Px

1
N

'4."' :I
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Status of the LHC Experiments

Jets: Assignment

Show that jets are approximately circular in no

.-
* ’ * ’D" 9 Page 205/287 @
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Status of the LHC Experiments

Jets Algorithms: Requirements

Detector Independence: There should be no dependence

on cell type, numbers, or size.

Theoretically Well Behaved: |IR/Collinear Safe, no ad-hoc
clustering parameters. [IR safety: soft radiation between

two jets may cause a merging when above seed threshold.
Collinear safety: jet not reconstructed if the seed energy is
below threshold being split among several detector towers;
number of jets depending on seed E+ ordering]

Order Independence: Equivalence at the parton, particle,

and detector levels.

Fully Specified: Energy, angles, and underlying event

should be clearly and completely defined. If necessary,
pre-clustering, merging, and splitting algorithms must be
completely described. -
Boost Invariant. page z0nzar |9 |



Status of the LHC Experiments

missing transverse energy (£7)

Neutrinos do not interact in the detector. From transverse momentum
conservation, the presence of undetected neutrinos results in
transverse energy imbalance in the detector which is proportional to
the neutrino momentum and it is called missing E7 or £+ or MET or
P+mss [Since the longitudinal component of the colliding partons
momentum is unknown, only the transverse component of the
neutrino momentum is measured.]
The raw £, is defined as the negative vector sum of the transverse
energy In the calorimeter: At the online level, EZ Is the vector sum of
all calorimeter towers, both electromagnetic and hadronic, and is
defined as

Er= ) (Esin6)d, (5)

[owers
where E; is the energy of the ith tower, and n; is a transverse unit
vector pointing to the center of each tower. 4, is the polar angle of the

o€ POINtING from z = 0 to the ith tower. The sum extends t0 1y <e someer @



The LHC Physics Besides the

Outline

The LHC Physics Besides the Standard Model
SUSY@LHC program of work
ATLAS+CMS SUSY search Highlights

-p = -
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The LHC Physics Besides the

“Let me stress that | do not believe that the standard theory will
long survive as a correct and complete picture of physics”
Shelly Glashow, Stockholm 1979

__ .-
* ’ » ’D‘ e Page 209/287 @
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The LHC Physics Besides the

‘Let me stress that | do not believe that the standard theory will
long survive as a correct and complete picture of physics”
Shelly Glashow, Stockholm 1979
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The LHC Physics Besides the

Top 2 Experimental Manifestations of New
Physical Mechanisms (the known unknowns)

e the W and Z boson measured masses
o the dark matter

The expectation is then that the LHC will discover a new
sector of particles associated with electroweak symmetry
breaking and dark matter: —

Look for SUSY or “SUSY-mutation” in multijets+missing energy
final state and 1xx GeV WIMP/neutralino dark matter
candidate(s).

l.f'
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The LHC Physics Besides the

Top 1 Current Experimental Hint for Low Mass
SUSY

m:=171.4 GeV and going down (currently 170.9)

)b+ O

13/287 @
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Top 1 Current Experimental Hint for Low Mass
SuUSY

m:=171.4 GeV and going down (currently 170.9)
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The LHC Physics Besides the

Top 1 Current Experimental Hint for Low Mass
SUSY

m:=171.4 GeV and going down (currently 170.9)

«p > -
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The LHC Physics Besides the

| will skip new signals from strings

l.e. Z-primes because they are easy to be discovered fast if
they are 1 TeV heavy

i Innmity |1fs |
] (5]
(&

oL
™
£

1 2 2 1 3 L
-p > - D
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The LHC Physics Besides the

| will skip new signals from strings

.e. Z-primes because they are easy to be discovered fast if
they are 1 TeV heavy

1y

:.J".‘ i
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The LHC Physics Besides the

| will skip new signals from strings

l.e. Z-primes because they are easy to be discovered fast if
they are 1 TeV heavy
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The LHC Physics Besides the

| will skip new signals from strings

.e. Z-primes because they are easy to be discovered fast if
they are 1 TeV heavy

iy |1y
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The LHC Physics Besides the

| will skip new signals from strings

..e. Z-primes because they are easy to be discovered fast if
they are 1 TeV heavy
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The LHC Physics Besides the
L Toleda

ATLAS/CMS program of work

ATLAS CSC SUSY Notes

SUSY1 : Data-driven Estimation of Z/W backgrounds to SUSY
SUSYZ2 : Data-driven Estimation of top Backgrounds to SUSY
SUSY3 : Data-driven Estimation of QCD Backgrounds to SUSY
SUSY4 : Estimation of Heavy Flavor backgrounds and
associated systematic

SUSY5 : Searches and inclusive studies for SUSY events
SUSY®6 : Exclusive measurements for SUSY events

SUSY7 : Gaugino direct productions

SUSYS8 : Studies for Gauge mediated SUSY

ATLAS CSC Exotics Notes

Pirsa; 07080012 ®

Black Holes
Dibosons
Lepton+jets
Dileptons

Leptons+ Etmiss

«p > -

]
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The LHC Physics Besides the
gt

ATLAS/CMS program of work

ATLAS CSC SUSY Notes

SUSY1 : Data-driven Estimation of Z/W backgrounds to SUSY
SUSY2 : Data-driven Estimation of top Backgrounds to SUSY
SUSY3 : Data-driven Estimation of QCD Backgrounds to SUSY
SUSY4 : Estimation of Heavy Flavor backgrounds and
associated systematic

e SUSYS5 : Searches and inclusive studies for SUSY events

» SUSY6 : Exclusive measurements for SUSY events

» SUSY7 : Gaugino direct productions

o SUSYS8 : Studies for Gauge mediated SUSY

ATLAS CSC Exotics Notes
e Black Holes
e Dibosons
» | epton+jets
» Dileptons
Pirsa: 07080012 » LEDTO”S+ Etmlss Page 222/287 ﬂ



C Toled

ATLAS/CMS program of work

ATLAS CSC SUSY Notes

SUSY1 : Data-driven Estimation of Z/W backgrounds to SUSY
SUSYZ2 : Data-driven Estimation of top Backgrounds to SUSY
SUSY3 : Data-driven Estimation of QCD Backgrounds to SUSY
SUSY4 : Estimation of Heavy Flavor backgrounds and
associated systematic

o SUSYS5 : Searches and inclusive studies for SUSY events

» SUSY6 : Exclusive measurements for SUSY events

o« SUSY7 : Gaugino direct productions

e SUSY8 : Studies for Gauge mediated SUSY

ATLAS CSC Exotics Notes
» Black Holes
* Dibosons
» Lepton+jets
» Dileptons
rrsorocoz @ LEPtONS+ Etmiss

«p > -
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The LHC Physics Besides the
e

ATLAS/CMS program of work

ATLAS CSC SUSY Notes

SUSY1 : Data-driven Estimation of Z/W backgrounds to SUSY
SUSY2 : Data-driven Estimation of top Backgrounds to SUSY
SUSY3 : Data-driven Estimation of QCD Backgrounds to SUSY
SUSY4 : Estimation of Heavy Flavor backgrounds and
associated systematic

e SUSYS5 : Searches and inclusive studies for SUSY events

» SUSY6 : Exclusive measurements for SUSY events

» SUSY7 : Gaugino direct productions

o SUSYS8 : Studies for Gauge mediated SUSY

ATLAS CSC Exotics Notes
e Black Holes
e Dibosons
» | epton+jets
» Dileptons
Pirsa: 07080012 ® LeptOﬂS+ Etm|55 Page 224/287 ﬂ



The LHC Physics Besides the
L Toleda

ATLAS/CMS program of work

ATLAS CSC SUSY Notes

SUSY1 : Data-driven Estimation of Z/W backgrounds to SUSY
SUSYZ2 : Data-driven Estimation of top Backgrounds to SUSY
SUSY3 : Data-driven Estimation of QCD Backgrounds to SUSY
SUSY4 : Estimation of Heavy Flavor backgrounds and
associated systematic

o SUSY5 : Searches and inclusive studies for SUSY events

* SUSY6 : Exclusive measurements for SUSY events

» SUSY7 : Gaugino direct productions

e SUSY8 : Studies for Gauge mediated SUSY

ATLAS CSC Exotics Notes
» Black Holes
* Dibosons
o | epton+jets
» Dileptons
rrscorocoz @ LEPtONS+ EtmMiss

«p > -
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The LHC Physics Besides the
Lol

ATLAS/CMS program of work

, Leptonlc searches (SUSY) [WG1]

Search tor SUSY in >1 lepton+ ;_" +|ets a1 feV in the electron arc muor charreis (CO(100
pb

® |n dilepron pairs- E£,™>" +je1s at 14 TeV ir re eiectron ara muan channeis (C(100 pb

® Search tor SUSY ir trileotons + jets az 14 TeV. (1 o !

» Hadronic searches (SUSY) 'WG2]

® Search tor SUSY ir 0 lepton « ET

4 - s TERalal |
~jers at 14 TeV (O(100) pb

® bbb+ #2185 a1 14 TeV 'J-‘:C 0] 9]

® n di-tau r_ﬁ * at 14 TeV ({100) po

. HSCP and photonlc searches (GMSB) [WG3]

E""’r" arg recanstruction of heavy stable charged particles at !

4 TeV using TOF ard dE'dx (500
pb model dependernt).

al

® Search tor GMSB using prompt photans at 14 TeV (500 pb

» High Energy Pair Searches (U(1)’/ED/other) [WG4]

® Search for TeV mass resonances r diEM events ar 14 TeV (100 pb il his I}
® r dimuon everts at 14 TeV (100 pb
® r djetevertsat 14 TeV [Ofib

Pirsa: 07080012
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The LHC Physics Besides the
e

Alerts and Emphases in the Past Year

Trigger aware analyses

Data-driven background estimates, use of control samples
Understanding of Standard Model QCD associated
production of anything at \/s = 14 TeV (especially W/Z/top.
see talk by Michelangelo Mangano)

Engineering of *first data” strategies — i.e. shifting gears to
the pb~' from the fo~'

Engineering of faster, simpler navigation/orientation
compass in the vast parameter space

=
Page 227/287 bi l



The LHC Physics Besides the
COCe

First Data and SUSY

General Stategy (SUSYO06, Giacomo P. /Maria S. for
ATLAS/CMS)

e Choose signatures identifying well defined decay chains

e Extract constraints on masses, couplings, spin from decay
kKinematics/rates

e try to match emerging pattern to tentative template models

e having adjusted template models to measurements, try to
find additional signatures to discriminate different options

«p =+ -0

irsa: 07080012
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The LHC Physics Besides the

Canonical Dark Matter Searches Using Missing
Energy

E™ss-360 GeV, E+(1)=330 GeV, E+(2)=140 GeV, E+(3)=60 GeV

LHC can discover such eve
rsa:0708010) 00 to 1.000,000 events

r—]
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The LHC Physics Besides the

Inclusive Signatures with Missing Energy

ET'SS +jets, gluino=600 GeV, neutralino=100 GeV

CMS ET"™* + multijets, 1 b’ » fast-track to discovery of “low
_Eu}u“ e ;iﬁ% LM mass” SUSY O(10) pb ' b/c
3 . — ZmeiEw of signal cross sect‘mn o
10° | e control of systematics using
SM processes (e.g. Z+jets,

0]

top)

* the time between O(10) and
O(100) pb ' of well

critical

107 ¢ ,
200 400 500 800 1000 1200

irsa: 07080012 Page 230/287
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Standard Model Candles and Handles

Example
The Z candle

bﬁ W/Z+jets Background _"

9 B
TN T ST == & T[h Lalla Kas
-|...| .:'__F"_.m lu'_} I_dl_.-': 1_1'_ ::.‘_L\'
i '-ﬁ__‘r_ CMS SH FSR ef ene =
= e
S -, 4
Sy
Ty :
“ T Z(vv)+njets
” =
N - r 1
ws - Estimated [W(pv)]
- -‘:-“ _‘.!. .
w11 ATLAS
:' - - -
- tp-‘j“_-_ -.:n- ': ﬁ!‘ L]
- oW ll = :liﬂ Ma Pe—
Ay £ sl g . Ll
07080012 s CMS stematic

r—]
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The LHC Physics Besides the

Standard Model Candles and Handles
Example
The Z candle
W/Z+jets Background
3 ~ CMS el el o
‘-"'- o Mx‘ Z(vv)+njets
_ :"1,?_ Estimated [Wi(uv)]
i | _‘2 | ATLAS
=
Pirsa: 07080012 » CMS Systematic uncertainty dorminated oy lun Sily Page 232/287 B-.ﬂ



The LHC Physics Besides the

First/Fast Mass Clues (dileptons)

«p » -

irsa: 07080012
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The LHC Physics Besides the

First/Fast Mass Clues (dileptons)

%’
7 e
— CMS
a- -
S LM 1
o] 1th
e tha
-
o
=
=
._'_'_3.._.[
g A W 40 160 90 :
Pirsa: 07080012 &l -
M(I!) (GeV/ic

SFOS dilepton+jets+E7"*

tt: WW+j:Z+j:other~ 6:1:1:1

flavor subtraction (e po+ep ) tO
supress chargino, W, tt, WW, “other”
L1+HLT trigger path required

overall systematic on the background 20%
(JES dominated)

5o discovery with ~ 20 pb ' (of data p—
understood as expected with 1 fo " Wl



number ol leplon pairs

Irsa:

The LHC Physics Besides the

First/Fast Mass Clues (dileptons)

CMS
—LM1 : m L HC : M2( ¢ ) M= ‘::; )
N 1fb” o« M7 — M(‘*E)\. [ | 1= o
» M7 (meas)= 80.42 = 0.48 GeV/c?, cf
with
il » expected M7= 81 GeV/c? [given M({?) =
95, M(x%)= 180 and M(¢5) = 119 GeV/c?]
TR e Gl
m“_ 'GEV-C:.‘ Page 235/287 o)



The LHC Physics Besides the

First/Fast Mass Clues (dileptons)

i it e mg =100 GeV, my ;
GeV, tan 3 = 6 sgn(u)
test-point]

*» M7%(meas)= 100.3 = 0.4 GeV/c® with
4.20 fbo ' (Geant-4 based simulation, no
systematics)

- 300 GeV A, = -300
= +1 [ATLAS SU3

o ATLAS-preliminary

irsa: 07080012 Page 236/287 b"
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towards SUSY reconstruction

irsa:070800812pin measurements' SFlT—rEH' Frl—rlNO !'EESUHS (Usua“y Page 237/287 @
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The LHC Physics Besides the

Top QCD Matters @LHC: non trivial

MS, M.Pierini ALPGEN, tt+Njets... (see also MLM)

i AL POGEN w2 12 .. 1 T epeela Tevalron cross s=cbhon Al PGEN 2 1] _I

-
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Top QCD Matters @LHC: non trivial

MS, M.Pierini ALPGEN, tt+Njets... (see also MLM)
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The LHC Physics Besides the

Top QCD Matters @LHC: non trivial

MS, M.Pierini ALPGEN, tt+Njets... (see also MLM)
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The LHC Physics Besides the

Top QCD Matters @LHC: non trivial

MS, M.Pierini ALPGEN, tt+Njets... (see also MLM)

o Al POGEN w2 12 dl_ 1 1 epeta Tevalron cross ss=chon Al PGEN 2 12 _I
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Top QCD Matters @LHC: non trivial

MS, M.Pierini ALPGEN, tt+Njets... (see also MLM)

s Tevalfon cross seclion Al POEN 2 12 1 I 1 ejpetsn Tevalron cross se=chion Al PGEN w2 10 ]

E .3
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CMS SUSYBSM discovery plan

Search tor SUSY (Evidence for excess) r > 1 lepon+£7 " +jets at 14 TeV in the electron and muon

crannels (10006 |

Searcr for SUSY (Evidence for excess) r opposite sigr aleptan pairs- E'f'-“ +ets at 74 TeV n tre electron

ana muen channeis (20 pb
Search for SUSY (Evidence for excess) r same-sign dileptor pairs + E7" +jets at 14 TeV in the electron

ana muon chanreis (200 pb
Search for SUSY (Evidence for excess) r Z* leponic decays+ E7* +jeis at 14 TeV in the electror and

muon channeis (100 pb )

Searcr for LVF SUSY (Ewvidence for excess; n e — u final state at 14 TeV (500 pb

Search for SUSY (Evidence for excess) r trileptons + jetsat 14 TeV. (~ b )

Search tor SUSY |(Evidence for excess) r ob + 1 ‘epion at 14 TeV

Search for SUSY (Evidence for excess) 1 O lepton - ET7™°+ jets a1 14 TeV (10pb |
Search for SUSY (Evidence for excess) rn 6b + Ef*™ + jets a1 14 TeV (100pb ~ ')

I a

p=TIl%%

Search for SUSY (Evidence for excess)in top hadromic decays+ £~ at "4 TeV (200 oo
Seracr for SUSY [Evidence for excess) Ir opposite-sign @itau + E7 at 14 TeV (200D ')
Search for GMSB (Evidence for excess) in promp: protor firal states at 14 TeV (500 po
Search for GMSB (Evigence for excess) ir non-pointing photons 3t 14 TeV (1 fb ;

Search and recorsiruction of neavy siable charged partcles at 1478V using TOF ard dE.'dx (500 po
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CMS SUSYBSM discovery plan

Search for SUSY (Eviderce for excess) r =1 lepon+£E7 " +je1s at 14 TeV in the electron and muor
= 1
crannels ( 100 ob :

Searcrh for SUSY (Evidence for excess) r opposite sigr aleptan pairs- E7 +ets at 14 TeV n tre electron

C

and muon charmneis (20 pb
Search for SUSY (Evidence for excess) n same-sign dileptor pairs + £ +jets at 14 TeV in the electron
and muon channeis (200 pb

Search for SUSY (Evidence for excess) r Z- lepionic decays+ £ +jats at 14 TeV in the electron and

muon channels {100 ;J*.: |

Search for LVF SUSY (Evidence for excess) ne — u final state at 14 TeV (500 p

Searchk for SUSY (Eviaence for excess) r trileptons + etsat 14 TeV.(~ b |

Search tor SUSY (Evidence for excess) m bb + 1 'epton at 14 TeV

Search for SUSY (Evidence for excess) n 0 lepton - E7 "+ jets ar 14 TeV (10 ob

Search for SUSY (Evidence for excess) r ob + Ef™ + jets a1 14 TeV (100 pb

Search for SUSY (Evidence for excess)in top hadronic decays+ £ at 14 TeV (200 po |
Serach for SUSY (Evigence for excess) ir opposite-sign aitau + £ at 14 TeV (200 pb h

Search for GMSB (Eviaence for excess) ir promp: prator frnal states at 14 TeV (500 po
for GMSB (Evidence for excess) in non-pointing photons az 14 TeV (1 fb
and recarsiructon of neavy siable charged parucies at 14 TeV using TCF aradE'ax (50Cob )

o
M
fur
=
0

T

M
i
=,
0]

T
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Some Discovery signatures

e canonical inclusive

o jets+ ET'SS (*)includes strategies for beam halo/noise, first
data
* jets+ ¢ + ET'SS
same-sign dimuon + E7"°
opposite-sign same flavor dielectron and dimuon + E7T"™°
opposite-sign same flavor hadronic ditau + ET'sS
e higher reco object inclusive
& 4B
» t hadronic + E7™°
e hC(DB) + E.;wss

If'dln
Pirsa: 07080012 Page 254/287 b':l
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IS it an amoeba or is it Sharon Stone?
decoding the compositions of primary constituents

y

e Just like decoding DNA we have to decode the signals we will
observe. And we do expect more similarities than differences,

w80 fast discrimination will require smart and simple e s [G)]
meastiirements




Features directly from the kinematics

CMS

Gl Berpalentt poellis

1t 10 )

¥

ad dd o

& A
TN 10 1N I00 I30 MO 330 0 i 00

e But can we also tell the twins apart? Just as DNA is “what”
we are but not “who” we are, we have to find additional traits
and put the pieces together in order to orient and navigate in
the vast parameter spaces of the models.

=
Page 256/287 b';l,
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Towards Systematic and Deeper Mining of the
Event

Examples of the simple questions to ask and answer (fast) and
recent examples of works:

» excess of SS dileptons —
?

e Z° and no triangle — ?
e Z° and triangle — ?
ratios: 1£/2¢/3¢/4¢, |ets

* + -/ ——=2=7

» excess if OS dileptons — ?

» triangle in dilepton
invariant mass — ? e ... more “footprint”

» double triangle — ? homeworks

» no triangle — 7

| e }
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Towards Systematic and Deeper Mining of the
Event

Examples of the simple questions to ask and answer (fast) and
recent examples of works:

» excess of SS dileptons —

?
e Z° and no triangle — ?
e Z° and triangle — ?

o ratios: 14/2¢/3¢/4¢, |ets

®»® — — — — =2 —_— !
o excess if OS dileptons — ?
» triangle in dilepton

invariant mass — ? e ... more “footprint”
e double triangle — ? homeworks
no triangle — -
Arkam Hamed, Toro Shu olu-

tions to the navigation pr - | e Xes
Pirsa: 070809!T al |enges Page 258/287 @



Towards Systematic and Deeper Mining of the
Event

Examples of the simple questions to ask and answer (fast) and
recent examples of works:

o excess of SS dileptons —
?
e Z° and no triangle — ?

| -
» excess if OS dileptons — ? n .and tf‘faﬂgl? i
™ triangie in dilepton e ratios: 14/2¢/3¢/4¢, |ets

invariant mass — ? ¢ ... more “footprint”
» double triangle — ? homeworks

@ foop Py 9

* notriangle — ?
Gunion et al. Mass Determination ig like o vith Miss-

Ing Energy

irsa: 07080012
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Towards Systematic and Deeper Mining of the
Event

Examples of the simple questions to ask and answer (fast) and
recent examples of works:
» excess of SS dileptons —
?
e Z° and no triangle — ?

- ' - i i
o excess if OS d”eptOﬂS . ® Zblaﬂd trlllangle ,
. | ¥ie V7 *

» triangle in dilepton ratios: 1£/2¢/3¢/4¢, |ets

invariant mass — ? e ... more “footprint”
» double triangle — ? homeworks

o + -/ ——=2-=7

* no triangle — ?
Gunion et al. Mass Determination in SUSY-like events with Miss-

iIng Energy

| A }
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Towards Systematic and Deeper Mining of the
Event

Examples of the simple questions to ask and answer (fast) and
recent examples of works:

» excess of SS dileptons —

2
e Z° and no triangle — ?
e Z° and triangle — ?

ratios: 1£/2¢/3¢/4¢, |ets

L] +__,__=2_"}

» excess if OS dileptons — ?

» triangle in dilepton
invariant mass — ? e ... more “footprint”

e double triangle — ? homeworks

* no triangle — ?
A number of post-modern multivariate very sophisticated analy-

ses with DTs, NNs, fancy statistics etc: with care and caveats
irsa: 07080012 Page 261/287 @
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N.B. Prerequisite path of Discovery Work

understand detectors and SM backgrounds
control/understand: trigger, initial calibrations, scales,
resolutions, efficiencies...

minimize poorly estimated standard model backgrounds
use SM “candle”/control samples (W/Z/top) to estimate
backgrounds as possible

use ratios as much as possible to get rid of luminosity
dependence and other cross section related systematics
adapt methods for background extraction as a function of
luminosity

have in place MC tools and reasona?'e “significance”
calculations

)b - O

F
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Outline

Wisdom from the Past S = ’ =% :D: 9
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W-s and Z’s: from 1976 to ALPGEN

i — — T —

» BNL 400 GeV collidr
proposal

» s/M2, Tevatron ~500
—oc=16nb :
e s/M3, LHC ~30000
—o=12nb - 3

» The Tevatron W-inclusive STE: RSV
Cross section is TR
(measured) 8 nb

e The LHCis ~ 20 nb

Page 264/287 I @“]



W-s and Z's: from 1976 to ALPGEN

| 31 o - e Sdepios arodErTEs 6 Sl ST
N M L N L — -
R — T —
B C——
- e ST T e W T e % e, ——_ —
— J— — e pr—— —
- NS — o W — o o —— -
o I IR — == - S
- s m — s e ma o — — -

» BNL 400 GeV colliar
proposal

» s/M:, Tevatron ~500
— o= 16 nb

e s/Mz, LHC ~30000
—o=12nb :

e The Tevatron W-inclusive NNOTS. RS— +
cross section is __ O :

F il & Fruinction croas section [or pp — W "L oami

(measured) 8 nb 7o 4 '3, calclated (rom the medel given in Sec. il
he arrow poistls o the o/ W valge correspomding o the

production of a4 100=leV & meson by o IV ¢ —on-

e The LHCis ~ 20 nb PR — z
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W-s and Z’s: from 1976 to ALPGEN

. — N i —— W — i —— g — p—

— T — e ——

o BNL 400 GeV collidr
proposal

» s/M2, Tevatron ~500
—oc=16nb :

e s/M3, LHC ~30000
—o=12nb :

e The Tevatron W-inclusive SIS RS ..

cross section is
(measured) 8 nb

e The LHCis ~ 20 nb
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W-s and Z’'s: from 1976 to ALPGEN
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» BNL 400 GeV collidr
proposal

e s/M:, Tevatron ~500
— o= 16 nb

¢ s/Mz, LHC ~30000
—o=12nb :

e The Tevatron W-inclusive IOV RO *
Cross section is __ T :

PG, & Fruiuction cross section (or pp — W " L ami

(measured) 8 nb = "i alcalatesd 'rom '.Ilr kel ven lm Soc. [[1
he arrow points o the . W vaige correspomiing to the

profuction of @ 100=iieV & meson by o J08-eV '« —on-

e The LHCis ~ 20 nb T e e z
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Resonances, Reflections: a non-trivial discovery
example from 30 years ago (MLM digged this)

K and
K3n spectra 2.08.76 PRL 37
[76) 255

— - - & R, = r"
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Resonances, Reflections: a non-trivial discovery
example from 30 years ago (MLM digged this)

K= and
K3~ spectra 2.08.76 PR
(76) 255
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Resonances, Reflections: a non-trivial discovery
example from 30 years ago (MLM digged this)

K~ and
K37 spectra 2.08.76 PRL 37

786) 255 RN R .
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...excerpts

Ohservation n e ¢ Annihbanoen of 3 Narmow State at [ 4635 Vel

Decaving to K7 amd KxoT

is charm found? De Rujula, Georgi, Glashow, PRL 37,(76) 398

‘harmed states—hHoth mesons and barvons—
- enerdgles of 4-H Ge BAKS 1n invariant
TIASSES 9f severa nal hadrons Tr Xpecte =
OIl J.-,“._'.L-T:. vV T I neroT eTICenl 5 G~
tur n the ™l - TY Ss sDeclra NDnorans B oW
i L']"' IS 111 =COVEeT
L D - X
i L w Lol 1 T E I ™ Il - 1R T
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“4IGGES

SUSY et al.

S:andard Mode!

SUSY is marking the engineering of
the discovery path of beyond the
standard model signatures{which
consist of more that SUSY and
SUSY-like frameworks and duals]:

o« SUSY

» Heavy Stable Charged Particles
o U(1)

Technicolor

» Compositeness

» Flavor violation

o Little higgs

'l‘"
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Flavor for SUSY and beyond @LHC

flavor has caused SUSY a lot of suffering...

In order to diIsentangie new DNySICS =1t from ree eve: Drocesses

effects, we snould first getermine ZKM
carameters oy “‘ree-level” orocesses =l [ T

Vub|, f . == I R !x_

+ Bd mixing and CP asymmetres. |

+ |Bs mxung ard CP asymmetnes = ‘

* £, and B(K->1wv)

Ne know (or constrain) which sector 's affected by new pnysics

e alal ] el =Tl =10 ] - A T-Talal=
provemeant O s essenta

More on the essential measurements for new physics searches at the

B-factories and LHCDb at the
with the discovery of any neg

ek EVISEd and upgraded into t
the new physics

e
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Theory-Experiment crossing

Since the time of Fermi, it took LHC to bring theory and experi-
ments back close together
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Das Nullte Theorem der Wissenschaftgeschichte

lautet dass eine Entdeckung (Regel, Gesetzmassigkeit,
Einsicht), die nach einer Person bennant ist, nicht von dieser
Person herrahrt

—E.P. Fischer, Fremde Federn, Im Gegenteil, July 24 2006, Die Zeit
(from J. D. Jackson’'s “the first and the famous” collection) my
message:. Work and make the discoveries with care and
respect to the data: the famous are often not the first and the
first are often not famous but this is irrelevant in particular at a
monumental time like the LHC one. Getting it right is important.

«p > -
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Das Nullte Theorem der Wissenschaftgeschichte

lautet dass eine Entdeckung (Regel, Gesetzmassigkeit,
Einsicht), die nach einer Person bennant ist, nicht von dieser
Person herrahrt

—E.P. Fischer, Fremde Federn, Im Gegenteil, July 24 2006, Die Zeit
(from J. D. Jackson’s “the first and the famous” collection) my
message:. Work and make the discoveries with care and
respect to the data: the famous are often not the first and the
first are often not famous but this is irrelevant in particular at a
monumental time like the LHC one. Getting it right is important.
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Das Nullte Theorem der Wissenschaftgeschichte

lautet dass eine Entdeckung (Regel, Gesetzmassigkeit,
Einsicht), die nach einer Person bennant ist, nicht von dieser
Person herrahrt

—E.P. Fischer, Fremde Federn, Im Gegenteil, July 24 2006, Die Zeit
(from J. D. Jackson’'s “the first and the famous” collection) my
message:. Work and make the discoveries with care and
respect to the data: the famous are often not the first and the
first are often not famous but this is irrelevant in particular at a
monumental time like the LHC one. Getting it right is important.

«-p > -0
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Das Nullte Theorem der Wissenschaftgeschichte

lautet dass eine Entdeckung (Regel. Gesetzmassigkeit,
Einsicht), die nach einer Person bennant ist, nicht von dieser
Person herriahrt

—E.P. Fischer, Fremde Federn, Im Gegenteil, July 24 2006, Die Zeit
(from J. D. Jackson’s “the first and the famous” collection) my
message:. Work and make the discoveries with care and
respect to the data: the famous are often not the first and the
first are often not famous but this is irrelevant in particular at a
monumental time like the LHC one. Getting it right is important.

lﬂn
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Theory-Experiment crossing
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Theory-Experiment crossing

Since the time of Fermi, it took LHC to bring theory and experi-
ments back close together

«p» = O
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Theory-Experiment crossing

Since the time of Fermi, it took the threat of the LHC to bring
theory on shell

- -
« ’ " ’D" e Page 281/287 @
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Theory-Experiment crossing

Since the time of Fermi, it took the threat of the LHC to bring
theory on shell

- b = i e —
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Theory-Experiment crossing

getting finally to experimental discoveries: PRICELESS

«p > -0
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“faster, better, simpler, smar
the LHC input at the O(pb
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“faster. better, simpler, smarter” with the LHC data: The field needs

the LHC input at the O(pb ') time scale. Move to the data without :F;j

Pirsa: 07080012

strong pre-conceived ideas (i.e. escape the tyranny of MSSMs)



“faster, better, simpler, sma
the LHC input at the O(pb
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Maria Spiropulu

Perimeter Institute, Summer School on Particle Physics, Cosmology and
Strings.
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