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The cross section for two-giuon to four-giuon scattering 1s given in a form suitabie for fast
numerical calculations.
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involving different species of particies. Another, very important test relies on the
absence of the double poles of the form (s,) ™ in the cross section, as required by
general arguments based on the helicity conservation. Further, in the leading (s,) ™'
pole approximation, the answer should reduce to the two goes to three cross section
[3, 4], convoluted with the appropriate Altarelli-Parisi probabilities [5]. Our resuit
has succesfully passed both these numerical checks.

Details of the calculation, together with a full exposition of our techniques, will
be given in a forthcoming article. Furthermore, we hope to obtain a simpie analytic
form for the answer, making our result not only an experimentalist’s, but also a
theorist’s delight.

We thank Ketth Ellis, Chns Quigg and especially, Estia Eichten for many useful
discussions and encouragement during the course of this work. We acknowledge
the hospitality of Aspen Center for Physics, where this work was being compieted
in a pleasant, strung-out atmosphere.
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.‘}’nt ntroduction To Mathematica Mathematica Summer School 2011

An Introduction to Mathematica

- An Eager Pedestrian’s Guide to Mathematica

- Mathematica as a(n Expensive) Calculator

-Mathematica Vernacular: The Anatomy of an Expression

. N
’irsa: 11070094 Page 17/131
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An Introduction to Mathematica

An Eager Pedestrian’s Guide to Mathematica

Vlathematica as a(n Expensive) Calculator

 SHFT +{ENTER| [sic] - evaluates a command (or an arbitrarily compounded command...)

¢ To evaluate an expression, simply type it in, and hit “|SHFT |+ BNTHR|”

¢ All the commands within the active cell are evaluated with SHFT| + B\TE.
The output of those ending in “;” are not printed.

 Input and Output are stored as functions in memory

' Finding and learning about built-in functions in Mathematica

' Interface Tips & Tricks

' AT + . : Abort an evaluation

Wh&w functions Page 18/131
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n Introduction To Mathematica Mathernatica Summer School 2011
 SHFT +{ENTER. [sic] - evaluates a command (or an arbitrarily compounded command...)

¢ To evaluate an expression, simply type it in, and hit “ SHFT| +3THR|”

19991 (19991 +1) /2
199830 036

The first time you evaluate an expression, there should be a pause, reflecting the fact that Mathematica’s
user interface is starting up the “Kernel” (which is the background-program doing all the computation).

¢ All the commands within the active cell are evaluated with SHFT| + ENTH.
The output of those ending in “;” are not printed.

Sum[n, {o, 1, 19991}]
13;

PolyLog(Z, 1]
I+1;
Fibonaceci[90]

 Input and Output are stored as functions in memory

' Finding and learning about built-in functions in Mathematica

 Interface Tips & Tricks

%ﬁ}_a ﬁ-owog;t A.bﬂl't an E?alnaﬁﬂn Page 19/131
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I T T T S g

19991 (19991 +1) /2
199830 036

The first time you evaluate an expression, there should be a pause, reflecting the fact that Mathematica's
user interface is starting up the “Kernel” (which is the background-program doing all the computation).

¢ All the commands within the active cell are evaluated with SHFT|+ ENTER.
The output of those ending in “;” are not printed.

Sum[n, {n, 1, 19991}]
134

PolyLog(Z, 1]
1+1;
Fibomacci[90]

. Input and Output are stored as functions in memory

' Finding and learning about built-in functions in Mathematica
 Interface Tips & Tricks

| AT +. : Abert an evaluation

| Defining new funcfions

' Replacements

itng Patkages: “<<” Page 20/131
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. e, v T T

19991 (19991 +1) /2
-~ 199830036

The first time you evaluate an expression, there should be a pause, reflecting the fact that Mathematica’s
user interface is starting up the “Kernel” (which is the background-program doing all the computation).

o All the commands within the active cell are evaluated with SHFT + ENTER.
The output of those ending in “;” are not printed.

Sum[z, {n, Ly 19991}]
13; i
PolyLog{Z, 1]

IT+1:

Fibomacci[90]

199830 036

-2

6

T 2880067 194370816120

 Input and Output are stored as functions in memery
' Finding and learning about built-in functions in Mathematica
ﬁmﬁ?ﬁ & Tricks Page 21131
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¢ All the commands within the active cell are evaluated with SHFT + ENTER.
The output of those ending in “;” are not printed.

Sum[n, {n, 1, 19991}]
13;

PolyLog{2Z, 1]

1+1;

Fibomacei [930]

199830 036

.!'-'I

6

© 1880067 194370816120

 Input and Output are stored as functions in memery

¢ Each “line” of input—even those whose output is not printed to screen—is stored in memory in the
function “Infl"—as in “In[1]:=PolyLog(2,1]", and can be re-evaluated any time by calling:

In[1]}

Notice that input which has not yet been generated, is as-yet undefined; thus:

In[100] i

me Qutput of each line is similarly stored (even if not printed) in the function “Out{]"—as in “Out[jclJe x

22/151
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199830 036

Notice that input which has not vet been generated, is as-yet undefined; thus:

In[100]
In[100]

¢ The output of each line is similarly stored (even if not printed) in the function “Out{]”—as in “Out{4] = T‘gl"
(notice it's not "Gut{fi}::%: "—we’ll see why later)

Qut(l]
Qut 4]~

The function Outf] can also be called by the notation “%x”
{(which although highly non-standard, is very commonly used).
For example,

k6
Out 6]

¢ % by ifself (without any number following it) always means “the line above”
%% calls “two lines above”,
%%% “three lines above”,
eic.

ﬁﬂsﬁfﬁﬁoﬁhd learning about built-in functions in Mathematica Page 237131
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¢ The output of each line is similarly stored (even if not printed) in the function “Out{]"—as in “Out{4] = "’g:”
(notice it's not "Out{fl}::% ”—we'll see why later)

Out[1]
Out[4]

199830 036

B
3

The function Outf] can also be called by the notation “%x”
(which although highly non-standard, is very commonly used).
For example,

% 1
Out[6]
¢ % by itself (without any number following it) always means “the line above”
%% calls “two lines above”,
%%% “three lines above”,
etc.
' Finding and learning about built-in functions in Mathematica
%W Tips & Tricks

- Pirsa: 11070094 Page 24/131
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T %6

Out[6]

2880067194370 816120

ZBRBO0RT 194370816120

¢ % by itself (without any number following it) always means “the line above”
%% calls “two lines above”,
%%% “three lines above”,
etc.

Random|];
=
%%%%E

0.865067

©  0.386983

' Finding and learning abeut built-in functions in Mathematica
 Interface Tips & Tricks

| AT + . : Abert an evaluation

| Defining new functions

' Replacements

I. itsa: 1104009 & i Page 25/131
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nT o Mathematica ! >
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eic

" Random{];
%
Bk

- | 0.0436885 i

" | 6.137233 ;
' Finding and learning about built-in fnnﬁ

% All built-in functions in Mathematica begiz
This suggests that your functions should k

¢ Documentation Center is a very useful res

o ?Function :: looks-up the basic syntax/op
(for 2 user-defined function, ?function by

¢ ?Fanc* = searches for a Funchion whnﬁei:

¢ ??Function : gives more detailed mfurm
the Function’s “ Attributes”). |

¢ General Advice: If you ar&evertmstmta
and you think that the functionality yous
51188t for the function which would n

E
e 0 i e T medlie] 1 St oty el o it e S £ gl o e Tl Sl e 1P st o4 B ottt 15 SRR B L o ==

hoi Mathematica 8
» UMENTATION CENTER
e B i e Eia o 20 irnual Sock
CORE LANGUAGE ;m
MATHEMATICS AND ALGORITHMS __
VISUALIZATION AND GRAPHICS L
DATA MANIPULATION -
.0
COMPUTABLE DATA ﬁ-
DYNAMIC INTERACTIVITY —_—

NOTEBOOKS AND DOCUMENTS

SYSTEMS INTERFACES & DEPLOYMENT

= of Funchons = Standans Extrs Pzckages » Jther Wolfr=m Froouds -

dore ADE Marnemaiics %
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= | 0.137233
' Finding and learning about built-in functions in Mathematica

% All built-in functions in Mathematica begin with a Capitalized first letter.
This suggests that your functions should be defined with lower-case first letters!

¢ Documentation Center is a very useful resource (F1 key)

¢ ?Function = looks-up the basic syntax/options for a built-in Function
{for a user-defined function, ?function by default just returns its definition)

Let us breifly mention some very useful functions with easily-overlooked options
¢ Range

?Range

Rangefi.| generates the list {1, Z, ..., imx)-
RaNGe]ivin, ime:] generates the lst {fmn, ..., fnar).
RENGe{imn, mar, di] USES step di. =

And so,

Range (6]

Range (6, 10]

Range[&, 10, 2] !
LPir.: Nufrogd+ Page 27/131 |
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* All built-in functions in Mathematica begin with a Capitalized first letter.
This suggests that your functions should be defined with lower-case first letters!
¢ Documentation Center is a very useful resource (F1 key)

¢ ?Function = looks-up the basic syntax/ options for a built-in Fanction
(for a user-defined function, ?function by default just returns its definition)

Let us breifly mention some very useful functions with easily-overlooked options
* Range

?Range

Rangefi..| generates the list {1, 2, ..., ina).
Range|ims, iax) generates the list {imn, ..., i)
Rangefimn, ima, di] Uses step di. >

And so,

Range (6]
Range (6, 10]
Range[6, 10, Z]

- (L 2,3, 45 6

T | {6 T, K. %, ]

Page 28/131
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Rangefin] generates the fist {1, 2, __., inas}-
Rangefima, in:] generates the list {imw, .., ina)-
RanQe{imin, ima, di] Uses step di. >

And so,

Range (6]
Range (6, 10]
Range (&, 10, 2]

F RS

T & T &, %, IO}

= | {6, 8§, 10]
e Mod

T _Z?Mod !

Thus,

Mod [Range[12], 6]
Mod [Range([12], &, 1] |

¢ Randominteger{]

? RandomInteger
': - Pirsa: 11070094 Page 29/131
P ElnmimTﬂi-mrF 1 |
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" | {6, & 13)
s Mod

T 7TMod

Maod{m, »] gives the remainder on division of m by n.
Modim, n. 4] uses an offset4. =

Thus,

"  Mod[Range[12], 6]
Mod [Range[12], 6, 1]

© {L.2,3,4,50,1,2,3,4,5, 0}

PRSI T I 5, 6

¢ RandomIntegerf]

? RandomInteger l

RandomInteger|]
RandomInteger|50]
RandomInteger |50, 10]
RandomInteger|{-50, 50}, 10]
RandomInteger|{-530, 50}, {10, 4}]

#. i gou-even encounter an unfamiliar built-in function, just look it up! page 301131
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={}.2345{112345E§l

{1; z.- 3, *r 5; Er lr 2'! 3! 4!‘ 5! 5-}

¢ Randomintegerf]

? RandomInteger

Randomintegeriii.x. i=}] gives 2 pseudorandom integer in the range linin. ... imaxh

Randomintegerfin:] gives a pseudorandom integer in the range (0, .., ima)-

Randaminteger{] pseudorandomiy gives Q ar 1.

Randomintegerfrange, n] gives a list of » pseudorandom integers.

Randomintegerfrange, {n, m, ...}] gives an ayxa; x... array of pseudorandom integers. >
" RandomInteger(]

RandomInteger[50]

RandomInteger[50, 10]

RandomInteger[{-50, 50}, 10]

RandomInteger|{-50, 50}, {10, 4}]

* If you even encounter an unfamiliar built-in function, just look it up!

¢ ?Func”® = searches for a Function whose name begins with “Func”

o MFunction :: gives more detailed information about Function (including more subtle attributes such as
the Function’s “Attributes”).

Geuml Advice: If you are ever frustrated that a built-in function almest does what you want but not guite,
}i‘iammgd&nnk that the functionality you need is not too uncommon, check to see if there is an npuﬂn%efml
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Randamintegerf] oseudarandomiy gives 0 or 1.
Randomintegeriransge, n] gives a list of n pseudorandom integers.
Randomintegerfrange, (m, a2, ...]] gives an a;xayx... array of pseudorandom integers. >

RandomInteger(50, 10]
RandomInteger|{-50, 50}, 10]
RandomInteger|{-50, 50}, {10, 4}]

T EE

8

- | {43, 34, 46, 36, 28, 5, 18, I3, 47, 3T7)

YT, -5 3. -3 -TF,. B -5, -38. 16, -3

i

136, 9, -42, 17}, {2}, -15, 3@, 5}, (19, &&, -48, -8}, [-20, 29, 7, -3Z}, {16, 38, 13, -50}}

- | {{-2z, -54, 44, 42}, (-2, 4, 6, 207, {-16, 7, 22, 10}, {-3, -16, 3%, -14}, {31, -38, 25, -16},

* If you even encounter an unfamiliar built-in function, just look it up!

9 ?Func”® = searches for a Function whose name begins with “Func”

¢ MFunction :: gives more detailed information about Function (including more subtle attributes such as
the Function’s “ Attributes”).
l"_;:Pirsa: 11070094 Page 32/131
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RandomIzteger|{-50, 50}, {10, 4}]
T EE

- | {43, 34, 46, 36, 28, 5, 18, 23, 47, 37)

- | {-17, -5, 3%, -38, -27, 3, -1}, -3¢, 26, -2}

F V23, SR, 85, A3}, -2, 4,6, 20%, (15, 7. 23, W), 3, 16,30, IR}, (30, -3, 25, 16},
136, 9, -42, 12}, {23, -15, 30, 5}, {19, &, -48, -4}, [-26, 2%, 7, -3Z}, {16, 38, 13, -50}}

* If you even encounter an unfamiliar built-in function, just look it up!

o ?Func”® = searches for a Function whose name begins with “Func”

¢ ??Function = gives more detailed information about Function (including more subtle attributes such as
the Function’s "Attri}?ntes”l

¢ General Advice: [f you are ever frusirated that a built-in function almest does what you want but not gquite,
and you think that the functionality you need is not too uncommon, check to see if there is an optional
argument for the function which would make it do what you want before inventing it from scratch

' Interface Tips & Tricks
| AT + . : Abort an evaluation

?ﬁn&n@nm functions e
. " 55,,-5;1‘:
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RandomTnteger[{-50, 50}, {10, 4}]

r EX

T E

T | {43, 34, 46, 36, 28, 5, I8, 23, 47, 37

e -5 30 -0 =T, 3. - 55, -3 B — )

{-2Z, -S5O, 4%, A2}, {-2, &, G, 2B}, [-16, T, IZ, 18}, (-3, -16, 3%, - 14}, (3%, -38, 25, 16},
{36, %, -42, 17}, {23, -15, 10, 5], (19, &4, -48, -8}, [-26, 2%, 7, -3Z}, {16, 38, 13, -50]}

* If you even encounter an unfamiliar built-in function, just look it up!

¢ 7Func® = searches for a Function whese name begins with “Func”

?Matrix*

MairixExp MatrixForm MainxPlot MatrxPower MatrixC MatrixHank

¢ 7?Function :; gives more detailed information about Function (including more subtle attributes such as
the Function’s “ Attributes”).

¢ General Advice: If you are ever frustrated that a built-in function almest does what you want but not quite,
and you think that the functionality you need is not too uncommon, check to see if there is an optional
& rsument for the function which would make it do what you want before inventing it from scratch

F wtrrﬁm Tine & Trrke e

Page 34/131
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MatrixQfexpr, rest] gives True oniy if resr yields True when applied to each of the matrix elements inapr. >

¢ 2?Function : gives more detailed information about Function (inciuding more subtle attributes such as
the Function’s “Atiributes”).

77 Partition

- Partitionflise, ] partitions list into non-overlapping sublists of length ».

Partitionilisz, =, 4] generates sublists with offset 4.

Partition{list, [m, o, ...)] partitions a nested list into blocks of size m xmx. ...

Partitionilisze, {ny, n, ...], [d1, &b, ...]] uses offset 4, at level ¢ in [z

Partitionflisz, n, d, (ke , kn}} specifies that the first element of lisr should anpear at

I pesition & in the first sublist, and the last element of lix should appear at or after position kg in
the last sublist. If additional elements are needed, Partition fills them in by treating lis as cyclic.

Partitionilisz, n, d, {kz, &z}, x] pads if necessary by repeating the element x.

Partition(list, =, 4, [k, &}, [x1. %2, ...]] pads if necessary by cyclically repeating the elements x.

Partitionilis, =, 4, [z, &z}, {]] uses no padding, and sa can vield sublists of different lengths.

Partition{liss, nliss, dlist, {klisty, Mistg}, padiist] specifies alignments and padding in a nested list. »

Attributes Partition {Protected]

Moreaver, for Functmns defined for particular arguments, these particular definitions will be listed
explicitly: e.g.,

7 In ‘

o General Advice: If you are ever frustrated that a built-in function almest does what you want but not guite,
yoeethink that the functionality you need is not too uncommon, chfcktaseeﬁﬁ'lemlsanopﬂ 35/131
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MatrixQfexpr, rew] gives True only if resr vields True when applied to each of the matrix elements inapr. >

¢ ?7Function = gives more detailed information about Function (including more subtle attributes such as
the Function’s “Attributes”).

77 Partition

- Partitionflisz, n] partitions lisr info non—overiapping sublists of length ».
Partitionflist, =, ] generates sublists with offset 4.
Partitionilisz, {m, no, ] partitions a nested list into blocks of size myxmx. ...
Partitionilist, {m, m, ...}, [d:, &>, ...}] uses offset 4, at level : in lise.
Partitionilist, n, 4, (k& , k)] specifies that the first element of lisr should aopear at
pasition & in the first sublist, and the last element of lisr should appear at or after position ks in
the last sublist. If additional elements are needed, Partition fills them in by treating lisr as cyclic.
Partitionilist, n, 4, &, &}, x] pacis it necessary oy repeating the element x.
Partitian{list, n, 4, (&, &}, In, x, ...]] pads if necessary by cyclically repeating the elements x.
Partitionilist, n, 4, {iz,, &}, {]] uses rm padding, and so can yield sublists of different lengths.
Pamnnm_ list, niist, diist, {klist; , Kistg}, padiist] specifies alignments and padding in a nested list. >

Attributes Partition] = {Protected)

Partition{Range/8], 2, 1, 1]
T L. 2}, {2, 3), {3, 4}, (& 5], (5, 6}, (6, T), (7. 8], (8, 1]]

_M{}IE{}?EI} for Functions defined for particular arguments, these particular definitions will be listed
explicitly: e.g.,
h}l—’lrsa: 11070094 Page 36/131 '
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Partitiani lisz, =, 4, {k, k), x| pads it necessary by repeating the element x.

Partition{liss, n, 4, |z, &z}, {1, &, ...]] pads if necessary by cyclically repeating the elements x.

Partitionilis, », 4, lle, &z}, {}] uses no padding, and so can yield sublists of different lengths.

Partitionjlist, niist, dlist, {klistz, Hists |, padiist] specifies alignments and padding in a nested list. >

Attributes Partition] - { Protected]

Partition[Range (8], 2, 1, 1]
- | 1L, 2}, (2, 3], {3, &), (%0 5], (5, 61, (6, 7], {7, 8}, (8, 1]]

" Moreover, for Functions defined for particular arguments, these particular definitions will be listed
explicitly: e.g.,

77 In i

—

4 General Advice: If you are ever frustrated that a buil-in function almest does what you want but not guite,
and you think that the functionality you need is not too uncommon, check to see if there is an optional
argument for the function which would make it do what you want before inventing it from scratch

' Interface Tips & Tricks

| AT + . : Abert an evaluation
' Defining new functions
' Replacements

| Using Packages: “<<“
?ﬂaﬁmﬁg data with Mathematica: page 371131
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explicitlyze.g,

Wi

v Inin] is a global object that is assigned to have a delayed value of the " input line. »
Attributes In| - {Listable, Protected}

- 13991 (12991 -1
IxfI] = %

=35 =

Infi] = (13;)

In[4] = PolyLog(Z, 1]
In[5] = (1+1;)

In[6] - Fibonacci[30]
In[7] = In[1]

In[8] = In[100]

IB[9] =%l

" Pirsa: 11070094 Page 38/131
S B [10] - 54
By = T .
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Moreover, for Functions defined for particular arguments, these particular definitions will be listed
explicitly: e.g.,

77 In

infn] is & global object that is assigned to have a delayed value of the ' input line. »

¢ General Advice: If you are ever frustrated that a built-in function almest does what you want but not guite,
and you think that the functionality you need is not too uncommon, check to see if there is an optional
argument for the function which would make it do what you want before inventing it from scratch

| Interface Tips & Tricks

¢ Highlighting (parts of) expressions:
{ Asthetical ways fo input expressions
¢ Special characters: & _ =
| AT+ . : Abert an evaluation
 Defining new functions

' Replacements

 Using Packages: “<<“

 Visualizing data with Mathematica:

£~‘Pirsa: 11070094 Page 39/131
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and you think that the functionality you need is not too uncommon, check to see if there is an optional
argument for the function which would make it do what you want before inventing it from scratch

 Interface Tips & Tricks

¢ Highlighting (parts of) expressions:
¢ double clicking highlights a single character, and successive mouse-clicks successively expands the
highlighted region, stopping at levels dictated by commas, parthenses, etc.

Power[(d +2+3) = (5) + 16, x] ]
e Dw+ s +b highlights the nearest configuous region bounded by brackets, parentheses, etc. (not
commas)

* Because on+ =+ locates matching brackets, it is very useful for debugging.

¢ Zsthetical ways to input expressions
4 Spedial characters: == =

. AT + . : Abort an evaluation

| Defining new functions

' Replacements

| Using Packages: “<<“

 Visualizing data with Mathematica:

Pirsa: 11070094 Page 40/131
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¢ Highlighting (parts of} expressions:
e double clicking highlights a single character, and successive mouse-clicks successively expands the
highlighted region, stopping at levels dictated by commas, parthenses, etc.
Power[(1+2+3) = (5) + 16, x] N
e Dw+ s +b highlights the nearest configuous region bounded by brackets, parentheses, etc. (not
commas)
* Because oo+ s +b locates matching brackets, it is very useful for debugging.

¢ Asthetical ways fo inpuf expressions
¢ Special characters: = _ =

' AT + . : Abort an evaluation

| Defining new functions

' Replacements

 Using Packages: “<<“
 Visualizing data with Mathematica:

Viathematica Vernacular: The Anatomy of an Expression

h Pirsa: 11070094 Page 41/131
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LRIEEERREAN )

* Because oo+ s +b locates matching brackets, it is very useful for debugging.

¢ Ksthetical ways to input expressions
¢ Factions: Tri+“/”

ET.

Useful to know: the sub-expression (or more, if highlighted) immediately preceeding the cursor, if nota
space, will become the numerafor; e.g.,

(L+Z+3) «(5)+16 |
(L+2+3)=(5) +16 ‘

This pre-highlighting structure also goes for most of the other examples below.
e Exponentiation: tal+6

® Sguare-Roots: [R]+2
V=
A complete list of Mathematica's Control Keys (copied from Documentation Center):

kPirsa: 11070094 Page 42/131
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L]JJ.III_lh:tb}

* Because on+ s+ locates matching brackets, it is very useful for debugging.

¢ Ksthetical ways to input expressions
¢ Special characters: &8 =
| AT + . : Abort an evaluation

' Defining new functions

' Replacements

 Using Packages: “<<

 Visualizing data with Mathematica:

Viathematica Vernacular: The Anatomy of an Expression

r
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LRMEHIELdN |

* Because oo+ s+ locates matching brackets, it is very useful for debugging.

¢ Asthetical ways to input expressions
e Factions: mwi+“ /"

- |
z I

Useful to know: the sub-expression (or more, if highlighted) immediately preceeding the cursor, if not a
space, will become the numerator; e.g.,

(1+2+3) =(5) +16
{(L+2+3)=(5} +16 ‘

This pre-highlighting structure also goes for most of the other examples below.
e Exponentiation: (R[+6

— |

® Square-Roots: tr]+2
V= |
A complete list of Mathematica’s Control Keys (copied from Documentation Center):

hPirsa: 11070094 Page 44/131
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CRFEEIEEEcEN ]

* Because oo+ s +b locates matching brackets, it is very useful for debugging.

¢ Asthetical ways to input expressions

& frr

e Factions: i+

o m

Useful to know: the sub-expression (or more, if highlighted ) immediately preceeding the cursor, if nota
space, will become the numerator; e.g.,

(1+2+3) 0 (5) + —
(1+2+3) «(5) .18

This pre-highlighting structure also goes for most of the other examples below.
& Exponentiation: t2l+6

|
& Square-Roots: tRl+2
= |
A complete list of Mathematica’s Control Keys {copied from Documentation Center):

hPirsa: 11070094 Page 45/131
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]
(=]

A complete list of Mathematica’s Control Keys (copied from Documentation Center):

£ or O sguare rmak
C}El:u .ﬂ;—‘cr-ickum it saRrh o afernare posiion (e.g. subserpr oo superscript)
Ctpfs CTRL- for oo PErEITEE
Crt m overserpt
Clrf+9 ar Cirfs( tegin & new ceil withie an existing ceé
Ci oF Chris] and a new =X within &8 existng cei
Ol o Ol subscript
. Cirbetor Ciniss ird=rscrior
Cirf+ Enter TESlE 3 new riw i 2 r3ble
Clib+ et 3 new Cofumn it & table
LT Sxpord current sl
vk et
Clri+ Spare e O e positinn Or SEae
Cirtd—, Oirbe—, Cirbes, Ol mowe an ohect by MminETEl MCTSTTeNTS 0T ONE SETESn

¢ Spedial characters: = =
. AT + . : Abort an evaluation

Tﬁﬂgn&w functions Page 46131
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Clri+ frathoes
Cirl+Spare resurn fmme current positon o S
Clirb—, O, Ol Ol mowe ar oDFeCt b minamal iIncrements. o The SEreerT

¢ Spedial characters: &0 =
Hitting =, prepares Mathematica to expect a spedal-character code—which is terminated by hitting =¢ a
second time.

: |
n |
3 |

A semi-complete list of special character codes (from Documentation Center):

Special Character Shortcuts

The \jAliasBelimter] Of (- | CUSrareY S oromeed by typing BSE
Gresir | sttees {2, A ... & O
“ebrew teers (i, 2, ..l als, .
Seripk Letters {1, A ... aca; or Eeks,
Double-Srruek Leetersia & daag or e
Gottic teteees i BE L3 IJOBE OF SeE,
Sorrai Symbois (& A, ... 8 OF 5
'J!malltﬂﬂzerfeﬁfiﬂ ol

. Pirsa: 11070094 Page 47/131
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L Paragraph Properties
= = === = — _ X
¥ Motehook Properties and Actions
: Findt Speiing...
A semi-complete list of special character codes (from Documentation Center): Gment - e
Syesnest Choraer
: ial Character
Special Shortcuts =
The \[Aliaglel imiter] or { - } CESrOEPr & oroaueed by typing BSE
r}'m’ E
Greeig otters . A .. A O ! mh % e ¥
et e (N 2, L0 e o R R =
T sem orseli, il Vel Ve w)
DoubisStrock (eeees (& A, ) dma or emh slmiapl=lclolniim
St Letters (L : S A O ek, :
gt Sy (@ A ) S o 9B F FE EE 3 o5 W
:mﬁmfm{i;&_...: Ao, - : z[ e
Fi i
o i .. i B
Lt 3 P il = [E__
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Tramsoose |
At () g
ity [ o s
Sement (£}

Ak (T} -
Urian :i._,: o
Intersection |ﬁ=f- o=
ek | ) Mo
Imphes | =

TThereione | i

| AT + . : Abert an evaluation
Evaluations occassionally need to be Aberted, typically because of one or two reasons:
¢ Endless loaps (typically accidental):

©  While[True, al

¢ An expression is taking an infollerably-long time to evaluate (e.g. FullSimplify)

Pause([50] !

¢ If Mathematica does not respond to ALT| + . , try killing the Kernel directly

- Pirsa: 11070094 Page 49/131
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TransmosEl )

har () e

Ursger {1}

hog 6§ oW

e { =

Thersfare [,

| AT + . : Abort an evaluation
Evaluations occassionally need to be Aberted, typically because of one or two reasons:

¢ Endless loops (typically accidental):

While[True, a]

% An expression is taking an infollerably-long time to evaluate (e.g. FullSimplify)

Pause[50]

Pirsa: 11070094
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¢ An expression is taking an intollerably-long time to evaluate (e.g. FullSimplify)
" Pause[50]
!

¢ If Mathematica does not respond to AT| + . , try killing the Kernel directly
» But beware of the red “Interrupted” of death!

 Defining new functions

¢ fixl =y = “Set(or replace) all instances of “fix]” to some expression y.

¢ fix_| = (some function of the ‘pattern” “x”) = Set{fix |,...]

4 fix_| = (some function of the ‘pattern’ “x”) == SetDelayedifix },...]

¢ Why choose one or the other?
fix_| = fix] = (some function of the ‘pattern’ “x”)
' Replacements
 Using Packages: “<<“
 Visualizing data with Mathematica:

Wstﬁ(’é%tfca Vernacular: The Anatomy of an Expression
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¢ An expression is taking an intollerably-long time to evaluate (e.g. FullSimplify)
Pause[50]
© | sEborted

o If Mathematica does not respond to AT| + . , try killing the Kernel directly
» But beware of the red “Interrupted” of death!

 Defining new functions

¢ fix] =y = “Set (or replace) all instances of “f{x]” to some expression y.

¢ fix_| = (some function of the ‘pattern” “x”) = Setifix ],...]

¢ fix_| = (some function of the ‘pattern’ “x”)} = SetDelayedifix |....]

¢ Why choose one or the other?
fix_| = f{x] = (some function of the ‘pattern’ “x”)
' Replacements
 Using Packages: “<<“
 Visualizing data with Mathematica:

Page 52/131
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' Defining new functions

¢ fix] =y = “Set(or replace) all instances of “fix]” to some expression y.

" myFunction[x] =¥

" B3

Because only myFunction{x] is defined, myFunction with any other arguments is undefined, and thus
remains purely symbolic:

myFunction|l]
myFunction [X]

myFunction|x]
T myFunction[l1]

myFunction(X]

¥

?myFunction
Compare this behaviour with,
¢ fix_| = (some function of the ‘pattern” “x") = Setifix |,...]
i} iﬂix_}-=(5nme function of the ‘pattern’ “x”) = SetDelayedifix _...]
*}J'th choose one or the other?
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ap s e —eiie
I
?myFunction |
Compare this behaviour with,

¢ fix_| = (some function of the ‘pattern” “x”} = Setlfix_|,...]

Here, the operative bit of notation is “_" (called a “Blank”), which is an impertant example of a Pattem,
and means:

Blank[]

i

* “_*“ = "any single expression whatsoever”, and
* "x_" = "any single expression whatsoever which we will herein call x”

triangularNumber(x J=x (x+1) /2

"  triangularNumber[19991]
trianqularNumber|x]

triangularNumber [«4‘3]

Here, the RHS of the definition is evaluated immediately, treating x symbolically.
"-“fm?@?ﬁ‘i% this is more efficient, but it can often be problematic. Page 54/131
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FT S "

* "any single expression whatsoever”, and

i)

* "x_":: "any single expression whatsoever which we will herein call x”

trianguiarNumberisr J=x (x+1) /2

1
—x2(1+x)

- triangularNumber[19991]
triangulamgﬂﬁl

trianqularNumber (L]
199830 036

1

— 7 (L + )

il(Leivz)
Jz

Here, the RHS of the definition is evaluated immediately, treating x symbolically.
3. Sometimes this is more efficient, but it can often be problematic.

Pirsa: 11070094 Page 55/131
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i

* “_*“ = "any single expression whatsoever”, and

T

* "x_" "any single expression whatsoever which we will herein call x’

triangular¥umber(sr J-x (x+1) /2

1
—xXx(l+x
pi

triangularNumber[19991]
trianqularNumber| ]
triangulam%_u'zg
triangularNumber List[1l, Z, 3]]
© | 199830036

¥ Hereothe RHS {}t the definition is evaluated immediately, treating x symbolically. Page 561131
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trianqularNumber[19991]
triangularfumber (]

trmgulamivﬁi
triangularNumber[£[10]]
- 199830036

£7107] (1 + £[10])

Pl |

Here, the RHS of the definition is evaluated immediately, treating x symbolically.
Sometimes this is more efficient, but it can often be problematic.

Alternatively, we can define functions as follows:

¢ fix_| = (some function of the ‘pattern” “x”) == SetDelayedIfix .|

¢ Why choose one or the other?

2 fix_| = fix] = (some function of the ‘pattern” “x”)

~ Pirsa: 11070094
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77
F % £[107 (I +£[107)

Here, the RHS of the definition is evaluated immediately, treating x symbolically.
Sometimes this is more efficient, but it can often be problematic.

Alternatively, we can define functions as follows:

¢ fix_| = (some function of the ‘pattern” “x”) = SetDelayedifix |....]

The only difference between this definition and the one above, is that here, the RHS is left Unevaluated
until the function is called.

triangularfumberD{x | := (Print["The *, x, "th trijngular number has been computed!”]; x (x+1}) /2)

trianqularNumberD([19991]
triangularNumberD [r]
trianqularNumberD l 14"3]

Compare this with:

trianqular¥umber{x ] = (Print["The ", x, "th triangular number has been computed!“]; x (x+1} /2Z)

trianqularNumber[19991]
$ Scisnopsariumber|r] Page 58/131
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Here, the RHS of the definition is evaluated immediately, treating x symbolically.
Semetimes this is more efficient, but it can often be problematic.

Alternatively, we can define functions as follows:

¢ fix_| = (some function of the ‘pattern’ “x”} = SetDelayedifix |,...]

The only difference between this definition and the one above, is that here, the RHS is left Unevaluated
until the function is called.

triangularMumberB[x | := (Prin#i["The “, z, "th triangular number has been computed:!"]; x {x+1)/2)

triangularNumberD[19991]
trianguiarNumberD (]

Compare this with:

triangular¥umheriz ] = (Print["The ", x, "th triangular numher has been computed:!"]; x (x+1) /2Z)

triangularNumber[19991]
trianqularNumber| =]
trmgulam[vﬁ]

* Rule of thumb: Keep Mathematica on a “need to know basis,” or

& When in doubt, procrastinate any evaluation until its necessary. page sotaL
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b e e o E—— ==

Compare this with:

trianguiarfember{z | = (Print["The ", x, "th trianguiar number has been computed:"]; x (x+1} /2]
The xth trianqular number has been computed!

1
- X(1+x)
2

triangularNumber|[19991]
triangularSumber|]
t:ianguarm[ﬂiﬁj

© | 199830036

-
— (L + )
-

» Rule of thumb: Keep Mathematica on a “need to know basis,” or

* When in doubt, procrastinate any evaluation until its necessary.

¢ Why choose one or the other?
g 3% Lwdlx] = (some function of the ‘pattern’” “x”)

| 1-1&-.‘&“.&-_&
[TEEE »

Page 60/131
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* When in doubt, procrastinate any evaluation until its necessary.
¢ Why choose one or the other?

fix_| = fix] = (some function of the ‘pattemn’ “x”)

Here, SetDelayed calls Set.

triangularNumberStored|x ] := |
trianquiarNenherStored[x] = (Print["The ", z, "th triangular number has been computed!”"]; z {x+1)/2) |

trﬁangnla:ﬂunh%rﬂtnre&EIEEEIE
triangularNumberStored[691]
triangularNumberStored [19991 ]

The 19991th triangular number has been computed!
- | 199830036

The 691th trianqular number has been computed:

239086
= 199830036
r :
- 7?triangularNumberStored
' Replacements
' Using Packages: “<<“

Visualizing data with Mathematica:

'-vl.Dlrsa: 11070094 Page 61/131
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e ML L L Tl J LWL DWW O -
triangularNumberStored (19991 ]

The 19991th triangular number has been computed!
199830 036

The §91th triancular number has been computed!:
- | 239086

T 199830036

" ?triangularNumberStored
= Global triangularNumberStored
_triangulaﬂﬂmerﬂtnred:ﬁ?l; — 239086

triangularNumberStored 19991 - 199830 036

triangularNumberStoredx | :=
trianqularfumberStored|(x| = [Print [The , x, th triangular number has been computed!]; ;-x (x+ I.J]

' Replacements
 Using Packages: “<<“
 Visualizing data with Mathematica:

gzﬂlmtim Vernacular: The Anatomy of an Expression

T00% &+
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The 199%1th trisngular number has been computed!
T | 199830036

The 691th trianqular number has been computed!
- | 239086

- 199830036

? triangularNumberStored
r Global triangularNumberStored
triangularNumberStored 691] = 239086

triangularNumberStored [19991] = 199830 036

triangularNumberStoredix | :-

4

triangularfumberStoredix] - (Print/The , x, th triangular number has been computed!]; 11{ (X + 1j

{II, g, m, p, m, p, m, P:" £ L?"‘mr n"‘P]‘

gym 2@, 2, W, p, W

' Replacements

 Using Packages: “<<*“

 Visualizing data with Mathematica:

&,:___Pirsa: 11070094 Page 63/131
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' introduction: to: methematic.nfr

r Global triangqularNumberStored

triangularfumberStorad 691] - 239086
triangqularSumberStorad 199917 - 133830036

trianqularNumberStored x | :=
triangularNomberStored|x| = (Print{The , x, th triangular number has been computed!]; -EK (X + 1_]]

{m, 3, ® B, ®, B, M, p} /. {P»W, m>p}
{g, m, B, I, B, W, B, W}
' Replacements
' Using Packages: “<<“
 Visualizing data with Mathematica:

Vlathematica Vernacular: The Anatomy of an Expression

—
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{m, p, m, p, ™, p, m, p} /. {p>m, m>p}

{p! E, o, I, O, O, B l'ﬂ'._
' Replacements

¢ (some expression where “x” appears)/.{x->{new expression pessibly with x}}
Replace{LHS, Rule{x RHS]]

(2 (x+1}/2) /. {19991}

199830 036

¢ (some expression where “x” appears)/.[x ;> (new expression possibly with x)}
Replace{LHS,RuleDelayed|x,RHSI]

* “>"isto“>" as "= isto “=

 Using Packages: “<<“
 Visualizing data with Mathematica:

Vlathematica Vernacular: The Anatomy of an Expression

'2_—._Pirsa: 11070094 Page 65/131
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' Replacements

¢ (some expression where “x” appears)/.[x->{new expression possibly with x}}
Replace{LHS, Rule{x, RHS]]

ri(x(x+1}/2) /. {19991}
(x(x+1}/2) /. {2»19991}

199830036

¢ {some expression where “x” appears)/.{x :> (new expression possibly with x}}
Replace{LHS RuleDelayed[x,RHSI]

* “>" isto " as ‘=" isto “="

 Using Packages: “<<

 Visualizing data with Mathematica:

Viathematica Vernacular: The Anatomy of an Expression

%’irsa: 11070094 Page 66/131
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R . e T T o el T e R TP T L g, S R T

<< bhefu.m

Efficient Tree—Ampiitudes in _/"=4 SYM
viz BCFW in the Momenmm—Twisir Grassnranmion
Jacob L. Bourjaily, 2010

This package defines all tree amplitudes analyticall imn N=4 SYM, using a (much slower) recursion
algorithm than the one each of vou will develop during this school. But it can be useful as a reference:

nice /@ AmpTerms [m, 3, m, p, m, B]

nAmpim, p, m, p, ™, P, ™, P, |, P]

befuTerms] - nimpTerms (0, ¢, 0] [m, p, m, p, m, p, m, p, m, p] // withTiming

Total [bofwTermsl]

befuTerms? - nAmpTerms(l, 1, 1] [m, p, m, p, m, B, &, 2, 2, p] // withTiming;
Intersection [bcfwTermsl, befwTerms2]
L)qutah{cm&rmmz I Page 67/131
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S e = e e ot A e RN A R € S S e B b r""'r g e =

<¢ hefu.n

Effictent Tree—Amplitudes in 4"=4 SYM
viz BCFW in the Momenmm-Twisior Grassmranian
Jacob L. Bourjily, 2010

This package defines all tree amplitudes analyticall in N=4 SYM, using a (much slower) recursion
algorithm than the one each of you will develop during this school. But it can be useful as a reference:

ni:eialnpﬁem{ngp. B, P, B, p]
L Eg (15)% ((35) (1Z3€) + (3&) (5I23))*
L{ll} {23 (34 (45 (56} (61 (1234) {2345 {345L) (4512} (5123} 5

((I3) (56) (1345) - (15) ((36) (1345) + (34) (56IF) + (I5) (G1IL)))*
(1Z) (23) (34) (45) (56) (6L) (1345) (3456) (4561) (5613) (6134)

[CL3) (56) (1235) - (I5) ((36) (1235} - {35} (6123} }* }
(12) (23} (34) (45) (56) (61} (1235) (2356) (I56L) (5612) (6123)

Tﬂ?ﬁfgi‘:, m, p, m, p, ™, P, B, p] o |

r
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rtI ntroduction To Mathematica Matkernatica Summer School 2011
c b {153 ((35) (1238 + (34) (5123t
l-ﬂf.'f.Z} {23} (34 (45) (56&) (Gl (1234) {2345 {I45]1; (4512} (5123} :
((13) (SE) (1345) - (I5) ((36) (1345) + (&) (56LF) + (IF) (6134)})*
(12} (23) (3&) (&5) (56) (61) (1345) (3I456) (4561) (5613} (613&) '
((E3) (56) (I235) - {I5) ((36) (1235) - {3I5) (6I12F))}* )
(12) (23) (34) (45) (36) (61) (1235) (2356) (3561) (5612) (6123) I

OmS m4E 3 4 =@ uil 1232

nAkmpim, p, m, p, @, p, @, p, W, p]

_ | 56687187056
1969120125

befuTermsl - nAkmpTerms [0, 0, 0] (m, p, @, p, m, p, I, P, @, p] // withTiming

Evaluation aof the 10-peoint N°MEV amplitude required 1 ms to complete.

J(a:'— Ll s B s BB r B g-‘-rE—rH—\!
- Jo _ 65536 16777216 32768 63536 8388 608 819200 16 777216 479756 288
Jl " 385875° 10418625" 1385875 ° 40516875° 13589359875  3250611° 225736875 ° 17472034125°
32768 6400 102400 12800 10000 3276800 400 = 256 256 | 128
2083725 9261° 27783 " 83343 527877 4750893 250047 694575 33075 @ 019845
1042568 2097152 8 256 512 512 256 128 6312 128
" 22920975° 1819125° 6125° 55125 ° 27783° 3675° 99225° 43659 67375° 496125 ° ;
128 6272 236421376 3136 2000 000 64 2085136
T441875" 109285605° 9464179725 " 3391875 1125914693 3075975 3476347875
1483275763712 322 417936 512 2048 10 648 S451776 8
Plrsalﬁo%g 205588375 174765488625 505110375 14586075 1879983° 45919125° 111375° | . |
80 000 64 7311616 128 128 4096 524 288
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n Introduction To Mathematica Mathematica Summer School 2011

{12} {23) (34} (45} (56) (6L) (1235) (2356) (356L) (3612) (6123} !

shmpim, p, m, p, m, p, ®, P, B, P]

56 687 187 058

- 1969120125

befuTerms] - cAmpTerms [0, 0, €] [m, p, m, P, B, P, 0, B, &, p] // withTiming

Evaluation of %he 10-point N MEV amplitude required 1 ms to complete.
AI'.?J{E-—rg—rg—r§+lg—rg~—rg—:g+r£—r§+}=

L { g 65536 16 TTT 216 32768 65536 8388 608 819200 16777 216 £79756 288

oo 1 2B 525

385875 ° 10418625 ° 385875 40516875 ° 13589359875 3250611 225736875  17472034125°
312768 6400 102400 12800 10000 3276800 400 256 256 128

B | e~ == [ = = BT | &= fﬁr"—r
2083725 %261 27783 83349 SZ797T 4750993 2250047 634575 33075 19845

1042568 2097152 8§ 256 512 512 256 128 6312 1Z8

2Z920975° 18I19125° 6125° 55125° 27783 3675" 99225° 43659° 67375 4961257

128 6272 236421376 3136 2000 Qo0 64 2085136

- 7441875" 109285605° O464I79725 3391875  112591469%° 3075975" 3476347875

1483275763712 322417936 51IZ 2048 10648 5451776 8

14006205588375° 174765488625° 505110375  14586075° 1879983° 45919125° 111375

64 goaqoo g4 7 311616 128 128 40396 524 288

T 194481° 14975037° 11344725 170170875 ° 29712375  540225° 128625 3472875

4096 1024 § 388 608 1024 2048 512 g§192 8192

- = i - = - : =
694575° 1466325° 329923125 17364375 1488375 496125 33075" 13395375

1024 131072 4096 102% 1048576 1024 4096 63336

* T 527419625 ° 535815 27088425 72570225° 258381%" 72930375° 1250235
4096 32 @192 12§ 16 I3L0T7Z 16 131072 16384 262 144

C 4 3 e =GRaln uil 232 Q
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n Introduction To Matkermatica Mathernatica Summer School 2011

= —— Ly dy ) Ay py aag FF Ep pEy Empe Py Emy FL TP EEm—
Intersection [ befuTermsl, befwTerms2]
Total [bcfwTerms2|

Evaluation of the 10-point N MEV amplitude required 1 ms tc complete.
-'1|571J{E—rg—rg—:g+r5—r3~;g—fg+;g—,g+}:
{Ff
56 687 187 056
- 1969 20125

For doing multiloop integrals, Czakon’s Mellin-Barnes package may be useful:

<c MB.m

¢ Itis generally a good idea fo create your own package file to store the functions used most frequently in
whatever project your currently working on.
For me, these days, it is:

¢ Packages can also be a useful repository of data:

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook'’s
directory, it can be loaded by first evaluating

 Visualizing data with Mathematica:

E:;"g]gmtica Vernacular: The Anatomy of an Expression
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n I ntroduction To Mathematica Muatheratica Summer School 2011
(125 (Z3) (34) (45) (56) (61 (1345} (IE56) (4S6L) (5€1T) (GI1I&)
((E3Y (56 (1238} - {15 ({3&) (EX35) + (35} (GIXI}) ]4 }
(12) (23) (34) (45) 56) (61} (1235) (2Z356) (356L) (5612) (6123)

nAmp(m, p, m, p, W, p, W, p, W, B]

_ | S6GBTIET (56
- 1963120125

"  useRandomTwistors[10]

~ | befuTermsl - nAmpTerms |0, ¢, 0] [m, p, m, p, 0, P, B, P, @, p] // withTiming;
Evaluation of the 10-point N MEV amplitude regquired 86 ms to complete.

.'*-.:_:j{E—:E—-—rg—rg-g—rg—rg-—rg—rg+rg—rg+}=

" Total [bcfwTermsl]

T 5051005280989787775351112943289015108003049258450110958307222163304814316722 738244 732153054 -
426 428331 007952014337 1214868353946 748255 %029996804351 911030092797 214991 415574530783 686 8E4 332 -
104 360063048473 996 793593763823 022903268 300846001 039785271203/
S06970365676627 763576445461 126311 368402719897 773 014282574537 116152 744671667 362511735486 636 -
945098251 023959442500 168689250 128166839956 377345203 743176671677 3925793444 204610406591 799 264 -
359486535891 707358 804434055456 769818526051 188 859840 000

befwTerms2 - nAmpTerms|l, 1, 1] [m, p, =, p, m, B, m, p, @, p] // withTiming
Intersection [befwTermsl, befwTermsl]
‘3Tntal{bcfﬂem2]

. Pirsa: 11070094 Page 72/131
Evaluation of the 10-point WMBV amplitude reguired 1 ms toc complete.
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" 505100528098978777551 112943289015 108003 0492568450110958307222163304814316722736244732153054 -
476478331007952014337121 488353946 748255982999 804351 911030092797 214991 415574530 783686884 332 -
104960069048 473998 793593763823022903 268300846001 039785271203/
506370 385676627 763576445461 126311 368402719897 773014282574537 116152 744671667 362511 755486636
945098251 023959442500 168689250 128166839956 377345203 743176671677 392579444 204610406591 799 264 -
359 486535891 707 358 804 434 055 456 769818 526 051 188 899840 000

For doing multiloop integrals, Czakon’s Mellin-Barnes package may be useful:

<< MB.m

MB 1.2

by Mickal Czakon

improvements by Alexander Smirnov
more info in hep-ph/0511200

last modified Z Jan 09

¢ Itis generally a good idea to create your own package file to store the functions used most frequently in
whatever project your currently working on.
For me, these days, it is:

% Packages can also be a useful repository of data:

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:

 Visualizing data with Mathematica:

Tirsa: 11070094 Page 73/131
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n IntroductionTo A . Mathermatica Summer School 2011
T 505100528098978B777551 112943289015 108003 049258450 110958307222163304814316722738244732153054 -
£26 428331 007 952 014 337 121 488 353 946 748 255 982 999 804 351 911 030092 797 214991 415 574530 783 686 884 332 -
IgE® O 8 Untitied—5
TSR FOIR Debug Runfackage 67667 362511755 486636
= —  794442046104065917992684 -

SegirFarkage| "myPacikege 7]
Begim “Glchal ™ ] T

i

L]

Tl

For dtﬁ

L EndPeeiage |

<< MBI
MB 1.2
by Michs
more inf

last moe

¢ Itis gen as used most frequently in
whatewt
Forme;

¢ Packags
¢ Unlesst Jackage is in the notebook’s
director

| Visnaling

Trsa: 11070094 Page 74/131
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n Introduction 7o Mathermatica Wm&ﬂmer School 2011

——————— -

| =i o e e - e B - L ETUEE _Jl‘ E = iF -3 el =i oo e o 1

threeloopChaini (1, Z, 3}, {1, 2, 3}, { 3 4 5>,{4 5 65, | 4,5. 6, {6, 1,23}

Of course, these pure abstract objects “tripleHexagon” and “threeLoopChain” stand for completely
explicit, rational functions:

uicg:fa {threeLoopIntegrandSeeds[5] /. integrandRules)
threelooplntegrandSeeds[5] /. toFigures
b {ZI(I4(SZL[(FEL ) (42)3) - (Z3(34(52Z3)(FE) ) (42)1)] (3451
{{M} (AB23) (ABCD) (CDZ3) (CD34) (CDEF) (EF34) (EF45) (EFSI) (EFAB)
(EF(345](1(SIZ) ) ((ZI(J4(IZT)(FE) ) (42)3) - (ZI(34(1Z3)[((FE} }[](42Z) 1))
(AB12) (AB23) (ABCD) (CD23) (CD34¢) (CDEF) (EF12) (EF34) (EF45) (EF51) (EFAB) '
((Z&(4S(1ZT}(FE) )53 3) - {24 (45{ 12N (FE) I (53) L}) (4512
(AB12) (AB23) (AHCD) (CD34) (CD45) (CDEF} (EF12) (EP45) (EFS1) (EFAB)

{234%) [{23(4S5(1ZI)N(PE}}1(DC) 3) - (ZI(4S(1Z3)(FE)})(DCY1) ] (4511}
(AB12} (AB23) (ABCD) (CD23) (CD34) (CD45) (CDEF} (EF1Z} (EF45) (EFSL) (EFER)
(AB(45L)7(234) ) (2345} (5123)°
(BB23); (AB4S) (ABS1) (ABCD) (CD23) (CD34) (CD45) (EF12) (EFZ3) (EFSL) (EFAR)
(EF(451)(123) ) (2345) (4523 (523¢)

{AB23) (AB45) (ABCD) (CD23) (CD34) (CD45) (EF12) (EF23) (EF45) (EF51) (EFAB) '

{2345) (4123) (5123) (5234)
(AB23) (AB45) (ABCD)} (CD23) (CD34) (CD45) (EF12) (EF23) (EF51) (EFAB) I

[E5]

T | {toapleNewsgonf { E, 2, 3}, {1, Z, 3}, {Z, 3, &}, {1, 3, &}, {3, & 5], {6 5, L}],
tripleflexagoni{ (L, X, 3}, {1, 2, 3}, {2, 3, &}, {Z, 3, &, {3, & 5}, {5, L, 2} |,

'Pirsammi[l-r Zr 3}r {lr Zr 3}: f3; 4! 5}r {31 {r E}! "tr Er I--_'r {Er lr 2}]: Page 75/131 |
triplefexagonf{{E, X, 3}, {1, Z, 3}, {2, 3, 4}, {3, & 5}, {& 5, L}, {5, L, 2}],
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(AB23) (BB45) {

(123} )

(ABSI) (BBCD) (CD23) {-:ns::
(EF(451)

aCDiE} (EF12) (EFZ3} (EF5L)

(2345} (4523) (5234)

\EFBB}

(AB23)

(RB45) (ABCD) (CD23) (CD34) (CD4S)

(2345} (4123} (5123)

(EF12) (EF23} (EF45) (EF5L) (EFAB)

(5234

(AB23)

{EB45) (ABCD} (CD23} (CD34)

(CO453)

(EF12) (EF23) (EFS1) (EFAB) .

% Packages can also be a useful repository of data:

<< four point multiloops.m

Integrands Through L=7

integrandCoefficients (6]
Lengthe%
integrandCoefficients|7]
Lengthe%

(2. E. k. k. -,
E N, -X,-F

-
¥ 1 1 1 1 1 1 1

E R B
Pi@allrloz@%ﬂ'—l, _]_r 'I-r _1’ =

-k,

=R

-1,

T T

=R Rl R oAl & = S e B i Al n TY Y R SR ves
="5= I 5s jem, = S0 3
¥, ¥,

-

= _1! _Ir
E e ¥
Eetts L LT,

1 1 1 1 1 T

T

=

F_ll'_

1 t

-E -5 -E X -1, -k
= e ek
=, e

= l: Page 76/131
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n I ntroduction To Matkematica Matherutica Summer School 2011
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245

2329

fourPointGraphs[6] [[-5;; -1]] i

¢ Unless the package is stored in the appropriate, ¢lobal directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:

 Visualizing data with Mathematica:

Vlathematica Vernacular: The Anatomy of an Expression
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¢ Unless the package is stored in the aypropriate, global directory, so long as the package is in the notebook's
directory, it can be loaded by first evaluating:
%ﬁsunhzmg data with Mathematica:
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2329

fourPointGraphs[6] [[-5;; -1]]

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:

SetDirectory [NoteboockDirectory([]] i
 Visualizing data with Mathematica:

Viathematica Vernacular: The Anatomy of an Expression
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An Introduction T o Matheratica Mathematica Summer School 2011

= | 2999

= | fourPeintGraphs[6][[-5;; -1]]

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:

SetDirectory [NotebookDirectory[]]
@ Visualizing data with Mathematica:

Mathematica Vernacular: The Anatomy of an Expression
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(BB23) (AB45) (AB51) (ABCD) (CD2Z3) (CD34) (CD4S) (EF12) (EF23) (EF51) (EF2B) '
(EF(45L)(123)) (2345) (4523) (5234)

(BBZ3) (AB45) (ABCD) (CD23) (CD34) (CD45S) (EFIZ) (EFZ3I) (EF45) (EF51) (EFAB) '
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{BBZ3) (AB45) {ABCD) (CD23; (CD34&) (CD45) (EFl1Z) (EF23) (EF5l) {EFAB; .

0 Packages can also be a useful repository of data:

“~ | << four point multiloops.m
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¢ Packages can also be a useful repository of data:

<<|Zour point muitiloops.m

Four—Point Multi-Loop
Integrands Throngh L=7

©~ | integrandCoefficients[6]
$ PraangHnes
" J| integrandCoefficients[7]
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Enable: Mathematica Fles (".mb, —cgf, .. =
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¢ Packages can also be a useful repository of data:

"~ | << four point mmltiloops.m

Four—Point Multi—1 cop
Integrands Throngh [.=7
©~ | inteqrandCoefficients|[6]
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| fourPointGraphs(68][[-5;7 -1]]

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’
directﬂry, it can be loaded by first evaluating:

Sesl:nlrectnrg _NotebookDirectary([]]
I: Pirsa: 11070094
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mraduction: to mathematica.nb
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|kt

== | 2379

" | fourPointGraphs(6][[-5;; -1]]

-0 Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:

 SetDirectory NotebookDirectory([]]
@ Visualizing data with Mathematica:

Mathematica Vernacular: The Anatomy of an Expression
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“~ | fourPointGraphs[6] [[-5;; -1]]

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:

| SetDirectory [NotehookDirectory[]]
@ Visualizing data with Mathematica:

" | << demos.m

|
I
EhBEfibratinnsfj !
|
I

“~ | unfoldingAnimation|]

| patiSalamModel3D[]
|
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~" | fourPointGraphs[6][[-5;; -1]]

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook’s
directory, it can be loaded by first evaluating:
| SetDirectory NotebookDirectory(] ]
@ Visualizing data with Mathematica:

<< demos.m

| ADEfibrations|] 5
| P

=~ | unfoldingAnimation|]

" | patiSalamModel3D[]
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- | fourPointGraphs(6][[-5;; -1]] |

¢ Unless the package is stored in the appropriate, global directory, so long as the package is in the notebook'’s
directory, it can be loaded by first evaluating:

' SetDirectory [NotebockDirectory[]]
Visualizing data with Mathematica:

| ¢ demps.m

| ADEfibrations[]

" | unfoldingAnimation|]

| patiSalamModel3D(]

" | matterTableDemo[0.75]

| quillochePlot
calabi¥auPlot
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