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Abstract

FORM, a symbolic manipulation system, has been widely used in a lot of calculations for High
Energy Physics due to its high performance and efficient design. Mathematica, another compu-
tational software program, has also widely been used, but more for reasons of generality and
user-friendliness than for speed. Especially calculations involving tensors and noncommutative
operations like calculating Dirac traces can be rather slow in Mathematica, compared to FORM.

In this article we describe FORMLINK and FEYNCALCFORMLINK, two Mathematica packages to
link Mathematica and FEYNCALC with FORM. FORMLINK can be used without FEYNCALC and
FEYNCALCFORMLINK, which is an extension loading FORMLINK and FEYNCALC automatically.

With these two packages the impressive speed and other special features of FORM get embedded
into the generality of Mathematica and FEYNCALC in a simple manner.

FEYNCALCFORMLINK provides a FORM-based turbo for FEYNCALC, making it much more
efficient. FORMLINK turns Mathematica into an editor and code organizer for FORM.
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PROGRAM SUMMARY
Title of program: FORMLINK/FEYNCALCFORMLINK
Available from: http://www.feyncalc.org/formlink/
Programming language: Mathematica 7, 8 or 9; C; FORM 4
Computer: Any computer running Mathematica and FORM.
Operating system: Linux, Windows, Mac OS X.
External routines: FORM, C, FEYNCALC.

Keywords: Mathematica, MathLink, FORM, FeynCalc, FormLink, FeynCalcForm-
Link.

Nature of physical problem: The functionality of FORM is restricted compared with
Mathematica, which is broader, while its speed is slower for larger calculations involving
tensors and noncommutative expansions. So how can we combine the speed of FORM
with the versatility and broadness of Mathematica?

Method of solution: Named pipes, MathLink, C, Mathematica pre- and postprocessing.

Typical running time: Seconds, minutes, or more, depends on the complexity of the
calculation. There is some overhead for conversion of larger expressions.
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LONG WRITE-UP

I. Basic Ideas

The basic and simplest way to communicate between Mathematica and FORM [IH6] is
using input and output files. This method has been used in FEYNCALC [7] and FORMCALC
[8], which prepares the symbolic expressions of the diagrams in an input file for FORM,
runs FORM, and retrieves the results back to Mathematica.

Another method to exchange data between different processes is to use pipes. The detailed
usage of pipe communication between FORM and other external programs is described in
[9]. In this article we implement a user-friendly communication between Mathematica and
FORM using both possibilities. We would like to note that FORMCALC and FormGet . tm,
mentioned at http://www.feynarts.de/formcalc, also use MathLink and pipes, but do
not provide a general interface from Mathematica to FORM.

The remainder of this section is intended for programmers only and not needed to un-
derstand how to use FORMLINK.

The basic idea is that we create two unnamed pipes, one is the read-only descriptor with
file handler r# , the other is the write-only descriptor with file handler w#, then start FORM
with the pipe option automatically through the MathLink executable FORMLINK

form -pipe r#,w# init

where init refers to the FORM code init.frm , which is discussed in the following. When
the pipe connection has been established successfully, FORM sends its Process Identifer
(PID) in ASCII decimal format with an appended newline character to the descriptor w#
and then FORM will wait for the answer from the descriptor r#. The answer must be
two comma-separated integers in ASCII decimal format followed by a newline character.
The first integer corresponds to the FORM PID while the second one is the PID of parent
process which started FORM. If the answer is not obtained after some time-out, or if it is
not correct, i.e. it is not a list of two integers or the first integer is not the FORM PID,
then FORM fails. When the channel has been established successfully, FORM will run the
code in the init.frm file, containing the following instructions:

0ff Statistics;

#ifndef ‘PIPES_’
#message "No pipes found";
.end;

#endif

#if (‘PIPES_’ <= 0)
#message "No pipes found";
.end;

#endif

#procedure put(fmt, mexp)
#toexternal ‘fmt’, ‘mexp’
#toexternal "#THE-END-MARK#"

#endprocedure

#setexternal ‘PIPE1_’;

#toexternal "OK"
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#fromexternal
.end

The core parts are the last two lines before the .end instruction. The first line,
#toexternal "OK", sends the word OK in ASCII string format from FORM to FORMLINK,
it confirms that the communication channel has been established successfully, otherwise
FORMLINK will treat it as failed. The second line blocks FORM and waits for the code
which will be sent from Mathematica. When the prompt! arrives, FORM will continue to
execute code from #fromexternal. We defined a procedure named put to send data from
FORM back to Mathematica. Note that if you want to send data without this procedure,
you need to send the end mark, i.e. the string #THE-END-MARK#, to indicate that the data
is complete, otherwise FORMLINK will be blocked until the end mark has been received.

Until now we have demonstrated a round communication from Mathematica to FORM,
and then back to Mathematica again. This procedure can be looped if we put another
#fromexternal in the code sent from Mathematica to FORM, and in this sense, we get an
interactive FORM, which cannot be easily achieved by the first way which exchanges data
by input and output files.

II. Installation

To install the FORMLINK and FEYNCALCFORMLINK packages, run the following in-
struction in a Kernel or Notebook session of Mathematica 7, 8 or 9 on Linux, MacOSX, or

Windows.
Import ["http://www.feyncalc.org/formlink/install.m"]

The installer will automatically download formlink.zip from the url? and extract the files
from the archive to the directory Applications in the directory $UserBaseDirectory,
which is by default located in the search path of Mathematica. Their values for different
platform are listed in TABLE [[l Specifying

$installdirectory = mydir

before running the installer will change the installation directory. It is recommended to use
a directory which is on the Mathematica path, e.g., HomeDirectory[], or $BaseDirectory.
For user convenience, the binary files of FormLink, form and tform for Linux, Microsoft
Windows and Mac OS X are also installed. Furthermore the latest version of FEYNCALC
is downloaded from http://www.feyncalc.org and installed automatically into the same
directory unless it has been already installed somewhere on the Mathematica path.

Platform $UserBaseDirectory

Windows C:\Users\username\AppData\Roaming\Mathematica
Linux ~/.Mathematica

Mac 0S X ~/Library/Mathematica

TABLE I: The values of $UserBaseDirectory for different operating systems

!The default prompt defined in FORM is a blank line, for details please see [9]
Zhttp://www.feyncalc.org/formlink/formlink.zip
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At the end of the installation FormLink and FeynCalcFormLink are loaded and two simple
examples are run, one uses FormLink:

FormLi nk[" Aut oDecl are vector p;
Local T = g_(0, pi,p2, p3, p4, p5, p6);
trace4d 0O;

(¥, Forn2M -> ldentity =)
(¥ <-- uncomenting returns a string =)

1

FORM and FormRead finished, time needed before trand ating to Mathematica: 0. sec

Trandation done. Total wall clock time needed: 0.1925 sec

4 pl.p6 p2.p5 p3.p4 — 4 pl.p5 p2.p6 P3.p4 + 4 pl.p2 p3.p4 P5.p6 —
4pl.p6 p2.p4 p3.p5 + 4 pl.pd p2.p6 P3.p5 + 4 pl.p5 p2.p4 p3.p6 — 4 pl.p4 P2.p5 p3.p6 +
4pl.p6 p2.p3 p4.p5 — 4 pl.p3 p2.p6 p4.p5 + 4 pl.p2 p3.p6 p4.p5 — 4 pl.p5 p2.p3 p4.p6 +
4pl.p3p2.p5 p4.p6 — 4 pl.p2 p3.p5 pP4.p6 + 4 pl.p4 p2.p3 pP5.p6 — 4 pl.p3 p2.p4 p5.p6

The other example executes FeynCalcFormLink, which generates and runs the corresponding
FORM program, substituting ASCII values for greek indices intermediately:

FeynCal cFornLi nk[ DiracTrace[GA[y, v, o, o, t, all]l

AutoDeclare Index lor;

Format Mathematica;

L resFL = (g_(1,lor2)*g (1,lor3)*g (1,lord)*g (1,lor5)*g (1,lor6)*g (1,lorl));
traced,1;

contract O;

.sort;

#call put(“%E", resFL)

#fromexternal

Piping the script to FORM and running FORM
Time needed by FORM : 0. seconds. FORM finished. Got the result back to Mathematicaas a string.
Start translation to Mathematica/ FeynCalc syntax
Total wall clock time used: 0.12 seconds. Trandation to Mathematicaand FeynCalc finished.
4ga‘r ng' gvp _49010' gy‘r gvp +4goz;4 go"r gvp _49011' gup gVO' +4gozp g,u'r gvo' +
4gao' g,up gv-r _4ga/p gp(r gvr+4ga-r g,uv gp(r _4gav g,u‘r gp(r +4ga,u gvr gpo‘ _
4977 g QT +AQT QN 9T - 4QTH g 9P T+ 49T g g7 T - 49T g g T

The source code of FORMLINK is included in the src folder. The scripts for compilation
are listed in TABLE [[I We used the GNU compiler gcc, producing an executable FormLink
in the corresponding subdirectory in bin.



Platform make commands

. . . make -f makefile.cygwin
Microsoft Windows (32 & 64 bit) ] o
make -f makefile.cygwin install

. . make -f makefile.linux32
Linux (32 bit) , . .
make -f makefile.linux32 install

. . make -f makefile.linux64
Linux (64 bit) i ] i
make -f makefile.linux64 install

. make -f makefile.macosx64
Mac 0S X (64 bit) . .
make -f makefile.macosx64 install

TABLE II: The make commands for different operating systems. If needed, please modify the
corresponding makefile, for example, change the location of the MathLink developer kit (MLINKDIR)
if you did not use the default location during installation of Mathematica or if you want to use a
different version than Mathematica 8.

III. FormLink and FeynCalcFormLink Functions Reference
A. Basic Usage

The basic functions are FormLink to execute FORM programs written as a string in Math-
ematica and FeynCalcFormLink to run a program specified in FEYNCALC syntax through

FORM. These two MathLink-based functions are easy to use for FORM and FEYNCALC
practicioners.

e FormLink

FormLink[" form statements "] runs the form statements in FORM and returns
the result to Mathematica. If only one Local assignment is present the return value
is the result. If more FORM Local variables are present, a list of results is returned.
FormLink has several options, the default values are as follows,

{Assign —» False, Form2M — Form2M, FormSetup :» $FormSetup, Replace :» $Form2M,
Print —» True, Style » {RGBColor[0.444444, 0.222222, 0.], FontFamily — Courier}}

Here we only explain the most important ones.

The option Form2M can be used to specify the function which translates the ex-
pression from FORM to Mathematica format, its default value is function Form2M,
which has the following usage: Form2M[string, replist] translates string by
ToExpression[StringReplace[string,replist],TraditionalForm] to Mathemat-
ica. Form2M can also be set to Identity, which means that the result from FORM
will be returned as a string, containing the exact output for the Local expression. If
conversion to Mathematica is straighforward, i.e., there are no bracketed expressions
or other syntaxes not easily interpreted by Mathematica, then it is best to use the set-
ting Form2M—ToExpression, which will just call ToExpression on the string result
coming from FORM.

The option Replace is a list of string replacements, its default setting is $Form2M,
containing a list of user-changeable (e.g. in Config.m) basic function-name translations
from FORM to Mathematica.



{bernoulli_ — BernoulliB, binom_ — Binomial, cos_— Cos, fac_ — Factorial,
gcd_ - GCD, In_ - Log, max_ —» Max, min_ - Min, mod_ - Mod, pi_ - Pi,
li2_ - PolyLog2, sgrt — Sgrt, sign_— Sign, sin_ — Sin, sum_ - Sum, tan_ - Tan,i_ - |,
e - I«$LeviCivitaSign<Eps, d_ — Pair,\ - , gi_ - DiracGamma, -, -, [ — Hold[ldentity][}

The option Print can be used to switch informative messages on or off during exe-
cution. The option FormSetup can be a list of FORM settings, like TempDir which
dynamically produces a form.set file next to the binary which is then called auto-
matically upon starting FORM.

e FeynCalcFormLink

FeynCalcFormLink [expr] translates the FEYNCALC expression expr to a FORM
program, identifying automatically traces, symbols, vectors, indices and the dimension,
calculates it, pipes it back to Mathematica and translates it to FEYNCALC syntax.

There are several options for FeynCalcFormLink, the default settings are as follows,

{Functions —» CFunctions, FeynCalcExternal —» True, FormSetup :» $FormSetup,
Form2FC —» Form2FC, ExtraDeclare — {}, IDStatements — {}, Print - True,
Replace - {}, Style » {RGBColor[0.444444, 0.222222, 0.], FontFamily — Courier}

Most of the options are similar to FormLink, we only explain Functions,
ExtraDeclare, IDStatements and Form2FC.

If the option Functions is set to ‘‘CFunctions”, then all non-System® functions,
except those present in $M2Form and some FEYNCALC functions, are automatically
declared CFunctions in FORM. If Functions option is set to ‘‘Functions’’, then they
are declared noncommutative functions, i.e., Functions in FORM.

The option ExtraDeclare can be used to put any extra valid FORM declarations
which are not identified automatically, for example:

ExtraDeclare—{"CFunctions GammaFunction;", "Functions MyOperator;"}

The option IDStatements can be set to a string or a list of strings corresponding to
FORM identify statement like {"id k1.kl=mass~2;"}.

The option Form2FC is set to the function being used to translate expression from
FORM to FEYNCALC format, the default is Form2FC.

B. Advanced Usage

The basic internal procedure to use FORMLINK is to start FORM with FormStart,
then send the code to FORM for execution using FormWrite and FormPrompt, read and
convert the result back to Mathematica through FormRead, finally, stop FORM by calling
FormStop. All these calls can be encoded into a single function named FormLink which has
been introduced in the previous section.

e FormStart

FormStart [] automatically determines the path of the form executable, which is lo-
cated in the corresponding subfolder in the bin directory, and then starts FORM in
pipe mode. You can also call FormStart [formpath] with explicit full path formpath
of the form excutable.



o FormWrite

FormWrite[script] sends the script with an appended newline character, to
FORM. Notice that FORM will not start to execute the script right away and you
can send your scripts by using the FormWrite[script] many times. When you are
finished, send the prompt, then FORM executes all instructions sent.

FormWrite[scripts], where scripts is a list of strings, will call FormWrite [script]
for each element script in the list scripts, so if your code spans several lines, you can
also put them as a list with each element corresponding to a single line of your scripts.

e FormPrompt

FormPrompt [] sends the prompt to FORM, which will make FORM continue to exe-
cute the code you have sent. The default prompt in FORM is a blank line, FORMLINK
has adopted this default option, so do not send blank lines unintentionally.

o FormRead

FormRead[] reads the data from FORM. It should be noted that if no data is sent
from FORM, the calling thread will be blocked until data is available. You can use
the procedure put defined in init.frm to send the data from FORM.

FormRead [] will first check whether the pipe has been closed or not, if the pipe has
been closed, for example when FORM has encountered some problems, FormRead []
will redirect the standard output from FORM to Mathematica, so the user can check
the error messages.

e FormStop

FormStop[] uninstalls the link to Form. FormStop[All] kills all running FormLink
processes.

As we discussed in section [ there are two ways to communicate between FORM and
Mathematica, the functions introduced above are all used with the method of piping. We
also provide two functions which are not using MathLink, but deal with input and output
files only.

e RunForm

RunForm[script] runs script in FORM and writes the result to runform.frm and
the log file to form.log in the current directory, i.e., the value returned by the
M athematica function Directory[].

RunForm([script, formfile] uses formfile instead of runform.frm. The first argu-
ment script can be a string or a list of strings.

An optional third argument can be given to use a specific FORM executable, otherwise
a FORM executable from $FormLinkDir/bin is used.
e ReadString

ReadString[str] imports str as Text and translates it to Mathematica syntax by
using $Form2M. You can use #write preprocessor to write your data to the output file
by FORM, and use ReadString to read it into Mathematica.



To facilitate the usage of FORMLINK with FEYNCALC, two functions are provided for
performing the conversions between FEYNCALC and FORM?3:

e FC2Form

FC2Form[exp] translates exp in FEYNCALC format to FORM format. FC2Form[exp]
returns a list of two elements, the first one is a list containing the script which will
be sent to FORM. You can use the function ShowScript[script] to display the
script. The second one is a list of replacement rules, which will be used in Form2FC
to translate the result from FORM format back to FEYNCALC. FC2Form has the
options : Functions, Dimension, ExtraDeclare, IDStatements, Print and Replace:

{Functions » CFunctions, Dimension -» Automatic,
ExtraDeclare — {}, IDStatements — {}, Print —» True, Replace — {}

e Form2FC

Form2FC[formexpr] is used to translate formexpr which is in FORM format back to
the FEYNCALC one. Form2FC[formexpr, replacelist] applies the substitution list
replacelist at the end. The second argument is usually the second item of of the
list returned by FC2Form.

So the general steps to use the package with FEYNCALC are to convert FEYNCALC code
to FORM, and then send the converted code to FORM for executing with FORMLINK,
and finally convert the results in FORM format back to FEYNCALC. All these steps are
implemented into a single function FeynCalcFormLink, which has been introduced in the
previoius section.

IV. Examples Using FormLink, FeynCalcFormLink and RunForm

We list a few examples using the FormLink, FeynCalcFormLink and RunForm functions.
More examples can be found in the Examples directories of both packages.

A. Using FormLink

FormLink is a function for running FORM from Mathematica and returning the result
to Mathematica.

A short trace

short = FornmLi nk["
Aut oDecl are vector p;
Local T = g_ (0, pl,p2, p3, p4, p5, pb);
traced O;
"1

3There are also two older FEYNCALC functions named FeynCalc2FORM and FORM2FeynCalc to perform
the conversions.



FORM and FornRead fini shed, tine
needed before translating to Mathenmatica: 0.001 sec

Transl ati on done. Total wall clock tinme needed: 0.124 sec

4 pl. p6 p2. p5p3. p4 -4 pl. p5p2. p6 p3. p4 -4 pl. p6 p2. p4 p3. p5 +
4 pl. p4 p2. p6 p3. p5 +4 pl. p5p2. p4 p3. p6 -4 pl. p4 p2. p5p3. p6 +
4 pl. p6 p2. p3 p4. p5-4pl. p3 p2. p6 p4. p5+4 pl. p2 p3. p6 p4. p5 -
4 pl. p5p2. p3p4. p6 +4 pl. p3 p2. p5S p4. p6 -4 pl. p2 p3. p5 p4. p6 +
4 pl. p4 p2. p3 p5. p6 -4 pl. p3 p2. p4 p5. p6 +4 pl. p2 p3. p4 p5. p6

% // | nput For

4+pl. p6+p2. p5+xp3. p4 -

4xpl. pS«p2. p6+«p3. p4 - 4+pl. p6xp2. p4+p3. p5 +
45pl. pd«p2. p6«p3. p5 + 4«pl. pS+p2. p4+xp3. p6 -
4%pl. pdxp2. p5xp3. p6 +

4+pl. p6+p2. p3xp4. p5 - 4+pl. p3xp2. p6+xp4. p5 +
4+pl. p2+p3. p6xpd. p5 -

4xpl. pS+xp2. p3«xpd. p6 + 4«pl. p3xp2. p5+xp4d. p6 -
4+pl. p2xp3. pS+xpd. p6 +

4+pl. pd~p2. p3xp5. p6 - 4+pl. p3xp2. p4+p5. p6 +
4+pl. p2+«p3. p4«p5. p6

Using the option Form2M—Identity returns a string:

short = FormLi nk["
Aut oDecl are vector p;
Local T = g_ (0, pl,p2, p3, p4, p5, pb);
trace4 O;
", Form2M - ldentity
1
FORM and FornmRead finished, tine
needed before translating to Mathematica: 0.001 sec
Transl ation done. Total wall clock tine needed: 0.1185 sec
(4xpl. p2«p3. p4+p5. p6-4+pl. p2+p3. p5«p4. p6+4«pl. p2+p3. p6xp4. p5-4xpl. p3«p2. p4
*P5. p6+4«pl. p3«p2. pS+p4. p6-4xpl. p3+p2. p6xp4. p5+4«pl. p4d«p2. p3+p5. p6-4+pl.
p4«p2. p5+«p3. p6+4xpl. p4«p2. p6+p3. p5-4«pl. p5+p2. p3xp4. p6+4xpl. p5«p2. p4=p3.
p6-4xpl. p5«p2. p6+p3. pd+4xpl. p6xp2. p3«p4. pS-4+pl. p6xp2. p4xp3. p5+4xpl. p6+
p2. p5xp3. p4)
short // StringQ
True
d ear [short]
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A longer trace

medi um= Fornli nk["
Aut oDecl are vector p;
Local T = g (O,
pl, p2, p3, p4, p5, pb, p7, p8, p9, plo, pll, pl12, p13, p3);
trace4 0O;

For m2M :» Functi on[x, ToExpression[StringReplace[x, "." »>""

(*» Since we want to change pl.p2 to plp2,
we replace the . to an enpty string "x)
1

FORM and FornmRead finished, tine

needed before translating to Mathematica: 0.0595 sec
Transl ation done. Total wall clock tine needed: 0.3055 sec
medi um// Lengt h
11763
medi um[ [1]]
4 p1l0p13 pllpl2 plp9 p2p8 p3p3 p4p7 p5pb6
Vari abl es[nmedi um] // | nput Form // Short
{p10pl3, pllpl2, plp9, p2p8, p3p3, pap7,

p5p6, pl0pl2, << 67 >>, p9pl0, p9pll, p9pl2, p9pl3)

d ear [nedi um];

Special cases

Objects like [1-x] in FORM are translated to (1-x) in Mathematica:

For mLi nk["
Symbol s vy, [1-X1;
L F = [1-X] % (2xy-1)"2%3;
"1
FORM and FornRead fini shed, tine
needed before translating to Mathematica: 0.0005 sec
Transl ati on done. Total wall clock tine needed: 0.1075 sec
3(1-x)-12 (1-x)y+12 (1-x)y?
% // Fact or
“3 (-1+x) (-1+2y)?
For mLi nk [l ]
FORM and FornRead finished, tine
needed before translating to Mathematica: 0.001 sec
Transl ati on done. Total wall clock tine needed: 0.0855 sec

i

11
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Polynomial examples

Expand (a + b)?

FornLi nk["Synbol s a, b; Local F = (a+b)"2"]
FORM and FornRead fini shed, tine

needed before translating to Mathematica: 0.0005 sec
Transl ati on done. Total wall clock tine needed: 0.085 sec

aZ+2ab+b?

Alternatively we may just enter the Mathematica expression which is then automatically
translated to a FORM program:

FornLi nk[(a+b)"2]
FORM and FornRead fini shed, tine

needed before translating to Mathematica: 0.001 sec
Transl ati on done. Total wall clock tinme needed: 0.0855 sec

aZ+2ab+b?

Expand (a +b+c+d+e+ f+ g)*

The default option setting of Form2M does general translation of FORM syntax to Mathe-
matica/ FEYNCALC. Here we can use the simpler ToExpression as a setting of Form2M.
While it is possible to use even 42 instead of 21, we see already for power 21 that it takes
longer to transfer the large expression between FORM and Mathematica than to calculate
it in either FORM or Mathematica directly. So it is best not to transfer large expressions,
if possible.

fresult =
For mLi nk ["
Synmbol s a, b,c,d, e, f,g;
Local F = (a+b+c+d+e+f +g)"21;

For m2M- ToExpr essi on
1
FORM and FornRead fini shed, tine
needed before translating to Mathematica: 1.6787 sec
Transl ati on done. Total wall clock tine needed: 5.9193 sec
fresult // Length
296010

So for somewhat larger expressions there is noticable overhead for piping the expression
back to Mathematica as a string by FormRead and for translating the string to Mathematica
syntax (ToExpression).

An accurate timing of FORM can be done by using RunForm:
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RunFor me" On Short Stats;
Synmbol s a, b,c,d, e, f,qg;
Local F = (a+b+c+d+e+f +g)"21;

FORM4. 0 (Aug 31 x2012) 32 -hits Run: Wed Dec 12 x12: 01: 46 x 2012
On Short St at s;
Synbolsa, b, c, d, e, f, g;
Local F = (a+b+c+d+e+f +g)"21;

.end
0.24s 1> 100000 100000: 3015192 F
0.53s 1> 200000 200000: 6000862 F
0.81s 1> 296010 296010: 8643114 F
0.85s 1> 296010--> 296010: 8643078F
0. 85sec out of 0.85sec

Expand (a +b+c+d+ e+ f+ g)* using RunForm

Last [StringSplit[#,”’\n’]11& is a pure function to extract the last line of the string
output of RunForm, returning the timing.

Last [StringSplit[#, "\n"]] &e
RunForm["* On Short Stats;
Synmbol s a, b,c,d, e, f,g;
Local F = (a+b+c+d+e+f +g)"42;
", Print » Fal se]
83. 85 sec out of 86.46 sec

First @ AbsoluteTim ng[ ntesult = Expand[(a+b+c+d+e+f +g)"42]; ]
63.248618
{Lengthe nresult, MenorylnUse[], Cear[nresult], MenorylnUse[]}
{12271512, 2039817984, Null, 165005 184}

So mresult has more than 12 million terms and it occupies around 2 GB. For this example
with a lot of terms FORM 4 is slightly slower than Mathematica 9.

O ear [fresult, nresult]

(a+b)® and a*b — ¢

For mLi nk["
Synbol s a, b, c;
Local F=(a+b)”"6;
id ar2xb = c;
"1
FORM and FornRead fini shed, tine
needed before translating to Mathematica: 0.0005 sec
Transl ati on done. Total wall clock tine needed: 0.217 sec

a®+6ab’+b%+6a%c+20ab?c+15b%c +15c?
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To do the same in Mathematica requires more work:

Expand[(a+b)®] //.
(@a®” (n_Integer /; n>1) x (b" (M. )) > ((@*(n-2)c) br(m-1)))
a®+6ab’+b®+6a%c+20ab?c+15b%c+15c?

Multiple Local variables: Local F1= (a + b+ ¢)'® Local F2 = (a + b+ ¢+ d)"

Length /@ Fornii nk["
#: Snal | Si ze 2000;
#: Lar gePat ches 4;
Synbol s a, b, c, d;
Local F1 = (a+b+c)”"10;
Local F2 = (a+b+c+d)”"10;
"1
FORM and FornRead fini shed, tine
needed before translating to Mathematica: 0.002 sec
Transl ati on done. Total wall clock tine needed: 0.1375 sec
(66, 286}
Lengt h /@Expand[{(a+b+c)!® (a+b+c+d)'°}]
(66, 286}

Commuting and noncommuting functions

For mLi nk["

Functi ons A1, B1;

CFuncti ons A2, B2;

Local F1 = (Al+B1)"3;

Local F2 = (A2+B2)"3;
", Fornm2M: Function[x, ToExpression[StringRepl acel[x,
1
FORM and FornRead fini shed, tine

needed before translating to Mathematica: 0.001 sec
Transl ati on done. Total wall clock tine needed: 0.0885 sec

{Al**Al**A1+Al**Al**Bl+A1**Bl**A1+Al**Bl**Bl+Bl**Al**Al+
BL sx AL %% BL + BL #% BL s AL + Bl #% BL % B, A2 + B2 +3 »x A2 %% B2? + 3 x A2% 5+ B2}

*" " xx"]1]]

Index and Vector (Local F=p1(il)*(p2(i1)+p3(i3))*(p1(i2)+p2(i3));)

t np = For nLi nk ["
Index i1,i2,i3;
Vector pl, p2, p3;
Local F=pl (i 1)*(p2 (1 1)+p3(i3))*=(pl(i2)+p2(i3));
"1
FORM and FornRead fini shed, tine
needed before translating to Mathematica: 0.001 sec
Transl ati on done. Total wall clock tinme needed: 0.093 sec
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p2. p3pl[il] +pl.p2pl[i2] +pl.p2p2[i3] +pl[il]pl[i2] p3][i3]
tnmp // I nput Form
p2. p3xpl[il] + pl. p2+pl[i2] + pl. p2+«p2[i3] + pl[il] «pl[i2] +xp3][i3]
t np = For nLi nk["
Index i1,i2,i3;
Vector pl, p2, p3;
Local F=pl(i1)*(p2 (i 1)+p3(i 3))*x(pl(i2)+p2( 3));
", Forn2M- I dentity]
FORM and FornRead fini shed, tine
needed before translating to Mathematica: 0.0005 sec
Transl ati on done. Total wall clock tine needed: 0.091 sec
(PL (i Ly«pl(i2)«p3 (i 3)+pl(i 1) *p2. p3+pl(i 2)+pl. p2+p2 (i 3) »pl. p2)
tnp // I nput Form
(PL (i 1) *pl(i 2)«p3 (i 3)+pl (i 1) xp2. p3+pl (i 2) xpl. p2+p2 (i 3) xpl. p2)
Needs ["FeynCalcFormLink™ ]
tnp2 =
For m2FC[t np, {pl -» Momentum[pl], p2 - Monentum[p2], p3 - Monentum[p3],
il - Lorentzlndex[il],
i 2 »Lorentzlndex[i2], i3 -»Lorentzlndex[i3]}]
pl'l p1'? p3'® + p1l p2- p3 + p1?pl- p2 + p2 pl- p2
tmp2 // | nput Forir
FVipl, i1]«FV[pl, i2]«FV[p3, 13] +
FV(pl, i2]«SP[pl, p2] + FV[p2, i3] «SP[pl, p2] +
FVipl, i1] «SP[p2, p3]
tmp2 // FCl // I nput Formr
Pai r [Lorent zl ndex[i 1], Mnmentum[pl]] =
Pai r [Lorent zI ndex[i 2], Monentum[pl]] =
Pai r [Lorent zI ndex[i 3], Momentum[p3]] +
Pai r [Lorent zl ndex[i 2], Momentumpl]] =
Pai r [Monent um[pl], Monentum[p2]] + Pair [Lorentzlndex[i 3], Mnentum[p2]] *
Pai r [Monent um[pl], Monmentum[p2]] + Pair [Lorentzlndex[i1l], Mnentumpl]] *
Pai r [Monment um[p2], Momentum[p3]]
d ear [tnp, tnp2]
This sets back the default output format type to StandardForm.
Set Opti ons[#, " CommonDef aul t For nat Types" -
{"Input" » StandardForm "I nputlnline" -» StandardForm
"Qut put" - StandardForm "Qut putlnline" - StandardForm
"Text" - Text Form "TextlInline" » Traditional Form] &/e
{$Fr ont End, $Front EndSessi on};
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B. Using FeynCalcFormLink

Examples 1

Calculate a trace tr(y#v"7?7y°~y7v7). Using DiracTrace in FEYNCALC does not calculate
immediately:

spur =DiracTrace[GAD[y, v, p, o, T, 0]]
Y Yy YY)

Feeding this into FeynCalcFormLink has enough information to tell FORM to do the trace
in D dimensions:

FeynCal cFor nLi nk[spur ]

Symbol D;

Dimension D;

AutoDeclare Index lor;

Format Mathematica;

L resFL = (g_(1,lorl)*g (1,lor2)*g (1,lor3)*g (1,lord)*g (1,lor5)*g (1,lord));
tracen,1;

contract 0;

.sort;

#call put("%E", resFL)

#fromexternal

Piping the script to FORM and running FORM

Time needed by FORM : 0.006 seconds. FORM finished. Got the result back to Mathematicaas a string.
Start trandlation to Mathematica/ FeynCalc syntax

Total wall clock time used: 0.15 seconds. Trandlation to Mathematicaand FeynCalc finished.
-4Dg""g"”"+4Dg"”g""-4Dg""g”"+89g""Qg"”°-89g"°g""+8g"7g°"

Fact or @%

-4D-2)(g"" g7 -g"* g T+g"" g

FeynCal cFor nii nk[Di racTrace[GA[a, B, o, T, 5]1]

AutoDeclare Index lor;

Format Mathematica;

L resFL = (g_(1,lorl)*g (1,lor2)*g (1,lor3)*g (1,lord)*g5 (1));
trace4,1;

contract O;

.sort;

#call put("%E", resFL)

#fromexternal

Piping the script to FORM and running FORM
Time needed by FORM : 0.003 seconds. FORM finished. Got the result back to Mathematicaas a string.
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Start trandlation to Mathematica/ FeynCalc syntax
Total wall clock time used: 0.12 seconds. Translation to Mathematicaand FeynCalc finished.

4€a/30t

Notice that loading FEYNCALCFORMLINK by default sets $LeviCivitaSign=-1I, such that
traces involving v° agree.

$Levi G vitaSign

-1

FeynCal cFor nLi nk[
fun[bl a] DiracTrace[sonefunction[B] anot herfunction[¢] GA[y, v, p, o, 711,
Print - True] // Factor

Symbols bla,sym1,sym2;

AutoDeclare Index lor;

AutoDeclare Symbol sym;

CFunctions anotherfunction,fun,somefunction;

Format Mathematica;

L resFL = (anotherfunction(sym2)*fun(bla)*g (1,lorl)*g (1,lor2)*g (1,lor3)*g (1,lor4)
*(g7_(1)/2)*somefunction(sym1));

traced,1;

contract 0;

.sort;

#call put(“%E", resFL)

#fromexternal

Piping the script to FORM and running FORM
Time needed by FORM : 0.003 seconds. FORM finished. Got the result back to Mathematicaas a string.
Start translation to Mathematica/ FeynCalc syntax
Total wall clock time used: 0.18 seconds. Trandation to Mathematicaand FeynCalc finished.
-2 anot herfunction(¢) fun(bl a)
somefunction(B) (-gt°g"?+g*° g °-gvgr+e P9
TR[GA[u, v, o, o, 7]1] // Factor
—2(-g'7 QP +gP g T — gl g’ + et PT)

Example 2
FeynCal cFor nLi nk[DiracTrace[ (m + GS[p]). (M + GS[q]) 1]

Symbols m,M;

Vectors p,q;

Format Mathematica;

L resFL = ((m*gi_(1)+g_(1.p))*(M*gi_(1)+g_(1.9)));
trace4,1;

contract 0;

.sort;

#call put("%E", resFL)
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#fromexternal

Piping the script to FORM and running FORM

Time needed by FORM : 0.002 seconds. FORM finished. Got the result back to Mathematicaas a string.
Start trandation to Mathematica/ FeynCal ¢ syntax

Total wall clock timeused: 0.12 seconds. Trandation to Mathematicaand FeynCalc finished.
4mM+4p-q

Example 3
Define simple typesetting rules for pl, ... p8:

Do[Wth[{v =Synbol ["p" <>ToString[i]1]},
MakeBoxes[v, Traditional Forni = Subscri pt Box["p", i1], {i, 8}]

Enter a trace tr[(p1 + m)y" (P2 + £ + m)7y,p] like this in FEYNCALC:

exp =D racTrace[ (GS[pl] +m). GAD[u]. (GS[p2 +k] +m). GAD[u]. GS[p2]]
tr((m+y - pL).y .(y - (K+ p2) + M.y*.(y - p2))

Calculate it through FORM:

R1 = FeynCal cFor niLi nkeexp

Symbols D,m;

Dimension D;

Vectors k,pl,p2;

AutoDeclare Index lor;

Format Mathematica;

L resFL = ((m*gi_(1)+g_(1,p1))*g_(1,lorl)*(m*gi (1)+g_(1,k)+g_(1,p2))*g_(1,lorl)

*g_(1.p2));
tracen,1;
contract 0;
.sort;
#call put(“"%E", resFL)
#fromexternal

Piping the script to FORM and running FORM

Time needed by FORM : 0.002 seconds. FORM finished. Got the result back to Mathematicaas a string.
Start translation to Mathematica/ FeynCalc syntax

Total wall clock time used: 0.13 seconds. Trandation to Mathematicaand FeynCalc finished.

~4Dmk - pp-4Dmp3+4Dmpy - p2+8mk - po + 8 mp3

Check with direct calculation in FEYNCALC:

R2 =exp /. DiracTrace » Tr
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4(-Dmk-p,—Dmp5+Dmp;- pp+2mk- pp +2m p3)
ExpandeFCE[RL - R2]

0

Cl ear [Rl, R2]

C. Using RunForm

RunForm runs a FORM program without MathLink, but by calling FORM directly.

Opt i ons@RunFor ir

{Style » {RGBColor[0.444444, 0.222222, 0.], FontFamily — Courier},
FormSetup :» $FormSetup, Print - True}

SetDirectory[$TemporaryDirectory];

Absol ut eTi mi ng[
RunFor m[ " synbol a, b, c;

For mat NoSpaces;
On Short St at s;
L res= (a+b+c)”5;
.sort
Hwite <res.txt> \" (%E)\", res
.end

"top. frm';
result = Forn2M[ReadString["res.txt"]117;
result]

FORM 4.0 (Aug 31 2012) 32-bits
symbol a,b,c;
Format NoSpaces;
On ShortStats;
L res= (a+b+c)"5;

.sort

0.00s 1> 21-->
F#write <res.txt> “(%E)", res

.end

0.00s 21> 21-->

0.00 sec out of 0.00 sec

Run: Wed Dec 12 13:21:06 2012

21: 380 res

21: 380 res

{O. 147502, a®+5a*b+5a*c+10a%hb?+20ahbc +

10a®c?+10a2b%®+30a?b?c+30a2bc?+10a%c®+5ab*+20abc+
30ab202+20abc3+5ac4+b5+5b4c+1Ob3c2+10b2c3+5bc4+c5}

FilePrint["res.txt"]
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(c"5+5+b*c"4+10+xb"2+xc”3+10+«b"3xCcn2+
5xb" xc+b"5+5xaxc4+20xaxbxc”"3+30xa~
br2xc”r2+20xaxb"3xc+5xaxb"4+10xa”2«c"3+
30xa"2+«bxc"r2+30xa"2«b"2+cC+
10xa”2+«b”"3+10+xa”3+«c”"2+20xa"3«bxc+
10+ a”"3«b”"2+5«a”*4xc+5~a*4«b+anh)

Set Directory[$TenporaryDirectory]; Absol uteTi m ng[

RunFor m[ {
synbol a, b, c;
Of Statistics;
L res= (a+b+c)"199;
.sort;
Hwite <res.txt> \"(%E)\", res

}, "top.fro];
result = Forn2M[ReadString["res.txt"]11];
result // Lengt h]

FORM 4.0 (Aug 31 2012) 32-bits Run: Wed Dec 12 13:21:06 2012
symbol a,b,c;
Off Statistics;
L res= (a+b+c)"199;
.sort;
#Hwrite <res.txt> “(%E)", res
.end
1.21 sec out of 1.22 sec

{5. 324083, 20100}
Length[Expand[(a+b+c)"199] -resul t ]
0
Set Directory[$TenporaryDirectory]; Absol uteTi m ng[
RunFor m[ {
" synbol a, b, c;
Of Statistics;
L res= (a+b+c)"199;
.sort;
#wite <res.txt> \"(%E)\", res

}, "top.frof];
(xresult = Form2M[ReadString["res.txt"]]; %)
(» if the result fromFORMis easy to | oad into Mathemati ca,
Get is faster : =)
result = Get["res.txt"];
result // Length]

FORM 4.0 (Aug 31 2012) 32-bits Run: Wed Dec 12 13:21:12 2012
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symbol a,b,c;

Off Statistics;

L res= (a+b+c)"199;

.sort;

#Hwrite <res.txt> "“(%E)", res
.end

1.21 sec out of 1.21 sec

{1. 605025, 20100}
Lengt h[Expand[(a+b+c)"199] -resul t]
0
For such simple algebraic operations Mathematica is actually much faster.
Absol ut eTi m ng[Expand[(a+b+c)”"199]; ]
{0.072501, Null}
Set Directory[$TenporaryDirectory];
Absol ut eTi m ng[
RunFor m[ {
"synmbol a,b,c,d, e, f,q;
For mat NoSpaces;
Of Statistics;
L res= (a+b+c+d+e+f +g)"21;
.sort
Hwite <res.txt> \" (%E)\", res"
}, "tp.frnt;
result =Get ["res.txt"]; (xForn2M[ReadString["res.txt"]]; %)
result // Length]

FORM 4.0 (Aug 31 2012) 32-bits Run: Wed Dec 12 13:21:14 2012
symbol a,b,c,d,e f,g;
Format NoSpaces;

Off Statistics;
L res= (a+b+c+d+e+f+g)"21;
sort

F#write <res.txt> “(%E)", res
.end

1.34 sec out of 1.35 sec

{5. 655087, 296010}

Absol uteTim ng[nresult = Expand[(a+b+c+d+e+f +g)"21]; 1]
result - nresult

{1.003515, Null}

0
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V. APPLICATION TO TREE LEVEL PROCESSES
A. ete =717 = uci,uﬂu Vy Uy

Let us consider some applications of FORMLINK combined with FEYNCALC. We take the
process: ete” — 7777 — udpv, v, U; as an example, which has been considered in the
FORM courses[I0]. We can express the squared amplitude as:

% Tr[(B2 — me)y™ (P1 + me)y™ ]
« Tr[(ps + ms)y"2 v (d1 + me )V (—d2 + me) Y3 v7 (P — me)Vy" (—d2 + me)y" (dh + mr)y?77]
* Tr[(pa + ma)y"2y7 (s — ms)y"*77]
« Tr[(pr + ma)y"Syr (s — ms)y"* 7] (1)

The expression in (1)) can be easily translated to FEYNCALC syntax and then executed by
FeynCalcFormLink, it takes a fraction of a second to run the code. The program is:

i ncom ngeneppair = DiracTrace[ (GS[p2] -enass). GA[nL].
(GS[pl] +emass). GA[nl1]];
tauline=DiracTrace[ (GS[p3] +nmass3).GA[nR]. GA[7].
(GS[gl] +tmass). GA[nl].
(-G5[qg2] +t mass).
GA[NB]. GA[7]. (GS[p6] - nass6).
GA[Nn3]. GA[7]. (-GS[g2] +tmass). GA[nl].
(GS[gl] +tmass). GA[n2]. GA[7]
I
udbar pair =DiracTrace][
(GS[p4] + mass4). GA[nR]. GA[7]. (GS[p5] - mass5). GA[n2]. GA[7]];
nubar mupai r =
DiracTrace[ (GS[p7] + mass7). GA[nB]. GA[7]. (GS[p8] - nmass8). GA[n3]. GA[7]
I

1
f or mexanpl e = T62A8i ncom ngemneppai r. t aul i ne. udbar pai r. nubar mupai r
2

1
pr tr((y - p2 — emass).y™ (emass + y - p).y™).

tr((mass3+ - p3).y™.y".(y - g1 + tmass).y™ (tmass — y - ¢2).y™.
v’ (y - p6 — massB).y™.y" (tmass— vy - 2).y".(y - gl + tmass).y”z.y7).
tr((massd +y - p4) .y 5" (y - p5 - massS).y“Z.y7).tr((mass7 +y-pD) Y™y (y-p8— massS).y“3.y7)
Opti ons [FeynCal cFor nLi nk]
{Functions —» CFunctions, FeynCalcExternal — True, FormSetup :» $FormSetup,
Form2FC — Form2FC, ExtraDeclare — {}, IDStatements — {}, Print — True,
Replace - {}, Style » {RGBColor[0.444444, 0.222222, 0.], FontFamily — Courier}}
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R3 = FeynCal cFor nLi nk[f or mrexanpl e, | DSt at enent s - {
"id gl.gl = tnass"2;

id g2.92 = tnass”2;
id pl.p2 = s/2-enmass”2;
= S/2-tmass™2;

idgl.g2

}1 // Function[x, Collect2[x, {tmass, emass}]]

Symbols emass,mass3,mass4,mass5,mass6,mass7,mass8,s,tmass;

Indices m1,m2,m3,n1,n2,n3;

Vectors p1,p2,p3,p4,p5,p6,p7,p8,91,92;

Format Mathematica;

L resFL = (((-(emass*gi_(1))+g_ (1,p2))*g (1,m
*g  (1,n1)*(massd*gi (2 ) _(2,p4)
o (Bp8))e (202 (&7 (2)/2)¥
*(87_(3)/2)*(-(mass8*gi_(3))+g_(3,p8))*
g (#)+g_(4,p3))*g_(4m2)*(g7_(4)/2)*
*g_(4,m1)*(tmass*g| (4)-g 4,q2))*g (4,
*gi_(4))+g_(4,p6))*g_(4,n3)*(g7_(4)/2)*
*g_(4.n1)*(tmass*gi_(4)+g_(4.91))*s_(4,

trace4,1;

trace4,?;

trace4,3;

trace4 4;

contract 0;

.sort;

id q1.q1 = tmass”2;

id q2.q2 = tmass’2;

id pl.p2 = s/2-emass”2;

id q1.q2 = s/2-tmass"2;

sort;

#call put("%E", resFL)

#fromexternal

1)*(emass*gi_(1)+g_(1,p1))
_(2m2)*(g7_(2)/2)*(-(massb*gi_(2))
s7*gi_(3)+8_(3,p7))*g_(3.m3)

g (3,n3)*(g7_(3)/2)*(mass3
(tmass*g| (4)+g_(4,91))
m3)*(g7_(4)/2)*(-(mass6
(tmass*gi (4)-g_(4,92))

2)*(g7_(4)/2))/256);

)*g
3,p8
(4)/

Piping the script to FORM and running FORM

Time needed by FORM : 0.017 seconds. FORM finished. Got the result back to Mathematicaas a string.
Start trandlation to Mathematica/ FeynCalc syntax

Total wall clock time used: 0.2 seconds. Translation to Mathematicaand FeynCalc finished.
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4 emass? t mass? ps - pPa Ps - Ps
(-2p7-9lps-092-2ps-9lp7-092-2ps-9lp7-9l-2ps-0g2p7-92+Sps - P7) +

8 emass?s p3 - P4 Ps - Ps Ps - q1 p7 - 92 -

2tmass® ps - PaPe - Ps (-2SP7-9lps-G2-25sps-qlpy -2 -
4ps-p7pP2-91lp1-92-4ps-p7pP1-9lpz-0q2+4pz-p7p1-9lps-Q2+
4p1-p7P2-09lps-0q2+4pz-pPspPr7-9lpr-92+4py-psp7-qlpz-q2+
4p2-p7P1-9lps-ql+4p;-p7pP2-9lps-ql+4p2-psp1-02p7-92+
4p1-PsPz-02P7-02+S°Ps-P7-2SP1-P7P2-Ps-2SP1-Ps Pz - Pr) +

16 p3 - papPs-PsPs-0dlpr-02 (p2-9lp:s-092+p1-9qlpz-q2) +

4stmass® ps - psPs - P7 Pe - Ps

Set SF;
Absol ut eTi mi ng[t nmp2 =

Expand[FeynCaI cFor nLi nk[f or mrexanpl e, Print -» Fal se] /. {SP[ql, ql] >t mass?,
s S
SP[g2, g2] »tmass?, SP[pl, p2] - 5 -emass?, SP[ql, g2] » 5 —tmassz}”

{0.167021, 4stmass? SP[pl, p7] SP[p2, p5] SP[p3, p4] SP[p6, p8] +
4 stmass? SP[pl, p5] SP[p2, p7] SP[p3, p4] SP[p6, p8] +
4 emass? s t mass? SP[p3, p4] SP[p5, p7] SP[p6, p8] -
2 s?tmass? SP[p3, p4] SP[p5, p7] SP[p6, p8] +
4stmss? SP[p3, p4] SP[p5, p7] SP[p6, p8] +

8t mass? SP[pl, q2] SP[p2, ql] SP[p3, p4] SP[p5, p7] SP[p6, p8] +
8t mass? SP[pl, ql] SP[p2, q2] SP[p3, p4] SP[p5, p7] SP[p6, p8] -
8t mass? SP[pl, ql] SP[p2, p7] SP[p3, p4] SP[p5, ql] SP[p6, p8] -
8t mass? SP[pl, p7] SP[p2, ql] SP[p3, p4] SP[p5, ql] SP[p6, p8] -
8t mass? SP[pl, ql] SP[p2, p7] SP[p3, p4] SP[p5, 2] SP[p6, p8] -
8t mass? SP[pl, p7] SP[p2, ql] SP[p3, p4] SP[p5, 2] SP[p6, p8] -
8t mass? SP[pl, q2] SP[p2, p5] SP[p3, p4] SP[p6, p8] SP[p7, ql] -
8t mass? SP[pl, p5] SP[p2, q2] SP[p3, p4] SP[p6, p8] SP[p7, ql] -

8 emass? t mass? SP[p3, p4] SP[p5, ql1] SP[p6, p8] SP[p7, ql] -

8 emass? t mass? SP[p3, p4] SP[p5, 2] SP[p6, p8] SP[p7, ql] +

4 s tmass® SP[p3, p4] SP[p5, 2] SP[p6, p8] SP[p7, ql] -

8t mass? SP[pl, q2] SP[p2, p5] SP[p3, p4] SP[p6, p8] SP[p7, q2] -

8t mass? SP[pl, p5] SP[p2, q2] SP[p3, p4] SP[p6, p8] SP[p7, q2] +

8 emass? s SP[p3, p4] SP[p5, ql] SP[p6, p8] SP[p7, q2] -

8 emass? t mass? SP[p3, p4] SP[p5, ql1] SP[p6, p8] SP[p7, g2] +

4 stmass? SP[p3, p4] SP[p5, ql] SP[p6, p8] SP[p7, g2] +

16 SP[pl, q2] SP[p2, ql] SP[p3, p4] SP[p5, gl] SP[p6, p8] SP[p7, 2] +

16 SP[pl, gl1] SP[p2, q2] SP[p3, p4] SP[p5, ql] SP[p6, p8] SP[p7, q2] -

8 emass® t mass® SP(p3, p4] SP[p5, q2] SP[p6, p8] SP[p7, g2]}
Traditional Form[tnmp2 // Ful | Si nplify]
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—2P3- PaPe- Ps
(tmass? (ps - p7 (S(—2emass’ + s— 2tmass”) — 4 po - g1 py - 02— 4 p1 - g1 P - G2) + 2 py - 1 (2 emass”
Ps- Q1+ (2emass’ —s) Ps- 02+ 2 P2+ Ps Pr-G2) + 4 P2+ P7 Pr-GL(Ps- gl + Ps- G2)) —
2 p7-q2(ps- gl (2emass’ (s— tmass’) + 4 py - g1 pp - G2 + Stmass’) — 2 emass” tmass” ps - g2 +
P1-02(4 P2+ gl ps- gl —2tmass’ p; - Ps)) +

2tmass’ py- P7(2 P2- 91 (Ps- gL+ Ps-02) — S P2 - Ps) +
2tmass® py - Ps (2 P2+ G2(P7 - qL+ Pr-G2) — S P2 P7)

Expand [t mp2 - R3]

0

B. Double Bremsstrahlung in 7 leptonic radiative decay

This example is provided by Matteo Fael, it refers to a part of the calculation done in [I1].

Initialization

UplUplbar = (*((1 + GA[5] . GS[n]1)/2) . (GS[pl] + M); =) (GS[pl] + M);
Up2Up2bar = (GS[p2] +m);

Bremsstrahlung

Amplitudes without spinors

Ma = [G *GA[a].(l—GA[S])).
2

(I % (GS[pl-k1-k2]+M) / (-2 %SP[pl, k1] -2 %SP[pl, k2] +2*SP[k1, k2])).
(GS[pl-ki]+M
-2 %SP[pl, k1]
Y (1-7°)Gt  i(y-(~ki—ko+ pp) + M)

V2 —2ki-pi-2ke- pr+2ki-k

(—I*e*GA[p]).(I* ).(—I*e*GA[u])

, ( i(y-(pr—k)+M) ,
(—iey”)|- (—iey")
2Ky - p1

Mo = [G’ *GA[a].(l—GA[S])).
2

(I « (GS[pl-k1l-k2]1+M) / (-2*SP[pl, k1] -2%SP[pl, k2] +2 % SP[k1, k2])).

(GS[pl-k2] +M
-2 %« SP[pl, k2]
Y (1-7°)Gr iy (-ki—ko+ p1)+ M)

V2 2Ky - pr— 2k pr+ 2k -k

(GS[p2 +k2] +m)

2 % SP[p2, k2] ]

(—|*e-kGA[u]).(|* ).(—l*e-kGA[p])

i(y-(pL—k)+ M)
2ky - p1

.(—iey“).[— ]-(—iey")

M= (-] xexGA[p]). [I *

(GS[pl-k1] + M)
*

(-1 xexGA
-2 % SP[p1, kl]) (-1 xexSAKD

[ G * GA[a]. (1—GA[5])]. (I
V2
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, i (y - (kg + p2) + M) 7“-(1—75)Gf( i(y-(pL—ky) + M)
(—ieyP). . 1=

2k p2 V2 2ki-pr
(GS[p2 +k1] +m))
2 %SP[p2, k1] /

).(—i eyH)

Ml = (-1 »xexGA[u]). (I *

(GS[pl-k2] +M
N ¥ -2 %xSP[pl, k2]
i(y-(a+po)+m ¥ (1-9°)Gr [ i(y-(p—ko) + M)
2Ky - p2 . V2 .(_ 2k - p1
(GS[p2 +k2] +m)
2 xSP[p2, k2]
(I » (GS[p2 +kl+k2]+m) / (2%SP[p2, k1] +2%xSP[p2, k2] +2 »SP[k1l, k2])).

*(:‘A[a].(l—GA[5])].(I ).(—I*e*GA[p])

(—ieyh). )-(—iey”)

Me = (-I*e*GA[p]).[I* ].(-I*e*GA[u]).

* GAla]. (1—GA[5])]

V2
L iy-(e+p)+m i(y-(ki+ke+p)+m ¥ (1-9°) Gy
(—iey”). (—ieyh). .
Zkz-pz 2k1-p2+2k2'p2+2k1-k2 \/?
(GS[p2 +k1] +m)
M = (—I*e*GA[u]).(I* . (-1 xexGA[p]).
2% SP[p2, k1]

(I * (GS[p2 +k1+k2]+m) / (2%SP[p2, k1] +2 % SP[p2, k2] +2 xSP[k1, k2])).

* GAla]. (1—GA[5])]
V2

L ikt p) M) i(y-(a+ko+p)+m ¥ (1-7°) Gy
(—ieyH). (—iey”). .

2k1-p2 2k1-p2+2k2-p2+2k1'k2 \/5

Morem=NMa+ M+ Mc + Md + Me + M
Mor enst ar = FCE[Conpl exConj ugat e[Moarem] /. {a-» B, u-v, p-o}l;
Conmpl exConj ugat e[ Ma]

&Gt y.(y - (PL— K1) + M)y (y - (k1 — ko + po) + M).(y° + 1).”
2V2 ki~ p1(=2ky - pr— 2k py+2ky - ko)

Squared Amplitude
ATTENTION! The tensor of Neutrini changes in the double photon emission!

Neutri ni yy =

* ((FV[pl, a] -FV[p2, a] -FV[Kk1, a] -FV[k2, a]) *

* Fl
(FVIpl, Bl -FV[p2, B]-FV[k1, B]-FV[k2, B]) -
MI[a, B] * (MM2+ M2 -2xSP[pl, p2] -2 *SP[pl, k1] +
2« SP[p2, k1] -2%SP[pl, k2] +2 % SP[p2, k2] +2 % SP[k1, k2]))
1
3—((— ki* - k" + P — p2%) (ki - ko + pr - pf) -
n

9P (—2ky - pr+2ky- p2—2kp- P+ 2Ky P+ 2ky -k + NP + M? =2y - )
DiracSinplify[Di racGamua[7], DiracSubstitute67 - True]
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’)’5

2
Fbrem=DiracTrace[MI'[u, v] MI'[p, o] Morem UplUplbar. Moremnst ar. Up2Up2bar] /.

{(1+CGA[5]) » (2GA[6]), (1-GA[5]) » (2GA[7]), (1-GA[B]) » (GA[7])}

1
2

_ iMm+y-(k+p)) im+y-(K+ko+p)  7(27)Gs
tr[| (—i ey*). (—ieyP). . +
2k1'p2 2k1'k2+2k1‘p2+2k2'p2 \/?
, iMm+y-(ki+p)) ¥(2Y)Gr ([ iM+y-(pi—k)))
(—ieyh). . = (—iey’) +
2ky - p2 V2 2k p1
, iMm+y-(e+p) iMm+y-(k+ko+p))  7(27) Gy
(—ieyP). (—ieyh). . +
2k2-p2 2k1~k2+2k1'p2+2k2-p2 \/?
, iMm+y-(e+p)) ¥(2Y)Gr ([ iM+y-(pi—k)))
(—iey”). . |- (—iey")+
2kz - p2 V2 2Ky - p1

Y.(2Y")Gt iM+y-(ki—ko+p)) iM+y-(p-k)))

. (—iey") - (—iey”)+
V2 2ky ko =2k - pr-2ko - p1 2k 1

¥".(29")Gt  i(M +y-(~ki — ko + p1)

V2 2ki-ke—2ki-pi-2ke-py

i (M +y-(p1—k1))] . )
(—iey")|.

.(—ie)//’){—
2k - p1

(M +7-p)|=(¥"-M +y-(pr—k)y".(M +y - (—ki — ka2 + pp)).(27°) .7 G &) /

(2V2 k- p1 (2l ko - 2k - pr = 2ko- po)) -
¥7.(M +7-(p1— k2).(27°).yP.(m+y - (ky + p2)).y” G €2
4V2 k- poko- pr
(Y7.(M +y-(p1— k)" (M + 7y (—k — ko + p1)).(27°).7” Gy ez)/
(2V2 @ki-ko-2ki- pr- 2k po ko pa) -
Y'.(M +7-(p1—k0)).(295) . (M+y - (kz + P2).y” Gy €2
42 k- prka - pa
(29%)72.(m+y - (ka + ko + P2)y” (M +y - (ki + P2))y” Gy e2)/
(2V2 k- po(@ka-ko+ 2k - po+ 2ko- Po) +
(29872 M+7 - (ki + ko + P2y (M+y - (ko + P2).” G ez)/

+

(2V2 k- P2 @ku ko + 2k - P2+ 2Ks - pz))]-(m+7- pz)g”gp“]

Absol ut eTi mi ng[Anp = FeynCal cFor mLi nk[Neutrini yy = Fbrem

| DSt at enent s -
"id kl1.k1 = 0; id k2. k2 = 0; id pl.pl = M2; id p2.p2 = m2;"

1]
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Symbols e,Gsubf,m,M;

Vectors k1,k2,pl,p2;

AutoDeclare Index lor;

Format Mathematica:

L resFL = ((d_ (lor3,lord)*d (lor5,lor6)*(-((e"2*Gsubf*g (1,lorl)*(g7 (1)/2)*(M-g_(1,k1)
£ (1K2)+g_(Lp1))%g (Llors)*(Mg_(Lkl)}+e (LpL)* (Llor3))/(sart_(2)
*p1(k1)*(2*k2(k1)-2*pl(k1)-2*p1(k2))))-(e"2*Gsubf*g (1,lorl)*(g7 (1)/2)

“(M-g_(Lk1)}g_(1k2)+g_ (1p1))*. (1lor3)*(M-g_(1k2)+g_(1p1))

*g (1 lor5))/(sqrt_ (2)*(2*k2(k1)-2*p1(k1)- 2*p1(k2)) pl(k2))-(e"2*Gsubf

*g¢ (Llor3)*(m+g (1,kl)4+g (1,p2))*g (1,lorl)*(g7 (1)/2)*(M-g_(1,k2)

+g (1,p1))*g (1,lor5))/(2*sqrt (2)*pl(k2)*p2(kl))-(e"2*Gsubf*g (1,lor5)

*(m+g_(1,k2)+g_(1,p2))*g_(1lor1)*(g7_(1)/2)*(M-g_(1k1)+g_(1,p1))

*g (1,lor3 )/(2*sqrt (2)*

) )*p1(k1)*p2(k2))+(e"2*Gsubf*g_(1,lor3)*(m+g_(1,k1)
+g_(1,p2))*g (1,lor5)*(m+g

(1, k1)+g_(1 k2)+g (1,p2))*g_(1,lorl)

*(g7_(1)/2))/(sart_(2)*p2(k1)*(2*k2(k1)+2*p2(k1)+2*p2(k2)))+(e" 2*Gsubf

*g (Llor5)*(m+g (1,k2)+g (1,p2))*g (1lor3)*(m+g (1,kl)+g (1,k2)+g (1,p2))
5 (Llorl) (g7 (1)/))/(eart_ (2)*pa(R2)*(24K2(k1)+ 35po (k1) + 77p2(k2)))
*(M*gi_(1)+g_(1,p1))*(-((e A2*G-°'lef*g_(1 lor4)*(M-g_(1,k1)+g_(1,p1))

*g (1 |0r6) (M-g_(1k1)-g_(Lk2)+g (1,p1))*(g6_(1)/2)*g_(1,lor2))/(sart_(2)
*p1(k1)*(2*k2(k1)-2*p1(k1)-2*p1(k2))))-(e" 2*Gsubfrg (1,lor6)*(M-g_(1,k2)
+g_(1,p1))*g_(L, |0r4)) (21 (Lk1)-g_(1k2)+g_(L, pl))*(g6_(1)/2)

g_ _(1,
*g (1,lor2))/(sqrt_(2)*(2*k2(k1)-2*p1(k1)-2*p1(k2))*p1(k2))-(e"2*Gsubf*g (1,lor6)
#(M-g_(Lk2)+g_(1p1)*(g6_(1)/2)%_(Llor2)*(m+g_(Lk1)+g_(1p2))
*g (1,lord))/(2*sqrt _ (2)*pl(k )p2(k1))—(eA2*Gsubf*g_(1,|or4)*(M-g_(1,k1)
+g_(1,p1))*(g6_(1)/2)*g_(1,lor2)*(m+g_(1,k2)+g_(1,p2))*g_(1,lor6))/(2
*sqrt (2)*pl(k1)*p2(k2))+(e"2*Gsubf*(g6_(1)/2)*g (1,lor2)
*(m+g_(1Lkl)+g_ (1,k2)+g_(1,p2))*g_(1,lor6)*(m+g_(1,k1)+g_(1,p2))
*g (1,lord))/(sqrt_(2)*p2(k1)*(2*k2(k1l)+2*p2(k1l)+2*p2(k2)))+(e"2*Gsubf
*(g6_(1)/2)*g_(1lor2)*(m+g_(1,kl)+g_ (1,k2)+g (1,p2))*g_(1,lord)
*(m+g_ (1L,k2)+g (1,p2))*g_(1,lor6))/(sart_(2)*p2(k2)*(2*k2(k1)+2*p2(k1)
+2*p2(k2)))*(m*gi (1)+g_ (1,p2))*((-k1(lorl)-k2(lor1)+p1(lorl)-p2(lorl))*(-k1(lor2)
-k2(lor2)+p1(lor2)-p2(lor2))-d _(lorl,lor2)*(m"24+M"2+2*k2(k1)
-2*p1(k1)-2*p1(k2)+2*p2(k1)+2*p2(k2)-2*p2(p1))))/(3*pi_));

traced,1;

contract 0;

.sort;

id k1.k1 = 0;

id k2.k2 = 0;

id pl.pl = M"2;

id p2.p2 = m"2;

.sort;

#call put(“%E", resFL)
#fromexternal

Piping the script to FORM and running FORM
Time needed by FORM : 4.583 seconds. FORM finished. Got the result back to Mathematicaas a string.

28



Start trandlation to Mathematica/ FeynCalc syntax
Total wall clock time used: 13.28 seconds. Trandation to Mathematicaand FeynCalc finished.
{13. 378199, Null}
Vari abl es[Anp]
{&m M, ki ks, ki~ p1, Ki- P2, K2+ P1, K2 P2, P1- P2, Gr
% // | nput Form
{e, m M SP[k1l, k2], SP[k1l, pl], SP[k1l, p2],
SP[k2, pl], SP[k2, p2], SP[pl, p2], Subscript[G f]}
FORMANMp = Expand[Anp];
Lengt he FORMAND
2612

Check with FeynCalc

Scal ar Product [k1, k1] =0;

Scal ar Product [k2, k2] =0;
Scal ar Product [pl, pl] = M 2;
Scal ar Product [p2, p2] = m2;

The naive approach is too slow.

(#Absol ut eTi mi ng[FCAnp = TR[Neutrini yy * Fbrem]; ]*)

Do this instead (also still quite slow, but good enough for checking equality)

Absol ut eTi mi ng[FCAerl = Contract [Neutri ni yy Di racGamaExpand[FCl [Fbrem]]] /.

DiracTrace » DiracTri ck; Dot Expand2[expr_]: =
expr /. Dot - Hold[Dot] //. {Hold[Dot][a__ , b Plus, c_ 1=
(Distribute[Hold[Dot][a, b, c1]//. {Hold[Dot][aa__, bb_cc_, dd___ 1=
bb Hol d [Dot ] [aa, cc, dd] /; NonComm¥reeQ[bb], Hol d[Dot ][aa__ ,
bb , dd__ ] :> bbHol d[Dot ][aa, dd] /; NonConmFreeQ[bb]})} /.
{Hol d[Dot ][] =1, Hold[Dot] = Dot}; Print[
"nonconmut ati ve expansi on, tine needed: ",
Absol ut eTi mi ng[
FCAMp2 = Expand [Dot Expand2 [FCAmp1], Dot 1;11;
Print ["collecting traces , tinme needed: ",
Absol ut eTi mi ng[
FCAmp3 = Col | ect 2[Di racTri ck[FCAnp2], Dot, Factoring- Fal se]; 11;
Print ["Lengt h[FCAnp3] = ", Lengt h[FCAMp3]1;
Pri nt ["ti me doing the traces ",

Lengt h [FCAnp3] i
Absol uteTim’ng[zeit = Absol ut eTi ne[]; FCAmp4 = Z [If [IntegerQ[Q],
i

Print Tenporary[{i, " ", Round[Absol uteTirre[]—zeit]}]];

Expand [ExpandScal ar Product @ TR[FCAnp3[i 1] ]); ”

FCAnp5 = Expand[Scal ar Product Expand[FCAnp41]1;
Print ["l ength of FCAm5 = ", Length[FCAn’p5]]]
noncommutative expansion, time needed: {44.751183, Null}
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collecting traces , time needed: {169.767466, Null}

Length[FCAmp3] = 694

time doing the traces {62.221846, Null}

length of FCAmp5 = 1896

{277.372532, Null}

Absol ut eTi mi ng[di ff = Col | ect [FCE[FCAnp5 - Anp], M Factor]]
{16.162748, 0}

The results of FORM and FEYNCALC agree, but FORM is much faster. There is a some
noticeable overhead in translating the returned string to FEYNCALC. In a future version
of FORMLINK we will improve this by either using parallel features of Mathematica or by
writing a special MathLink program similar to FormGet . tm.

VI. Summary

We have implemented FORMLINK and FEYNCALCFORMLINK, two MathLink-based pro-
grams implemented in Mathematica, C and FORM, which embed FORM in Mathematica
and FEYNCALC. A non-MathLink-based file-based function RUNFORM has been also put
into the FORMLINK package. For both packages we provide configurable functions for the
syntax conversions. A limited subset of the syntaxes from both programs are automatically
translated to each other by our two Mathematica packages. In this way we can combine the
speed of FORM with the generality of Mathematica. A simple installation facility has been
provided.

We hope to be able to extend the functionality and range of applicability of the packages
in the future.

VII. Licenses

FORMLINK and FEYNCALCFORMLINK are covered by the GNU Lesser General Public
License, like FORM. The conditions for the use of FORM are laid out here: http://
www.nikhef.nl/"form/license/license.html and should be followed of course also when
using FORMLINK /FEYNCALCFORMLINK. The license for using Mathematica is given here:
http://www.wolfram.com/legal/agreements/wolfram-mathematica.html
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