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MB Tools

This project is a collection of tocis devoted o the evaluaiion of Mellin-Barnes integrals.

: The project has been started oy Michas: Czakon; currently the web-page is also being updated by Alexander

Smimov.
The project is at The development siage. SO expect more codes (0 appear here.
Currently the following codes can be downioagea:

« MB.m : version 1.2 of MB (last updaied January 2nd. 2009) by Michal Czakon,
the main collection of routines far the resolution of singularities and the numerical evaluation of Mellin-Bames
ntegrais:
for detaiis see neo-on/0511200;
the current version is documentea in the Manuai ;
the disiribuiion contains two example notebooks, MBexampiest .nb and MBexamples2.nb:

- MBasymptotics.m . 2 routine which expands Mellin-Barnes integrals in 2 small parameter by Michal Czakon:
exampie usage is lllustrated in MBasymptotics.no;

« MBrescive.m : 2 toci by Alexander Smimov and Viadgimir Smimov realizing another strategy of resaoiving
singuiarties of Mellin-Barmes integrais. This code should be loadea together with MB.m since it uses some of its

routines. For detziis see arXiv-0901 0386

- AMBRE.m : = tooi by Janusz Gluza, Krzysztof Kaida and Tord Siemann for consiructing Mellin-Bames
represeniations. [t warks both for planar muitiicop scaiar and one-iaop tensor Feynman integrals. This is versian
1.2. for previous versions and detailed description of the package with examples ses the home page . The

YawmiaT Bar Lo

program is describeg in arXiv:0704.2423 and Compuier Physics Communications 177 (2007) 879.
. namﬁmuunes.m a tool by Dawid v(csnwEf for E.i..lmmﬂﬂc apcucmmr af the first and second Barnes lemmas on
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This project is a coliection of tools devoted to the evaluation of Mellin-Barnes integrals.

The project has Deen starteg by Michae: Czakon: currently the web-page is also being updated by Alexander
:M r"‘:‘-;.

The project is at the development stage. so expeci more codes (0 appear here.

Currenily the following codes can be downloaced:

MB.m : version 1.2 of MB (last updaied January 2nd, 2009) by Michai Czakon,

the main caoliection of routines for the resolution of singularities and the numerical evaluation of Mellin-Bames
ntegrais.

for detaiis see heopn/0511200;

the current version is documented in the Manuai ;

the disinbution contains two exampie notebooks, MBexampies ' .nb and MBexamples2.nb;

« MBasymptotics.m - a routine which expands Mellin-Barnes integrals in 2 small parameter by Michal Czakaon:
axampie usage is illusirateg in MBasymptotics.nb:

» MBresocive.m : 2 tool by Alexander Smimov and Vlagimir Smimaov realizing ancther strategy of resaiving
singularities of Meilin-Bames integrals. This code should be loaded together with MB.m since it uses some of its
rouiines. For ceiails see arXiv:0801.0386

- AMBRE.m : = tcel by Janusz Giuza, Krzysztof Kaida and Tord Riemann for canstructing Meliin-Bames
representations. it works both for pianar muitiloop scalar and one-loop tensor Feynman integrals. This is version
1.2, for previous versians and detailed description of the package with exampies see the home page . The

&

program is describea in arXiv.0704.2423 and Caomputer Physics Communicatians 177 (2007) 879.

« bamesroutines.m : a tool by David Kosower far automatic appiication of the first and second Bames lemmas on
ists of muitiple Mellin-Bames integrais. An exampie notebook is incluced.

The numericai integration routines used by MB require the following libraries to be installed, either in the current
working directory. or in the giobal repository for libraries (e.g. /usrflocaidib)
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Niki The project is at the development siage. SO expect more codes o appear here.

Currently the following codes can be downioaded:

« MB.m : version 1.2 of MB (last updated January 2nd, 2009) by Michal Czakan,
the main collection of routines for the resolution of singularities and the numerical evaluation of Mellin-Bames
inegrais:
for aetails see heo-on/0S171200;
the current version is documented in the Manual ;
the disiribution contains two examuoie notebooks, MBexampiest.nb and MBexampies2.nb;

« MBasymptotics.m : a routine which expands Mellin-Barnes integrals in a small parameter by Michal Czakon;
axampie usage is illustrated in MBasymptotics. ni:

« MBresoive.m : 2 tool by Alexancer Smirmov and Viagimir Smimov realizing ancther sirategy of resalving
singulanties of Mellin-Barmes integrals. This code should be loaded together with MB.m since it uses some of its
routines. For details see arXiv:0901.0386

- AMBRE.m : = tood by Janusz Gluza, Krzysziof Kaida and Tord Riemann for constructing Melliin-Barmes
represeniations. It works both for planar muitiioop scalar ang one-loop tensor Feynman integrals. This is version
1.2, for previous versions and detailed description of the package with examples see the home page . The
program is describea in arXiv:0704.2423 andg Computer Physics Communications 177 (2007) 879.

« barnesroutines.m : 2 tool by David Kosawer for automatic application of the first and secand Barnes lemmas on
ists of muitiple Meliin-Barnes integrais. An exampie notebook is included.

'F'-Te numenca.l integration routines used oy MB require the following libraries to be installed, either in the current
directary, or in the giﬂ rems:tary for librares { e.g /usrfiocaiflib)
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x " *Cammaf -z] Gamma[l - z]3
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MBrulesi integrand. constraints. fixedVars| determines real

parts of fixed and integration variables such that the arguments of all Gamma
and PolyCamma functions in the integrand be paositive. It is anly necessary to
specify the fixed variables, fixedVars. since the integration variables are
determined automatically. The user can also specify further constraints.

MBrulesi integrand, limit, constraints. fixedVars| determines the contours such
that during analytic continuation mo contour starts or ends on 3 pole.
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last modified 2 Jan 09 il
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~a0- int—Gamma[-z] Gamma(l +z] "3 /Gammaf3l + 2z] =" (-1- z)

 x'*Cammal-z] Gammall - z]° 1l :
— Gamma(3 - 2 z] il
H

~517- 7MBrules 1] {{
E

MBrulesi integrand, constraints, fixegVars| determines real 1, E

parts of fixed and integration variables such that the arguments of all Gamma | ff

and PoglyGamma functions in the integrand be positive. [t is anly necessary to
specify the fixed variables, fixedVars. since the integration variables are ‘
determined automatically. The user can also specify further constraints. |

MBrulesiintegrand. limit. constraints. fixedVars| determines the contours such | '
that during analytic continuation no corrtour starts or ends on 2 pole. [

~ao1- MBrules[int, {}, {}]
HJIEI r Jd- _%‘!-\-n.- -:lii
s = | r I;_ ZJ'.- J:

=




File Edit Insert Formar Cell Graphics Evaluation Palettes Window Heip «+ = = =F Tuel2:27 Q

more info in hep ph/0511200 ¥ P
||
last modified 2 Jan 09 i
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| ek
MBrulesi integrand, constraints. fixedVars| determines real , . [
parts of fixed and integration variables such that the arguments of all Camma |§4|+__
and PolyGamma functions in the integrand be pasitive. It is anly necessary to I
specify the fixed variables, fixedVars. since the integration variables are E
deterrmined automatically. The user can also specify further constraints. "
MBrulesiintegrand. limit, constraints, fixedVars| determines the contours such ||
that during analytic continuation no comtour starts or ends on a pole. [
1l
~ezi- MBrules[int, {}, {}]
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MBrulesi integrand. constraints. fixedVars| determines real [
parts of fixed and integration variables such that the arguments of ail Gamma | I

and PolyGamma functions in the integrand be pasitive. It is only necessary to |
specify the fixed variables, fixedVars. since the integration variables are l {
determined automatically. The user can also specify further constraints. ! i
| K

I

MBrulesiintegrand. [imit, constraints, fixedVars| determines the contours such I

that during analytic continuation no comtour starts or ends on 3 pole. !

~a31= rules — MBrules{int, {}, {}] ~|
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5= int-Gammal-z] Gamma(l +z] "3/Gammald + 2z] x” (-1 - z)

_ x'*camma[-z] Gamma[l - z]° _I'
o Gamma[3 -2 z] g
~511= ? MBrules 1] :
1l
MBrulesi integrand, constraints, fixedVars| determines real |
parts of fixed and imtegration variables such that the arguments of all Gamma |
and PolyGamma functions in the integrand be pasitive. [t is anly necessary to i
specify the fixed variables, fixedVars. since the integration variables are |
determined automaticzlly. The user can also specify further constraints.
MBrulesi integrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts or ends an 2 pale. .
~&ar= rules = MBrules[int, {}, {}] 1]
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Cutjeli=
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int-Gamma -z] Gamma|[l +z] "3/Gamma[3 +2z] x" (-1-2z)

x ' *GCammai-z] Gammafl + z] 3
Gamma |3 - 2 2]

MBrulesi integrand, constraints. fixedVars| determines real

parts of fixed and integration variables such that the arguments of all Gamma
and PolyGamma functions in the integrand be pasitive. It is only necessary to
specify the fixed variables, fixedVars, since the integration variables are
determined automatically. The user can also specify further constraints.

MBruiesi integrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts or ends on 3 pale.
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== Gamma[3 - 2 z] 1]
~a17= ?MBrules }.
MBrulesi integrand, constraints, fixedVars| determines real
parts of fixed and integration variables such that the arguments of ail Gamma
and PolyGamma functions in the integrand be pasitive. It is anly necessary to
specify the fixed variables, fixedVars. since the integration variables are
determmined automatically. The user can also specify further constraints.
MBrulesiintegrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts or ends an a pale.
~i53= rules =MBrules[int, {}, {}]
e F 1 I 1‘I ]
gy §BEe o 1
~isal= I1MB = MBint[int, rules] 1]
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MBrulesi integrand, constraints, fixedVars| determines real

parts of fixed and integration variables such that the arguments of all Gamma
and PolyGamma functions in the integrand be pasitive. It is only necessary to
specify the fixed variables, fixedVars, since the integration variables are
determmined automatically. The user can also specify further constraints.

MBruliesi integrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts or ends on a pale.

n631: M=M[mr {}r {}]
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MBrulesi integrand. constraints. fixedVars| determines reai

parts of fixed and integration varizables such that the arguments of all Gamma
and PolyCamma functions in the integrand be paositive. It is only necessary to
specify the fixed variables. fixedVars. since the integration variabies are
determined automatically. The user can also specify further constraints.

MBrulesi integrand, limit, constraints. fixedVars| determines the contours such
that during analytic continuation no contour starts or ends on 3 paole.
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option IS set o U Aersenne wi Erpseun—ranﬂmnum 5rs will De used.

Complex — by defauit, oniy the real part of the integrais is evaluated, with |
this option set to True. the imaginary part will also be given. ||

FixedCormtours — contours will not be shifted if this option is set ta True HE |

NoHigherDimensional — by default. the complete integration is performed within g
MBintegrate, however with this option. 1-dimensional integrals are evaluated and [
the Fortran programs are prepared, but not run. This may be used to run them in [
parzilel for exampie.

Debug — with this option set to True. the Fortran programs are kept after
evaluation and the value of every integral given in the gutput as described ! .

e

ContourDebug — with this options set to True, MBshiftContours will print contour
optimization information. [
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MBintegrateiintegrals, kinematics| numerically integrates |
a list of integrals expanded in some variable with the values of the parameters [
as givernr on the kinematics list. The input should be as produced by MBexpand. '
Muitiple integrals are evaluated in Fortran with the help of the CERN library :
implementation of the Gamma and PolyGamma functions and of the Cuhre and Vegas

integration routines from CUBA. The libraries libmathlib.a. libkernlib.a and | _
libcuba a should be available, the compilation is performed with f77. The cutput | j
is 2 list comtaining the value of the integral and the error estimates on the ,
real and imaginary parts. Optionally the contributions of all the numerical |
integrations <an be given. if option Debug is set to True. In this case, the '
numerical results are contained in MBvai[value, error, probability, part], [
where probability is the probability that the error is underestimated, and part |l
is the part number of the integral. .

LN

ISIEE »




Dire.

L3

MBrulesiintegrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts ar ends on a pale.

rules - MBrules[int, {}, {}]

I1MB - MBint[int, rules]

. (X ZGammal-z] Gammafl.-z]¥ 11}
MBint| !'51__:'1'2'}"}"
| Gammal[3 - 2 z] L L z1]
}_
7MBintegrate

MBintegrateiintegrals, kinematics| numerically integrates

a list of integrals expanded in some vanable with the values of the parameters
as given on the kinematics list. The input should be as produced by MBexpand.
Muitiple integrals are evaluated in Fortran with the help of the CERN library
implementation of the Camma and PolyGamma functions and of the Cuhre and Vegas
integration routines from CUBA. The librarres libmathlib.a, libkerniib.a ana
libcuba a should be available, the compiiation is performed with f77. The output
is a list comtaining the value of the integral and the error estimates on the

rezal and imaginary parts. Optionally the contributions of all the numerical
integrations can be given, if option Debug is set to True. In this case, the
numerical results are contained in MBvai{vaiue, error, probability, part],

where probability is the probability that the error is underestimated, and part
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MBrulesiintegrand. limit. constraints. fixedVars| determines the contours such
that during analytic continuation no contour starts ar ends an & pale.

rules — MBrulesfint, {}, {}]

IIMB - MBint[int, rules]

. (% ?GCammal-z] Gammafl - z]® f L1,
MBint | - . z_}__}_.‘
. Gamma[3 - 2 z] L L N

p EIERR sl numerically integrates
a list uf mtegrats expartd’ed in same variable with the values of the parameters

as given on the kinematics list. The input should be as produced by MBexpand.

Muitiple integrals are evaluated in Fortran with the help of the CERN library

impiementation of the Camma and PolyGamma functions and of the Cuhre and Vegas

integration routines from CUBA. The libranes libmathlib.a, libkerniib.a and

libcuba a should be available, the compilation is performed with f77. The output

is a list containing the value of the integral and the error estimates on the

real and imaginary parts. Optionally the contributions of all the numerical

integrations an be given, if option Debug is set to True. In this case, the

numerical results are contained im MBval[value, errar, probability, part],

where probahility is the probability that the error is underestimated. and part
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MBrulesiintegrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts or ends an a pale.

rules = MBrules{int, {}, {}] il

I1MB - MBint[int, rules]

rx % Gammal-z] Gammafl + z]°

Gamma|3 - 2 z] | Bach |

?MBintegrate

MBintegrate!integrals, (Ml e numerically integrates

2 list of integrals expanded in some variable with the values of the parameters

as given on the kinematics list. The input should be as produced by MBexpand.
Multiple integrais are evaluated in Fortran with the help of the CERN library
implementation of the Camma and PolyGamma functions and of the Cuhre and Vegas
integration routines from CUBA. The libraries libmathlib.a, libkerniib.a and i
libcuba a should be available, the compilation is performed with f77. The output [
is a list containing the value of the integral and the error estimates on the il
rezl and imaginary parts. Optionally the contributions of all the numerical
integrations an be given, if option Debug is set to True. In this case, the
numerical resuits are contained in MBval(value, error, probability, part],

where grobabilitv is the probability that the error is underestimated. and part
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MBrulesiintegrand, limit, constraints. fixedVars| determines the contours such
that during analytic continuation no contour starts or ends on a pale.
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MBintegrateiintegrais, kinematics| numerically integrates

a list of integrals expanded in some variable with the values of the parameters

as given an the kinematics list. The input should be as produced by MBexpand.
Muitiple integrals are evaluated in Fortran with the help of the CERN library
implementation of the Camma and PolyGCamma functions and of the Cuhre and Vegas
integration routines from CUBA. The libraries libmathlib.a. libkerniib.a and

libcuba a should be available. the compilation is performed with f77. The cutput

is 2 list conmtaining the value of the integral and the error estimates on the

real and imaginary parts. Optionaily the contributions of all the numerical
integrations can be given. if option Debug is set ta True. Im this case, the
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MBrulesiintegrand, limit, constraints, fixedVars| determines the contours such
that during analytic continuation no contour starts or ends an a pole. ||

~531= rules —MBrulesfint, {}, {}] 1]
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Outi&3] | Z I .
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L Gamma|3 - 2 z] L L Z0N ]

MBintegrate {IIMB}, {x - [} ]

~as7= 7 MBintegrate

MBintegrateiintegrais, kinematics| numerically integrates

2 list of integrais expanded in some variable with the values of the parameters

as given on the kinematics list. The input should be as produced by MBexpand.
Muitiple integrais are evaluated in Fortran with the help of the CERN library
implementation of the Camma and PolyGamma functions and of the Cuhre and Vegas
integration routines from CUBA. The libraries libmathlib.a. libkerniib.a and

libcuba a should be available, the compilation is performed with f77. The output

is a list comtaiming the value of the integral and the error estimates on the

reai and imaginary parts. Optionally the contributions of all the numerical S
integrations can be givern. if option Debug is set to True. In this case, the li=
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MBrulesiintegrand, limit, constraints, fixedVars| determines the contours such ||
that during analytic continuation no contour starts or ends an 2 pale. |

~&31= rules — MBrules{int, {}, {}]
f f L1113 A
Ouifedl= {{}s }Z>-t} || B

6] L L = 213 A
~ig4= IIMB = MBint[int, rules] il
k-

. (X YF Gammaf-z] Gammafl -z]* ¢ 111 i

Cuticsl= MBInt| ritjr{z-*-- [ [ |

L Gamma[3 - 2 Z] L r 98 ]

~e=- MBintegrate[{IIMB}, {x-» 1.2}] il

shifting contours... _TI

Performing 1 lower-dimensional integrations with NIntegrate...l '

Higher dimensional integrals —|

cutes= {0.3905710601515178, O} _f

~&=3= 7 MBintegrate il

1

MBintegrateiintegrais. kinematics| numerically integrates

a list of integrals expanded in some variable with the values of the parameters ||

as given on the kinematics list. The input should be as produced by MBexpand. |l
Multiple integrais are evaluated in Fortran with the help of the CERN library i
imniementation of the Camma and PolvCamma functions and of the Cubhre and Veaas L>
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Shifting contours...
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MErulesf‘ rrrtegrand limit, cunsrra:mts ﬁxed\iars} determmes the contours such — [
that during analytic continuation no contour starts or ends on 2 pale. [

1]
2= rules = MBrulesf{int, {}, {}] 1]
. . e 11 - q
Cutf63=— 1I‘_£' iL‘z > 'Z'Ji'_." [l ]
|
nis4= I1MB = MBint[int, rules] i
1z Cammal -z] Gammafil - z]* L 1 M
:_:5«-:: Eﬂiﬂ‘.tlt' s [ z‘ ]- ZI r 4 '[2 r {z 2 - _11. |I
Gamma|3 - Z Z] L z1] |
~iss - MBintegrate[{IIMB}, {x - 1.2}] 1|
Ehiftinq ocontbtours . - - _:_I:l |
Performing 1 lower—-dimensional integrations with NIntegrate...l 1 '
Oufes= {0.3905710601515178, O} f




iesif id, limit, canstraints. ﬁxed'. W' the contours such
that during analytic continuation no contour starts or ends on 2 pale.

" r Ey7
Outedt= {{}r {Z>-Z}}
e 3 L 211

~s4;= I1MB = MBint[int, rules]

. [T GCamma[-z] Gammall -z]® [ 1)
Cuisar= MBint ritke jz2=-2

Gamma|3 - 2 z] | S -] ]
~557= MBintegrate({ {IIMB}, {x-> 1.2}]
Shifting contours. ..
Performing 1 lower-dimensiconal integrations with NIntegrate...l
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but denominators which aren't products of Gamma functions are forbidden.
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MBasymptoticsiintegrais, {var, order}| expands a list

af integrais in variable var, around var = 0, up to the given arder by clasing
contours and taking residues. The integrands may contain polynomials i var,
but denominators which aren't products of Gamma functions are forbidden.

MBmerge [MBasymptotics[IIMB, {x, 3}]]
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MBasymptoticsiintegrals. {var. orderi| expands a list

of integrails in varnable var, around var = 0, up to the given arder by clasing

: contours and taking residues. The integrands may contain polynomials in var,
but denominators which aren't products of Gamma functions are forbidden.

207 - MBmerge[MBasymptotics[IIMB, {x, 3}]]
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~a11= 7 MBasymptotics

MBasymptoticsiintegrais, {var, orderi| expands a list

of integrais in variable var, around var = 0, up to the given arder by closing

3 comtours and taking residues. The integrands may contain polynomials inm var,
but denominators which aren't products of Gamma functions are forbidden.

~207- MBmerge [MBasymptotics[IIMB, {x, 3}]]
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MBasymptoticsiintegrals, {var, order}| expands a list

of integrais in varnable var, around var = J, up to the given arder by clasing
contours and taking residues. The integrands may contain polymomials im var,
but denominators which aren’t products of Gamma functions are forbidden.

20 - MBmerge[MBasymptotics[IIMB, {x, 3}1]
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MBasymptotics|integrals, {var, orderi| expands a list

of integrals in variable var, around var = . up to the given order by cosing
contours and taking residues. The integrands may contain polynomials in var,
but denominators which aren't products of Gamma functions are forbidden.
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MBasymptoticsiintegrais, |var, arder!| expanas a list

of integrals inm variable var, around var = 0. up ta the given arder by clasing
contours and taking residues. The integrands may contain polynomials in var,
but denominators which aren't products of Gamma functions are forbidden.

oo - MBmerge[MBasymptotics[IIMB, {x, 3}]]
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MBasymptotics{integrals. {var, arder}| expands a list

of integrals in variable var, around var = 0, up to the given arder by clasing

contours and taking residues. The integrands may contain palynomials in var,

but denmrominators which aren’t products of Gamma functions are forbidden.

-

~=o07- MBmerge[MBasymptotics[IIMB, {x, 3}]]
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MBasymptoticsiintegrals, {var, order}| expands a list
of imtegrals in variable var, around var = 0. up to the given arder by closing
contours and taking residues. The integrands may contain polynomials in var,
but denominators which aren’'t products of Camma functions are forbidden.
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of integrais in variable var, around var = 0, up to the given arder by clasing
comours and taking residues. The integrands may cortain polynomials in var,
but denominators which aren't products of Gamma functions are forbidden.

-=07- MBmerge [MBasymptotics[IIMB, {x, 3}]]
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of integrais inm variable var, around var = 0, up to the given arder by clasing
contours and taking residues. The integrands may contain polynamials im var,
but denominators which aren't products of Gamma functions are forbidden.

- MBmerge[MBasymptotics[IIMB, {x, 3}]]

" __ Logi=it . 13
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of integrals in variable var, around var = 0, up to the given arder by clasing
contours and taking residues. The integrands may contain polynamials i var,
but denominators which aren't products of Gamma functions are forbidden.

~o07- MBmerge [ MBasymptotics|[IIMB, {x, 3}]]
, .1 s __ Iogfsft 1
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of integrais in variable var, around var = 0, up to the given arder by closing
contours and taking residues. The integrands may comntain polynomials in var,
but denominators which aren't products of Gamma functions are forbidden.

~a0- MBmerge|[MBasymptotics[IIMB, {x, 3}]]

: g 1 3 Lag[x]?
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but denominators which aren't products of Gamma functions are forbidden.
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