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theory «— data requires observables
to be compared with data
and we need TOOLS to do this!

e
\ TOOLS!/

Alexander Belyaev  INIE=>G- CalcHEP 2



Tools for theory — observables link

BSM Feynman Matrix \
( Rules ] [Element] [ E"}"ts ) [Dete“t” )

(" FAST/FULL )

CalcHEP, CompHEP BYTHIA Detector
LanHEP FormCalc,MadGraph, HERWIG Simulation
FeynRules MCFM, MC@NLO, ISAJET
SARAH Sherpa, WHizard Sherpa PGS, Dlelphes
CMSSW,
ATHENA
& % g
O Relic Density %.
&4 ‘?o [ Collider mgnaturesj

DM Direct Detection
(micrOMEGAs MadDM)

DM Indirect DetectiorD

Analysis to find/exclude/modify theory:
Plots, PAW/Root, Fortran/C++ codes, Private codes, GAMBIT,
MasterCode, CHECKMATE, MadAnalysis, HEPMDB
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CalcHEP

Calculator for High Energy Physics
was born as a CompHEP in 1989: MSU-89-63/140
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CalcHEP

Calculator for High Energy Physics
was born as a CompHEP in 1989: MSU-89-63/140

¢ Authors
Alexander Pukhov, AB, Neil Christensen

(AB and Neil Christensen have joined the project in 2009)
http://theory.npi.msu.su/~pukhov/calchep.html

¢ ldea

The effective study of HEP phenomenology passing at high level of
automation from your favorite model to physical observables such
as decay width, branching ratios, cross sections kinematic
distributions, parton-level events, ...
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¢ Authors

Alexander Pukhov, AB, Neil Christensen

(AB and Neil Christensen have joined the project in 2009)
http://theory.npi.msu.su/~pukhov/calchep.html

¢ ldea

The effective study of HEP phenomenology passing at high level of
automation from your favorite model to physical observables such
as decay width, branching ratios, cross sections kinematic
distributions, parton-level events, ...

¢« Analogous packages (matrix element generators)

e CompHEP (Boos et al)

e MadGraph/MadEvent (Maltoni, Stelzer et al)
e Grace/Helas (Fujimoto et al)

e FeynArts/FeynCalc/FormCalc (Hahn et al)

e WHIZARD,O'mega (Moretti, Ohl, Reuter)

e Sherpa (Krauss et al)
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General Features/Limitations of CalcHEP

¢ Can evaluate any decay and scattering processes within
any (user defined) model!
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¢ Can evaluate any decay and scattering processes within
any (user defined) model!

¢ Tree-level processes
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General Features/Limitations of CalcHEP

¢ Can evaluate any decay and scattering processes within
any (user defined) model!

¢ Tree-level processes

¢ Squared Matrix Element calculation
¢ no spin information for the final particles — spin averaged

amplitude
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General Features/Limitations of CalcHEP

[ o

Can evaluate any decay and scattering processes within
any (user defined) model!

[ o

Tree-level processes

Squared Matrix Element calculation
¢ no spin information for the final particles — spin averaged
amplitude

¢ Limit on number of external legs (involved particles) and

number of diagrams
e official limit — 8 , unofficial — none

limit is set from the practical point of view:
e 2 -6 (1-7) setthe essential time/memory limit

e number of diagrams ~ 500 set the disk space and
the time limit

[ o

Alexander Belyaev  INII=><a- CalcHEP 10



The Highlights of CalcHEP

¢ Convenient graphical interface — to understand process in details
(e.g. one can select diagrams at squared level to study interference, plot dependent
parameters, etc)
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The Highlights of CalcHEP

¢ Convenient graphical interface — to understand process in details

(e.g. one can select diagrams at squared level to study interference, plot dependent
parameters, etc)

¢ Output of symbolic results (Mathematica, REDUCE, FORM formats)
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The Highlights of CalcHEP

¢ Convenient graphical interface — to understand process in details
(e.g. one can select diagrams at squared level to study interference, plot dependent
parameters, etc)
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The Highlights of CalcHEP

¢ Convenient graphical interface — to understand process in details
(e.g. one can select diagrams at squared level to study interference, plot dependent
parameters, etc)

¢ Output of symbolic results (Mathematica, REDUCE, FORM formats)

¢ Calculates particle widths 'on the fly'

¢ Easy to modify an existing model (GUI) or to implement the new one
(LanHEP, FeynRules)

¢ Powerful batch interface: connects production and decay processes, allows to
perform multidimensional scan of the the parameter space and produce LHE files in
one run

¢ Connected to HEPMD (High Energy Physics Model Database) with HPC cluster
behind the web interface

¢ Designed to study physics and present and future colliders:
LHA PDF for LHC and ISR+Beamstrahlung for ILC

¢ Modular structure allows to use it as a matrix element generator in separate
codes and packages (e.g.GAMBIT)

¢ Connected to launchpad — see many questions and aswers
https://answers.launchpad.net/calchep

¢ Has different modules for user modfifications: user-defined cuts, user form
factor etc.

See tutorial for most of them
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http://theory.npi.msu.su/~pukhov/calchep.html

CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

The main idea of CalcHEP is to enable one to go directly from the Lagrangian to the cross sections and distributions effectively, with a high level of automation.
The package can be compiled on any Unix platform.

General information
@ Main features, ® Acknowledgments @ News&Bugs @ Publications&Lectures @ Contributions

Manual
@ calchep_man_3.3.6.pdf (manual for version 3.3.6, July 19, 2012)
@ HEP computer tools (Lecture by Alexander Belyaev)
See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)

Code download.
@ License GPL-3
@ Installation @ Current version 3.7(updated 16.04.2018) @ New Options @ Archive

Models:
@ MSSM 10.14(15.10.2014) @ NMSSM 8.15(25.08.2015) @ CPVMSSM 10.14(16.10.2014) @ SUSY models By A.Semenov @ LeptoQuarks @
5DSM @ 6DSM
Model database @ HEPMDB

Related packages on Web:
Packages for model generation: @ LanHEP @ FeynRules @ SARAH
RGE and spectrum calculation: @ SuSpect @ Isajet @ SoftSUSY @ SPheno @ CPsuperH @ NMSSMTools
Particle widths in MSSM: @ SUSY-HIT @ HDECAY
Parton showers: @ PYTHIA

Contacts

Email: ~ calchep@googlegroups.com Launchpad service: ' Ask a question @ File a bug
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CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

The main idea of CalcHEP is to enable one to go directly from the Lagrangian to the cross sections and distributions effectively, with a high level of automation.
The package can be compiled on any Unix platform.

General information
@ Main features, @ Acknowledgments @ News&Bugs @ Publications&Lectures @ Contributions

LW 4 1
J.‘rl.l'.ll.ll.&l.l

@ calchep_man_3.3.6.pdf (manual for version 3.3.6, July 19, 2012 manual
yacv
See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)

Code download.

— @ Liccnse OPL-3 ti d
9 Installatior@rent version 3.7(updated 16.04.2018) M @ Archiv ne\_N Op lons an
writeup!
Models: arXiv:1207.6082

@ MSSM 10.14(15.10.2014) @ NMSSM 8.15(25.08.2015) @ CPVMSSM 10.14(16.10.2014) @ SUSY models By /
5DSM @ 6DSM
Model database @ HEPMDB

Related packages on Web:
Packages for model generation: @ LanHEP @ FeynRules @ SARAH
RGE and spectrum calculation: @ SuSpect @ [sajet @ SoftSUSY @ SPheno @ CPsuperH @ NMSSMTools
Particle widths in MSSM: @ SUSY-HIT @ HDECAY
Parton showers: @ PYTHIA

Contacts
Email: calchep@googlegroups.com Lau@rvice: @ sk a question ¥ File a bug >
Connected to

launchpad system
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Quick start with CalcHEP:
practical notes on the installation

¢ Download code, read manual and compile

http://theory.npi.msu.su/~pukhov/calchep.html
wget https://theory.sinp.msu.ru/~pukhov/CALCHEP/calchep 3.7.tgz
tar -zxvf calchmep_ 3.7.tgz

cd calchep 3.7
make
cd work

(or your own work directory ./mkWORKJdir ../calc_work )

¢ You need to have only c compiler and X11 sources
¢ Supported operating system

Linux, IRIX, IRIX64, HP-UX, OSF1, SunOS, Darwin, CYGWIN
(see getFlags file)

ex#1: Install CalcHEP
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Starting CalcHEP

¢ Files in the work folder:

bin -> ........ /calchep_3.x.y/bin
calchep

calchep_batch

calchep.ini

models/

results/

tmp/

o Start:
Jcalchep
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Starting CalcHEP

CalcHEP - a package for Calculation in High Energy Physics
Version 3.7: Last correction April 16, 2018

Authors: Alexander Pukhov(Skobeltsyn Institute of Nuclear Physics,Moscow)
Alexander Belyaev{(University of Southampton)
Neil Chistensen (University of Pittsburgh)

For contacts: email : <calcheplgooglegroups.com>
Questions : https://answers.launchpad.net/calchep
Bugs : https://bugs.launchpad.net/calchep

Code&Models: http://theory.sinp.msu.ru/~pukhov/calchep.html
The BSMs for CalcHEP were developed in collaboration with:
G.Belanger, F.Boudjema,A. Semenov

The package contains codes written by:
M.Donckt,V.Edneral,V.Ilyin,D.Kovalenko,A.Kryukov,G.Lepage,A.Semenov

Press F9 or click the box below to get

References, Contributions, Acknowledgments

This information is available during the session by means of the F9 key
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Principle KEYS for CalcHEPs GUI

Enter menu Exslfelrzgtri‘gn Help!
selection (back)
(forward)
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CalcHEP structure/modes

« Graphical mode
e symbolic part

e numerical part
« Batch mode
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Starting CalcHEP

Abstract
CalcHEP package is created for calculation of SM{+hgg)
decay and high energy collision processes of SM{+hgg+h4G)
elementary particles in the lowest order (tree) IDM
approximation. The main jidea put into the CalcHEP IDM (+hgqg)
was to make available passing from the lagrangian IMPORT MODEL

to the final distributions effectively with the
high level of automatization.
Use F2 key to get information about interface
facilities and F1 - as online help.
https://answers.launchpad.net/calchep
https://bugs.launchpad.net/calchep
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Symbolic part

Menu 1

Menu 3 ——

SELECT MODEL
Parameters

Constraints IMPORT OF MODELS FILE SEARCHILIST

Particles

Menu 2

Libraries Enter Process
RENAME

CHECK MODEL

Force Unit gauge = OFF

> Menus

Edit Model
Enter processes: p,p -> W+,2*x
Parameters Numerical Evaluations composite p consists of: u,U,d,D
Exclude diagrams with: A
All Constraints Exclude X-particles: G

. Delete model
Masses,Widths,Br

View squared diagrams

C-code(for num calc)

C-compiler Symbolic calculation View diagrams
Edit linker
REDUCE code Make&Launch n_calchep Square diagrams

MATHEMATICA code :
FORM code Write down processes

Enter new process REDUCE program
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Model choice and Process input

Choose your gauge Enter Process
Edit Model Numerical Evaluation
BEHE
Model: SM
Abstract
CalcHEP package is created for calculation of Force Unit.Gauge= OFF

decay and high energy collision processes of Edit model
elementary particles in the lowest order (tree) Numerical Evaluation
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian Delete model

to the final distributions effectively with the
high level of automatization.
Use F2 key to get information about interface
facilities and F1 - as online help.
https://answers.launchpad.net/calchep
https://bugs. launchpad.net/calchep
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The Model Structure

Parameters Constraints
Particles Vertices

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

https://answers.launchpad.net/calchep
https://bugs.launchpad.net/calchep

Edit model

Constraints
Particles
Lagrangian
Libraries

RENAME
CHECK MODEL
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Particles: prtclxx.mdl (spins 0,1/2,1,3/2,2)

oot o CalcHEP_3.6.28/symb 2\ &

-Clr-Del Size—Read—ErrMes

Full name A | A | PDG |2*spin| mass |width |color|aux| LaTex(A) | La
gIG I 121 | 2 | 0 |0 | 8 G Ig lg
photon | A | A |22 | 2 | O | 0 |1 |G | \gamma | \ga
Z-boson | Z | Z |23 | 2 |MZ | YwZ | 1 |G | Z | Z
W-boson W+ |W- |24 | 2 | MW | YwiW | 1 |G |WA+ | WA -
Higgs | h | h | 25 | O | Mh | Ywh | 1 | | h |h
electron | e | & |11 | 1 | O | O | 1 | e - le?+
e-neutrino lne |Ne |12 | 1 | 0 | 0 | 1 L | \nu_e | \ba
muion | m | M |13 |1 | Mm | 0 |1 | | \mu* - | \mua
m-nheutrino lnm |Nm |14 | 1 | 0 | 0 | 1 L | \nu_\mu | \ba
tau-lepton | 1 | L |15 | 1 |M1 | 0 | 1 I | \tau*- | \ta
t-neutrino lnl |[N1 |16 | 1 | 0 | 0 | 1 |L  |\nu_\tau |[\ba
d-quark | d | D | 1 | 1 | 0 | 0 | 3 I | d | \ba
u-quark |u | U | 2 |1 | O | O | 3 | |u | \ba
s—quark | s | S | 3 |1 | O | O | 3 | | s | \ba
c—quark | |C | 4 |1 | Mc | O | 3 | | | \ba
b-quark | b | B | 5 | 1 | Mk | O | 3 | | b | \ba
t-quark |t | T | 6 |1 | Mt | Ywt | 3 | | t | \ba

-Fl1-F2—Xgoto—Ygoto—Find-Write
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Particles: prtclxx.mdl

ont, |2 CalcHEP_3.6.28/symb 2\ &

-Clr-Del Size—Read—ErrMes

Full name A | A | PDG |2*spin| mass |width |color|aux| LaTex(A) | La
gIG I 121 | 2 | 0 |0 | 8 G Ig lg
photon | A | A |22 | 2 | O | 0 |1 |G | \gamma | \ga
Z-boson | Z | Z |23 | 2 |MZ | YwZ | 1 |G | Z | Z
W-boson W+ |W- |24 | 2 | MW | Lual | 1 |G |WA+ | WA -
Higgs | h | h | 25 | O | Mh | 1 | | h |h
electron | e | & |11 | 1 | O | 1 | e - le?+
e-neutrino lne |Ne |12 | 1 | 0 | 0 | 1 L | \nu_e | \ba
muion | m | M |13 |1 | Mm | 0 |1 | | \mu* - | \mua
m-nheutrino lnm |Nm |14 | 1 | 0 | 0 | 1 L | \nu_\mu | \ba
tau-lepton | 1 | L |15 | 1 |M1 | 0 | 1 I | \tau*- | \ta
t-neutrino lnl |[N1 |16 | 1 | 0 | 0 | 1 |L  |\nu_\tau |[\ba
d-quark | d | D | 1 | 1 | 0 | 0 | 3 I | d | \ba
u-quark |u | U | 2 |1 | O | O | 3 | |u | \ba
s—quark | s | S | 3 |1 | O | O | 3 | | s | \ba
c—quark | |C | 4 |1 | Mc | O | 3 | | | \ba
b-quark | b | B | 5 | 1 | Mk | O | 3 | | b | \ba
t-quark |t | T | 6 |1 | Mt | Ywt | 3 | | t | \ba

-Fl1-F2—Xgoto—Ygoto—Find-Write

Higgs boson width will be calculated on the fly
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Independent parameters: varsxx.mdl

Clr-Del -Size Read ErrMes

Name | Value |> Comment <
E_lO 31333 | Electromagnetic coupling constant (<->1/128)
|1.117 | Strong coupling constant (Z point) (PDG-924)
SW |0.474 | sin of the Weinberg angle 0.474 - "on-shell",b4
0 | 100 | Scale of effective running masses
MW |80.385 |W boson mass
Mtp |172.5 | Top quark pole mass
McMc |1.23 |Mc (Mc) MS-BAR
MbMb |4.25 |Mb (Mb) MS-BAR
alphaSMZ|0.1184 | Srtong alpha {(MZ)
M1 |1.777 |[mass of tau-lepton
Mh |125 |mass of Higgs

‘F1-F2Xgoto—YgotoFind Write
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Dependent parameters(constraints): funcxx.mdl

Clr-Del-Size—Read—ErrMes
Name |> Expression
CZI | sgrt (1-SW*2) % cos of the Weinberg angle

GF |EE*2/ (2*SW*MW) ~2/Sqrt2 % experimental value 1.166E-5 [1/GeV*2]
MZ IMW/CW % 2 boson mass

LamQCD |initQCD5 {(alphaSMZ, McMc, MbMb, Mtp)

Mb |[MbEf £ (Q)

Mc |[McE££(Q)

Ms |IMgQEf£(0.096, Q) % s—-quark effective mass wvia 2MeV running one
LARAh | —-cabs (1AAhiggs (Mh, "h"))

LGGh | —-cabs (1GGhiggs (Mh, "h"))

aQCDh |alphaQCD{Mh) /acos(-1)

ROCDh |sqgrt(1+149/12*aQCDh+68.6482*%aQCDh"2-212.447*aQCDh"3)
BO0000 |1-2*SW~2

BO0001 |1-4*SWA2+4*SW/4

'F1-F2 Xgoto—YgotoFind Write
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Feynman rules: Igrngxx.mdl

Clr-Del-Size ReadErrMes

Pl | P2 | P3 | P4 | > Factor <|> dLagrangian/ dA(pl) dA(p2) dA(p3)
A | A |h I | S Y rl.p2*ml.m2-m2.pl¥*ml.p2

A | W+ | W— | | EE Im3.p2*%ml . m2-ml.p2*m2 . m3-m2.p3*ml . m3+m
A | W+ |[W—. £ | | -i*EE*MW |ml.m2

A |W+. £ |W- I | i*EE*MW |ml.m3

A |W+. £ |W-.£ | | -EE |ml.p3-ml.p2

A.C [W+.c |W- I | EE Im3.pl

A.C [W-.c |W+ I | -EE Im3.pl

B | b | A I | -EE/3 | G {m3)

B | b |G | | GG | G (m3)

B b | Z I |EE/ (12*CW*SHW) [4*SWA2*G (m3) -3*G{(m3) * (1-G5)
B | b [Z.£ | | i*EE*Mb/ (2*MW*SW) | G5

B | b |h I | -EE*Mb / (2*MW*SW) |1

B | & | W— | | EE*Sqrt2/ (4*SW) |G{(m3)*(1-GS)

B |t |[W—. £ | | i*EE*XSqrt2/ (4*MW*SW) |[Mb* (1-G5) -Mtp* (1+GS5)

C | | A I | 2*EE/3 | G (m3)

C | c |G I | GG | G (m3)

C | | Z I | -EE/ (12*CW*SW) | 8*SWA2*G (m3) -3*G{(m3) * (1-G5)
C | |Z.£ | | -i*EE*Mc/ (2*MW*SW) | G5

C | |h I | —-EE*Mc/ (2*MW*SH) |1

C | s | W+ I | EE*Sqrt2/ (4*SW) |G(m3)*(1-G3)

C | s [W+. £ | | -i*EE*Sqrt2/ (4*MW*SW) [Ms* (1+G5) -Mc* (1-G5)

D |d | A I | -EE/3 | G {m3)

D | d |G | | GG | G (m3)

D |d | Z | |EE/ (12*CW*SW) |[4*SWA2*G (m3) -3*G{(m3) * (1-G5)
-F1-F2-Xgoto—Ygoto-Find-Write
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External Libraries: extlibxx.mdl

Typically is empty for simple models but can be used for any library which helps to build
complicated model. E.g. mass spectra calculator for SUSY (involving RGE solutions etc)

Clr-Del-SizeRead ErrMes
External libraries <

fihonme /belvaev/calchep/MSSM/mLib.a
%

%1 .Default code for spectrum calculation and RGE solution

%attached to the model is SuSpect:

shttp: //www. lpta.univ-montp2. fr/users/kneur/Suspect/
\bibitem{Djouadi:2002ze}

A. ~Djouadi, J.~L.~Kneur and G.~Moultaka,

% SuSpect: A Fortran code for the supersymmetric and Higgs particle

% spectrum in the MSSM, '’
arXiv:hep-ph/0211331.

2.The realization in terms of CalcHEP was done by
\bibitem{Belanger:2004yn}
G.~Belanger, F.~Boudjema, A.~Pukhov and A.~Semenov,
% " MicrOMEGAs: Version 1.3,'!
Comput.\ Phys.\ Commun.\ {\bf 174}, 577 (2006)
[arXiv:hep-ph/0405253].

i o o o o g o o o o g°

“-Fl-F2-Xgoto—Ygoto—Find-Write
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Numerical evaluation of masses & branchings

) CalcHEP_3.6.28/symb & &

- Model: Standard Model

Abstract

Numerical Evaluation

CalcHEP package is created for calculaticn of
decay and high energy collision processes of

elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP All Constraints

was to make available passing from the lagrangian Masses,Widths, Branch.
to the final distributions effectively with the
high level of automatization.
Use F2 key to get information about interface
facilities and F1 - as online help.
https: //answers. launchpad.net /calchep
https: //bugs. launchpad.net /calchep

Fl- F2- F5- F6- F9o- F10-

Humerical Evaluation

A1l Particles -> SLHA

[ Zero

. . Zero
Numerical Evaluation 1188E+01
.0385E+01 -
— -2500E+02 4P = | See results in file 'decaySLHAZ.txt'

Zero
Zero
LO570E-01
Zero
L ATTOE+Q0 . .
Zer0 ex#2: Find the SM particles

Zero spectrum and Br ratios

Parameters
All Constraints

Masses,Widths, Branch.

Press an
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Syntax for the process

» the input syntax: P1[,P2] —> P3,P4 [,,...,[N*x]]

» hadron/composite particle scattering
'p*!p*'>W+sb!B'
unknown particle are assumed to be composite,

if you use 'p*', the u,U,d,D,s,S,c,C,b,B,G structure will be
used automatically

» wild cards/names for outgoing particles
'H -> 2*x'

» intermediate particles can be non-trivially excluded

'W+ > 2, A>1, Z>3' . .
ex#3: SM Higgs production cross

section for e+te- — HZ process versus
the collider energy for 0.5-1.0 TeV range
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Symbolic session(1)

Model: SM
List of particles (antiparticles)

A(A )- photon Z(Z )- Z boson G(G )- glucn
W+ (W- )- W boson ne (Ne )- neutrino e(E )- electron
nm{Nm )- mu-neutrino m(M )- muon nl (Nl )- tau-neutrino
1{L )- tau-lepton u(U )- u-gquark d(D )- d-quark
c(C )- c—quark s(S )- s—-quark t(T )- t-quark
b(B )- b-gquark h{(h )- Higgs

Enter process: | afliatai -F:

composite 'p*' consists of: [CPTNDIRTININE-SE NN GIN I
composite 'W' consists of:
Exclude diagrams with
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Symbolic session (2)

Model : SM

Process: p¥*,p*->W,b,B

Feynman diagrams View diagrams
88 diagrams in 8 subprocesses are constructed.

0 diagrams are deleted.

Subprocess

an nn e g
+ +

nhno Qoo [
alololaofaRala] O

I
2|
3
4 |
S|
6|
71
8 |

EZEEZEEE
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Symbolic session (3)

Delete,On/off,Restore, Latex

b b
. oo
B B

UL — W- Ut - W-

Fl-Help,F2-Man, PgUp, PgDn,Home , End, # ,Esc
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Symbolic session (4)

Model: SM

Process: p¥*,p*->W,b,B

Feynman diagrams View squared diagrams
88 diagrams in 8 subprocesses are constructed.

diagrams are deleted.

Squared diagrams

532 diagrams in 8 subprocesses are constructed.
diagrams are deleted.

diagrams are calculated.

Subprocess Del Calc Rest

=
7
b4
=
I
o
™
o
o

OO0 OO0 O O
o
9]

o on
o on

~1]
o0

OO0 hhn o Ofsk
~J
o]

~ ™ bl bl bl ~ ™ hl
mEeNoNeNeNe Rl O
| ~1]
00 o0

2
3
4
S
6
7
8
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Symbolic session (5)

d——r--— ——e——d d——r--— —————d

u b — u u b — B
T R Pl o e e
B B B B

Fl-Help,F2-Man, PgUp, PgDn,Home, End, # ,Esc
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Symbolic session (6)

C-compiler
Edit Linker
REDUCE ccode
MATHEMATICA code
FORM code
Enter new process

Fl- F2- F3- F4- F5- F6- FO- F10-
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Structure of the numerical part

Menu 2 €+—

S.F.1 OFF
S.F.2 OFF

Momentum P1[GeV]=1000

Momentum P2[GeV]=1000

First particle unpolarized
Second particle unpolarized

» Menu 3

OFF
ISR&Beamstralung
Laser photon beam
Equiv.Photon. Appr.
PDT

LHA

Menu 4 4+——

parton dist. alpha OFF
alpha(MZ)= 0.1184
nf=5

Order = NLO

mb(mb) = 4.20

Mtop(pole) =172.5
Qfact = 91.197
Qren = Qfact
Alpha(Q) plot

Menu 1

Subprocess
IN state

Model parameters
Constraints

QCD coupling
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte-Carlo simulation

1D integration

» Menu 6

nSess =5
nCalls = 10000

Set Distributions
Start integration
Display distributions

Clear statistics
Freeze grid OFF
Clear grid

Event Cubes 10000
Generate Events

Menu 10
All Constraints
Masses, Widths, Branchings

All Particles SLHA file

is created

» Menu 5

Breit-Wigner range 2.7
T-channel widths OFFION
Gl in t-channel OFFION
Gl in s-channel OFF/ION

Kinematics
Poles

p» Menu 8

Set precision

Angular dependence
Parameter dependence

» Menu 7

Number of events=10000
Launch generator

Regenerate events ON

NE><

Alexander Belyaev
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Numerical part(1)

Fl-

F2-

F5-

Fb6-

F8-

Subprocess

IN state

Model parameters
Constraints

QCD alpha & scales
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carle simulation

F9- F10-

Alexander Belyaev
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Numerical part(2)

L
d U -> W-b B
D u -> W+ b B
u D -> W+ b B
U d -> W- b B
s C -> W- b B
S -> W+ b B
o S -> W+ b B
C = -> W-b B
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control of the initial states and parton density
functions

S.F.1: OFF

N atare T2
First particle momentum[GeV]

Model parameters Second particle momentum[GeV]
Constraints First particle unpolarized

QCD alpha & scales Second particle unpelarized
Breit-Wigner

Aliases

Cuts

Phase space mapping

Monte Carleo simulation

PDT menu

MRST2004ged_proton{anti-proton)

. . MRST2004ged_proton (proton)
S F.1: PDT:CT10( NNPDF23_lo_as_0130_ged{anti-proton)

S.F.2: OFF
. . NNPDF23_1 0130 d t
First particle momentum[GeV] CTlD(anEiEEigfon) —qed (proton)

Second particle momentum[GeV] CT10 (proton)
First particle unpolarized cteg6ll (anti-proton)
Second particle unpolarized ctegb6ll (proton)

Alexander Belyaev Nx
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model parameters

Subprocess
IN state
Constraints
QCD coupling

Model parameters

Change parameter

READ_FROM_FILE

EE .1333E-01
SW . 7400E-01
Q .0000E+02
MW .0385E+01
Mtp . 7250E+02
McMc .2300E+00
MbMb . 2500E+00
alphaSMZ .1840E-01
M1 .7770E+00
Mh . 2500E+02

Breit-Wigner

Bhliases

Cuts

FPhase space mapping
Honte Carlo simulation

HFHERBHEEORBW

Alexander Belyaev NX CalcHEP
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dependent parameters (sm+ggH model)

I
Dizsplay dependence

Subprocess
IN state
Model parameters

QCD alpha & scales
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carle simulation

Display dependence
LimbdAs -7.8845E-06
on parameter

1.2500E+02
Plot

®x-Hin = 100
®x-HMax = 400

Hrﬂiﬂtﬁ = 100
]

to file

: .8052E-01
[Constraints |
Constraints .1954E-05

all Constraints .1292E+01

Hasses, Widths, Branching .4641E-01

.1986E+00
.1137E-01
.9444EK-02
-7.8864E-06
-1.3054E-05
3.50959E-02

100 200 300

[Esc - exit; Mouse - function value; Other keys - menu

T s ) (0 «1f1tﬁ,hif1l'1f1tﬁ;g

........
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QCD coupling and the QCD scale

Subprocess
IN state
Hodel parameters

Constraints sarton dist. alpha '0OH
QCD coupl ing [ alpha (HZ)= g.llTE

nft =

order= HLO
mbi{imhb)= 4.200
Htop(pole)= 175.00
Dfact= H12

Oren = Qfact
Alpha(Q) plot

QCD coupl inc

QCD alpha

Breit-Wigner

Aliases

Cuts

Phase space mapping
Honte Carlo simulation

Alexander Belyaev NX CalcHEP
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control of resonances

Subprocess
IN state

Hodel parameters

Constraints T-channel widths OFF
GI in t-channel OFF

QCD cﬂupllng GI in s-channel OFF

Aliases
cuts
Phase space mapping

Monte Carlo simulation

Alexander Belyaev Nx CalcHEP
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control of resonances

Subprocess

IN state

Model parameters
Constraints

QCD coupling

Aliases
cuts
Phase space mapping

Monte Carlo simulation

 Breit-Wigner
Breithigner range 2.7

T-channel widths OFF
GI in t-channel OFF

Gl in s-channel OFF

F1

This menu sets walue R which defines range of
implementation of Breit-Wigner formula. Namely
it is used in the region where

Ip™2-m~21< R#m*w
For region

Ip™2-m~21> sqrt{(R72+1)#m%w
we use zero width propagator. In the intermediate
region constant propagator interpolates both
formulas.

In general Breit-Wigner leads to breaking of
gauge invariance. In its turn it can lead to the
lost of diagram cancellation. From the other side
just in the point p~™2=m"2 the contribution of pole

diagram have to be gauge invariant. Thus at this

pont cancellation between pole and non-pole diagra
ms

is not expected. He assume that close to pole the

problem also is not so serious. But far from the p
ole

we ignore width and restore gauge invariance.

N\ pz
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Subprocess

IN state

Hodel parameters
Constraints

QCD coupling

Hreit—l'licler

Cuts
Phase space mapping
Honte Carlo simulation

Aliases

e e 2 3 P

Compos 1te5

Clr-Del-Size—Read-ErrHes
Hame |> Comma separated list of particles

lﬂ§]|||||u U,d,D,s,S8,¢,C,G

Alexander Belyaev
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setting kinematical cuts

)

| > Min bound <1> Max bound <

IN state Clr—Del-Size—Read-ErrMes
Model parameters p_Parancter

. T(b) | 20
Cunstralnps T(B) 190
QCD coupling N(b) |-5
Breit-Wigner N(B) | -5
Aliases J(b.B) 10.5

Phase space mapping
Monte Carlo simulation

I
I
|5
|5

Alexander Belyaev — INIES»E- CalcHEP
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setting kinematical cuts

subprocess

IN state

Model parameters
Constraints

QCD coupling

Breit-Wigner

Aliases

Phase space mapping
Monte Carlo simulation

rCuts ) ) Q
[Clt—Del—Size—Read—ErrMes

Parameter |> Min bound <> Max bound <«

3

g 1 F1

is described in the first column.

h_cut)

This table apples cuts on the phase space. A phase space function

The phase space function is defined by its name which characterize

type of cut and a particle list for which the cut is applied.
For example. "T(u)” means transverse momentum of "u’ -quark:
T{u.D) means summary transverse momentum of quark pair.

The following cut functions are available:

- Angle in degree units:

- Cosine of angle:

- Jet cone angle:

- Energy of the particle set:

WME Mo I

- Cosine in the rest frame of pair:

- Mass of the particle set: *

4

Cuts

Its limits are defined and the second
and the third columns. If one of these fields is empty then a one-side
cut is applied.

Llr—Del-5ize—Read—Errhes

Parameter |2> Min bound <1> Max bound <
T{h) | 20 |
TC(B) | 20 |
N{b) | -5 |5
N{B) | -5 |5
J{b.B) 10.5 | _
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Subprocess
IN state
Model parameters
Constraints
QCD coupling

Breit-Wigner
Aliases
Cuts

Phase space mapping

Monte Carlo simulation

phase-space mapping

Phase space mapping

Kinematics

Regularization

v

{sub}Process: u., D -> H+, b, B

Monte Carlo seﬁﬂion:Jﬁbegiﬁi

Phase space mapping

Kinematics

Regularization

========= Current kinematical sche
in= 12 —=>» outl= 3 out2= 45
in= 45 —=> outl= 4 out2= 5%

me =

Input new kinematics?

CY /A N %)

Y

EEub)Pf&ﬁEﬁﬁd u, D %?'Nt! b. 3

Regularization
Clr—Del-Size—Read—Erries
Momentum |> Mass <I|> Width <] Power
418 | M7 | wl |2
45 | Mh | wh |2
34 IMtp lwt |2
35 IMtp lwt |2
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integration over the phase space

Monte Carlo simulation B BT T
L1r-Del-Size—Read-Errhes

Subprocess

N EtEtE nsess = 5 Parameter_ 11> Min_ 1 <I> Max 1 <l|Parameter_21> Min 2 <> Hax_ 2
ncalls = 10000 T 1200 I | I
Model parameters T(B) 10 1200 | | !
i #8tart 1ntegrat10n N(b) |_5 |5 I | I
Constraints Display Distributions
i Clear statistic N(B) |-5 15 | | |
QCD coupling Freeze grid orr |LICK: I 1500 | | !
: T4 Clear grid MW+, b) 10 [500 | I |
i{'.alt Wigner et e e T(h) 10 1500 IM(b,B) 10 1500
lases
Cuts |
Phase space mapping — it erom et it
Honte Carlo simulation nCalls = 10000 0.15] ST
gset Distributions ] e et e
-
Display Distributions 0.10]
Clear statistic A -
(subProcess: u. D => Wr. b. B i oo = ] o ™ 4
Monte Carlo session: 2{continue} Event Cubes 10000 g0l +++
Generate Events = t
#IT Cross section [pbl Error % o | *'"***—-———u.w_qu l |
6 9.5931E+00 7.10E-01 gase =k 0.0 260 abo _
7 9.5686E+00 6.79E-01 ncalls = 10000 e
8 9.5669E+00 6.82E-01 Set Distributions & EHe TAE R 2 BRIl FRet L
9 9.6892E+00 7.93E-01 *Start integration
10 9.6267E+00 7.51E-01
l1 9. ?:5?900- 7.32E-01 — P> scmommmE The accuracy and the
CEEII"SEIlSlCS HH
o 9.6557E+00 6.82E-01 depr qrid stabllllty _of Ihe Cross
3 9.7464E+00 1.38E+00 Fumi - cubes L0090 section indicate that you
4 _ : L__;:: A0 Generate Events
5 7.68E- D - can trust your results
. 3.74E-01
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Resulting M and M kinematical distributions

ookl

+  CalcHEPfnum

CalcHEPfnum
u. D -> H+. b. B

u. D -> W+, b, B

Diff. cross section [pb/Ge¥]

Alexander Belyaev

_DiFF . cross fection [pb/GeV] 0.20— -
0.15— Y—:i21; = Lin. | Y::i21; = Lin.
= Save plot in file — Save plot in file
= LaTe¥ file — LaTe¥ file
_ 0.15:
0.10_] |
| ++++ + 0.105
: 4_"'+++ +++1_ ++ i
0.05— * - .
= i 0.05 EEE .
0.0 1 m‘m“*"”'“*mu——- T I i 0.0_ I T mw"“"‘—“—""i—-‘w——'——* I
0.0 200 400 0.0 200 400
M{b.B> MW+, b)
ex#4
1. Calculate WbB production rates at the LHC
for PT b-jet > 20 GeV, b-Jet separation > 0.5,
max pseudorapidity < 3
2. Plot bb- and Wb invariant mass distributions
for PT b-jet > 20 GeV and PT b-jet > 40 GeV
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GUI: full control of details of the process
scripts: automate calculation/generation/analysis

batch: does everything (sym,num,plots,...) in one run

Script example:
¢ $CALCHEP/bin/subproc_cycle lumi nmax

e.g.
../bin/subproc_cycle 1000 100000

You should run it from results dir where the n_calchep binary is!
Will evaluate cross section and generate events

¢ $CALCHEP/bin/event_mixer Luminosity[1/fb] nevents event_dirs

mixes subprocesses and connects production and decay events
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Accessing all your results

¢ results are stored in “results” directory
¢ output files:

n_calchep numerical module

prt_nn protocol

distr nn_mm summed distributions

distr nn individual distribution

events_nn.txt events file

list_prc.txt list of processes

gnumbers qgnumbers — PYTHIA input with new prt
definitions

session.dat current session status — format is similar to
prt_nn one

¢ for every new process the “results” directory is offered to be renamed
or removed
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useful scripts for numerical session

see calchep x.y/bin/ directory and README file!

¢ subproc cycle
¢ sum_distr

¢ show_distr

¢ plot view

¢ events2tab

¢ |he2tab

¢ gen_events

¢ name_cycle

¢ pcm_cycle

¢ par_scan

../bin/subproc_cycle 1000 100000
../bin/fsum_distr distr_2 distr 3 > distr_sum
../bin/show_distr distr sum

../bin/plot_view < tab_1.txt

ex#5

produce LHE file
and use lhe2tab
to produce
distributions

Alexander Belyaev  INIi=><al-
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the most general scan with

par_scan
¢ Usage:
$CALCHEP/bin/par_scan < data file

¢ Data file structure:
# Comments following the ’#’ symbol

par_name_1 par_name_2 ... par_name_N & fun_name_1 fun_name_2 ...
valill vall?2 e vallN
val2l vall? Ce . vallN

¢ where par_name_i present free parameters of the models. Among them
one also can write momenta of incoming particles as momentuml and
momentum?2.

¢ fun_name_i is the name of constrained parameter which will be
presented in output file

¢ Qutput file has the same structure as input plus calculated numerical
values for constrained parameters, and an additional column for
evaluated cross section with statistical error

¢ If you are not interested in the prt # files you can clean it using
$CALCHEP/bin/par_scan clean < data file
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CalcHEP batch interface: all results in one shot

Model: SM(+hgg)
Model changed: False
Gauge: Feynman
Process: p,p->W,b,B
Decay: W->1e,n

AR B U R R R R U B R AR BB R R R R R R R U R R AR U R R AR BB R AR
Composite: p=u,U,d,D,s,S,c,C,b,B,G
Composite: W=W+,6W-

Composite: le=e,E,m,M

Composite: n=ne,Ne,nm,Nm

Composite: jet=u,U,d,D,s,S5,c,C,b,B,G
AR B U R R R R U B R AR BB R R R R R R R U R R AR U R R AR BB R AR

pdfl: PDT:cteqg6ll(proton)
pdf2: PDT:cteg6ll1(proton)
pl: 6500
p2: 6500

KRR AR R A AR A AR R R A AR R AR R R A AR A AR A AT
Run parameter: Mh

Kinematics : 12 -> 3, 45
Kinematics : 45 -> 4 , 5
Regularization momentum:1l: 45
Regularization mass:1: Mh
Regularization width:1: wh
Regularization power:1: 2
e
Dist parameter: M(b,B)

Dist min: 100

Dist max: 200

Dist n bins: 100

Dist title: p,p->W,b,B
Dist x-title: M(b,B) (GeV)
Dist parameter: M(W,jet)

Dist min: 100

Dist max: 200

Dist n bins: 100

Dist title: p,p->W,b,B
Dist x-title: M(W et) (GeV)

-############################%%%%%%%%MMMM##

Run begin: 120 Number of events (per run step): 10000
L Filename: pp_Wbb

Eﬂg ﬁt:gegé?e' g B N Ty wpy T

HHR R ﬁgfgllgﬁngiigﬂ QEth°d:8 tocatl

alpha Q : M45 Mgi ﬂﬂmb:? gf g?oizéses per node: 1

e B Y T

Cut parameter: M(b,B) nSess 1: 5

Cut invert: False nCalls_1l: 100000

Cut min: 100 nSess_2: 5

Cut max: nCalls_2: 100000
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CalcHEP batch interface: running and monitoring
$CALCHEP= path to calchep installation, e.g. calchep 3.7

cd $CALCHEP/work
cp ../utile/batch_file .
.Jcalchep batch batch file

CALCHEP= /home/belyaev/calchep/calchep 3.7
calchep_batch version 1.41

Processing batch:

Progress information can be found in the html directory.
Simply open the following link in your browser:
file:///.../calchep 3.7/work/html/index.html|

You can also view textual progress reports in
.../calchep_3.7/work/html/ and the other .txt files in the html directory.
Events will be stored in the batch _results directory.
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file:///.../calchep_3.7/work/html/index.html

CalcHEP batch interface: running and monitoring

/ [ CalcHEP Batch [ x \\_

&«

& {y | @ file:///fhomefbelyaevicalchep/calchep_3.7/work/htmlfindex.html

Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for using
CalcHEP!

Please cite
arXiv:1207.6082

CalcHEP Batch Details

SM(+hgg)

Done!

Finished Time(hr)
Symbolic 12/12  0.00
c 3/3 0.03
Events 3/3 0.01

NE>
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CalcHEP batch interface: running and monitoring

/ [ CalcHEP Symbo! x \\

Symbolic Sessions

SM(+hgg)

Home
Symbolic Results

Numerical Results Processes Removes Lib PID Time(hr)

Events Library u,D->W+,b,B 4
Process Library U.d->W-,b,B v
Help d,U->W-b,B v
D.u->W+,b.B v
Thank you for using s.C>W-b.B s,
CalcHEP! S.c>W+bB S
Please cite '
arXiv:1207.6082 ¢,5->W+)b,B d
C,s->W-,b,B v
W+->ne,E v
W+->nm,M v
W-->Ne.e v
W-->Nm,m v
Widths v

&« C 1} | @ file:///home/belyaev/calchep/calchep_3.7/work/html/symbolic.html @ ¥ & g :
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CalcHEP batch interface: running and monitoring

/ [0 CalcHEP Numer = \\
& C {} | @ file:///home/belyaev/calchep/calchep_3.7/work/html/numerical.html @ |
- -
Numerical Sessions
SM(+hgg)
Home
Symbolic Results Done!
Numerical Results
Events Library
Process Library Scans o (fb) Running Finished Time (hr) N events
Help Mh=120 1179 0/13 13/13 0.01 1000
] Mh=125 1163 0/13 13/13 0.01 1000
Thank you for using Mh=130 1145 0/13 13/13  0.01 1000
CalcHEP!
Please cite 0.03
arXiv:1207.6082
1188 T T T T
™
L
\\
1175 |+ b g
.
o 9
\\.
e
1178 | e E
\\.
\\\"\
e
1165 - Mg 1
2 \.\
i~ S
: g
1160 | \ 4
\\\
. e
1155 - e ¥
\'\
-
i \\ i
1150 .
\\\
1145 : . . ' -
120 122 124 126 128 138
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CalcHEP batch interface: running and monitoring

Distributions
Numerical Sessions popoHsb B
188 ElE
Home
Symbolic Results SM(+hgg) 160 | i
Numerical Results
Events Library Done! 148 | 1
Process Library N
Help Processes o (fb) Ac (%) PID Time (hr) N events Details % = |
Thank you for using n.D-=W+bB 15528 0.8 28872 0.00 383/382 prt_1 session.dat E o] |
CalcHEP! U.d-=W-bB 8294 052 28878 0.00 220/219  prt_1 session.dat £
Please cite dU=W-bB 83746 1.1 28885 0.00 221/220 prt_1 session.dat é 88 1
arXiv:1207.6082 Du->W+bB 15583 051 29100 0.00 384/383  prt | session.dat H
sC>W-bB 10955 054 29104 0.00 42141 prt 1 session.dat 3 ]
S.c->W+bB 10879 044 29109 0.00 41/40 prt_1 session.dat ol
cS>W+bB 108.88 041 29116 0.00 41/40 prt 1 session.dat
Cs->W-b.B 1096 043 29123 0.00 42/41 prt_1 session.dat 28 -
Total 52148 034 . . . .
a1(:!(:! 128 148 168 188 208
Decays I (GeV) AT (%) PID Time (hr) N events Details "‘:::;;'f:f’;
W+=ne E 023293 0 29129 0.00 5099/5100 prt 1 session.dat 808
W+>nm.M 023293 0 29135 0.00 5099/5100 prt 1 session.dat .
W-->Ne,e 0.23293 0 29142 0.00 5099/5100 prt_1 session.dat T00; 1 I
W--=Nm.m 0.23293 0 29324 0.00 5099/5100 prt 1 session.dat
e =« gnuplot should be
Widths PID Time (hr) Details 3 I installed to make the
Widths 29328 0.00 session.dat 3 :
plots with the batch
Total 1163 0.01 1000/1000 g |nterface|
:é 388 -
W
ex#6: using calchep batch ¥
evaluate complete cross
section for pp-> Wbb process e | |
L] 188 128 148 168 188 288
with the same cuts as for ex#4
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CalcHEP batch results

results are located in batch_results folder
*.lhe.gz : LHE event files
*Jjpg :figures

*.distr : files with distributions which cab be used
to re-produce plots using $CALCHEP/bin/show_distr

*tgz : zipped html folder with all numerical details, .txt
and .html files of the batch run

see https://answers.launchpad.net/calchep for many

[11 " ) . Py
@%‘?&Wﬁm‘m ClS  cacHeP
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Model implementation in CalcHEP

using LanHEP (Andrei Semenov)
http://theory.sinp.msu.ru/~semenov/lanhep.html

¢ To install
wget https://theory.sinp.msu.ru/~semenov/lhep332.tgz
tar -zxvf lhep332.tgz
cd lanhep332
make

¢ To Run
cd mdl
../Thep -ca stand.mdl

File sm_tex processed, 0 sec.
File stand.mdl processed, 0 sec.

¢ Also you can do
../Thep -ufo stand.mdl
../Thep -tex stand.mdl

to produce model in UFO format and get Feynman rules in the LaTeX
format respectively
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QCD as an example

Gauge interactions Ly = _iFWFS”’

where '}, = 0,G — 0,G}, — 9sf GG, Gx)
Quark kinetic term  Lr = qv*0uq; + 9sAi;07" 4;G

Gauge fixing term and Fadeev-Popov ghost term
]' . aoc =zQa C
Lop = —E(O#GQ)Q +igs fC G’Z@“c ,
LanHEP model file (gcd.mdl):

model QCD/2.
parameter gg= 1.13 : 'Strong coupling'.

vector G/G: (gluon, color c8, gauge).

spinor g:(quark, color c3, mass Mqg=0.02).

lterm i*gg™f _SU3*ccghost(G)*G*deriv*ghost(G).
lterm Q*gamma*(i*deriv + gg*lambda*G)*q.
Iterm -F**2/4 where

F=deriv*mu*G*nu*a-deriv*nu*G "mu’a+
i*gg™f_SU3”*a"b* c*G*mu”b*G*nu”c.
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../Thep -tex qcd.mdl
will produce: vars2.tex, prtcls2.tex, Igrng2.tex

Igrng2.tex
QCD Feynman rules generated by LanHEP in LaTeX format

Fields in the vertex | Variational derivative of Lagrangian by fields

Gy.p ch G'CT —4gg- pg‘qur
Qap Gbq Gm‘ g9 - P)/gb)\;)q
G, Gy G, 99 foqr(D59" — Phg" — p5g"° + 19" + phg"’ — pigH?)

Gy-p qu Gp*r Gos .(]92(.‘?#‘ogmf pqtf rst — 9"7g"P | pqtf-rst + 9" g™ |, -p-rtf qst
+.qﬂygpg f pstf qrt — gucr.qv,af p'.r'tf gst g,upgvcr f pst f q*rt)
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H~~,Hgg Effective vertices in CalcHEP

¢ Model sources in CalcHEP
cd $CALCHEP/model_src
Is
sm.inc, sm.lhep, idm.lhep

$LANHEP/Ihep -ca sm
$LANHEP/Ihep -ca idm
will produce SM and IDM models for CalcHEP

¢ The sm.inc contains theHﬁf’}/ implementation

let shd = { i"W+.f, (vev(vevh)+h-i*'Z.f')/Sqrt2 }.

external_func(IAAhiggs,2).

parameter LAAh=-cabs(IAAhiggs(Mh,str(h))).

lterm LAAh*(shd*anti(shd)-vevh**2/2)/vevh*F**2 where
F=deriv*mu*A*nu-deriv*nu*A*mu.

IAAhiggs(Mh,str(h) is universal function which works with any BSM
model — looks at any vertex which would contribute to [ Yy
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Introducing auxiliary particles in CalcHEP

« H*FMF uv effective Lagrangian leads to 6-point Hhgggg
vertex, CalcHEP allows to realise this via auxiliary non-
propagating fields

vector G2t/G2T: (G2T, mass Maux, color c8, aux ('I")).
scalar x1/X1: (x1, mass Maux, aux ("I"")).

parameter LGGh=-cabs(IGGhiggs(Mh,str(h))).
lterm 1/vevh*LGGh*RQCDh*(shd*anti(shd)-vevh**2/2-vevh*h)*x1*Maux.

lterm (GG/2*f _SU3*a’brc*GAn*a*G m” b*' G2t.t'"*m”*n c)*(X1*Maux).
lterm GG/2*f _SU3*ab c*GAn*a* G *m b*'G2T.t"*m” n”\c.

e Lol ] [
o, ) O = = = A
G G- G h G
|
G- G2t | ,
e leoe - © a b Xk
G | | f: G- - T
vxl | v
. -h %1 h G ezt -G +G2t b
e G---Lls P PRI
h h (era ~G S G
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High Energy Physics Model Database

https://hepmdb.soton.ac.uk/
(supported by IPPP in 2012-13)

¢ collects HEP models and model sources in all formats
¢ allows you to upload your models (public or private mode)

¢ allows you to evaluate processes (CalcHEP, Madgraph, Whizard)
and perform event generation for all models at HEPMDB using
HPC cluster

using simple web interface

¢ you can preform calculations using web interface avoiding
problems related to installing the actual software, which can
sometimes be quite cumbersome

[The rest will be in CalcHEP tutorial]
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Example of models created for CalcHEP

¢ SM + extensions ¢ Extra dimensions
» SM o | » 5D UED with 2KK layers
» Eélat?%rg;netnc Z' with heavy Majorana » 6D UED with 2KK layers
» SM+Z » ADD =ADD
®» general 2 Higgs doublet model » RS = Randall Sundrum
®» 4th generation
=» Excited fermions ¢ Leptoquarks
®» Model with contact interactions
» Standard Model + anomalous gauge boson % Complete LQ model

couplings SU(3)xSU(1)xU(1) vector&scalar

» Model of strongly int EW sector

¢ Technicolor & Higgsless

(5 & 6 dim operators involving Sigma field) » Minimal walking technicolor

¢ SUSY » TC with DM
®» constraint MSSM * 3-site model
®» general MSSM, with 124 free parameters » Hidden Local symmetry model
» NMSSM » 4SM = general 4-site model
» RPVMSSM
» |eft-right symmetric MSSM ¢ Little Higgs
» MSSM with CP violation » Littlest higss model with T-parity
» E6MSSM » LHT + T-parity violation
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One of the examples
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Universal Extra Dimensions

hep-ph/1212.4858 In collaboration with M.Brown, J.M. Moreno, C. Papineau

R = 1500 GeV
= 120 GeV

(1)

(1}
4

quarks

—
|

- 1% < BR < 10% mmm scalar bosons

_ s 0.05% <BR < 1% —

Pl

galuge bosons
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Universal Extra Dimensions

Process:
Process:
Process:

Decay: yl->2#x
Decay: y2->2+#x
Decay: y3->2#x
Decay: yd4->2+#x
Decay: yb->2#x
Decay: yb->2+#x
Decay: y7->2#x
Decay: yB8->2+#x

Composite:
Composite:
Composite:
Composite:
Composite:
Composite:
Composite:
Composite:
Composite:

¢ Scan in 2D space with the calchep batch

p=u.lU.d.D.s.5.c.C.b.B.G

yl="6_1

y2="d1.1,%u1.1,7s1.1,%¢1.1.7b1.1,7t1.1.7d2_1.%u2_1.%s2_1,

“c2.1.7b2.1.,7t2.1

yo- "Bl-d.01 1,751 4.0t 1.7BL 1 T 1o Rt 2 10752 2 1o TE T e

yd=2 . W+,

W-.t.T.H

yb="P_1.%Y¥_1.7W+_1."W-_1

yb="el_1.%e2_1."n1_1."mul_1."mu2_1."n2_1.%taul_1."tau2_1.

"n3_1

y/7="E1_1."E2_1.7N1_1. "Mul_l,"Mu2_1,"N2_1,"Taul_l,"Tau2_1,"N3_1
“ad_1.%a+_1.%a-_1

y8="H 1.

| RERHHERERERRRRBRERRRERRRRERERRRERRRRERRRRR R RN
# Run Info
|# Masses and Energies are in Ge¥Y #
# More than one run can be specified at #

the same time. #
| RN E R RN RN RN RN AR R

| #

| Run
| Run
| Run
| Run
| Run
| Run
| Run
| Run

parameter:

begin:

step size:

n steps:

parameter:

begin:

step size:

n steps:

#

invR
600
200
4

nL
10
10

4

¢ Set up of the prggluzctlon and decay processes with the calchep batch
p.p=2y3.y3
p.p=ry2.y3
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Results from calchep_batch at HEPMDB

Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for

CalcHEP Batch Details

MUED-Chloe-2KK

Done!

Finished Time{(hr)
syvmbolic ©@498/6498) 0.00

using CalcHEP! = 474 329
Please cite o
arXiv:0000,0000 Events  4/4 7.30
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Results from calchep batch at HEPMDB

CalcHEP Events Library

Home

Ea}ﬂll]:n:‘:]_it: Hesults_ Date LHE plain Ntuple
E:luflllli-]zltialﬂflzuhs Tue Mar 27 23:06:39 2012 Q101 MH120 8tev-invR1000LR40 lhe

Pl'éc:eés ]_.i]Ll]-'Et-]"-;' Wed Mar 28 00:32:40 2012 0101 MH120 8tev-invR1200LE40 lhe

Tue Mar 27 19:42:27 2012 Q101 MH120 Btev-invR600LE40.1he
Tue Mar 27 21:34:29 2012 Q101 MH120 Btev-invR800LR40 lhe

AR

40
35
30 p

25 |

20

15

10 : LT } """"""" ' """""""

||||i|| ||i 11 1 1 i L1 1 1 i 11 1 1 i 111 1 i 11 1 1 i 1 1 1 1
5
500 600 700 800 900 1000 1100 1200 1300

R'(GeV)
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Complete DIM 5/6 DM operators study
ArXiv:1610.07545 L. Panizzi, A. Pukhov, M. Thomas, AB
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- - C1,C2
- = C1Q,C2Q

scalar
c3,c4 DM
- = C5C6
e = — D1-D4
\s =13 TeV
M_,,=100 GeV, —— D1Q-D4Q
TE k=3 L. Panizzi, A. Pukhov, M.Thomas, AB D1T-DAT  fermion
- arXivi1610.07545 — D3-D8 DM
- D9-D10
% EEEREEEDR 1'\-';-1'1\";2

—
<

v V1Q-V2Q
V3-V4, V7-V10
verenns VBB vector
- V5Q-V6Q DM
o] wannes V11-V12

# Events (normalized to one)
S

10° i bBmTTeR S e e

1074 3 i_ B ) "i _____
T ST TR N NR S T N RSN S AN SR NN R Y | | L
0 200 400 600 800 1000 1200 1200

miss
ET
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Additional CalcHEP Features
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User routines

¢ CalcHEP as a matrix element generator for other packages
examples/templates are in the $CALCHEP/utiles/main_22.c

$CALCHEP/bin/make_main [-o<exe_name>] <C source codes and libraries>

¢ user-defined form-factor

extern double usrFF(int nIn, int nOut, double * pvect,char**pName,int*pCode);
/*
The usrFF function appears as factor at squared matrix element for
Monte Carlo calculations. CalcHEP code has a dummy version of this function
which always return 1. The dummy version 1s replaced on the user one 1if
1ts code 1is passed to CalcHEP linker via 'Libraries' model file. One can use
CALCHEP and WORK environment variables to specify path to the code.
These variables are automatically defined in calchep and calchep batch scripts.
Also one can use any other environment variables defined separately.
Parameters of usrFF:

nIn - number of incoming particles;

nlut- number of outgoing particles;

pvect presents momenta of particles:

4-momentum of i~{th} particle ( i=0,1,...,nIn+nOut-1) 1is
qlk]=pvect[4*i+k] k=0,1,2,63;

q[0] - in particle energy, which always 1s positive.

q[3] - specify projection of momentum on axis of collision.
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User routines

¢ user-defined cuts
$CALCHEP/utile/usrfun.c

// Example: UMT (pl,p2) function which calculates transfer mass of 2 particles,
// for lnstance UMT (e,Ne) - gives transverce mass of electron and neutrinoj:

dowble USrfun (. * name, ix NIn, iw NOUt, wwme * pvect, aa**pName, i*pCode)
{ aar PL[10],p2[10]; [/ fr 2 particles in MT(pl,p2)

int i,j,‘

dowble SUM=0

it (name==strstr (name, "MT (")) // name is started from "MT("
t //read pl&p?2
it np=sscanf (name+3,"%[*,],.%5["*)]1".,.pl,p2);
for (1=nIn; i<nIn+nOut; i++)
{ i(strcocmp(pl,p2)==0) j=i+1l; /* if pl==p2 */ ease J=nIn;
for ( ; J<nIn+nOut; j++)
it(stromp (pl,pName[i] )==0 && strcmp(p2,pName[j])==0)
//find position of particles
{ wwle ¥ gl=pvect+d*i, *g2=pvect+d*];
wwie BEtl=sqrt (fabs(gl[0]*gql[0] - gl[3]1*gl[3]) )
// transvers energy of the first particle
wwie Bt2=sqrt (fabs (g2[0]*gq2[0] - g2[3]1*g2[3]) )
// transvers energy of the second particle
sum+=sgrt { (Et1+Et2)* (Et1+Et2) —-(gl[l]+g2[1])*{(gl[l]+g2[1]) - (gl
Y; // sqrt (E*2-PL*2)
}
}
y else { printf ("Not defined user function %s\n"”,name); exit(2);;

retwm Sum;
}
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User routines

¢ user-defined propagator
(alteration of the existing propagators)
$CALCHEP/c_source/num/sgme_aux.c

Ql[i]=dmass[i] *dmass[1i] -sgrMom(nin,Qtxt[i] , momenta) ;
it (dwidth[1i])
t REAL w,w2, gq2=Q1l[i]*Q1[i];
w=dmass[i] *dwidth[i];
WZ2=w¥Xw;
if (q2>BWrange2*w2) us(gq2<(BWrange2+l)*w2) g2=(BWrange2+l) *w2; w2=0; ,
02[1]1=1/(q2+w2);
QO[1]=Q2[1i]*Q1[i]*Q1[i];
Ql[i]*=0Q2[1i];
} else
¢ a#((QLl[1i]>0? Q1l[1]:-Q1[i]) < 1l0*sOmax) err=2;
i ('Q1[1i]) Ql[i]=s0max;
QL[i]=1/Q1[i];
Q2[1]=Q1[1]*Q1[1i];
QO[1i]=1;

retwm EEI:I:;
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New/recent features of CalcHEP

¢ Parallel calculations

Program Method
symbolic calculation of diagram | fork

writing of C-code fork

compilation of C-code not 1mmplemented
Vegas MC mtegration threads
Generation of unweighted events | threads

Switches

Diagrams in C-output
Widths in t-channels
Virtual W/Z decays

Parallelization
Humber of QCD colors =
He=inf for color chains

Alexander Belyaev
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New/recent features of CalcHEP

¢ Parallel calculations in batch regime
» PBS mode

Parallelization method: pbs
walltime : 5

Memory - 4
email: name@address

Max number of processes per node: 16
Max number of cpus: 10

» local mode
Parallelization method: Tlocal
Max number of processes per node: 1
Max number of cpus: 16
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New/recent features of CalcHEP

¢« New colour particles and vertices

P1 | P2 | P3 | color structure

30 | 3 o
Gup | 6° (0568 + 045¢) /2
8,3. 83 (ga"ﬁ

ab | 6°0 | 8y | (77203 + 77400 + T7g0¢ + 77¢03) /2
Gap | 3° 3% | (0985 + 40) /2
| 34| (9505 4 0adp) /2
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New/recent features of CalcHEP

¢ PDFs and visualisation

®TF({x, @=0.12E+01)

FPOTzcteqSl 1wl
_______ FPOTzMMPDFZ3zlozas=01 30 LHgrid(u)

x-Mi .000E-05 .

1

1.000E+00
I.500E+00
1

. 000E+04 :
100 .
91.19GeV
1.00E-01
argument ON =
Display plot x*F(x) -
Display plot F(x)

Display plot  F(Q)

both PDF1&PDF2 ON

hIIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|IIII.|.!I

-a.5 -3 -3.5 -3 -2.58 -z -1.8 -1 -0.E o
logi1O(x)

PCD alpha
o5 Alphaia@)

— bSO E MO
e POT=CT 1|0
e PO Tz ot el

parton dist. alpha pdfl 018
alpha(MZ)= 0.1184

nf = 5
order= NLO o0e
mb (mb)= 4.200 os

Mtop(pole)= 173.00 ae
Alpha(Q) plot i '

Qren = M1Z2

Ppdfl= Qren
OpdfZ2= Qpdfl
Oshow= Qren

0.3

o
[

e
.
n

@
-

‘I|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII_‘.I-'
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lhe—pythia8—delphes—root

¢« This can be done in automatically using CheckMate2

e No intermediate HEPMC files

e PYTHIAS8, can control it via cards
e Delphes3, can control it via cards
e Produces root files

e Can use CM statistical analysis routines and check the signal
exclusio

e One can produce muldi-dim scan at HEPMDB and direct Ihe files to
CM2
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lhe—pythia8—delphes—root

./CheckMATE |he-pythia8-delphes.dat
where Ihe-pythia8-delphes.dat contains lines

[Parameters]

Name: Ihe-pythia8-delphes
SkipAnalysis: True
SkipParamCheck: True
WriteDelphesEvents: True
OutputExists: Overwrite
[myprocess]

Pythia8Card: testpythia8card.dat

And testpythia8card.in

I Settings used in the main program.

Next:numberCount = 500 I print message every n events
Next:numberShowlnfo = 2 I print event information n times
Next:numberShowProcess = 2 I print process record n times
Next:numberShowEvent = 2 I print event record n times
Main:numberOfEvents = 200 I number of events to generate
Beams:frameType = 4 l'use LHEF input

Beams:LHEF = =lhe_from_calchep.lhe ! LHEF events file
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Final remarks

» use launchpad to file problems or ask questions — answers
will be available to everybody!

» read manuals — they have much more details

» tools are powerful but
should not be blindly trusted or blamed!

» use independent programs to for double check, use limits to
check if your results make sense

» Let me know if you are interested in CalcHEP/HEPMDB
tutorial!
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BACKUP

Alexander Belyaev

NE>

CalcHEP

97



Compilation, potential problem and its
solution

¢ To compile the CalcHEP source code you need:

C compiler, the X11 graphics library and the X11 include files

"CalcHEP is compiled successfully and can be started "
is a good sign
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Compilation, potential problem and its
solution

¢ To compile the CalcHEP source code you need:

C compiler, the X11 graphics library and the X11 include files

"CalcHEP is compiled successfully and can be started "
is a good sign

¢ Compilation for High Precision Calculations
» Intel C compiler has a _Quad type, -D QUAD has to be added to FlagsForSh as

CFLAGS="-D_QUAD_ fPIC -fsigned-char -Qoption,cpp,--extended_float_type”
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Compilation, potential problem and its
solution

¢ To compile the CalcHEP source code you need:

C compiler, the X11 graphics library and the X11 include files
"CalcHEP is compiled successfully and can be started "
is a good sign

¢ Compilation for High Precision Calculations
» Intel C compiler has a _Quad type, -D QUAD has to be added to FlagsForSh as

CFLAGS="-D_QUAD_ fPIC -fsigned-char -Qoption,cpp,--extended_float_type”

¢ Potential problem in compilation

» The most frequent compilation problem is due to the absence of the X11 include
files; CalcHEP still compiles, however, it only runs in non-interactive mode
Jcalchep will give

Error: You have launched the interactive session for a version
of CalcHEP that has been compiled without the X11 library.

Presumably, the X11 development package is not installed on
your computer.

» the following additional package should be install to run CalcHEP in GUI mode
¢ |ibX11-devel for Fedora/Scientific, Darwin(MAC)

¢ |ibX11-dev for Ubuntu/Debian
e xorg-x11-devel for SUSE
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events generations

Monte Carlo simulation

nSess =

ncCalls = 10000 :

Set Distributions
*Start integration

Display Distributions Humber of event=s=10000

Clear statistic
Launch generator

Monte Ccarloe simulation

Freeze grid O
Clear grid Regenerate ewvents OH
Event Cubes 10000

Generate Events

Statistic
efficiency: 2.1E-02
RBeached max: 4.9E+01
Hult. ewvents: b6.4E-03
Heqg.events: 0.0E+00

Accept events?
i ¥ /7 H ?)
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File with events in the native CalcHEP format

"e

File Edit Search Prefersnces Shell Macro Windows Help

Shome /belyaew/Dropbox/hep_tools/calchep/cale_work/pp_Whh_example/fevents 1. txt 243603 hytes L: 1 c: 0

#CalcHEP 3.4.cpc m
#Type 2 -> 3
#Initial state

P1_3=4.000000E+03 P2_3=-4.000000E+03
StrFunl="PDT:ctegbm(proton)" 2212
StrFun2="PDT:ctegbm(proton)"” 2212

#PROCESS

2(u)

-1(D)

-> 24 (W+)

5(b) -5(B)

#MASSES 0.0000000000E+00 0.0000000000E+00 8.0385000000E+01 3.2414139578E+00 3.2414139578E+00

#Cross_section(Width)

6.473084E+401

#Number_of events 1000
#Events Pl 3 [Gev] P2 3 [Gev] P3_1 [Gev] P3_2 [Gev] P3_3 [Gev] P4
1 7.0828325272E+02 -3.8182148276E+00 -5.8685533663E+00 2.4810106784E+00 6.8128552155E+02 1.995
1 1.5237718262E+02 -2.5952742306E+01 1.1734367441E+01 -2.1669699291E+01 5.6645397996E+01 4.499
1 7.2370755716E+02 -3.3186893665E+00 -3.4449322581E+00 -5.1815667765E+00 5.8508268207E4+02 -3.584
1 2.6295673814E+02 -1.1370528114E+01 8.9463043464E+00 -3.4258266547E+00 2.2732569389E+02 -9.675
1 5.7099697940E+02 -3.3943984194E+01 7.2879879961E+00 -2.3531627752E+01 1.9857446272E+4+01 -8.750
1 3.6709401207E+02 -2.4124155464E+01 -4.8101350483E+00 6.6698730251E+01 2.0295672218E4+02 -4.597
1 3.7196555447E+4+01 -4.1553021555E+02 -3.1735918986E+00 2.8330641675E-01 -6.6745521993E4+00 4.343
1 4.0543944850E+01 -1.1104274125E+02 -8.2903700266E+00 -4.3292277920E+00 -9.0241583360E-01 6.562
1 4.0084952687E+02 -1.0215920577E+01 1.1427574950E+01 2.6016502364E+00 3.8645254998E+02 -4.666
1 2.2620009412E+4+01 -1.2387066011E+02 -5.0869818859E+00 1.1389105773E+01 -7.1200204784E+01 1.176
1 7.2046251695E+02 -2.1091178466E+01 -1.4887347954E+01 8.1292985197E+01 5.8742582956E4+02 -5.134
1 6.8661185459E+01 -8.3534206530E+01 -5.5091602956E+00 -1.7099072377E+01 4.1559702536E+01 2.604
1 1.5145483971E+03 -3.1164597600E+00 -7.8325298677E+00 3.6606202670E+01 1.2782056265E403 1.074
L‘J [ "
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scripts for numerical session
¢ events2tab

Parameters:

1- name of variable,

2- minimum limit,

3- maximum limit,

4- number of bins(<=300).

File with events must be passed to input.

../binfevents2tab “T(b)” 1 100 200 < events_1.txt >tab.txt
../bin/tab_view < tab.txt

¢ name_cycle

1: Name of parameter

2: Initial value
3: Step
4: Number of steps

../bin/lname_cycle Mh 100 10 11

scripts above became a part of calchep batch interface — will be
discussed below
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protocol prt_nn

CalcHEP kinematicg module
The zeszgion parameters:

#Subprocess 1 ( u, D -> W+, b, B ]
#Sezzion number 1

#Initial state inPl=7.000000E+03 inP2=7.000000E+03
Polarizationg= { 0.000000E+4+C0 0,.000000E+4+00 &

StrFunl="PDT:ctegbm(proton) " 2212
strPunZ="PLT:ctegbm (proton)]® 2212

#Phy=zical Parameters

alEEMZ = T7.818056089990590905 ()3
alfsMz = 1.172000000000000E-01
#éﬁﬁé .......................................
k%% Tahle #***
Cuts
Parameter |> Min bound <|> Max bound <|
Tlb] | 20 |
T({E] |20 I

#Regularization
kk* Tahle **#*
Eegularization

Momentum |> Mags <|= Width <| Power
45 | MZ | wZ | 2
45 | b | wh |2
#ﬁﬁﬁ ........................................
£ TT Crogs gection [pb] Error % nCall chi**2
ik 2.0373E+00 2SR 20000
2 8.6164E+00 2.86E4+01 20000
e e e
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CalcHEP batch interface:

some additional features/tricks

¢ see https://answers.launchpad.net/calchep
for many “tricky” questions/answers

¢ scanning over the collider energy
Run parameter: rtS
Run begin: 7
Run step size: 1
Run n steps: 2

p1: 1000*rtS/2
p2: 1000*rtS/2

S here is some “fake” parameter
¢ you can use “fake” parameter only if you define it as a loop
parameter
» |t can be used in the cut statement (assigning cut to the symbol)
» |t can be assigned to the parameter model — this way you can run
use complicated scan
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https://answers.launchpad.net/calchep

CalcHEP interface to MC generators via
Events in the LHE format

CalcHEP —»

CalcHEP interface with MC
generators: LHEF output

Production event mixer PYTHI A/
d - =

ggcay events HilEE HERWI G

QNUMBERS

THEORY

A

A

Decay of new particles with
CalcHEP, QNUMBERS are

automatically created and EXP DATA
il

written to LHEF
0
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Vertices with color particles in CalcHEP

¢ 4-gluon vertex can be split it into 3-legs vertices  fPI"GLG, X",

. .-|:'J: {'_;'l. .-|:'J.' |:-J.'llllllll:llll|:-‘: |:.J.'llllllll. -.-|:".
I. .l l. 1}_ .I -: -:...... ..l..
I.I - I.r ..I L3 '.II" : L3 '.II": ::'.l
- " |. " . - L '..
. T i an T {snannnnmnnnmnafy |:.J.IIIIIIIIII... .'lf,

¢ Here the field X%, is a Lorenz tensor and color octet, and this field
has constant propagator.

¢ [f gluon name in CalcHEP is 'G’, the name 'G.t’ is used for this
tensor particle; its indices are denoted as 'm and ‘M’

("_"is the number of the particle in table item).

Clr-Del-Size—Read-Errhes

Al | A2 A3 A4 > Factor <I> Lorentz part
G G G I |GG Iml.m2%(pl-p2) .m3+m2.m3*(p2-p3) .m1+m3.m1*(p3-pl1) .m2
G G IG.t | IGG/Sqrt2 Iml.M3%m2 .m3-m1.m3#m2 . M3
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Vertices with color particles in LanHEP

¢ The splitting of vertex with 4 colored particle into 3-particles
vertices is done by LanHEP automatically: each vertex containing 4

color particles is split to 2 vertices which are joined by
automatically generated auxiliary field

¢ option SplitCol1=N.
where N is a number:
» -1 remove all vertices with 4 color particles from Lagrangian;,

» 0 turn off multiplet level vertices splitting;
» 1 allows vertices splitting with 4 color multiplets;
» 2 allows vertices splitting with any 4 scalar multiplets except Higgs

¢ option SplitCol2=N.
» where N is a number:

» ( disable vertex level splitting,
» 1 enable vertex level splitting (only for vertices with 4 color particles).

¢ the default value is 2 for SplitCol1 and 1 for SplitCol2
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Implementation of SM Lagrangian(1)

Location of LanHEP model files:

lanhep/mdl/stand.mal

o g g

keys gauge_fixing=Feynman.

do_if gauge_fixing==Feynman.
model 'Stand. Model (Feyn.

do_else_i1f gauge_fixing==unitary.

model 'Stand. Model (un.

do _else.
write('Error
quit.

end if.

gauge) ' /5.

Standard Model - unitary and t'Hocft-Feynman gauges.

gauge) ' /6.

: the key "gauge” should be either "Feynman” or "unitary”.').

Alexander Belyaev
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Implementation of SM Lagrangian(2)
« Parameters definition

let g5=gammab.
use sm_tex.

parameter EE
GG
SW
s12
823
s13

parameter CH

parameter cl2
c23
cl3

parameter Vud
vus
Vub
Ved
Ves
Vcb
vtd
Vts
Vtb

OrthMatrix( { {Vud,Vus,Vub},

. 31333
.117
.4740
. 221
.040

. 0035

(o R en R an I o Il an )

sqrt (1-SW**2)

sqrt (l-s12%*2)
sqrt (1-s23%%2)
sqrt (1-s13**2)

cl2%cl3
812%cl3
513

(—-812*%c23-cl2*%s23%s13)
(cl2*%c23-5812*%s23*%s13)

523*%cl3

(812*s23-cl2*%c23*%s13)
(-el2*823-812*%c23%s13)

c23%cl3

'Electromagnetic coupling constant (<->1/128)"',
'Strong coupling constant (Z point) (PDG-94) "',
'sin of the Weinberg angle (PDG-94,"on-shell”)',
'Parameter cof C-K-M matrix (PDG-94)°',
'Parameter of C-K-M matrix (PDG-94)°',
'Parameter of C-K-M matrix (PDG-94)°'.

'cos of the Weinberg angle’.
of C-K-M matrix’',

of C-K-M matrix’',
of C-K-M matrix’'.

'parameter
'parameter
'parameter

{Ved,Ves,Veb},

'C-K-M
'C-K-M
'C-K-M
'C-K-M
'C-K-M
'C-K-M
'C-K-M
'C-K-M
'C-K-M

matrix
matrix
matrix
matrix
matrix
matrix
matrix
matrix
matrix

gleament'
element’
element'’
element’
element’
element’
element'
gleament'
element’'.

bl ™ ™ ] bl ™ ] bl

(Vvtd,Vts,Vtb}} ).
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Implementation of SM Lagrangian(4)

 Definition of mixings and doublets

let 1l1={nl,el}, Ll1={N1l,El}.
let 12={n2,e2}, L2={N2,E2}.
let 13={n3,e3}, L3={N3,E3}.
let gl={u,d}, Q1={U,D}, gla={u,Vud*d+Vus*s+Vub*b}, Qla={U,Vud*D+Vus*S+Vub*B}.
let g2={c,s}, Q2={C,S}, g2a={c,Vcd*d+Vecs*s+Vcb*b}, Q2a={C,Vcd*D+Vecs*S+Vcb*B}.
let g3={t,b}, Q3={T,B}, g3a={t,Vtd*d+Vts*s+Vtb*b}, Q3a={T,Vtd*D+Vts*S+Vtb*B}.

let Bl= -SWXZ+CW*A, W3=CW*Z+SW*A, Wl=('W+'+'W-')/Sqrt2,
W2 = i*('W+'-'W-')/Sqrt2.

do_if gauge_fixing==Feynman.

let ghl = ('"W+.c'+'W-.c')/Sgrt2, gh2= i*('W+.c'-'W-.c"') /Sqrt2,
gh3= CW*'Z.c'+SW*'A.c', gh={ghl,gh2,gh3}.

let Ghl = ('W+.C'+'W-.C')/Sqrt2, Gh2=i*('W+.C'-'W-.C')/Sqrt2,
Gh3= CW*'Z.C'+SW*'A.C', Gh={Ghl,Gh2,Gh3}.

end if.
let WW1 = {W1l, W2 , W3}, WW = {'W+' ,W3,'W-"}.

let g=EE/SW, gl=EE/CW.
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LanHEP

¢ Index order

SetDeflndex(spinor, color c3, color c8, vector).
¢ Example: implementation of

_ iy TTr
Oﬂ_,-’[_f — (o (1 ,T f(r} TI _E"t

interactions
» | et statements:

You should write explicitly all indices in the let statement
or hide them all!

parameter ftW=0.
parameter Lam=1000.

let sigma®*i®j*mu*nu=
i* {(gamma*i*k*mu*gamma*k*j*nu - gamma*i*k*nu*gamma’*k*j*mu) /2.
let phitilde = i*tau2*PE€
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LanHEP

» tau indici i R VIt s raT1
tau indicies are not in the Oﬂ_.-’[_.-’ = (0 7 toW ﬁ
default order, so they should o | L
be shown explicitly SetDeflndex(spinor, color c3, color c8, vector).

lterm ftW/Lam**2* (Q3*i*sigma*mu*nu*tau*i*j*a*t)*phitilde*j*F*mu*nu*a
where

F*mu*nut*a=deriv*mu*WWl *nu*a-deriv*nu*WWl *mu*a

+ AddHermConj.

» or, alternatively one can add index 2 in the default order
and write in compact way

SetDefIndex (spincr, color c3, color c8, vector, wild 2).

lterm ftW/Lam**2*Q3*sigma*mu*nu*tau*a*phitilde*t*F*a*mu*nu
+ AddHermConj

where
Frfa*mu*nu=deriv*mu*WHW]l *nuta-deriv*nu*WHWl *mu*a.
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PhenoData

¢ spin-off the PhenoData
hepmdb.soton.ac.uk/phenodata

¢ stores data (digitized curves from figures, tables etc) from those
HEP papers which did not provide data in arXiv or HEPData, and to
avoid duplication of work of HEP researchers on digitizing plots.

¢ has an easy search interface and paper identification via arXiv, DOI
or preprint numbers. PhenoData is not intended to be a replication
of any existing archive

¢ Has batch upload mode
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CalcHEP

scan_example.c

#include<math.h>
#include<stdio. h>
#include<unistd.h>
#include<sys/stat. h>
#include<sys/types.h>
#include <dlfen. h>
#include <sys/wait.h>
#include"num _in.h"
#include"num out.h"”
#include"VandP.h"
#include”"dynamic_cs.h"
#include"rootDir.h"”
#include <time. h>

int MAIN (voia)
{ int ©Yr,1i;

S INTBUT PABRAMETERS (to scah over) */
dgovle Mh, Mhmin=110, Mhmax=150;

/* OUTPUT PARAMETERS */
// Higgs decay branching ratios
dwble Wh,braa;
txtList branchings;

//set model dir here
wor mdldir[] = "models";

// Set model number and number of points to collect, mdlnr is your model number

we-mdlnr=3, npoints=50;

//a model to =i between to reset values when reloading

setModel (mdldir , mdlnr );
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CalcHEP
scan_example.c

’/**:{‘*********:{‘************:{'*********:{'**:{'*********:{'**:{‘*************************’/

srand (time (NULL)); //this is used to seed the random number by the system time

it (remove(”"scan.dat”") == -1)
perror ("Error in deleting a file");

FILE *file;
file = fopen("scan dat" Lla+"); /* apend file (add text to

a file aor create a file 1f it does not exist. ¥/
// Writing parameter names at first line to keep track of columns:
//input parameters (1)
//output parameters (3)
fprintf(file, "Mh\t\twh\t\tbraa\n");
feclose(file); /+*done with header of file*/

fREE Starting randomlzlng loop ***/
fr (1 = 1; 1 <= npoints; i++)q

JRrEarrwrRd St geperate random valueses for variahles ##dddddsay

Mh = Mhmin+ (awe) random() /RAND_MAX* (Mhmax-Mhmin) ;

/* Have to reset model every time, otherwise widths are not recalculated */

setModel (mdldir , mdlnr );

f******* _assign variable Eaiues ********f

/* the string is the calchep var namg */
<;arr a551gnValW("Mh" Mh)

/7 Calculatlon of publlc constraints
err=calcMainFunc() ;
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CalcHEP

scan_example.c

it(err?'=0) ¢

printf ("Can not calculate constrained parameter
$s\n" ,varNames[err]); ;i--;
}

else {

// it the point survives the constraints collect more output

values: —
e // width and branchings of a particle BN
. wh = pWidth("h"”, &branchings) ; %

— —

"»a%%%%%aibraa = findBr(branchings,"A,%ﬂ);//ff///

// write values to file
file = fopen("scan.dat”,"a+");
//input parameters
fprintf(file,"%f\t" ,Mh);
//output parameters
fprintf(file,"%f\t%e\n" ,wh,braa);
fclose(file) ;

}

// *** end of rand loop ***

retwmnm E];
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$CALCHEP/bin/make_main scan_example.c

a.out

more scan.dat

CalcHEP

Mh wh braa

135.996838 0.006698 2.099067e-03
116.973931 0.003420 2.160684e-03
132 .554627 0.005675 2.198545e-03
127.711034 0.004660 2.271069e-03
130.134697 0.005117 2.244877e-03
115.663777 0.003326 2.126571e-03
111.244676 0.003048 2.000407e-03
139.144130 0.007952 1.977188e-03
123.835785 0.004091 2.271298e-03
139.866680 0.008296 1.945347e-03
112 .663815 0.003139 2.037072e-03
123.800804 0.004087 2.271076e-03

¢ One can perform a powerful scan of parameter space,
Br's, cross sections, ....
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