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To test theory we need
theory «— data link
which is actually a non-trivial story

T
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theory «— data requires observables
to be compared with data

mmmmlp  ( OBSERVABLES

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

mumml  ( OBSERVABLES

\ TOOLS!/
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Tools for theory — observables link

BSM Feynman
Model Rules
LanHEP
FeynRules
SARAH
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Tools for theory — observables link

BSM Feynman Matrix
Model Rules Element

CalcHEP, CompHEP

LanHEP FormCalc,MadGraph,
FeynRules MCFM, MC@NLO,
SARAH Sherpa, WHizard
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Tools for theory — observables link

BSM Feynman Matrix ( Events )
Model Rules Element

CalcHEP, CompHEP

LanHEP FormCalc,MadGraph, :g,lw,’é;
FeynRules MCFM, MC@NLDO, ISAJET
SARAH Sherpa, WHizard Sherpa
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Tools for theory — observables link

BSM Feynman Matrix \
("uiee™ ) *( cioment ) H(__Events )»(_ petector )
/ \/ T (" FAST/FULL )

CalcHEP, CompHEP PYTHIA Detector
LanHEP FormCalc,MadGraph, HERWIG Simulation
FeynRules MCFM, MC@NLO, ISAJET
SARAH Sherpa, WHizard Sherpa PGS, Dlelphes
CMSSW,

\_ ATHENA /

( Collider signatures)
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Tools for theory — observables link

BSM Feynman Matrix N
(e ) *(_element ) *(__Events J»( petector )
/ \5/4/( T (" FAST/FULL )

CalcHEP, CompHEP PYTHIA Detector
LanHEP FormCalc,MadGraph, HERWIG Simulation
FeynRules MCFM, MC@NLO, ISAJET
SARAH Sherpa, WHizard Sherpa PGS, Dlelphes
CMSSW,

\_ ATHENA /

&
S Relic Density "
4 ( Collider signatures)
DM Direct Detection
(micrOMEGAS MadDM )

DM Indirect DetectiorD
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Tools for theory — observables link

BSM Feynman Matrix N
[ Rules ) [Element) [ E"eT"ts ) [Detecmr )

N

" FAST/FULL )

CalcHEP, CompHEP

PYTHIA
HERWIG

Sherpa

Detector
Simulation

PGS, Delphes
/

LanHEP FormCalc,MadGraph,
FeynRules MCFM, MC@NLO,
SARAH Sherpa, WHizard T
& —
9 Relic Density
¥ - N
a N

DM Direct Detection
-

\

(micrOMEGAs

-
&DM Indirect Detectio

~
n

>

NS

CMSSW,
ATHENA
@\ J

%o,
. : :
?% ( Collider mgnatures)

MadDM)

Analysis Frameworks

Plots, PAW/Root, Fortran/C++ codes, Private codes,
MasterCode, CHECKMATE, MadAnalysis, GAMBIT
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Tools for theory — observables link

BSM Feynman Matrix N
[ Rules ) [Element) [ E"eT"ts ) [Detecmr )

P

(" FAST/FULL )
, CompHEP Detector
FormCalc,MadGraph, :I\E(I-Qr\ll-l\llé Simulation
FeynRules MCFM, MC@NLO, ISAJET
SARAH Sherpa, WHizard Sherpa PGS, Dlelphes
CMSSW,
ATHENA
& - % ’
K2 Relic Density %..
34 N v % ( Collider signatures)
4z )

DM Direct Detection

\

( A
2 )
DM Indirect Detection
& v

NS

MadDM)

Analysis Frameworks

Plots, PAW/Root, Fortran/C++ codes, Private codes,
MasterCode, CHECKMATE, MadAnalysis, GAMBIT
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¢ Lecture l:

Outline

» Matrix Element Calculations:

¢ Lecture ll:

» Model Implementation :

* Dark Matter:
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* Do not hesitate to ask questions during the lecture

* There are exercises (ex#) to do
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Lecture I:

Introduction into CalcHEP

» system requirements & linux primer

» jnstallation

» models and symbolic session

» numerical session and kinematical distributions

» event generation

» CalcHEP Batch Interface

Alexander Belyaev

NE><
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Web page & contacts

« The WEB page of CalcHEP

http://theory.npi.msu.su/~pukhov/calchep.html
arXiv:1207.6082

° e-mails
calchep@googlegroups.com
a.belyaev@soton.ac.uk
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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.htmi

¢ 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)

* CompHEP (Boos et al)

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

®* FeynArts/FeynCalc/FormCalc (Hahn et al)

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

¢ Sherpa (Krauss et al)
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Features/Limitations of CalcHEP

 Can evaluate any decay and scattering processes
within any (user defined) model!
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Features/Limitations of CalcHEP

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

¢ Tree-level processes
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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 outgoing particles — spin averaged
amplitude
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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 outgoing particles — spin averaged
amplitude

¢ Limit on number of external legs (involved particles) and
number of diagrams
» official limit — 8 , unofficial — none
» limit is set from the practical point of view:
® 2 -6 (1-7) setthe essential time/memory limit

® number of diagrams ~ 500 set the disk space and
the time limit
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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)
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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'
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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)
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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
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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 HEPMDB (High Energy Physics Model Database) with HPC cluster
behind the web interface
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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 HEPMDB (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
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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 HEPMDB (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)
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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 HEPMDB (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
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https://answers.launchpad.net/calchep

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 HEPMDB (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 modifications:
user-defined cuts, user form factor etc.
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https://answers.launchpad.net/calchep

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 @ 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 3.8.10(updated 07.06.2021) @ New Options and Bugs Fixed @ All versions

Models:
@ MSSM 10.14(15.10.2014)_ @ NMSSM 8.15(25.08.2015)_ @ CPVMSSM 10.14(16.10.2014) @ SUSY models By A.Semenov ¥l
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 @ Publications&Lectures ¥ Contributions

ToTaTrat
@ calchep man 3.3.6.pdf (manual for version 3.3.6, July 19, 2
EP computer tools (Lecture by Alex
See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)

manual

Code download. ]
icense GPL-3 new options
Installatig @ Current version 3.8.10(updated 07.06.2 @ New Options and Bugs Fixed and Writeup!
~— — arXiv:1207.6082

@ MSSM 10.14(15.10.2014) @ NMSSM 8.15(25.08.2015) @ CPVMSSM 10.14(16.10.2014) @ SUSY
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

Connected to launch
pad system

Email:  calchep@googlegroups.com aunchpad service: @ Ask a question '@ File a by
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http://theory.npi.msu.su/~pukhov/calchep.html
https://answers.launchpad.net/calchep
https://answers.launchpad.net/calchep
https://answers.launchpad.net/calchep

answers.launchpad.net/calchep

? CalcHEP

Overview Code Bugs Blueprints Translations m

Questions for CalcHEP

| | by relevancy v ||Search|
Status
Open Needs information Answered Solved [J Expired (J Invalid

Summary Created Submitter Assignee Status
& 701811 Way to Import Model 2022-05- & Yechan Kim — Solved
16
@ 701409 Implementing massless graviton in Calchep 2022-04- a Basabendu o Answered
19
& 701019 line 24: 50140 Segmentation fault: 11 2022-03- & Suneth Kassapa — Answered
SCALCHEP/bin/s_calchep $* 21
& 700986 font size 2022-03- £ Thejus Mary S. — Solved
19
& 699930 Problem showing in loading SM.fr file from feynrules  2021-12- & Elsa — Answered
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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 3.8.10.tgz
tar -zxvf calchep 3.8.10.tgz

cd calchep_3.8.10
make
cd work

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

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

Linux, IRIX, IRIX64, HP-UX, OSF1, SunOS, Darwin,
Windows Subsystem for Linux (WSL)
(see getFlags file)

ex#1: Install CalcHEP
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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 ; xorg-x11-devel for SUSE
e MAC users: install Xquartz https://www.xquartz.org AND REBOOT your MAC

Alexander Belyaev N> “Practical introduction into selected TOOLS for High Energy Physics” 36
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Starting CalcHEP

¢ Files in the work folder:

bin -> ........ /calchep 3.x.y.z/bin

calchep
calchep_batch
calchep.ini
models/
results/

tmp/

¢ Start:
Jcalchep

Alexander Belyaev NE>-
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Starting CalcHEP

CalcHEP - a package for Calculation in High Energy Physics
Version 3.8.9: Last correction March 25, 2021

Authors: Alexander Pukhov(Skobeltsyn Institute of Nuclear Physics,Moscow)
Alexander Belvyaev(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.Semencov

Press FY 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 Exit menu Help!
selection selection
(forward) (back)
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CalcHEP structure/modes

« Graphical mode

e symbolic

part

* numerical part

« Batch mode
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Starting CalcHEP

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 Fl1l - as online help.

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

SM(+hgqg)
SM(+hgg+h4G)

IDM
IDM (+hgg)
IMPORT MODEL

Alexander Belyaev  Ni>& “Practical introduction into selected TOOLS for High Energy Physics”
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CalcHEP menu structure

Menu 1

Menu 3 €4—

Parameters

Constraints

Particles

Libraries
RENAME
CHECK MODEL

Parameters

All Constraints
Masses,Widths,Br

C-code(for num calc)
C-compiler

Edit linker

REDUCE code
MATHEMATICA code
FORM code

Enter new process

SELECT MODEL

IMPORT OF MODELS

Enter Process
Force Unit gauge = OFF
Edit Model

Numerical Evaluations

Delete model

View squared diagrams

Symbolic calculation

Make&Launch n_calchep

REDUCE program

: symbolic part

FILE SEARCHILIST

» Menus

Enter processes: p,p -> W+,2*x
composite p consists of: u,u,d,D
Exclude diagrams with: A
Exclude X=particles: G

View diagrams

Square diagrams

Write down processes
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CalcHEP menu structure

Menu 1

Menu 3 €4—

Parameters

Constraints

Particles

Libraries
RENAME
CHECK MODEL

Parameters

All Constraints
Masses,Widths,Br

C-code(for num calc)
C-compiler

Edit linker

REDUCE code
MATHEMATICA code
FORM code

Enter new process

SELECT MODEL

IMPORT OF MODELS

Enter Process
Force Unit gauge = OFF
Edit Model

Numerical Evaluations

Delete model

View squared diagrams

Symbolic calculation

Make&Launch n_calchep

REDUCE program

: symbolic part

FILE SEARCHILIST

| Choice of the gauge

» Menus

Enter processes: p,p -> W+,2*x
composite p consists of: u,u,d,D
Exclude diagrams with: A
Exclude X=particles: G

View diagrams

Square diagrams

Write down processes
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Model choice and Process input

Choose your gauge Enter Process
Edit Model Numerical Evaluation

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 Fl1 - as online help.
https://answers.launchpad.net/calchep
https://bugs.launchpad.net/calchep
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The Model Structure

Parameters Constraints
Particles Vertices

Model: SM

Abstract

Edit meodel
CalcHEP package is created for calculation of

decay and high energy collision processes of
elementary particles in the lowest order (tree)

approximation. The main jidea put into the CalcHEP Constraints

was to make available passing from the lagrangian Particles

to the final distributions effectively with the Lagrangian

high level of automatization. Libraries
Use F2 key to get information about interface RENAME

facilities and F1 - as online help. CHECK MODEL

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

Fl- F2- F5- F6- FO-
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Particles: prtclxx.mdl (spins 0,1/2,1,3/2,2)

Clr-Del-Size Read-ErrMes

Full name | &4 | A | PDG |2*spin| mass |width |color|aux| LaTex(A) | La
i G G |21 | 2 | O |0 | 8 G Ig lg
photon | A | A |22 | 2 | 0 |0 |1 |G | \gamma | \ga
Z-boson | Z | Z |23 | 2 |MZ | YwZ | 1 |G | Z | Z
W-boson W+ |[W- |24 | 2 | MW | YwW |1 |G |[W*+ | WA -
Higgs | h | h |25 | 0 | Mh | twh | 1 | | h | h
electron | & | E |11 |1 | O | O | 1 | e - le?+
e-neutrino lne |Ne |12 |1 | 0 | 0 | 1 |IL  |\nu_e | \ba
muon | m | M |13 |1 | Mm |0 |1 I | \mu?* - | \mu
m-heutrino lnm |Nm |14 |1 | 0 | 0 | 1 |L | \nu_\mu | \ba
tau-lepton | 1 | L |15 |1 | M1 | 0 | 1 | | \tau*- | \ta
t-neutrino lnl [Nl |16 |1 | 0 | 0 | 1 |L  |\nu_\tau I|\ba
d-quark | d | D |1 |1 | 0 | 0 | 3 | | d | \ba
u-quark | u | U | 2 |1 | O | O | 3 I | u | \ba
s—quark | s | S | 3 |1 | O | O | 3 | | s | \ba
c—quark | | C | 4 |1 | M | O | 3 I | | \ba
b-quark | b | B | 5 |1 | Mb | 0 | 3 | |b | \ba
t-quark | £ | T | 6 |1 | Mt | Ywt | 3 I | € | \ba

Fl-F2—Xgoto—Ygoto—Find-Write
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Particles: prtclxx.mdli

Clr-Del-Size Read-ErrMes

Full name | &4 | A | PDG |2*spin| mass |width |color|aux| LaTex(A) | La
i G G |21 | 2 | O |0 | 8 G Ig lg
photon | A | A |22 | 2 | 0 |0 |1 |G | \gamma | \ga
Z-boson | Z | Z |23 | 2 |MZ | YwZ | 1 |G | Z | Z
W-boson W+ |[W- |24 | 2 | MW | g |1 |G |[W*+ | WA -
Higgs | h | h |25 | 0 | 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
muon | m | M |13 |1 | Mm |0 |1 I | \mu?* - | \mu
m-heutrino lnm |Nm |14 |1 | 0 | 0 | 1 |L | \nu_\mu | \ba
tau-lepton | 1 | L |15 |1 | M1 | 0 | 1 | | \tau*- | \ta
t-neutrino lnl [Nl |16 |1 | 0 | 0 | 1 |L  |\nu_\tau I|\ba
d-quark | d | D |1 |1 | 0 | 0 | 3 | | d | \ba
u-quark | u | U | 2 |1 | O | O | 3 I | u | \ba
s—quark | s | S | 3 |1 | O | O | 3 | | s | \ba
c—quark | | C | 4 |1 | M | O | 3 I | | \ba
b-quark | b | B | 5 |1 | Mb | 0 | 3 | |b | \ba
t-quark | £ | T | 6 |1 | Mt | Ywt | 3 I | € | \ba

Fl-F2—Xgoto—Ygoto—Find-Write

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

Clr Del - Slze Read ErrMes

Name Value
E_| 0.31333
|1.117

SW |0.474
0 | 100
MW | 80.385
Mtp |172.5
McMc |1.23
MbMb |4.25
alphaSMZ|0.1184
M1 |1.777
Mh | 125

-F1-F2Xgoto—Ygoto—Find Write

varliables

| > Comment <
| Electromagnetic coupling constant (<->1/128)

| Strong coupling constant (Z point) (PDG-94)

| sin of the Weinberg angle 0.474 - "on-shell",b4
| Scale of effective running masses

|W boson mass

| Top quark pole mass

| Mc (Mc) MS-BAR

|[Mb (Mb) MS-BAR

| Srtong alpha (MZ)

|mass of tau-lepton

|mass of Higgs

Alexander Belyaev NE>-
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Dependent parameters(constraints): funcxx.mdl

Clr-Del-Size Read ErrMes

Name |> Expression
CZII | sgrt (1-SW*2) % cos of the Weinberg angle

GF | EEA2/ (2*SW*MW) ~*2/Sqrt2 % experimental value 1.166E-5 [1/GeV*2]
MZ |[MW/CW % Z boson mass

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

Mb |[MbEff (Q)

Mc |[McE££(Q)

Ms |IMgEf£(0.096, Q) % s—quark effective mass via 2Z2MeV running one
LADh | —-cabs (1AAhiggs(Mh, "h"))

LGGh | —-cabs (1GGhiggs (Mh, "h"))

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

RQCDh | sqrt(1+149/12*aQCDh+68.6482*%aQCDh"2-212.447%aQCDh"3)
BO0000 |1-2*SW*2

BO0001 |1-4*SW*2+4*SW 4

‘'F1-F2Xgoto—Ygoto—FindWrite
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Feynman rules: Igrngxx.mdi

JLlauy_air . |

Clr-Del-Size—Read—ErrMes

Pl | P2 | P3 | P4 | > Factor <|>» dLagrangian/ dA(pl) dA(p2) dA(p3)
A |A |h | | TN | 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—. £ | | - 1*EE*MW |ml . m2

A |W+. £ [W- | | i*EE*MW |ml.m3

A |W+. £ |[W-.f | | -EE |ml.p3-ml.p2

A.C |W+t.c |W- | | EE |m3.pl

A.C [W-.c |W+ | | -EE |m3.pl

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

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

B | b | Z | |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 | | —-EE*Mb/ (2*MW*SW) |1

B | t | W-— | | EEX*Sgrt2/ (4*SW) |G({m3)* (1-G5)

B | £ |W—-. £ | | i*EE*Sqrt2/ (4*MW*SH) |[Mb* (1-G5) -Mtp* (1+G5)

C | c | A | | 2%¥EE/3 | G(m3)

C | o | G | | GG | G{m3)

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

C | c | h | | -EE*Mc/ (2*MW* SW) |1

C | s | W+ | | EEXSqgrt2/ (4*SHW) |G(m3)* (1-G3)

C | & |W+. £ | | -i*EE*Sqgrt2/ (4 *MW*SW) |[Ms* (1+G5) -Mc* (1-G5)

D | d | A | | -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-Size—Read—ErrMes

External libraries <
fhome /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/
s\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 cf 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)
[ar¥Xiv:hep-ph/0405253].

i gi® o® o G o o o o o g

‘F1-F2-Xgoto—Ygoto-Find-Write
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Numerical evaluation of masses & branchings

Model: Standard Model

Abstract
——————————— t | Numerical Evaluation
create: f |

Parameters
All Constraints

Masses,Widths, Branch.

httbs j/buga 1aunchpad.net/calchep

All Particles -> SLHR

Zero

Zero
.1188E+01
.0385E+01

Numerical Evaluation

:2500E+02 [P = | See results in file 'decaySLHAZ. txt'

Zero -
S Press any ke

LO570E-01
Zero

TTOE+Q0
Zero
Zero
Zero

Parameters
All Constraints

Masses,Widths, Branch.
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Numerical evaluation of masses & branchings

Model: Standard Model

Abstract
Numerical Evaluation
CalcHEP package is created for calculat;un of

decay and high energy collision proces :
: Les 1n the lowest erdar ftraa)

Parameters
All Constraints
Masses ,Widths,Branch.

fa&111t1es and Fi-- as.gnl help
‘https: wers. launchpad. netfealchep
‘https: //hugs launchpad.net/calchep

All Particles -> SLHR

G Zero
Zero
.1188E+01
.0335E+01

:2500E+02 [P = | See results in file 'decaySLHAZ. txt'

Zero -
S Press any ke

.0570E-01
Zero

ATTOE+00 . .
232 ex#2: Find the SM particles

Zero spectrum and Br ratios

Numerical Evaluation

Parameters
All Constraints

Masses,Widths, Branch.
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Syntax for the process

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

» hadron/composite particle scattering
'p*!p*'>W+!bsB'
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, Z2>3'
ex#3: SM Higgs production cross

section for e+te- — HZ process versus
the collider energy for 0.5-1.0 TeV
range, 10 GeV step
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Symbolic session(1)

Model: SM
List of particles (antiparticles)

A(A )- photon Z(Z Y- Z boson G(G )- gluon
W+ (W- )- W boson ne (Ne )- neutrino e(E )- electron
nm({Nm )- mu-neutrinc m(M )- muon nl (N1 )- tau-neutrino
1{L )- tau-lepton u(U )- u-quark 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: kil -Fe-

composite 'p*' consists of: |[CPEUNDIRCINENE-IEC NI O 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

[
|
|
=
o=

(o len e N en i on N on Nen] O

an e e gl
+ +

W~V WN
nihnn Qoo s
EIEEEE
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Symbolic session (3)

Delete,On/off,Restore, Latex

b b
o B N
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 sgquared diagrams
are constructed.

88 diagrams in 8 subprocesses
diagrams are deleted.

Squared diagrams

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

diagrams are calculated.

Subprocess Del Calc Rest

=
7
v
=
I
o
m
o
N

o
on

Ll r

->W+,b,B

non
n o

-] ~]
00 00

-]
Qo

OnN hnn oo O’
00000 o[-
alololo e ele] O

2
3
4
5
6
7
8

|
00
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Symbolic session (5)

Delete,On/off,Restore,Latex,Ghosts

u b e u u b e u
U——~L A < > A —0 J——~: A < > 2z —0
B — B —

e M= e e e M= e ~. W+ d
d—— - — —————d d——r - - — ‘~|——<—<

u b — u u b — A
U——L A < > At 40U U—L A < >
B e B e

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

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

Fl- F2- F3- F4- F5- Fo6- F9- F10-
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Menu structure of the numerical part

Menu 2 €+—

S.F1 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

Subprncess
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

All Particles

Menu 10
All Constraints
Masses, Widths, Branchings

SLHA file
is created

Menu 5

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

Kinematics
Poles

p Menu 8

Set precision

Angular dependence
Parameter dependence

p Menu 7

Number of events=10000
Launch generator

Regenerate events ON
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Numerical part(1)

Model parameters
Constraints

OCD alpha & scales
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carlo simulation
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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.1l: OFF

N tare SN
First particle momentum|[GeV] 4000

Model parameters Second particle momentum[GeV] 4000
Constraints First particle unpolarized

QCD alpha & scales Second particle unpolarized
Breit-Wigner

Aliases

Cuts

Phase space mapping

Monte Carleo simulation

PDT menu

MRST2004ged proton{anti-proton)

. . MRST2004ged_proton(proton

. ' :CTLO0 NNPDFZS_?I.Io_gg_DlSOiged (ant):i—proton)
S . NNPDF23_lo_as_0130_ged (proton)

First particle momentum[GeV] CT10 (anti-proton)

Second particle momentum[GeV] CT10 (proton)

First particle unpclarized ctegb6ll (anti-proton)

Second particle unpolarized cteg6ll (proton)
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model parameters

subprocess
_Model parameters |
TN =state Model parameters

Hodel parameters
Constraints

QCD coupling EE
Breit-Wigner SW

Change parameter

.1333E-01
. 7400E-01
.0000E+02
.0385E+01
. 7250E+02
.2300E+00
.2500E+00
.1840E-01
. 77T70E+00
.2500E+02

Aliases Q
Cuts MW
Phase space mapping Mtp

: . uifelulel
Monte Carlo simulation MbMb

alphaSMZ
M1
Mh

FERREBRFEFORFBW
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dependent parameters (sm+ggH model)

. 1
Display dependence

Subprocess
IN state
Model parameters

QCD alpha & scales
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carleo simulation

Display dependence
LinhdAA -7.8845E-06
on parameter
1.2500E+02
Plot

*x-Hin = 100
®x-HMax = 400

HEointE = 100
1

“Constraints |

811 constraints

Masses, Widths, Branching

to file
.8052E-01
.1954E-05
.1292E+01
.4641E-01
.1986E+00
.1137E-01
.9444E-02

-7.8864E-06
-1.3054E-05

3.5959E-02

L f 2l %

L e o
200

L

Alexander Belyaev
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QCD coupling and the QCD scale

Subprocess

IN state

Hodel parameters
Constraints

QCcD alpha

parton dist. alpha !OH

QCD coupl ing alpha (MZ)= 0.1172

Breit-Wigner

Rliases

Cuts

Phase space mapping
Monte Carlo simulation

nf = 5
order= HLO
mby{mb ) = 4.200
Mtop(polel= 175.00
Ofact= H1?

Oren = Qfact
Alpha(Q) plot
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control of resonances

Subprogess

IN state

Model parameters
Constraints

QCD coupling

BreitWigner range 2.7
T-channel widths 0OFF
GI in t-channel OFF
GI in s=channel OFEF

Aliagses
cuts
Phase space mapping

Monte Carlo simulation

Alexander Belyaev ~ Ni=»>a-

“Practical introduction into selected TOOLS for High Energy Physics”

68



control of resonances

Subprogess

IN state

Model parameters
Constraints

QCD coupling

Aliagses
cuts
Phase space mapping

Monte Carlo simulation

BreitWigner range 2.7

T-channel widths OFF

GI in t-channel OFF

GI in s—-channel OFF

—

This menu sets value R which defines range of
implementation of Breit-Migner formula. Mamely
it is used in the region where

Ip™2-m721< R=m*uw
For region

Ip™2-m~21> sqrtiR™2+1)#m*u
we use zero width propagator. In the intermediate
region constant propagator interpolates both
Fformulas.

In peneral 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. We 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.
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Subprocess

IN state

Hodel parameters
Constraints

QCD coupling

Hreit—ﬂiiier

Cuts
Phase space mapping
Honte Carleo simulation

Aliases

Compos ites

5 Hame |:= Comma separated list of partieles

J§]|||||u u,d,D,s,8,¢,¢,6
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setting kinematical cuts

Subprocess
IN state S hens BIERG

Model parameters »T(E?rameter :;ﬂﬁln bound {:} Max bound <
Constraints T(B) 120 |

QCD coupling N(b) -5 15
Breit-Wigner N(B) | -5 15

Aliases J(b.B) 10.5 .

Phage space mapping
Monte Carlo simulation
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setting kinematical cuts

Subprocess €lrDel Size Read FErriMes

TN _state [ Parameter |> Min bound <1> Max bound <
Model parameters > * F1
Constraints . T

QCD coupling

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

: : : is described in the first column. Its limits are defined and the second
BrE].t:'WignEr and the third columns. If one of these fields is empty then a one-side
Allases cut is applied.

- ' The phase space function is defined by its name which characterize
type of cut and a particle list for which the cut is applied.

Phase EPE'E-E mapplng For example. "T(u)" means transverse momentum of 'u'-quark:
_ o = T(u.D) means summary transverse momentum of quark pair.
HﬂntE CEI‘IG Eimulatlﬂn The following cut functions are available:
' i - fAngle in degree units:
C - Cosine of angle:
J - Jet cone angle:
E - Energy of the particle set:
H
P - Cosine in the rest frame of pair:

- Mass of the particle set: ¢

Cuts [5
Llr—Del-Size—Read—ErrHes
Parameter |> Min bound <1> Max bound <

T(h) 120 I
T(B) | 20 I
N(b) =5 |5
N(B) | -5 |5

J(b.B) 10.5 |
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MC inegration and event generation is based on John von
Neumann acceptance-rejection procedure

¢ The efficiency of the method strongly depends on the behavior
of the function. Eventually it is equal to the ratio of the “useful”
and total volume. And it can be very low in case of sharp
resonances!

; o
. —
T __
X"V"l.h >< MR x
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phase-space mapping

Subprocess
IN state
HﬂdEl Parmters Regularization
Constraints
QCD coupling
Brelt-Wigner ' 5

Eindeat ic (sub)Process: u. D =¥ W+. b. B
Aliases PR GO mmiies Siierid

; m:m::-f’urrm k‘v:l.nnem cal scheme =

Cuts in= 12 = aut; _ @i‘é& 45

Phase space mapping a5 ffﬂﬁﬁb';_“fﬂkfﬁ_.

Monte Carlo simulation

Size Read EvrMes
|> Mass <I> Midth <1 Power

| MZ | wl |2

| Mh | wh |2

|Mtp lwt |2

I Mtp lwt |2
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integration over the phase space

Monte Carlo simulation

sSubprocess

Llr-Del-Size-Read-Erries

IN state _ 5 Parameter 11> Min 1 <I> Hax 1 <IParameter 21> Hin 2 <I> Max 2

Model parameters

*8tart integration

BrEit-WignEI' Event Cubes 10000
ﬂliases Generate Events
Cuts

Phase space mapping
: . | nSess =5

Honte Carlo simulation ncalls = 10000
set Distributions
Display Distributions
Clear statistic
Freeze grid OFF

Clear grid

Event Cubes 10000
Generate Events

(sub)Process: u, D -> H+, b, B
Monte Carlo session: 2(continue)

ﬁi ngess =5
7 nCalls = 10000
3 get Distributions
ﬁ *gtart integration
10
1 Clear statistic
clear s Freeze grid OFF
i Clear grid
=3 Event Cubes 10000
4 Generate Events
5
<>

ncalls = 10000 T 0

T(B)

cans'trﬂiﬂts Display Distributions N(b)
; Clear statistic N(B)
QCD C‘.Gupllng Freeze grid OFF |LIGH:))

Clear grid MW+ . b)
T(b)

E= 1

b=
=]

| 200 | | |
200 | | |
15 | | |
15 | | |
500 | | |
1500 I I I
1500 IM(b.B) [0 [500
== u. D > W+ b, B e
DLFF. cross section [ph/GeV A TEE s
0.15- REEEA
— Save plot in file
—_' [ LaTeX File
] -+

MCb.BY.

The accuracy and the
stability of the cross
section indicate that you
can trust your results
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Resulting M, and M, kinematical distributions

u, b -> W+, b, B u, b > W+, b, B
Diff. cross f'eci-.ion [pb/GeV] Diff. cross section [ply’ﬁej\"-]
q Y-min = 0 s Y-min = 0
et Y-scale = Lin. Qe B
= Save plot in file ;
= LaTeX file LaTeX file
0.10— N
i S 0.10— .\
= e =] + %
= i - 7 ek
0.05— + = )
Sl =8 0.05— o
* 7 = 0l o ' b !
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,
-3< 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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events generations

Monte Carlo simulation
nsess 5

ncalls 10000 =

Set Distributions
*Start integration

Diplar D ists fhations
Freeze grid (8]0 Launch generator

Clear grid Regenerate events OHM

Event Cubes 10000

Generate Ewvents

Honte carlo simulat ion

Statistic
efficiency: 2.1E-02
Beached max: 4.9E+01
Mult. ewvents: 6.4E-03
Heq.events: 0.0E+00

Accept events?
{ ¥ /F H ?)
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File with events in the native CalcHEP format

#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 5.8508268207E+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+01 -8.750
1 3.6709401207E+02 -2.4124155464E+01 -4.8101350483E+00 6.6698730251E+01 2.0295672218E+02 -4.597
1 3.7196555447E+01 -4.1533021555E+02 -3.1735918986E+00 2.83306416735E-01 -6.6745521993E+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+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 5.8742582956E+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 1.2782056263E+03 1.074

L‘J l .
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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 nmax lumi

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

Alexander Belyaev N> “Practical introduction into selected TOOLS for High Energy Physics” 79



useful scripts for numerical session

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

¢ subproc cycle ../bin/subproc_cycle 1000 100000
¢ sum_distr ../bin/sum_distr distr_2 distr_3 > distr_sum
¢ show_distr ../bin/show_distr distr sum
¢ plot view ../bin/plot_view < tab_1.txt
¢ events2tab
¢ |he2tab ex#5
¢ gen events produce LHE file
— and use Ihe2tab
¢ name_cycle to produce
¢ pcm_cycle distributions from ex#4
¢ par_scan

¢ event_mixer
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running subproc_cycle for SM model

hepul:~/calchep/work demo/work/resul

1000 events are requested

Number of enents limited by flux 40
#Subprocess 1 ( d, U -> W-, b, B ) Cross
#Subprocess 2 ( D, u -> W+, b, B ) Cross
#Subprocess 3 ( u, D -> W+, b, B ) Cross
#Subprocess 4 ( U, d -> W-, b, B ) Cross
#Subprocess 5 (s, C -> W-, b, B ) Cross
#Subprocess 6 (S, ¢ -> W+, b, B ) Cross
#Subprocess 7 ( ¢, S -> W+, b, B ) Cross
#Subprocess 8 ( C, s -> W-, b, B ) Cross
3.045E+01 -total cross section[pb]
3690 -maximum number of events

1000 events are generated
Events in LHE format: events 9 16.1lh

ts>

[1/fb]

section
section
section
section
section
section
section
section

e

O O 00 00 U1 0O 00 LU

.2061E+00
. 1961E+00
.2515E+00
.2065E+00
.9595E-01
.8594E-01
.0529E-01
.0196E-01

Total Cross Section 3.046E+01 [pb] (5.685E-01%)

See details in directory 9 16

(1.
(1.
(8.
(1.
(8.
(7.
(7.
(5.

94E+00%)
15E+00%)
O9E-01%)
39E+00%)
10E-01%)
34E-01%)
46E-01%)
65E-01%)

../bin/subproc cycle 1000 40

~ ~ ~ ~ ~ ~ ~ ~

1000
1000
1000
1000
1000
1000
1000
1000

events
events
events
events
events
events
events
events

Alexander Belyaev NE>-

“Practical introduction into selected TOOLS for High Energy Physics”

81



We need Events in LHE format to talk to MC generators!

¢ bin/event_mixer Luminosity[1/fb] nevents event dirs

mixes subprocesses and connects production and decay events

binfevent_mixer

9.327E+00

3265

¢ the output is event mixer.lhe file

<LesHouchesEvents version="1.0">

10 1000 pp_wbb w_2x

—total cross sectionlpbl
—maximum number of events

<gli=—
File generated with CalcHEP-PYTHIZA interface
==
<header>
<glha>
</zlha>
</header>
<init>
2212 2212 7.00000006860E4+02 7.00000006860E+03 = =1l =1 = 3 1
1.16593335502E401 0.00000000000E+00 1.00000000000E+00 1
</inits
<event>
T 1 1.0000000E+00 2.8420000E4+02 -1.0000000E4+00 -1.0000000E+00
=3 =1 0 0 0 501 0.00000000000E+00 0.00000000000E+00 1.54424456520E4+02
4 = i 0 500 0 0.00000000000E+00 0.00000000000E+00 -1.30792414700E+02
24 2 1 2 0 0 =59.99292465447E+01 -1.63662803915E+01 -6, 48632587 T42E+01
2 1 1 2 S00 0 7,3414947335360E+01 2, 155353961 832E+01 4, 23330515202E4+01
-3 1 1 E 0 501 2.65142332097E+01 -5, 192515731 73E+00 4,.6leZ2880720E+01
=13 1 3 3 0 0 =7.19345413730E+01 7.47572186340E-01 -8.03452022142E+01
12 1 3 3 0 0 —2.79947051718E4+01 -1.71144525779E+01 1.54759034400E+01
</event>
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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.txtevents file

» |ist prc.txt list of processes

» qgnumbers  gnumbers — 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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protocol prt_nn

CalcHEP kinematicg module
The gesgion parameters:

#Subprocesge 1 ( u, D -> W+, b, B

#Sezzion number 1

#Initial state inPl=7.000000E+03 4inP2=7T.000000E+03

Polarizgationg= { 0.000000E+4+00 0O.000000B+00 G
StrFPunl="PDOT:ctegbtm(proton) " 2212
StrFunZ2="PDT:ctegbmiproton) " 2212

#Physical Parameters

alfEMZ = T.818060339393993993E-03
alfsMz = 1.172000000000000E-01
#éﬁﬁé .......................................
*kx Tahle #*#*
Cuts
Parameter |> Min bound <|> Max bound =<|
T(b) | 20 |
T({E) | 20 |

#ERegularization
kk*x Tahla **+*
Eegularization

Momentum |> Masgs <|> Width <| Power

45 | MZ | wZ | 2

45 | Mh | wh | 2

#ﬁﬁﬁ ........................................

#IT Cross gection [pb] Error % ncall chi**2
35 2.0373E+00 GG 1 e o b 20000
2 g.6164E+00 2.86E+01 20000
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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/name_cycle Mh 100 10 11

scripts above became a part of calchep batch interface — will be
discussed below
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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 valil?2 F SR valiN
val2l vall?2 e valllN

¢ 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_iis 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

https://hepmdb.soton.ac.uk/wiki/index.php/CalcHEP _tutorial
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CalcHEP batch interface: all results in one shot

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

EREHE TR T A AE TR TR TR T EART A EH LA TS TR
Composite: p=u,U,d,D,s,S,c,C,b,B,G
Composite: W=W+,W-

Composite: le=e,E,m,M

Composite: n=ne,Ne,nm,Nm

Composite: jet=u,U,d,D,s,S,c,C,b,B,G
SRR A AT AR AR AR AR AR SRR R R A AR B R R R

pdfl: PDT:cteg6ll(proton)
pdf2: PDT:cteq6ll(proton)
pl: 6500
p2: 6500

e e e e e e e e e S R e
Run parameter: Mh

Run begin: 120

Run step size: 5

Run n steps: 3

B S g g S R g S s s
alpha Q : M45
R i e e i e N S
Cut parameter: M(b,B)

Cut invert: False

Cut min: 100

Cut max:

Kinematics : 12 -> 3, 45
Kinematics : 45 -> 4 , 5
Regularization momentum:1l: 45
Regularization mass:1: Mh
Regularization width:1: wh
Regularization power:1: 2
B s i s
DisE 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)
EEEFE RS T RS RS H SRS TR TR ST E TS

Number of events (per run step): 10000

Filename: pp_Wbb
HH R R R
Parallelization method: local

Max number of nodes: 8

Max number of processes per node: 1
Sl e e e e e e e e L e

nSess_1: 5
nCalls_1: 100000
nSess_2: 5

nCalls 2: 100000
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CalcHEP batch interface: running and monitoring

$CALCHEP= path to calchep installation

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

CALCHEP= /home/belyaev/calchep/calchep x.y.z
calchep_batch version x.yz

Processing batch:

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

You can also view textual progress reports in
.../calchep_x.y.z/work/html/ and the other .txt files in the html! directory.
Events will be stored in the batch results directory.
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CalcHEP batch interface: running and monitorin

9

/' [3 CalcHEP Batch [ x \\

&

C {r @ file:///home/belyaev/calchep/calchep 3.7/work/html/index.htm|

Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for using
CalcHEP!

Please cite
arXiv:1207.6082

a | g

CalcHEP Batch Details

SM(+hgg)

Done!

Finished Time(hr)
Symbolic 12/12  0.00
c 3/3 0.03
Events 3/3 0.01
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CalcHEP batch interface: running and monitoring

T = = T

/ [4 CalcHEP Symbo! x |\ o
= C () | @ file:///home/belyaev/calchep/calchep_3.7/work/html/symbolic.html Q % g :

Symbolic Sessions

SM(+hgg)

Home

Symbolic Results
Numerical Results
Events Library

Processes Removes Lib PID Time(hr)
u,D->W+,b,B v

Process Library U,d->W-,b,B v/

Help d.U->W-b,B v
D,u->W+,b,B 4

Thank you for using . C>W-bB .

CalcHEP! S.coWbB P

Please cite '

arXiv:1207.6082 ¢,5->W+0b,B /
C,s->W-b.B v
W+->ne,E v
W-+->nmM v
W-->Ne,e v/
W-->Nm,m v
Widths v .
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CalcHEP batch interface: running and monitoring

/ [1 CalcHEP Numer x '\
&« C {t @ file:///home/belyaev/calchep/calchep_3.7/work/html/numerical.htmi Qw9
L] .
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 youfor using Mh=130 1145 0/13 1313 0.01 1000
CalcHEP!
Please cite 0.03
arXiv:1207.6082
arXiv:1207.60 o— . . , , :
u?ﬁ - -\\"1 -
1170 | e 4
1165 | N 1
-
1]
4] ~
1168 1
1155 | i
1150 + ‘ i
1145 1 1 1 1
120 122 124 126 128 138
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CalcHEP batch interface: running and monitoring

Home

Symbolic Results
Numerical Results
Evenis Library
Process Library

Help

Thank you for using
CalcHEP!
Please cite

T i e
arXiv:1207.6082

Processes
W+b.B

u,D-
U,d-
d. U=

Total

W,

W

u==W
-2, v T
c->W+
y G

5->W

h.H
-,b.B
=hB
b.B

h.B
b.B

-.b.B

Decays

W=
W+-
W--

= %

ne.E

nn, M

Wi

&

W—=Nm,m

Widths
Widths

Total

Numerical Sessions

a (fb)
1552.8
§29.4

837.46
1558.3
109,55
108.79
108.88
109.6

5214.8

T (GeV) AT (%)

0.23293
0.23293

1163

SM(+hgg)

Done!

Ac (%) PID Time (hr) N events

0.8 28872 0.00

0.52 28878 0.00

1.1 28885 0.00

0.51 29100 0.00

0.54 29104 0.00

0.44 29109 0.00

0.41 29116° 0.00

043 29123 0.00

0.34

PID

0 29129 0.00

0 29135 0.00

30 29142 0.00

30 29324 0.00
PID

29328 0.00

0.01

Time (hr)

Time (hr)

r R T L
o o W T 2o 1

19002

19

2217220

T AR
A4 383

42741
41740
41/40
42/41

N events

5099/5
5009/5
Ftp;n j

5099/5

1000

ex#6: using calchep batch
evaluate complete cross
section for pp-> Wbb process
with the same cuts as for ex#4

100
100
[ 00)

[ 00}

10010

pri
prt_
pri_
pri
prt_
prL
pri_
prt_

pri
prt_
prt_
pri_

Details

¢

ST

§

ST

S

3

g

g

TH5100.44

TS5100.04a
C551001.04

TE5100.0

Details

TH5100.08

s510n.04a

ss1om.da

sslon.aa

CS51011.da

s5510n.44a

"5510M.44

C551011.da

dsigna{fh}/dH{b,B} {(GeV}

dsigna{fb}/dH{H,; jet} (GeV}

ise

i68 -

148 -

i2a -

168 -

Lil:]

68

48

28 -

izl ]

7oe -

6o -

568 -

4688 -

368 -

208 -

168 -

Distributions

prp=>M,b;B

dEEﬁ'EESﬁEE

gnuplot should be
installed to make the
plots with the batch
interface!

L
iea iz2e

L L L
148 i68 188 208

H{b,B} {(GeV}
p-p=>H;b,B

108 128

| | |
148 168 188 268
H{H; jet) {(GeV)
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CalcHEP batch results

C

results are located in batch_results folder

[ o

*.Ihe.gz : LHE event files
« *jpg :figures

o *.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
“tricky” questions/answers
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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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CalcHEP batch interface:

Scanning with ‘fake’ parameters

an example:

Calculating SM background cross section for process pp—e+e- across

invariant mass range of 500GeV-3TeV, with cut of +/-400GeV around
invariant mass.

HHHHHHHHFHHHH A ()

# Run Info # # CutInfo #
# Masses and Energies are in GeV # # Must be in terms of the (production mode) #
# More than one run can be specified at# # final state particles. #
# the same time. # # :n: specifies which process. #
HHHEHFHHHHEHEHHHEHHHEHFHAHEHHAAIAE # . means to apply to all processes. #
Run parameter: MASS Y
Run begin: 500
Run step size: 500 Cut parameter: M(e,E)
Run n steps: 6 Cut invert: False

Cut min: MASS-400

Cut max: MASS+400
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CalcHEP interface to MC generators via
Events in the LHE format

CalcHEP interface with MC
generators: LHEF output

CaICH EP P:‘oduction event mixer PYTHIA/
s = LHEF  ——> JyERWIG

decay events
QNUMBERS

A

Decay of new particles with
CalcHEP, QNUMBERS are

THEORY writonto LHEF EXP DATA
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Lecture li

LanHEP

Alexander Belyaev

NE><T

“Practical introduction into selected TOOLS for High Energy Physics”

98



Introduction to LanHEP package

author: Andrei Semenov
http://theory.sinp.msu.ru/~semenov/lanhep.html

® it reads Lagrangian written in the form close to one used in publications and
transforms it into momenta space

B it writes Feynman rules in the form of four tables in
CalcHEP/CompHEP/FeynArts/UFO formats as well as tables in LaTeX format

® LanHEP expands expression and combines similar terms user can define the
substitution rules, it allows to define multiplets, and their components

® user can write Lagrangian terms with Lorentz and multiplet indices explicitly or omit
indices (all or some of them)

® LanHEP performs explicit summation over the indices in Lagrangian terms, if the
corresponding components for multiplets and matrices are introduced
B it also can check whether the set of introduced vertices satisfies the electric charge

conservation law

B many more features: see manual(!) — using superpotential formalism,
check for BRST invariance, two-component notation for fermions, ...
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QCD as an example

= Gauge interactions Ly = _% P pe,
where Ff, = 0,6 — 0,67, — g,/ GG5. Gy(z)

il —

Quark kinetic term L = §v*0uqi + 9sAi;0:7"4,G

Gauge fixing term and Fadeev-Popov ghost term
]' . aoc =a C
Lop = —5(8NG§)2 + 4g, g GZ@“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 Mq=0.02).

lterm I*gg*f SU3*ccghost(G)*G*deriv*ghost(G).
lterm Q*gamma*(i*deriv + gg*lambda*G)*q.
lterm -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 gcd.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 G.Cp G ~99 * P3 fpar
Qa-p Abq Gur 99 P}/gb’\;;g
Gy Guy Gy 99 fper (P59 — Phg"” — P5g"" + PLg" + Phg" — pYgH")

Gﬁp Gug Gp?‘ Gos 95’2(gﬁpgwf patJrst — 9" 9" foat frst + 9" 97 fort fqst
_1_9”1;9 ol f pstf qrt — guagvpf p?'tf qgst — gﬁpgyg f pst f q-rt)
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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/lhep400.tgz
tar -zxvf lhepxxx.tgz
cd lanhepxxx

make
¢ To Run
cd mdl ex#7
../lhep -ca stand.mdI install LanHEP

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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Default options are in calchep.rc file

% Definitions specific for CalcHEP format of Feynman rules.

external _func{creal.1’.
external _func{cimag.1).
external_func{cabs.1).

prtcformat fullname: '"Full  Name

name:' P ', aname:' aP', pdg:' number
spind.mass.width, color, aux, texname: ' LaleX(A) '
atexname:' LateX(fi+) '

prtcproperty pdeg:(A=22, Z=23., 'W+'=24, (=21,
d=1. u=2, s=3. c=4., b=b, t=6,
ne=12, nm=14, nl=16.
e=11. m=13, 1=15,
nl1=12, n2=14, n3=16.
el=11, e2=13, e3=15.
"ne=1000012, “nm=1000014, “nl1=1000016,
“el1=1000011, “"m1=1000013., ~11=1000015,
“e2=2000011, "m2=2000013, T12=2000015,
el =1000011, “mL=1000013.
“eR=2000011, "wmR=2000013.
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Some Format Options for LanHEP output

model qed/1.
parameter ee = 0.3133: 'Electric charge'.

prtcformat fullname:

'Full Name ', name:'p ', aname:' ap', pdg:" PDG ID',
spin2:'2*spin', mass:' mass ',width:'width ',

color, aux, texname:'>LaTeX(A)<', atexname:>LaTeX(A+)<"'.

vector A/A:(photon, pdg 22).
spinor e1:(electron, mass me=0.000511, pdg 11).

let FAmu*nu=deriv*mu*A*nu-deriv* nu*A*mu.
lterm -1/4*F**2 + ee*E1*gamma*A*e1.
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Syntax of LanHEP

» The LanHEP input file is the sequence of statements, each starts
with a special identifier (such as parameter, Iterm, etc) and ends
with the full-stop "." symbol. Statement can occupy several lines

Identifiers: Indentfiers are the names of particles, parameters efc.
Constants: integers, floating point numbers, strings

Comments: % /% ../’

Order of the indices of the objects (default):

[spinor, color c¢3, color c8, vector]
+ declaring new groups:

group color:SU(3).

repres color: (c3/c3b,c8).

¥ & 3 3

parameter name=value:comment.
» parameters

» particles
scalar P/aP: (options) .

spinor P/aP: (options) .
vector P/aP: (options) .
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Syntax of LanHEP

» Specials gamma, gammab, moment, deriv, lambda, £_SU3
declaring new specials: special name: (islist) .

» Orthogonal matrice OrthMatrix( {{ai, ain}, {az1, axn}} ).
» Including files read file. or use file. (no multiple reading)

» Checking electric charge conservation SetEM(photon, param).

» Running LanHEP lhep filename options
-0utDir directory Set the directory for output files

-InDir directory Set the directory where to search files
—tex LanHEP generates LaTeX files

—frc If -tex option is set, forces LanHEP to split 4-

fermion and 4-color vertices just as it is made for Com-
pHEP files.

—texl.ines num Set number of lines in LaTeX tables
—texLineLength num Controls width of the Lagrangian

Alexander Belyaev N> “Practical introduction into selected TOOLS for High Energy Physics” 106



Default groups and specials in

LanHEP
¢« See mdl/lhep.rc

special gamma:(spinor,cspinor,vector).

special gammab:(spinor,cspinor).

special '(1+gammab)/2":(spinor,cspinor), '(1-gammab)/2":

(spinor,cspinor).

special moment:(vector).

special ' _moment_ start ":(vector),' moment end "

special epsv:(vector,vector,vector,vector).

group color:SU(3).

repres color:(c3/c3b,c8).

SetDeflndex(spinor,color c3, color c8, vector).

special lambda:(color c3, color c3b, color c8).

special f SU3:(color c8, color ¢8, color c8).

special d SU3:(color c8, color c8, color c8).

special eps c3: (color c3, color c3, color c3),
eps_c3b:(color c3b, color c3b, color c3b).

let deriv=-I*moment.

let taul={{0,1},{1,0}}, tau2={{0,i},{-i,0}}, tau3={{1,0},

{0,-1}}.
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user-defined model

Bu;p tbq W_Lr. ie—\/f;th ' (1 o r}la)ﬂbéﬁi}"}fé{ﬁ

¢ Let us add left and right anomalous couplings to WtB
interaction: Ar and Al

s L5555 5555%554%%
%%% anomalous WtB interactions Ar and Al
L LA A LR A LA R LA L LR L LR L R T LT L

parameter Ar,Al.
let PR=(l4+gammad) /2, PL=(l-gammad) /2.

lterm —-g/Sqrt2*
(Ar*anti (t)*'W+'*gamma*PR*b + Al*anti(t)*'W+'*gamma*PL*b)
+ AddHermConij.

—1 225, (Vb (1= )y + A7 - (149 + Al (1= 7°)op)

w

ex#8
implement o*¥ anomalous terms B;, B,
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Using the superpotential formalism
in the MSSM and its extensions

« Superpotential — a polynomial W depending on scalar fields A

¢ The most general form of the MSSM superpotential which does
not violate gauge invariance and the SM conservation laws is:

H—»" = !'_!.E;_j Hdl Hf —|— E.‘{j}'}fijl Lj RJ —|— Ei,? }JEIJH_E-I Q:: DJ —|— E‘-:J; };JJ Hﬁ@j {T_.-TJ
which in LanHEP notation will take a form

keep lets W.
let W=eps*(muxH1*H2+m1*H1*L*R+md*H1*Q*D+mu*xH2*Q*U) .

Where H1, H2, L, R, Q, U, D should be defined above as doublets
and singlets in terms of scalar particles.

keep lets statement substitution of H1, H2, L, R, Q, U, D in terms
of their components
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Using the superpotential formalism
in the MSSM and its extensions

¢ Yuakawa interactions are given by

1 W
2 (04{@6)51;5 e H{)

which in the LanHEP language will take form

lterm - df (W,H1,H2)*fH1*xfH2 - ... + AddHermConj.

where fH1, fH2 should be defined above as fermionic partners of
corresponding multiples, e.g.

let f hl = { Zn31*up(~o0l)+Zn32*up(~02)+Zn33*up(~o03)+Zn34*up(~o04),
Zm21*up('~1-")+Zm22*%up('~2-"') }.
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Using the superpotential formalism
in the MSSM and its extensions

¢ FF term from scalar supersymmetric potential
| | S b
V =5D"D*+ F/'F; where F;=0W/04,

in LanHEP notation will take a form
lterm - df (W,H1)*df (Wc,Hlc) -
where \Wc should be decleared above as the conjugate superpotential

FF term can be introduced even in shorter way as

lterm - dfdfc(W,H1) - ....

where dfdfc(\W,H1) function evaluates the variational derivative,
multiplies it by the conjugate expression and returns the result
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Vertices with color particles in CalcHEP

¢ The CalcHEP Lagrangian tables do not describe explicitly the

color structure of a vertex.
¢ [f color particles are present in the vertex, the following implicit

contractions are assumed (n. a. r are color indices):
dpq for two color particles Aé and Ag

Ay for three particles, which are color triplet, antitriplet and octet
»

N fPI" for three color octets  fPI"GPGIGY

» There are no other color structures in CalcHEP
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Vertices with color particles in CalcHEP

if uy s . paqrcyq (v X P
.. ¢ 4-gluon vertex can be split it into 3-legs vertices GG X
" "y e W (sesmnnmnnnnnnmnfy IR RRIRN iy
B N _ $ _ " .._._.-'
X! xi
.-. .l|:-J: {'_;'l. .l|'_.:' |'_'J.'llllllll:llll|:'J: |'_.:IIIIIIIII.I... ..l|:-:

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

¢ If 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-S5ize—Read—Erries

Al A2 A3 | A4 | > Factor <I> Lorentz part
G G G | |GG Iml.m2%(pl-p2) .m3+m2 . m3* (p2-p3) .ml+m3.m1*(p3-pl) .m2
G |G IG.t | |GG/Sqrte 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:
mdl/stand.mdl

c® o© oo

keys gauge_fixing=Feynman.

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

do_if gauge_fixing==Feynman.

model 'Stand. Model (Feyn. gauge)'/6.
do_else_1f gauge_fixing==unitary.

model 'Stand. Model (un. gauge)'/5S.

do_else.
write('Error
quit.

end if.

the key "gauge” should be either "Feynman” or "unitary”.').
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Implementation of SM Lagrangian(2)
¢« Parameters definition

let g5=gammab5.
use sm_tex.

EE
GG
SHW
s12
823
s13

parameter

parameter CH
cl?2
c23
cl3

parameter

vud
Vus
Vub
Ved
Veos
Vecb
vtd
Vts
Vtb

parameter

OrthMatrix(

. 31333
117
.4740
. 221
.040
.0035

(o e o B o Yl e

sqrt (1-SW**2)

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

cl2*%cl3
812*%c13
513

(-812*%c23-cl2*%s23%s13)
(cl2*%c23-512*%s23*%s13)

523*%cl3

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

c23*cl3

{ {Vud,Vus,Vub},

'Electromagnetic coupling constant («<->1/128)"

'Strong coupling constant (Z point)

'sin of the Weinberg angle
'Parameter of C-K-M matrix
'Parameter of C-K-M matrix
'Parameter of C-K-M matrix

'cos
L
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

(PDG-94) * .

(PDG-94 , "on-shell”) ',
(PDG-94) ',
(PDG-94) ',
(PDG-94) ',

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

of C-K-M matrix’',
of C-K-M matrix’'.

element’',
element’',
element’',
element’',
element'’',
element’',
element’',
element’',
element’'.

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

o Definition of mixings and doublets

let ll={nl,el}, Ll={Nl1l,El}.
let 12={n2,e2}, L2={N2,E2}.
let 13={n3,e3}, L3={N3,E3}.
let gl={u,d}, Q1l={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+Ves*s+Vcb*b}, QZ2a={C,Vcd*D+Vcs*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') /Sqgrt2, 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 = (W1, W2 , W3}, WW = {'W+',W3,'W-"1}.

let g=EE/SW, gl=EE/CH.
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Implementation of SM Lagrangian(5)

% Self-interaction of gauge bosons

lterm -F**2/4 where
F=deriv*mu*Bl*nu-deriv*nu*Bl*mu.

lterm -F**2/4 where
F=deriv*mu*G*nuta-deriv*nu*G*muta+i*GG*f SU3*a*b*c*G*mu*b*G*nu’c.

lterm -F**2/4 where
F=deriv*mu*WWl*nu*a-deriv*nu*WWl*mu*a -g*eps*a’*b*c*WHWl*mu*b*WW]l*nu*c.
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Implementation of SM Lagrangian(6)

% left fermion interaction with gauge fields

lterm anti (psi)*gamma* (1-g5) /2* (i*deriv-g*taupm*WW/2-Y*gl*Bl) *psi
where
psi=1ll, Y=-1/2;
psi=1l2, Y=-1/2;
psi=13, ¥Y=-1/2;
psi=gla, ¥= 1/6;
psi=g2a, Y= 1/6;
psi=qg3a, Y= 1/6.

% right fermion interaction with gauge fields

lterm anti (psi)*gamma* (14+g5) /2* (i*deriv - Y*gl*Bl) *psi
where
psi=el , Y= -1;
psi=e2,Y¥= -1;
psi=e3,Y¥= -1;
psi=u, Y= 2/3;
psi=c, Y= 2/3;
psi=t, Y= 2/3;
psi=d, Y= -1/3;
psi=s, Y= -1/3;
psi=b, ¥= -1/3.

% gquark-gluon interaction

lterm GG*anti(psi)*lambda*gamma*G*psi where
psi=gl; psi=qg2; psi=qg3.
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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 theH’}/’}/ implementation

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

external_func(IAAhiggs,2).

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

Iterm 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 [H 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 ('!*')).
scalar x1/X1: (x1, mass Maux, aux ("!*")).

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_SU3arbAc*GAn a*GAmAb* G2t.t" " mAn’c)*(X1*Maux).
lterm  GG/2*f_SU3*a’bAc*GAnra*GrmAb* G2T.t'AmAnAc.

0 R R D T )
e, - = = = N
G G---7-------- G h G
|
G- G2t | ,
TS ve2e @ x1 B x1 h
G’ . | = G___ A
vxl L n |
.. | x1 .. G2t G 1G2t n
B G- ls S <
h h G- G G-t G
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MIicrOMEGAs
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Cold DM density in Universe.

DM density is known from measurements of CMB temperature
fluctuations in  WMAP and Planck spacecraft experiments:
Assuming that DM is a non-relativistic particle at temperatures of

CMB formation ( Mdm > 10KeV) they get

Qh* = h?pgm/per = 0.1198(26)
IS critical density of Universe defined via gravitation

Here s
constant G and Hubble rate H
B 3H?

Per = Sl

H=n*100km/s/Mpc where h=0.73(3) Iis a present day Hubble rate

0(rc)=10.537h? GeV/m® so p(dm)= 1.11 GeV/m?

Q =0.12/0.73% = 0.23
Such value of (2 isin good agreement with simulation of galaxies
formation and with requirement on expansion rate in time of primordial
nucleosynthesis (MeV temperatures).
“Practical introduction into selected TOOLS for High Energy Physics”
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Dark mater in spiral galaxies.
Dark matter density in spiral galaxies is detected via rotation
curve - dependence of velocity rotation on distance from galactic
center. It is defined via Doppler shift of 21-cm hydrogen
radiation.
DISTRIBUTION OF DARK MATTER IN NGC 3198

plr) = (r/rs)(141/rs)?

zm '- I I I ] I Ll I I I ' 1 1 1 I I 1 I I I l I 1 I I 5 Flat rotatiOn Curve
[ NGC 3108 i corresponds to DM
- - density profile
150 (— -j
. ] N 5
0 L halo : p(r) ~ 1/71
;é’ il 3 Typical DM profile
u | = Navaro, Frenk, and
> ] White
50 -: ps

L1 1 1 ] 1 L__1 i l 1 11 1 l L1 L__L. I 1 i | A

0 10 20 30 40
Radius (kpe)

o
o
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Evolution of neutralino relic density

time evolution of number density is
given by Boltzmann equation

dn/dt.:.‘_:%ﬂnﬁ@{é?» (n2l —n?)

The challenge is to evaluate thousands
annihilation/co-annihilation diagrams

[Griest, Seckel:92] g / _______eq
7o 4 g i X ' :
)
]
X : ) h X i W :
of X+ . ;
RS S S Sy S O

x=m/T (time =)

Alexander Belyaev N> “Practical introduction into selected TOOLS for High Energy Physics” 125



Evolution of neutralino relic density

time evolution of number density is
given by Boltzmann equation

dn/dt=-3Hn-(c4v)(n* — ng,)

The challenge is to evaluate thousands
annihilation/co-annihilation diagrams

[Griest, Seckel:92] eq
7\ 5 Tx AH ' il
F _* N T X - o ..
’ %‘ .
’ P 1 3 E
& 17 1
' - 5 1o
X : i 7 X ) Wt H o
Ij' X_]_ ‘JV— zﬂ:z:; .:
Y [ 3 ¥ = T ioe ]
A ! J X '\/\/\/\/ Browp \ TTTTommmommmoeon
relic density depends crucially on
y p y (JAv> lo—laE .é
hermal ilibrium stage: Sl . | S
t e a equ g T > mX’ XX <_> f 10-5!1 . o ””‘H: I o ;DD 1.(:-00

x=m/T (time =)
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Evolution of neutralino relic density

time evolution of number density is

The challenge is to evaluate thousands given by Boltzmann equation

annihilation/co-annihilation diagrams

2 2
[Griest, Seckel:92] dn / dt=-3Hn- <(7 AU> (n — neq)
F _* - ¥ % : :: :
< . é :n:* -.
' - P
X i / X . wt 8 e ’
~ lf X4 gl E":Z ..
A I f X v\/\/\/\: 35t R SR SR "‘
relic density depends crucially on (O'A’U>
thermal equilibrium stage: T >m,, xx & f iz::i | | |
universe cools: . x=m/T (time -)
N = Neq~ e_m/ i 4 5 my, XX §L> ff
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Evolution of neutralino relic density

time evolution of number density is

The challenge is to evaluate thousands given by Boltzmann equation

annihilation/co-annihilation diagrams

2 2
[Griest, Seckel:92] dﬂ/dt:—SHH- <O'AU> (TL — neq)
F _* 4 ¥ % - :: :
< = é :n:* -.
' | e
X : ~ f X _ W/"‘ E 10-1 :
~ lf X4 gl E":z ..
X I f X y\/\/\/\: 35! R S S ’
relic density depends crucially on (O'A’U>
thermal equilibrium stage: T >m,, xx & f z:i | | |
universe cools: . x=m/T (time -)
neutralinos “freeze-out” at Ty ~ m/25
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Evolution of neutralino relic density

time evolution of number density is
given by Boltzmann equation

dn/dt=-3Hn-(04v) (" — n,)

The challenge is to evaluate thousands
annihilation/co-annihilation diagrams

[Griest, Seckel:92] eq
el L | o
’ o
# g Y
g1 ;
' - 8 o
X i f i _ W/+ S 1o 1
l 'T X_]_ ";[/" Eﬂ :2::: { ._‘i
Y I “ & J. jn £ o 5 3
: , X ANAN,  EF T
relic density depends crucially on
y p y (JAv> lo—la;r .é
I ilibrium : - , 1
thermal equilibrium stage T>m,, xx < f ot e
universe cools: & : R
N = Neq~ e_ml T ~ mx’ XX §L> ff
neutralinos “freeze-out” at Ty ~ m/25
Q, = 0.112
Packages:

MicrOMEGAs (Pukhov et al), DarkSusy, ISARED
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Evolution of neutralino relic density

: time evolution of number density is
The challenge is to evaluate thousands given by Boltzmann equation

annihilation/co-annihilation diagrams
dn/dt=-3Hn-{o4v)(n* — n?)

[Griest, Seckel:92] g / . eq
X : T % aH ol
e T % - e
, 2z
& -g- 107 L
2 ‘f
z ' f 3 o :
- P X . wt e
. Z p-w )
o X+ W o L
X : f X W ! B }
relic density depends crucially on .
y P y (JAU> 10 1
thermal equilibrium stage: T > my, XX f o= ST s =
universe cools: & : xm/ e ) o
N = neq~ e-M'T TSsmy, xx ff 0 — 10—-19GeV
o, ” X (av)
neutralinos “freeze-out” at Trp ~m/25
Q, = 0.112

Packages:
MicrOMEGAs (Pukhov et al), DarkSusy, ISARED
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Evolution of neutralino relic density

time evolution of number density is
given by Boltzmann equation

dn/dﬁ;;th}<q4p>Of%—~n2)

The challenge is to evaluate thousands
annihilation/co-annihilation diagrams

[Griest, Seckel:92] eq
;>\\\ . Tz AH | Lol :
Pl Y X | -t
’I :"'é"' !l’]:“: ";
l : P
R S owe i
I o P! 3
X : f X W ol }
relic density depends crucially on -
L T loav) ?
thermal equilibrium stage: T > my, XX f o= ST s =
universe cools: & : xm/ e ) o
N = neq~ e-M'T TSmy, xx# ff 0 — 10— 1°GeV
L , X (TAv)
neutralinos “freeze-out” at Trp ~m/25
oaAv) = 1pb
Q, = 0.112 \gav) = 1p

Packages:
MicrOMEGAs (Pukhov et al), DarkSusy, ISARED
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Evolution of neutralino relic density

The challenge is to evaluate thousands
annihilation/co-annihilation diagrams

time evolution of number density is
given by Boltzmann equation

2 2
[Griest, Seckel:92] dg/dt:—SHH-<OAU> (TL | T,??eq
F _* N T X ::r ..
’, -é !n:v: -;
z ' - g
x L f 3 owr i
J Lo Fheti
i : f X '\M 350! H S SRR
relic density depends crucially on :E::i:
y.. F.’ ! (T AV) e
thermal equilibrium stage: T >m,, xx < f o - a Ly
universe cools: & : g S
N = neq~ e~ TSsmy, xx ff 0 — 10—-10GeV
. X
neutralinos “freeze-out” at Ty ~ m/25 (av)
oaAv) = 1pb
Q, = 0.112 (7av) = 1pb
Packages: (oAv) = T2
) O-A — 8MmM>=2

MicrOMEGAs (Pukhov et al), DarkSusy, ISARED

)
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Evolution of neutralino relic density

time evolution of number density is
given by Boltzmann equation

dn/dt.:.'?ﬂn'.<(74?.}.> (n2l —n?)

The challenge is to evaluate thousands
annihilation/co-annihilation diagrams

[Griest, Seckel:92] eq
F y = ' o]
~ | - 3ol
X : / X . wt P
4 R o e
8} F R b 1s 00 et
relic density depends crucially on :E::;:
I (T AV) |
thermal equilibrium stage: T>my, xx< f o WONC " 3
universe cools: & : xm/ e ) o
N = neq~ e-M'T TSsmy, xx ff 0 — 10—-10GeV
: X —
neutralinos “freeze-out” at Ty ~ m/25 (ocAv)
oaAv) = 1pb
Q, = 0.112 (7av) = 1pb
Packages: TAV) = g:q,z
MicrOMEGAs (Pukhov et al), DarkSusy, ISARED mass of the

— 100GeV  mediator
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DM Observables: the power of WIMP

Correct Relic density: efficient (co) annihilation
WMAP, Planck ; annihilation to photons can affect

DM DM
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DM Observables: the power of WIMP

Correct Relic density: efficient (co) annihilation
WMAP, Planck ; annihilation to photons can affect

Signatures from CMB {====) (—)
neutralino annihilation _ D M DM
in halo, core of the 3 E'g
Earth and Sun SD' S
*photons, QS
° .- Q ~h
Antl. protons E o
*positrons, S =3
*Neutrinos = %
Neutrino telescopes: 9 =
*Amanda TS
*Ilcecube Q3
sAntares o9
S 3
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DM Observables: the power of WIMP

Correct Relic density: efficient (co) annihilation
WMAP, Planck ; annihilation to photons can affect

Signatures from CMB {====) (—)
neutralino annihilation _ DM DM
in halo, core of the 3 E'g

Earth and Sun §- S

*photons, QS

. s = ~

Antl. protons E o

*positrons, S =3

*Neutrinos = %

Neutrino telescopes: S 3

*Amanda '{,%* S

*lcecube Qs

*Antares g' g SM SM

Efficient scattering off nuclei:
DM Direct Detection (DD)

Signature from energy deposition from
nuclei recoil: LUX, XENON, WARRP,
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DM Observables: the power of WIMP

Correct Relic density: efficient (co) annihilation
WMAP, Planck ; annihilation to photons can affect
CMB A

(o)

Signatures from

neutralino annihilation _ DM DM
in halo, core of the 3 Eh" LHC signatures
Earth and Sun ) S E _
*photons, QS ‘g . mono-je; t

: ~ * mono-photon
*Anti-protons Eg 3 . mono_E
*positrons, o= S_g * mono Higgs
Neutrinos == c3
Neutrino telescopes: 9= 23 ¢ VBFTMET
°i°«manl;:Ia .{%.g ES : soft leptons+MET
°icecupe Qs ©
*Antares g' g SM SM

Efficient scattering off nuclei:
DM Direct Detection (DD)

Signature from energy deposition from
nuclei recoil: LUX, XENON, WARRP,
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DM Observables: the power of WIMP

Correct Relic density: efficient (co) annihilation
WMAP, Planck ; annihilation to photons can affect

Signatures from cMB ( ) : )
neutralino annihilation _ DM DM
in halo, core of the 3 Eh" LHC signatures
Earth and Sun 5 ) _5 _
*photons, QS ‘g . mono-je; t

: ~ * mono-photon
*Anti-protons Eg 3 . mono_E
*positrons, o § S_g * mono Higgs
Neutrinos S S c3
Neutrino telescopes: & g*. ;3 o . \SIIOBflt:TeI\:IOItEJnS+M ET
-il\mangla § S E *g ° ...
*Icecube a3
*Antares g' g SM S M.

Efficient scattering off nuclei:
DM Direct Detection (DD)

Signature from energy deposition from
nuclei recoil: LUX, XENON, WARRP,

Note: there is no 100%correlation between signatures above. For example, the high
rate of annihilation does not always guarantee high rate for DD!
Actually there is a great complementarity in this:

* In case of NO DM Signal — we can efficiently exclude DM models

* In case of DM signal — we can efficiently determine the nature of DM

Alexander Belyaev N> “Practical introduction into selected TOOLS for High Energy Physics” 138



Dark Matter in models of particle interaction.

Discrete symmetry.

To describe DM in field theory we need a symmetry which is responsible for
stability of DM. For instance it could be

a Z> symmetry which divides all particles on two classes, odd and even.

Then the lightest odd particle is stable and can be treated as DM.

In many models such symmetry appears quite natural. For instance,
it is R-parity for SUSY modes where SM particles are even ones, but their
superpartners belong to odd sector.

In realistic models with one extra dimension the extra dimension is
presented by interval with special boundary condition. xs-> -xs symmetry
leads to stability of the lightest Kaluza-Klein mode.

As a rule model contains several odd particles and it becomes important
when we calculate DM relic density and Direct Detection and collider signals.
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Installation of micrOMEGAs package

MicrOMEGAS site http://lapth.in2p3.fr/micromegas
Click Download and Install  (left -top part of the screen)
And then DOWNLOAD ( right-top part of the screen)
The name of received file should be
micromegas_Xx.y.z.tgz

Unpack it by  tar -xvzf micromegas_x.y.z.tgz

It should create directory micromegas x.y.z/ which occupies about 40
Mb of disk space. You will need more disk space after compilation of

specific models and generation of matrix elements .

In case of problems and questions

email: micro.omegas@lapp.in2p3.fr
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File structure of micrOMEGASs package.

Makefile

CalcHEP_src/ generator of matrix elements

sources/ micrOMEGAS own codes

man/ manual_4.2.tex, manual_4.2.pdf
description of micrOMEGAs routines

Packages/

SuSpect 2.41 NMSSMTools 4.7.1 CpsuperH2.3,
LoopTools-2.1 — external packages

model directories:

MSSM/

NMSSM/ Next-to-Minimal SuSy Model
CPVMSSM/ MSSM with complex parameters
UMSSM/ MSSM + U(1) gauge field

IDM/ Inert dublet model

LHM/ Little Higgs Model

RHNM/ Right-handed Neutrino model

To compile micrOMEGAS use 'gmake' or 'make’
To clean use [g]make clean
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Structure of MODEL directory

main.c main.F files with main program for given model

lib/ directory for routines specific routines model
Makefile

work/ CalcHEP working directory

models/ model specification (just one model should be there)
varsl.mdl funcl.mdl prtclsl.mdl Igrngl.mdl extlibl.mdl
so_generated/ directory to store generated matrix elements

Makefile supports compilation of C,Fortran and C++ user codes
‘gJmake main=XXX.c => executable XXX
gJmake main=YYY.F => executable YYY
‘gJmake main=ZZZ.cpp => executable ZZZ
‘gJmake is equivalentto [glmake main=main.c

ex#9: Install micrOMEGASs
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Module structure of main programs

main.c, main.F files presented in micrOMEGAs model directories
consist from several blocks enclosed into

#Hifdef XXXXX

#endif

User can switch on/off any of this block via corresponding #define
Instruction in the top of file

#define MASSES INFO /* Display information about mass spectrum *
#define CONSTRAINTS /* Display B->s,gamma, Bs->mu,mu, ...*/
#define OMEGA /* Calculate relic density */

#define INDIRECT_DETECTION /* Signals of DM annihilation in galaxy hallo */
[[#define RESET_FORMFACTORS /* Redefinition of Form Factors and other parameters */

#define CDM_NUCLEON /* Calculate amplitudes and cross-sections for CDM-
nucleon collisions */
/[[#define CDM_NUCLEUS /* Calculate number of events for 1kg*day and recoil

energy distribution for various nuclei */
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Simple example. Inert Doublet Model
Inert Doublet model contains two SU(2) doublets

| ; H+
Hl - ( < v >=4+h , \,ff'__}> | JHJ N ( r :\: +7 - F lr 'F-H.f'; ‘rfj)

The Lagrangian contains only even powers of H2 doublet

L = (SM terms) + D'H5 D, Ho
—p2H2Z — MNoHS — XN3H2H2 — M\y|H} Ho|? — AsRe[(H} Hy)?|

Because of symmetry [/, — —I1,the lightest of H'. X. H3 is stable
Parameters (L ;i;g. /"\ | can be expressed in terms of masses
New couplingsare Ao . Ajp = Az + Ay + A5
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Free parameters of the model.

Free model parameters are presented in
MODEL/work/models/varsi.mdl
For example:

Inert Doublet Model

Variables

Name | Value > Comment <|
EE 0.31333 Electromagnetic coupling constant
SW 0.474 sin of the Weinberg angle
MZ 91.187 Mass of Z
MHX 111 Mass of Inert Doublet Higgs
MH3 222 Mass of CP-odd Higgs

MHC 333 Mass of charged Higgs

LalL 0.01 Coupling 1in Inert Sector

findvalW(char * name) - returns numerical value of parameter
assignValW(char *name, double value) - assigns new value to parameter.
If 'name' does not correspond to any parameter, you'll get a warning .
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In order to download set of parameters micrOMEGAs has the function
readVar(fileName)

which returns zero in case of successful reading. Structure of file
records has to be

name value [# comment ]

For instance, incase of IDM (datal.par file)

lalL 0.001 # coupling

MHX 600 # inert sector Higgs
la2 0.01 # coupling

MHC 604 # mass of charged Higgs
MH3 601 # mass of CP odd Higgs

Usually micrOMEGAs main.c[F] files requires to present input file with
model parameters in a command line.
Jmain datal.par
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Example of micrOMEGASs session
IDM ./main data1.par

Dark matter candidate is '~X" with spin=0/2

=== MASSES OF HIGGS AND ODD PARTICLES: ===
Hig%s masses and widths
125.00 4.12E-03

Masses of odd sector Particles:
~X :MHX = 600.0 || ~H3 : MH3

==== Calculation of relic density =====
Xf=2.66e+01 Omega=1.1402e-01
# Channels which contribute to 1/(omega) more than 1%.
# Relative contributions in % are displayed

21% ~X ~X ->W+ W-

14% ~X ~X ->2Z

11% ~H3 ~H3 ->W+ W-

9% ~H+ ~H- ->W+ W-

7% ~H3 ~H3 ->Z Z

6% ~H+ ~X ->A W+

5% ~H3 ~H+ ->A W+

4% ~H+ ~H- ->A A

4% ~H3 ~H+ ->Z W+

3% ~H+ ~X ->Z W+

3% ~H+ ~H- ->A Z

601.0 || ~H+ : MHC = 604.0
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Example of micrOMEGASs session
IDM ./main data1.par

Dark matter candidate is '~X" with spin=0/2

=== MASSES OF HIGGS AND ODD PARTICLES: ===
Hig%s masses and widths
125.00 4.12E-03

Masses of odd sector Particles:
~X :MHX = 600.0 || ~H3 : MH3

==== Calculation of relic density =====
Xf=2.66e+01 Omega=1.1402e-01
# Channels which contribute to 1/(omega) more than 1%.
# Relative contributions in % are displayed

21% ~X ~X ->W+ W-

14% ~X ~X ->2Z

11% ~H3 ~H3 ->W+ W-

9% ~H+ ~H- ->W+ W-

7% ~H3 ~H3 ->Z Z

6% ~H+ ~X ->A W+

5% ~H3 ~H+ ->A W+

4% ~H+ ~H- ->A A

4% ~H3 ~H+ ->Z W+

3% ~H+ ~X ->Z W+

3% ~H+ ~H- ->A Z

601.0 || ~H+ : MHC = 604.0
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==== |ndirect detection =======
Channel ves[ecm?3/s]

annihilation cross section 6.10E-26 cm”3/s
contribution of processes

~X,~X -> W+ W- 6.02E-01
~X,~X->27 3.98E-01

Photon flux for angle of sight f=0.10[rad]

and spherical region described by cone with angle 0.10[rad]
Photon flux = 9.25E-16[cm”2 s GeV]™-1} for E=300.0[GeV]
Positron flux = 1.03E-13[cm”2 sr s GeV]*-1} for E=300.0[GeV]
Antiproton flux = 5.83E-13[cm”2 sr s GeV]*{-1} for E=300.0[GeV]

==== Calculation of CDM-nucleons amplitudes =====
CDM[antiCDM]-nucleon micrOMEGAs amplitudes:

proton: S| 1.497E-11 [1.497E-11] SD 0.000E+00 [0.000E+00]
neutron: SI 1.512E-11 [1.512E-11] SD 0.000E+00 [0.000E+00]
CDM[antiCDM]-nucleon cross sections[pb]:

proton S| 9.766E-14 [9.766E-14] SD 0.000E+00 [0.000E+00]
neutron Sl 9.961E-14 [9.961E-14] SD 0.000E+00 [0.000E+00]

ex#10: evaluate relic density for IDM vs MHX for LaL=0.001, 1a2=0.01, MHC=100 GeV,
MH3=100 GeV and MHX running from 50 GeV to 95 GeV with the step = 5 GeV.
You need to modify main.c respectively to implement the loop over the MHX mass.
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micrOMEGAs
hep-ph/0112278, hep-ph/0405253,

http://lapth.in2p3.fr/micromegas hep-ph/0607059,

Belanger, Boudjema, Pukhov, Semenov arXiv:0803.2360,
arXiv:1305.0237, arXiv:1407.6129

Was born in 2001, the latest version 4.3
Comprehensive tool for dark matter studies : precise calculation of relic density, direct

detection, indirect detection, cross section at colliders and decays

Comes with models: MSSM, NMSSM,CPV-MSSM, RH-neutrino, Littlest Higgs, Inert

doublet+singlet Z3,Z4; many more models are available at hepmdb.soton.ac.uk

»

»

$¥ & & & 3

Additional features

Neutrino signal from DM capture (for SuperKamiokande, lceCube), both neutrino flux and
muon flux are computed

Higgs 3-body decays and loop-induced decays are included — a good agreement with
HDECAY (Djouadi et al) for SM-like Higgs

Links to external packages: HiggsSignals/HiggsBounds (Bechtle et al), Smodels (Kraml et al)
Includes 3/4-body processes with one/two virtual W/Z
£2,/3,74,75 symmetries and two DM candidates

Asymmetric DM: option to define AY=Y"-Y
Collider limits for Z' on-shell mediator (Barducci et al)

50 o & it 7a
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HEPMDB
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The strategy for delineating of underlying theory

list of
kinematical
variables

list of
signatures

theories

@ ( list of '
A

Theory
ideas
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The strategy for delineating of underlying theory
.

list of
list of kinematical
signatures variables

“Dictionary of the model
signatures” is expected to be
produced here

list of
theories

-

Theory
ideas

\
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First Steps towards “Dictionary”

AB, Asesh Datta, A. De Roeck Rohini Godbole, Bruce Mellado, Andreas Nyffeler, Chara Petridou,
D.P. Roy, Pramana 72:229-238,2009. e-Print: arXiv:0806.2838 [hep-ph]

Variables SUSY (MSSM) LHT UED
heavy partners heavy partners heavy partners
Spin differ in spin have the same have the same

by 1/2 spin, no heavy spin
gluon
Higher level NO NO YES

N(I's 4B+ Jets)

modes heavy partners heavy partners heavy partners

Nyt fNy— - Rsusy < Reoar Hiagr Rerp =~ Rear
from several only from only from

5SS leptons rates channels: 58 heavy 5SS heavy
SS heavy fermions, fermions fermions
Majorana fermions

i I'E.I-+_]J_“f.€ 1
R—= Rgusy RiuT < Hsusy Ruen

to be studied

b-jet multiplicity

enhanced (FP)

not enhanced

not enhanced

Single heavy top

NO

YES

YES
via KK2 decay

polarization tt + o to be studied to be studied to be studied
effects T + P to be studied to be studied to be studied
tvpically low for
Direct DM high (FP) low ¥1(3D) DM [22]
detection rate low (coann) (Bino-like LTP) typically high for
~a(6D) DM [22
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It was realised that
“Dictionary of the LHC Signatures”
in the form of various tables are far

from realistic accommodation
of promising models
and their signatures

Alexander Belyaev N> “Practical introduction into selected TOOLS for High Energy Physics” 155



It was realised that
“Dictionary of the LHC Signatures”
in the form of various tables are far

from realistic accommodation
of promising models
and their signatures

We need dictionary in the form of
the Model Database and their Signatures

High Energy Physics Model Database
[HEPMDB]
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High Energy Physics Model Database
https://hepmdb.soton.ac.uk/

Login | Register

=,

HEPMUID.

n - . | - - - )
Hgn cnerqgy rrnysics !"rrt#:,:,u‘z palabase

Home News Calculate Tools Signatures Contact Us

¥

| Search in HEPMDB .| Show All Models

About HEPMDB News

CalcHEP and HEPMDB: practical introduction and tutorial
HEPMDB is created to facilitate the connection between High Energy theory

and experiment, to store and validate theoretical models, to develop
dictionary of the model signatures aimed to identify the fundamental theory
responsible for signals expected at the LHC.

2012-05-03 23:13:13

CalcHEP and HEPMDB: practical introduction and tutorial will take place at
CERN https://indico.cern.ch/conferenceDisplay.py?confld=189668
More =

HEPMDB is also designed for collecting different signatures for its models as
well as respective experimental efficiencies. Using this information HEPMDB

will be able to compare its BSM model predictions with LHC data which and
would allow to discriminate an underlying theory.

The database is in the development stage and your input in the "Forum'
section is highly appreciated. Database collects Particle Physics Models.
These models are supposed to be public and represent themselves a set of
Feynman Rules which can be in form of input for any of Matrix Element
generators such as CalcHEP, CompHEP, FeynArts, Madgraph, SHERPA,
WHIZARD. HEPMDB has an entrance for Model authors -- "Authors' -- where
Authors can test and validate their models.

To become an 'Author’, you should register in a 'Register' section. 'Authors’
are welcomed to also upload LanHEP or FeynRules source of their models.

Validation

LHAPDF package is added

2012-03-2512:55:34

LHAPDF is installed at HEPMDB and can be used now. To use LHAPDF installed
at HEPMDB with CalcHEP models one should add -L$§HOME/Ihapdf/lib/ -ILHAPDF
line to your extlibN.mdl file. P.5. All news about HEPMDB like this one will be
sent to all users registered at HEPMDB (they also should have an option not to
receive these news if they want)

More »

Miniworkshop on High Energy Physics Model Database (HEPMDB)

2012-05-03 23:15:00

Miniworkshop on High Energy Physics Model Database (HEPMDB).

At IPPP at Durham we have a one-day mini-workshop on High Energy Physics
Mode| Database (HEPMDB). The schedule and registration are available at
http://indico.cern.ch/event/hepmdb
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High Energy Physics Model Database

¢ Developed at Southampton with support from IPPP, Durham
as a result of ideas discussed in the context of the “Dictionary of LHC signatures”, at the
FeynRules workshop (April, 2010) and at the Mini-Workshop on Dynamical Symmetry
Breaking models and tools (July 2010)

¢ Further developed at the Les Houches Workshop, June 2011

High Energy Physics Model Database —- HEPMDB. Towards decoding of

the underlying theory at the LHC.
arXiv:1203.1488 (the last section of the Les Houches 2011 proceedings)

Malksym Bondarenko', Alexander Belyaev'?, Lorenzo Basso*3, Edward Boos?, Vyacheslav
Bunichev?, R. Sekhar Chivukula®, Neil D. Christensen®, Simon Cox", Albert De Roeck®, Stefano
Moretti'2, Alexander Pukhov?®, Sezen Sekmen®, Andrei Semenov®, Elizabeth H. Simmons®, Claire
Shepherd-Themistocleous?, Christian Specikner’

Abstract

We present here the first stage of development of the High Energy Physics

Model Data-Base (HEPMDB) which 1s already a convenient centralized stoi-

age environment for HEP models, and can accommodate, via web interface to

the HPC cluster, the validation of models, evaluation of LHC predictions and

event generation-simulation chain. The ultimate goal of HEPMDB i1s perform

an effective LHC data mterpretation isolating the most successful theory for

explaining the LHC observations.
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Aims of the HEPMDB (1)

¢ to collect HEP models for various multipurpose Matrix Element (ME)
generators like CalcHEP, CompHEP, FeynArts, MadGraph/MadEvent,
AMEGIC ++/COMIX within SHERPA and WHIZARD.

Under “HEP models” we denote the set of particles, Feynman rules and parameters written in the
format specific for a given package

¢ to collect models’ sources which can be used in the HEPMDB to
generate HEP models for various ME generators using FeynRules or
LanHEP which automate the process of generating Feynman Rules,

particle spectra, etc..

For the moment, FeynRules supports formats for CompHEP, CalcHEP, FeynArts, GoSam,
MadGraph/MadEvent, SHERPA and WHIZARD Currently LanHEP works with CalcHEP,
CompHEP, FeynArts and GoSam. Also, the latest LanHEP version 3.15 has an option under testing
of outputting the model in UFO format which provides a way to interface it with
MadGraph/MadEvent

¢ to allows users upload their models and perform evaluation of HEP
processes and event generation for their own models using the full
power of the High Performance Computing (HPC) cluster behind the
HEPMDB.

This is one of the very powerful features of the HEPMDB: it provides a web interface to
various ME generators which can then also be run directly on the HPC cluster. This way,
users can preform calculations for any model from HEPMDB avoiding problems related
fo installing the actual software, which can sometimes be quite cumbersome
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Aims of HEPMDB (2)

¢ to plot and document various kinematical distributions from generated
events in the LHE format

¢ to allow to compare predictions from models generated from LanHEP
and FeynRules

¢ to collect predictions and specific features of various models in the form
of database of signatures and perform comparison of various model

predictions with experimental data (to be developed)

There are a lot of different aspects related to this problem. This task includes a comprehensive
development of a database of signatures as well as development of the format of presentation of
these signatures. This format will be consistent with the format which will be used by the
experimentalists for the presentation of the LHC data, discussed in the context of the “Les Houches
Recommendations for the Presentation of LHC Results” activity.

¢ to trace the history of the model modifications, and makes available all

the versions of the model
Through this application, we stress the importance of reproducibility of the results coming from
HEPMDB or from a particular model downloaded from HEPMDB.
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Sounding similar but qualitatively
different related projects

¢ “Database of Numerical HEP scattering cross sections”
http://durpdg.dur.ac.uk/HEPDATA/REAC
collects various particle scattering process which are connected to
experimental searches of different reactions

¢ “Signatures of New Physics at the LHC” web-site
http://www.lhcnewphysics.org/
collects various BSM signatures, their classification and related papers

¢ FeynRules and models database
http://feynrules.irmp.ucl.ac.be
collects various models implemented into FeynRules and have an
effective way to validate them

¢« HEPMDB can effectively collaborate with all projects above!
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The current status of HEPMDB (1)

¢ Allows to search and download an existing HEP model. The

search engine checks patterns in the fields:
Model, Authors, References, Abstract, Signatures and Information

HEPMDB Login | Reaqister
High Energy Physics Models DataBase Home Calculate Tools Signatures Contact Us
Search in HEPMDB 9 ‘ Show All Modals

Search Models :: Results for [MSSM]

14 MSSM [2011-06-21 10:54:07] hepmdb:0611.0028
CalcHER/MicrOMEGAs groups

We present MSSM with SUGRA and AMSE scenario as well as M55M with low energy input. Read file
INSTALLATICN for model installation and file CITE for references on sdentific publications which pre...

2 MSSM (Whizard) [2011-12-30 04:38:42] hepmdb:1211.0047
Christian Speckner

MSSM model for Whizard...

3 RPV MSSM [2012-02-17 18:30:58] hepmdb:0212.0049
Uploaded by Metin Afa, created by Benjamin Fuks

(taken from FeynRules web page) Our implementation keeps all the flavour-violating and helicity-mixing terms in
the Lagrangian and also all the possible additional CP-violating phases. In order to de...
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The current status of HEPMDB (2)

¢ one can upload a new model (upon user registration). The model can
be uploaded in the format of any ME generator. Also, a user can
upload the model source in FeynRules or LanHEP formats, allows to
keep model privately!

Model : MSSM
http://hepmdb.soton.ac.uk/hepmdb:0611.0028

Authors
CalcHEP/MICrOMEGAS groups

Added By

Alexander Belyaev

References

G.~Belanger, F.~Boudjema, A.~Pukhov and A.~Semenov, Comput. Phys, Commun. 174, 577 (2006)[arXiv:hep-ph/0405253]
A.reDjouadi, 1,~L.~Kneur and G.~Moultaka, arXiv:hep-ph/0211331

Abstract

Updated MSSM model for CalcHEP is uploaded (bug for SC constant in the file with dependences is corrected)

Information

We present MSSM with SUGRA and AMSE scenarto as well as MSSM with low energy Input. Read file INSTALLATION for model installation and file CITE for references on
scientific publications which present realization of the model.

Tools

CalcHEP [model]

Model History

2011-12-02 15:01:19
2011-10-14 13:40:10

| Downioad Model File | | Validate Model on HPCx | | Edit Model |

Reviews
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The current status of HEPMDB (3)

¢ allows to the evaluate cross sections for user-defined processes for
the chosen model and produce a respective LHE file with generated
parton-level events. This file is becomes available for download once

the process is finished (user will receive an e-mail notification on this)

Currently, the HEPMDB allows the user to perform these calculations (using the HPC)
for CalcHEP, WHIZARD and MadGRAPH 5

¢ produces ntuple files and allows to plot various kinematical
distributions
¢ allows to update/add features and respective signatures specific to

each model.

These features and signatures can be used in the future to distinguish the model from
others and connect it to the LHC signatures.

¢ keeps track of the model changes, providing reproducibility for the
results obtained with previous versions of the models uploaded to
HEPMDB

¢ allows to collect feedback/remarks on particular model from users
In Review section
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Future prospects for HEPMDB

(months scale)

¢ The LanHEP and FeynRules packages will be added to provide
model generation from model sources

¢ CompHEP package will be added.

¢ A systematic model validation process will be started and the
respective pages will be added.

¢ The possibility to study events beyond the parton level will be

carefully considered, up to detector simulation.

One concrete possibility would be the chain
LHE events -> HEPMC events -> FASTSIM events (ROOT format)
For the FASTSIM package, Delphes seems a promising candidate.

¢ The structure of the database of signatures will be extended to deal
with correlated signatures (i.e., whereby multiple signatures, or lacks
thereof, must be accounted for simultaneously)
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Future prospects for HEPMDB

¢ we plan to install the MicrOMEGAs package for evaluation of the dark
matter relic density as well as to provide a possibility for scans of
various model parameter spaces.

¢ Author of other packages/models are welcome to install/upload them

¢ the format for model predictions consistent with the format for
presentation of the LHC data by experimentalists is planned.
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Tutorial

Login | Register

HEPMDB

f"f_‘l[;r'.' ;r-,__,f:(;."g_';lﬁ-' ,5',;;):;-;;'(“,5 Models DataBase Home News Calculate Tools Signatures Wiki Contact Us

Show All Models

' Search in HEPMDB A |

About HEPMDB News

HEPMDB is created to facilitate the connection between High Energy theory
and experiment, to store and validate theoretical models, to develop
dictionary of the model signatures aimed to identify the fundamental theory
responsible for signals expected at the LHC.

HEPMDB is also designed for collecting different signatures for its models as
well as respective experimental efficiencies. Using this information HEPMDB
will be able to compare its BSM model predictions with LHC data which and
would allow to discriminate an underlying theory.

The database is in the development stage and your input in the 'Forum’
section is highly appreciated. Database collects Particle Physics Models.
These models are supposed to be public and represent themselves a set of
Feynman Rules which can be in form of input for any of Matrix Element
generators such as CalcHEP, CompHEP, FeynArts, Madgraph, SHERPA,
WHIZARD. HEPMDB has an entrance for Model authors -- 'Authors' -- where
Authors can test and validate their models.

We suffered a failure of the Iridis cooling system earlier this morning

2012-07-10 18:52:13

We suffered a failure of the Iridis cooling system earlier this morning, which led
to temperatures in the data centre rising very rapidly. We do not expect to be
able o resume a batch service until after lunch.

More »

CalcHEP and HEPMDB: practical introduction and tutorial
2012-05-03 23:13:13

CalcHEP and HEPMDB: practical introduction and tutorial will take place at
CERN https://indico.cern.ch/conferenceDisplay.py?confld=189668
More »

LHAPDF package is added
2012-03-25 12:55:34

Southaiipion SEP(er W9 o w0 w0 &0 w0 1000

Dormafoad (ol sl Liodd]
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High FJ’FI.'_).r"t'.]y Physics Models DataBase Home News Calculate Tools Signatures Wiki Contact Us

i Search in HEPMDB « | | Show Al Models

Teal e moitel v st

Search Models :: Results for [MSSM]

1, MSSM [2011-06-21 10:54:07] hepmdb:0611.0028
CalcHEP/MicrOMEGAs groups

We present MSSM with SUGRA and AMSB scenario as well as MSSM with low energy input, Read file
INSTALLATION for model installation and file CITE for references on scientific publications which pre...

2. MSSM with bilinear R-Parity violation [2011-11-17 20:00:51] hepmdb:1111.0036

Florian Staub

The MSSM with bilinear R-Parity violating terms in the superpotential and for the soft-breaking terms. Model
files created by SARAH 3.1.0 Support of SLHA+ functionality to read spectrum files...

3. TMSSM [2011-11-17 20:06:23] hepmdb:1111.0037
Florian Staub

Triplet extended MSSM (including possibility of flavor violation) Model files created by SARAH 3.1.0 Support of
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Tutorial

HEPMDB

Hme Ealiulaie Tonts Signaiures Contact s

Faouc L, SLanuaru rmoue o =
Aot MERHI Model changed: False Menu~ Go'to HEPMDB~ @@ Help ~
. Gauge: Feynman

Calehep = | VOGR! bbb e b bt b B A B U
# Process Info

# Process specifies the process., More than
one process can be specified. Cuts,

weames s 1 1) N@me
valieatan 1 Standard Model

H

#
#
#
#
be specified for each one, #
#
#
#
#

as are necessary are allowed.
Composite specifies composite particles
present in the processes or decays.
G e e e i e e

#
#
# Decay specifies decays. As many decays
#
#

:ﬁ;

Whizard - Process: p,p-=W+,Z
Decay: W+->le,n
ID Name Decay: Z->le,le

Composite: p=u,U,d,D,G
Composite: le=e,E,m,M

Composite: n=ne,Ne,nm,Nm

G e i

# PDE Info # -

Message # Cholices are: #

_ # cteq6l (anti-proton) #

02/03/12 : 03:21:58 : You successiully sub |# cteq6l (proton) # nished.

02/03/12 : 03:21:01 : You dont have any jo [# mrst20021la (anti-nrotan) # >]

02/03/12 :+ 03:21:00 : Logged In.

v Load full batch v Save an
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Batch file in details(1)

E############################################### Composite: p=u.U.d.D.s.5.¢.C.b.B.G

# batch_file for CalcHEP # Composite: W=+ M-

# It has to be launched via # Composite: le=e.E.m.M

# ./calchep_batch batch_file # Composite: n=ne.Ne.nm.Nm

# Lines beginning with # are ignored. # Composite: jet=u.U.d.D.s.S.c.C.b.B.G

T80 80 0 280 0 2 R

T80 80 0 028 0 2 A R

# Model Info # BRI AR R AR A R AR AR AR
# Model is the exact model name. # # PDF Info #
# Model changed specifies whether a change # # Choices are: #
# was made to the model files. Changes # # cteqbl (anti-proton) #
# to the numerical values of external # # cteqbl (proton) #
# parameters is ok. Other changes # # mrst20021lo (anti-proton) #
# require that the process library be # # mrst20021lo {proton) #
# recreated. VYalues are True or False. # # cteqbm (anti-proton) #
# Gauge specifies gauge. Choices are # # ctegbm (proton) #
# Feynman or unitary. # # cteqbm (anti-—proton) #
BR BT R A R TR R A R R A R A R AR # ctegbm {proton) #
Model : Standard Model (CKH=1) # mrst2002nlo (anti-proton) #
Model changed: False # mrst2002nlo (proton) #
Gauge: Feynman # ISR #

i ISR & Beamstrahlung i
HERHFHRRARGH BB R R BB R R HR R R RR # Equiv. Photon #
# Process Info # # Laser photons #
# Process specifies the process. MWore than # # Proton Photon #
# one process can be specified. Cuts, # # OFF #
# regularization and QCD scale should # # #
# be specified for each one. # # ISR and Beamstrahlung are only available #
# Decay specifies decays. As many decays # # for electrons and positrons., while the #
# as are necessary are alloued. # # others are available for protons and #
# Composite specifies composite particles # # antiprotons. #
# present in the processes or decays. # # Default pdf: OFF #
HRERNFH BB ARG R RR R RHRR AR R G R R R R RR # Bunch xt+y sizes (nm) #
Process: p.p—>W.b.B # Ignored unless ISR & Beam chosen. #
Decay: H->le.n # Default: 560 #

# Bunch length {(mm) i

# Tgnored unless ISR & Beam chosen. #
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Batch file in details(2)

i Detault: 0.4 #
# Number of particles # #Bunch x+y sizes (nm) : 202500
# Ignored unless ISR & Beam chosen. # #Bunch length (mm) : 10
I Default: 2E+10 # #Number of particles ¢ BE+11
# Default Beamstrahlung parameters #
# correspond roughly with ILC. # #Photon particle i
# # #1QImax : 250
# Equiv. Photon, Laser photons and # #Incoming particle mass : 0.938
# Proton Photon are available for # #Incoming particle charge : -1
3 photons. # #1072 max £ .0
3 Default pdf: OFF # #Pt cut of outgoing proton : 0.15
#  Photon particle #
i Ignored unless Equiv. Photon chosen. # PSS SRS E S TSI E S EE ISR RS
# Choices are: mu™—,e"—, e+ mu™+ # # Momentum Info #
3 Default: e™+ # ¥ in Ge¥ #
# 1QImax # IS S S SIS RS SR E S S EE SR E S E T FE ST
# Ignored unless Equiv. Photon chosen. # pl: 4000
it Default: 100 # p2: 4000
# Incoming particle mass #
#  Ignored unless Proton Photon chosen.  # S R
# Defgult: 0.?38 # # Parameter Info #
#  Incoming particle charge i # Masses and Energies are in GeV #
i %ﬁ“'{"‘e‘j ”"1esi P;"t‘?’“ Photon chosen. i S
oices are: 1.- . 2
2 # ' : =0,
. Nefaadas 4 i Parameter: EE=0.31
#1072 I max #
TP TR R R 0 0 0 T 0 T R R
it Ignored unless Proton Photon chosen. #
# Run Info #
# Default: 2 # _ .
- # Masses and Energies are in GeY #
# Pt cut of outgoing proton # s
_ _ # More than one run can be specified at #
# Ignored unless Proton Photon chosen. # .
M Default: 0.1 # # the same time. #
T e TR TR TR TR0 000 0 0000 00 0 O 0 A A
pdfl: cteqbl (proton) Run par?meter: Mh
pdf2: cteqbl (proton) Run begin: 120
Run step size: 5
Run n steps: 3
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Batch file in details(3)

FEGH AR AR AR R RARRERAR RS R SRR RRRR R LR

IR I 00 IR0 00 0 000 00 0 00

# QCD Running Info #
# gs in the gui- # ¥ Cut Irfo #
- : # Must be in terms of the (production mode) #
# parton dist. alpha X # final state particles. #
# default: ON # # :n: specifies which process. #
# alpha(MZ) # # : means to apply to all processes. #
# default: 0.1172 # S I AR R R R R AR R
# alpha nf #
# default: 5 ¥ Cut parameter: M{b.B)
# alpha order # Cut invert: False
# choices: L0, NLO, NNLO ¥ Cut min: 100
# default: NLO ¥ Cut max:
# mb{mb) #
# default: 4.2 & Cut parameter: J(jet. jet)
# Mtop(pole) & Cut i?vert: False
#  default: 175 # Lur et L
# alpha Q 3 Cut max:
# Must.be in terms of the final state # (irk parelers TCet)
£ particles. 2 Cut invert: False
# default: M12 ¥ Cut min- 90
# :n: specifies which process. # Cok s
# : means to apply to all processes. #
R R Cat pRralaters NEla
#parton dist. alpha: ON Cut invert: False
#alpha(MZ} : 0.118 Cut min: =25
#alpha nf: 5 Cut max: 2.5
#alpha order: NLO
b (mb ) - gl
#Mtop(pole) : 174
R RSB S B RES B FEF RS F S E P P S E PGB RS PSP PSP
A # Kinematics Info #
igigt: g :é: ngg # Must be exactly as in CH. #
Ioha Q T H45 # Comment. out to use the CH defaults. #
i Al : # :n: specifies which process. #
# : means to apply to all processes. #
GRS R E S E RS EEEEEESEE PP PRSP EREEE R E S S
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#Hinematics :1:
#inematics :1:
#Hinematics :1:

Kinematics :
Kinematics :

Batch file in details(4)

12 -> 34 ., 56

34 >3 .4
56 ->5 . B
12 => 3. 45
45 —> 4 . 5

R RS R RS E R EREEE RS

Dist parameter: MCH, jet)

Dist min: 100

Dist max: 200

Dist n bins: 100

Dist title: p.p—2M.b.B
Dist x-title: MCH, jet) (GeY)

LRSS R SRR SIS SRR S BRSSPSR RS SIS PSS SESESSEEEE I

# Regularization Info _ #* # Events Generation #
# Must be in terms of the final state # q
i particles. - # Number of events determines how many #
# :n: specifies which process. # ¥ events to produce for each run. #
# : means to apply to all processes. # # Filename is the name used for the event ¥
###’############################################ # files. If no parameter is run over #
Regularization momentum:1: 45 : ;
ReCilar At th s Hh # then, -Single.lhe is appended. If ¥
Regularization width:1: wh ¥ a parameter is run over then its ¥
Regularization power:1: 2 # value will be appended as in #
# pp—Hk-HW400 . 1he. #
B N R # Nluple determines whether PAW ntuples #
# Distribution Info # # are created. This only works if #
# Unlg 1 dimensional distributions are # # nt_maker is properlg Compiled and ¥
# . curre?tlg supported. # 3 i the Bin directorg. #
# Dist n bins should be one of: # :
M 300. 150. 100. 75. 60. 50. 30. 95. o # Choices are True or False. ¥
# 20, 15, 12, 10. 6, 5, 4. 3. 2 # # Cleanup determines whether the #
# Dist title and Dist x—title should be # # individual event files are removed #
# plain text. # .
SRR TR SRR R AR B AR BB A SR A SR B B R AR R A i Sf;erltﬁe¥ are combined. i
Dist parameter: M{b.B) efault: lrue
Dist min: 100 B e S e F R FEFRIIIRTETTIEPBIEEPE LRI E P EF P E S
Dist max: 200 Number of events (per run step): 1000
Dist 1 bt 409 Filename: test
Dist title: p.p—>H.b.B NTuole - Fal
Dist x—title: H{L.B) (GeY) uple: alse
Cleanup: False
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Batch file in details(5)

FRARRRARRRRAARRBRARRHARE BB AR RARHHR AR RR AR AR

Parallelization Info
Parallelization method choices:
local
pbs
Que can be left blank if not required
on your pbs cluster.
Malltime should be the number
of hours necessary for each job.
Leave blank if your pbs cluster does
not require this and will let a
job run until it is finished.
Memory is the amount of memory required
for each job in gb. Leave blank
if not required on your cluster.
email is only used on the pbs cluster
if you want it to inferm you of
problems. email is currently ignored.
sleep time determines how often the
script updates (in seconds)

nice level is used for the CH jobs in
local mode and combining events in
all modes.

default: 19

Heode R i e ik h o e o o e e ohe e o oW R o B

while waiting for processes to finish.

TR R EEEERERER RS R R R

FRAHRHARRREF AR RERARE AR RRAAD AR SRR AR RR TR

Parallelization method: local

#Que : brody_main
#Malltime: 0.15
#Memory: 1

#email : nameladdress
Max number of cpus: 2

sleep time: 3

nice level : 19

| RAHBRFRRRERREDARRRRERREE RN BRBRRRRTRER R ERRNE RS

|# V¥Yepas #
|# The variables are the same as in the gui. #
|# If commented out. the default values #
| # are used. #
# ¥
|# nSess_1 : number of the 1st sessions #
| & default: b #
|# nCalls_ 1 : number of calls per 1st sessions#
| & default: 10000 #
[# nSess_2 : number of the 2nd sessions #
| # default: © #
|# nCalls_2 : number of calls per 2nd sessions#
| # default: 10000 #
| BRI R RREREERR R R R R
[nSess_1: 5

(nCalls_1: 100000

InSess_2: 5

nCalls 2: 100000

B 2 0 20 20 02 b 2 B SRR R R R R R R R
Event Generator
The variables are the same as in the gui.
If commented out. the default values
are used.

#
#
#
#
#
sub—cubes: #
default: 1000 *
random search: #
default: 100 *
simplex search: #
default: 50 #

#

#

#

#

#

#

MAX#N: integer to multiply max by
default: 2
find new MAX:
| default: 100
:##############################################

#sub cubes 100000
#random search: 100
#simplex search: 50

Beodw R e oHe GE GE % % 3 R B R o %

HAAX=N 2
#find new MAX: 100
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Tutorial

HEPMDB

HEPMDE Unee: Mlesatider Uytvasy | Lol
Menuv Goto HEPMDB~ (@ Help~
*| Validation
Valldation . CELIChED -
ID File Name Job #1628195.blue30 Wednesday 01st of August 2012 09:55:37 PM
11 Standard Model(CKM=1) CalcHEP Numerical Details
Done!
Scans sigma (fb) Running Finished Time (hr) N events
Mh120 9.8870e+02 0/13 13/13 0.01 10000
Mh125 9.7740e+02 0/13 13/13 0.01 10000
Mh130 9.6810e+02 0/13 13/13 0.02 10000
0.04
_ Mh120. txt CalcHEP Numerical Details
| Whizard BB
Madgraph 5 ; )
Processes sigma (fb) unc (%) PID Time (hr) N events
u,D->W+,b,B 1.3296e+03 4,5%-01 © 0.00 3258/3258
U,d->w-,b,B 7.2163e+02 5.03e-01 © 0.00 1822/1822
0 d.U-5W-.b.B 7.1638e+02 4.39%-01 _ 0] 0.00 1810/1810
Message
01/08/12 : 21:56:05 : Nt maker test-Mh120.lhe
01/08/12 ; 21:56:04 : gunzip file test-Mh120.lhe.gz
01/08/12 : 21:55:38 : Job 1628195.blue30 was finished.
01/08/12 : 21:38:29 : You successfully submitted a job on HPCx : #1628195.blue30 . You will be notified by email when tl‘ge joﬁ,}.ﬂnisﬁbedﬁh
MEFF[GeV)
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Tutorial

HEPMDB

HEPMDB
Maiiaks i r wrve £

Mumber of evenis
1

m =
200 -
g Lo i | |
- _ o 820 800 1000
MEFFGeV)
ex#11: repeat ex#6 owtiond i
. ownload [jpgl | fepsl | [pdf]
using HEPMDB

P Durham
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Example of models created for CalcHEP

¢ Extra dimensions

¢ SM + extensions

» SM :
% B-L symmetric Z' with heavy Majorana » SDUED W!th 2KK layers
neutrinos » 6D UED with 2KK layers
» SM+Z » ADD = ADD
®» general 2 Higgs doublet model # RS = Randall Sundrum
®» 4th generation
®» Excited fermions
—
=» Model with contact interactions Leptoquarks
» Stanclj_ard Model + anomalous gauge boson » Complete LQ model
couplings
®» Model of strongly int EW sector SU_(3)XSU(1 )Xl{“) vectorgscalar
(5 & 6 dim operators involving Sigma field) ¢ Technicolor & Higgsless
» 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 -9
» |eft-right §ymmetric MSSM ¢ Little Higgs
» MSSM with CP violation » Littlest higss model with T-parity
» E6MSSM ®» LHT + T-parity violation
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Models at FeynRules web-site

The SM implementation of FeynRules, included into the

Standard Model distribution of the FeynRules package.

Several models based on the SM that include one or more
additional particles, like a 4th generation, a second Higgs
doublet or additional colored scalars.

Simple extensions of the
SM (10)

Supersymmetric Models Various supersymmetric extensions of the SM, including the

(4) MSSM, the NMSSM and many more.

Extra-dimensional Models  Extensions of the SM including KK excitations of the SM
(4) particles.

Strongly coupled and Including Technicolor, Little Higgs, as well as SM higher-

effective field theories (4) dimensional operators.

Miscellaneous (0)
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Remarks on collecting models at
HEPMDB

¢ there are numerous model implementations exist
(FeynRules team, LanHEP/CalcHEP/CompHEP teams,
private implementations)

¢ they are highly complementary and useful
¢« HEPMDB is the natural place to accommodate all of them

(also allows to keep model privately,
controlled by Public/Private option On/Off!)
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Summary on HEPMDB

¢« HEPMDB is already a convenient centralized storage
environment for HEP models. Via web interface to the HPC
cluster (12 cores per user) it allows to evaluate the LHC
predictions and event generation-simulation chain

¢ Your relevant packages can be installed at HEPMDB!

¢ we hope that starting from the present stage, HEPMDB
development will be boosted further via involvement of the HEP

community
(via direct involvement into HEPMDB, via various projects involving
HEPMDB, via numerous comments/requests for HEPMDB features)

¢ we hope also that in the near future the HEPMDB will become
a powerful tool for isolation of the most successful theory for
explaining the LHC data
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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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