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

S
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theory — data requires observables
to be compared with data

mmmml  ( OBSERVABLES

\_/
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theory <~ data requires observables
to be compared with data
and we need TOOLS to do this!

o
\ TOOLS!/
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Tools for theory — observables link

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”



Tools for theory — observables link

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

(" FAST/FULL )

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

DM Direct Detection
(micrOMEGAs MadDM)

DM Indirect DetectiorD

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

* Do ask questions during the lecture

» There are exercises (ex#) for you which will be able to
do during this course
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Lecture I:

Introduction into CalcHEP

» system requirements & linux primer
» jnstallation

» models and symbolic session
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Lecture ll:

Introduction into CalcHEP

» numerical session and kinematical distributions
» event generation

» CalcHEP Batch Interface
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Lecture
» LanHEP

» HEPMDB

» PhenoData
» advanced topics
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Web page & contacts

« The WEB page of CalcHEP

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

¢ e-malls
calchep@googlegroups.com
a.belyaev@soton.ac.uk
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Prerequisites
¢ basic knowledge of Linux/UNIX

» See Linux primer — linux_primer.pdf (thanks to Elena Vataga)

Getting Started with Linux

UNIVERSITY OF
Southampton

Command Description

Navigating the Linux Filesystem Command Description

List contents of directories in a tree-

The Linux filesystem is a tree-like hierarchy of tree .

directories and files. like format

@ When you first login to a Linux machine, you
find yourself in your home directory.

@ A path is a way you need to follow in the tree Working with Files and Directories
structure to reach a given file. An absolute

P I —— ; P R P vl +lra
pathn name Is one begqinning with the

More soplasticated version of more
less (can scroll backwards and has
many more options)

dos2unix text files i DOS/MAC format to

the program that converts plam

UNIX format

~haracter A relative path is ¢ 1wath relative t oy

f.rlln.'\'h.l.r_.l. A ||r_l.|IL|L<_ path is a patn relative 1o Command Description

vour working directory i _

mkdir Make directory
Command Description rmdir Remove an empty directory
pwd “Print Working Directory™. Shows the cp source dest | Copy a file
current location in the directory tree ) L
- cp -p .. Copy a file, preserving its
4 ai Change the current directory to dir attributes like mode, ownership,
ed dir -
. . . tumestamyps
Ex: cd /user/src/redhat L
_ Move a file to a new location or
cd .. Move one directory up mv source dest :
. rename if.
cd - Return to previous directory m
) Delete a file
cd Return to yvour home directory m -r . . .
: : : Remove directories and their

ls List all files in the current directory contents recursively

¢ gcc compiler
¢ gfortran compiler

Getting Help

Help on most Linux commands is build into
the commands themselves:

5 1ls —-help

The best source of information for most
commands is the online manual pages, known
as “man pages” for short

5 man ls

To search for a particular word within a man
page, type /word” To quite from a man page
Just type the “g” key.

Sometimes you might not remember the name
of Linux command and you need to search for
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CalcHEP

was born as a CompHEP in 1989: MGU-89-63/140
¢ Author(s)
» Alexander Pukhov, AB, Neil Christensen

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

° |dea
*» 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)
http://lwww.ippp.dur.ac.uk/montecarlo/BSM/

CompHEP (Boos et al)
MadGraph/MadEvent (Maltoni, Stelzer et al)
Grace/Helas (Fujimoto et al)
FeynArts/FeynCalc/FormCalc (Hahn et al)
WHIZARD,O'mega (Moretti, Ohl, Reuter)

» Sherpa (Krauss et al)

¥ & 3 3 4
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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
» |imit is set from the practical point of view:
e 2 -6 (1->7) setthe essential time/memory limit

e number of diagrams ~ 500 set the disk space and
the time limit
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CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

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

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

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.
@ Licence @ Installation @ Current version 3.6.30(updated 21.09.2017) @ New Options @ Archive

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

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

Contacts

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

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

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

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

Nranual
@ calchep_man_3.3.6.pdf (manual for version 3.3.6, July 19, 201> Man ual
compu Xander Belyaev)
See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)

Code download. H
@ Licence @ Insta]@ Current version 3.6.30(updated 21.09.@ New Options @ ne\_N Optlons and
writeup!
Models: -
@ MSSM 10.14(15.10.2014) @ NMSSM 8.15(25.08.2015) @ CPVMSSM 10.14(16.10.2014) @ SUSY models By A. arXiv:1207.6082
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 Laung€Tipad service: @ Ask a question @ File a bug >
Connected to

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

« Download code, read manual and compile
http://theory.npi.msu.su/~pukhov/calchep.html

» tar -zxvf calchep 3.x.x.tgz
» cd calchep_3.x.x
» make

the current version is 3.x.x = 3.6.30

¢ Create work directory
» From calchep_3.x.x directory (e.g. ../calc_work)

JMmKWORKUdir ../calc_work

¢« Supported operating system
» Linux, IRIX, IRIX64, HP-UX, OSF1, SunOS, Darwin, CYGWIN

(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
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Compilation, potential problem and its
solution

¢ To compile the CalcHEP source code you need:

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

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

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

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

¢ To compile the CalcHEP source code you need:

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

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

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

¢ Potential problem in compilation

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

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

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

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

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

Alexander Belyaev INIE=»&@~  “Practical introduction into CalcHEP” 23



Starting CalcHEP

¢ cd ../calc_work

¢ Files:

........ /calchep 3.x.x/bin

calchep
calchep_batch
calchep.ini
models/
results/

tmp/

¢« Start:

Jcalc

hep

Alexander Belyaev
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Starting CalcHEP

CalcHEP - a package for Calculation in High Energy Physics
Version 3.6.30: Last correction September 21, 2017

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

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

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

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

Press F9 or click the box below to get

References, Contributions, Acknowledgments

This information is available during the session by means of the F9 key

Alexander Belyaev  INIi=>&@- “Practical introduction into CalcHEP” 25



Principle KEYS for CalcHEPs GUI

Enter menu Exit menu
selection selection
(forward) (back)
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Starting CalcHEP

CalcHEP 3.6.28/symb

Abstract

CalcHEP package 1is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put intoc 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 Fl - as online help.

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

Standard Model

Standard Model (CKM=1)
SM(CKM=1 with hGG/AA)

SM+6+333
Inert Dublet
IMPORT MODEL

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”
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CalcHEP menu structure:

Parameters

Constraints

Particles

Libraries
RENAME
CHECK MOD

Parameters

Menu 3 ——

EL

Menu 1

SELECT MODEL

IMPORT OF MODELS

Menu 2

All Constraints

Masses,Widths

C-code(for nu
C-compiler

Edit linker

REDUCE code
MATHEMATICA code
FORM code
Enter new process

,Br

m calc)

symbolic part

FILE SEARCHILIST

Enter Process
Force Unit gauge = OFF
Edit Model

Numerical Evaluations

Delete model

View squared diagrams

Symbolic calculation

Make&Launch n_calchep

REDUCE program

> 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

Alexander Belyaev
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CalcHEP menu structure: symbolic part

Parameters

Constraints

Particles

Libraries
RENAME
CHECK MOD

Parameters

Menu 1

Menu 3 €——
SELECT MODEL

IMPORT OF MODELS FILE SEARCHILIST

Menu 2

Enter Process

1 Choice of the gauge

EL Force Unit gauge = OFF

> Menus

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

All Constraints Exclude X-particles: G

Masses,Widths

C-code(for nu
C-compiler
Edit linker
REDUCE code

Delete model
,Br

View squared diagrams
m calc) d g

Symbolic calculation View diagrams

Make&Launch n_calchep Square diagrams

MATHEMATICA code

FORM code

Enter new process

Write down processes
REDUCE program

Alexander Belyaev
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Initial Menu after the model choice

Choose your gauge Enter Process
Edit Model Numerical Evaluation

CalcHEP 3.6.28/symb

Model : Standard Model

Abstract

CalcHEP package 1is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put intoc 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 Fl - as online help.

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

Enter Process

Force Unit.Gauge= OFF
Edit model

Numerical Ewvaluation

Delete model

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”
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The Model Structure

Parameters Constraints
Particles Vertices

(x

w | L~
L

CalcHEP_3.6.28/symb

Model : Standard Model

Abstract

Edit model

CalcHEP package is created for calculation of
decay and high energy cecllision processes of
elementary particles in the lowest order (tree)

Parameters

approximation. The main idea put intc the CalcHEP Constraints
was to make available passing from the lagrangian Particles
to the final distributicons effectively with the Vertices
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
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Particles: prtclxx.mdl (spins 0,1/2,1,3/2,2)

oot o CalcHEP_3.6.28/symb 2\ &

-Clr-Del Size—Read—ErrMes

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

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

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

-Clr-Del Size—Read—ErrMes

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

-Fl1-F2—Xgoto—Ygoto—Find-Write

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

ong | CalcHEP_3.6.28/symb 2\ &

Parameters

-Clr-Del Size—Read ErrMes

Name Value | Comment

_I 0.31343 |elecromaghetic constant

al fSMZ |0.1184 | Srtong alpha (MZ) for running mass calculation
0 |100 | scale for running mass calculation
s12 |0.221 | Parameter of C-K-M matrix (PDGY96)
823 |0.041 | Parameter of C-K-M matrix (PDGY96)
313 |0.0035 | Parameter of C-K-M matrix (PDGY96)
Mm |0.1057 | muon mass

M1 |1.777 | tau-lepton mass

McMc 1.2 | Mo (Mc)

MbMb |4.25 | Mb (Mb)

Mtp |173.07 | t—-quark pole mass

MZ |91.189 | Z-boson mass

MW |80.385 |W-boson mass

Mh 1125 |lhiggs mass

-Fl1-F2—Xgoto—Ygoto—Find-Write
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Dependent parameters(constraints): funcxx.mdl

Fook,

-Clr-Del Size—Read ErrMes

CalcHEP 3.6.28/symb

b

% x

-Fl1-F2—Xgoto—Ygoto—Find-Write

Name Expression <
C_IMW/MZ % on-shell cos of the Weinberg angle
| sgrt (1-CW*2) % sin of the Weinberg angle
GF |EE*2/ (2*SW*MW) *2 /Sqrt2 % Fermi constant (not used below)

LamQCD | initQCDS (alfSMZ, McMc, MbMb, Mtp)
Mb IMbELff (Q)
Mt IMELEL £ (Q)
Mc |IMcELff (Q)
cl2 | sgrt (1-s12* 2) % parameter of C-K-M matrix
c23 | sgrt (1-s23* 2) % parameter of C-K-M matrix
cl3 | sgrt (1-s13* 2) % parameter of C-K-M matrix
vud lcl2%cl3 % C-K-M matrix element
Vus |s12%cl3 % C-K-M matrix element
Vub |s13 % C-K-M matrix element
Ved | —s12*%c23-cl2*%s23*%sl13 % C-K-M matrix element
Vos |el2*%c23-812*%523%s13 % C-K-M matrix element
Veb | 823%cl13 % C-K-M matrix element
vtd | 812*%823-0cl12*%c23%s13 % C-K-M matrix element
Vts | —cl2*823-812*%c23%s13 % C-K-M matrix element
Vthb | c23*%cl13 % C-K-M matrix element

|

Alexander Belyaev
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Feynman rules: Igrngxx.mdl

Fook,

Vertices 26
ClrDel—-Size—Read—ErrMes
Al | A2 | A3 | Ad | Factor | Lorentz part
L | 1 | A I | -EE | G (m3)
Ne | e | W+ | | EE/ (2*Sqrt2*SW) |G(m3) * (1-G5)
Nm | m | W+ | | EE/ (2*Sqrt2*SW) |G(m3) * (1-G5)
N1 | 1 | W+ | | EE/ (2*Sqrt2*SW) |G(m3) * (1-G5)
EJllline 1W- | |EE/ (2*Sqrt2*SW) |G (m3) * (1-G5)
M | nm | W-— I | EE/ (2*Sqrt2*SW) |G(m3) *(1-G5)
L Inl | W-— I | EE/ (2*Sqrt2*SW) |G(m3) *(1-G5)
E | e | Z I | -EE/ (4*SW*CW) |G(m3) *(1-G5) —-4*%(SW* 2)*
M | m | Z I | -EE/ (4*SW*CW) |G(m3) *(1-G5) —-4*%(SW* 2)*
L | 1 | Z I | -EE/ (4*SW*CW) |G(m3) *(1-G3) -4*%(SW* 2) %
Ne | ne | Z I |EE/ (4*SW*CHW) |G(m3) *(1-G5)
Nm | nm | Z I |EE/ (4*SW*CHW) |G(m3) *(1-G5)
N1 Inl | Z I |EE/ (4*SW*CHW) |G(m3) *(1-G5)
U | u | A I | (2/3) *EE |G (m3)
D | d | A I | (-1/3) *EE | G (m3)
C | o | A I | (2/3) *EE | G (m3)
S | s | A I | (-1/3) *EE | G (m3)
B | b | A I | (-1/3) *EE | G (m3)
T |t | A | | (2/3) *EE | G (m3)
U | u | Z | | -EE/ (12*SW*CW) | -3*G(m3) * (1-G5)+8* (SWA
D | d | Z | | -EE/ (12*SW*CW) | +3*G(m3) * (1-G5) —-4* (SWA
-Fl1-F2—Xgoto—Ygoto—Find-Write

CalcHEP 3.6.28/symb

Alexander Belyaev
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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)

< (o CalcHEP_3.6.28/symb &) X

Libraries
-Clr-Del—Size—Read—ErrMes
External libraries <
fhome /belvaev/calchep/work/models /MSSM/mLib. a :
%
%1.Default code for spectrum calculation and RGE sclution

%attached to the model is SuSpect:

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

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

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

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

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

of ol g gP o g o€ of of o o

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

< ) CalcHEP_3.6.28/symb (2l

Model: Standard Model

Abstract
Numerical Evaluation
CalcHEP package is created for calculaticn of

decay and high energy collision processes of

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

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

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

Humerical Evaluation

A1l Particles -> SLHA

Zero
. . Zer
Numerical Evaluation _1?§EE+01
. 0385E+01 -
— - 2500E+02 \P 4 | See results in file 'decaySLHA?. txt'

Zero
Zero
LO570E-01
Zero
L ATTOE+Q0
Zero
Zero
Zero

Parameters
All Constraints

Masses,Widths, Branch.

Press an
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Numerical evaluation of masses & branchings

) CalcHEP_3.6.28/symb & &

- Model: Standard Model

Abstract

Numerical Evaluation

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

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

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

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

Humerical Evaluation

A1l Particles -> SLHA

[ Zero

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

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

Zero spectrum and Br ratios

Parameters
All Constraints

Masses,Widths, Branch.

Press an
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Details of symbolic session

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

» hadron/composite particle scattering
'p,p->W+,b,B’
unknown particle are assumed to be composite:
‘p' consists of u,U,d,D,s,S,c,C,b,B,G

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

» intermediate particles can be non-trivially excluded

W+ > 2, A>1,2>3 ex#3: Evaluate SM Higgs total widths
and Br ratios as a function of its mass
in the 100-500 GeV range
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Symbolic session (1)

Yok CalcHEP_3.6.28/symb &) &

Model : Standard Model

List of particles (antiparticles)

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

Enter process: , , b,

composite 'p' consists of: ,u,d,D,s,S8,c,C,b,B,G
composite 'W' consists of: Rt
Exclude diagrams with
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Symbolic session (2)

View diagrams

Square diagrams
Write down processes

Fl- F2- F3- F5- Fb- F9- F10-

Alexander Belyaev  INIE=: ; “Practical introduction into CalcHEP”



Symbolic session (3)

e (o) CalcHEP 3.6.28/symb W

Model : Standard Model

Process: p,p—>W,b,B

464 diagrams in 24 subprocesses are constructed.

0 diagrams are deleted.

Subprocess

=
|
V
=
+
o
e
|_I|
[#])

COCOoOOoOO00OO0o 0O OO0 O

x r

==
+ +
o o
v o

+ +
CoCoCoCoCooo

TP owww

2
3
4
S
6
7
8
9
0
1

nOUOpOCCCL G
cCnoEeNCouomnie

EEEE?EEE

1
1
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Symbolic session (4)

- CalcHEP_3.6.28/symb

Delete,On/off,Restore,Latex

U7 $mmmmes W+ U7 oo W+ U $mmmee W+ u

d b d b d b D ! b

W+
u B b -b b
> - S P
S u——-7v---—-- nNV——-v----- u——-v------
D t b B B B
1 11 11
Tt Dl Dl W4 Dl W4
W+ W+ W+
I+B I—(—B I+B
u c t
D——-——— -+ D—— -+ D——L-——— -+

l-Help, F2-Man, PgUp, PgDn, Home , End, # ,Esc
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Symbolic session (5)

Model :

Process:

464 diagrams
0 diagrams

5076 diagrams
0 diagrams
0 diagrams

Standard Model
p,p—>W,b,B
Feynman diagrams

in 24 subprocesses
are deleted.

Squared diagrams

in 24 subprocesses
are deleted.

are calculated.

CalcHEP 3.6.28/symb

are constructed.

are constructed.

View squared diagrams

Symbolic calculations

Make&Launch n_calchep
Make n_calchep
REDUCE program

{x

Alexander Belyaev
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Symbolic session (6)

Fook,

Delete,On/off,Restore,Latex, Ghosts

o s

A s - A+
A ., _ar
uw——------ - —————— ——11 nuw——------ -
d b — d d b
L& P
B -

___________

Fl

-Help,F2-Man, PgUp, PgDn,Home ,End , # ,Esc

B
L Wt e T, o Wt e T W+ </'L1
nm——----- - ————e ——11 nm——----- - re-ye-
- - | T
d G b z d d G b :A D
S T S D D——-=<
B _ B _

Alexander Belyaev
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Symbolic session (7)

Model :

Process:

464 diagrams
0 diagrams

5076 diagrams
0 diagrams
5076 diagrams

Standard Model
p,p—>W,b,B
Feynman diagrams

in 24 subprocesses
are deleted.

Squared diagrams

in 24 subprocesses
are deleted.

are calculated.

CalcHEP 3.6.28/symb

are constructed.

are constructed.

View sguared diagrams
Syvmbolic calculations

Make&Launch n_calchep
Make n_calchep
REDUCE program

Alexander Belyaev
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Symbolic session (8)

Model:
Process:
464 diagrams
0 diagrams
5076 diagrams
0 diagrams
5076 diagrams

Standard Model
p,p—>W,b,B

Feynman diagrams
in 24 subprocesses
are deleted.

Squared diagrams

in 24 subprocesses
are deleted.

are calculated.

CalcHEP 3.6.28/symb

are constructed.

are constructed.

C code
Edit Linker
code
MATHEMATICA
FORM code
Enter new process

REDUCE

code

(x

Alexander Belyaev

NE>
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Symbolic session (9)

Model :

Process:

464 diagrams
0 diagrams

5076 diagrams
0 diagrams
5076 diagrams

Standard Model
p,p—>W,b,B

Feynman diagrams
in 24 subprocesses
are deleted.

Squared diagrams

in 24 subprocesses
are deleted.

are calculated.

C Source Codes

Process.......... p.p—->W,b,B
Total diagrams... 4372
Processed........ 43 (%)
Current.......... 1894

Press Esc to stop

CalcHEP 3.6.28/symb

are constructed.

are constructed.

C—compiler

Alexander Belyaev
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Numerical part of CalcHEP

Fl-

F2-

F5- Fb6- F8-

Subprocess

IN state

Model parameters
Constraints

QCD alpha & scales
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carle simulation

F9- F10-

Alexander Belyaev
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Lecture ll:

Introduction into CalcHEP

» numerical session and kinematical distributions
» event generation

» CalcHEP Batch Interface

Alexander Belyaev  INIi=D>&- “Practical introduction into CalcHEP”
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Menu structure of the numerical part

Menu 2 €4—

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

Momentum P1[{GeV]=1000

Momentum P2[GeV]=1000

First particle unpolarized
Second particle unpolarized

» Menu 3

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

LHA

Menu 4 4——

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

Order = NLO

mb(mb) = 4.20

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

Menu 1

Subprocess
IN state

Model parameters
Constraints

QCD coupling
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte-Carlo simulation

1D integration

» Menu 6

nSess =5
nCalls = 10000

Set Distributions
Start integration
Display distributions

Clear statistics
Freeze grid OFF
Clear grid

Event Cubes 10000
Generate Events

Menu 10
All Constraints
Masses, Widths, Branchings

All Particles SLHA file

is created

Breit-Wigner range 2.7
T-channel widths OFF/ON
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

NE><

Alexander Belyaev
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subprocess menu

IN state

Model parameters
Constraints

QCD coupling
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carlo simulation

i

e T e FR ¥ i g 52 o 1 S e ) e - S o S ) i s

o i w e e e o e B S e e S e e B e S e o e e
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control of the initial states and parton density
functions

subprocess

S.F.2: QOFF
IN state First particle momentum[GeV] 4000

Hodeal Parametgrs Second particle momentum|[GeV] 4000
First particle unpolarized

Constraints Second particle unpolarized
QCD coupling

Breit-Wigner

Aliases

Cuts

Phase space mapping

Honte Carlo simulation

PDT menu

MRST2004ged_proton{anti-proton)

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

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

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

Alexander Belyaev Nx “Practical introduction into CalcHEP” o4



model parameters

Subprocess alfEMZ= 0.0078181

IN state alfSHz= 0.1172

Model parameters Q= 100
Constraints SH= 0.481

QCD coupling s12= 0.221
Breit-Wigner 523= 0.041

Aliases 513= 0.0035
Cuts Mm= 0.105L7

Phase space mapping Ml= 1.777
Monte Carleo simulation McMc= 1.2

Ms= O
MbMb= 4.25
Mtp= 175

MZ= 91.187

Mh= 120

Alexander Belyaev Nx “Practical introduction into CalcHEP”
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dependent parameters (smckm=1 with hca/aa)
“Constraints |

Display dependence

LmbdGG -1.6275E-05
Qu b. bbhTE-01

: Qd -3.3333E-01
taulc . 0000E+04

tau2hb L28TTE+02

All Constraints tau?t .A72BE-01

Hasses, Hidths, Branching tau?l .2370E+03
tauH .0452E-01

LmbdAn -7.8845E-06

{nuall) 0. 0000E+00

Subprocess
IN state

Hodel Farameters
ﬁ

QCD coupling

Breit-HWigner

Al iases

Cuts

Phase space mapping
Honte Carlo simulation

Constraints
Dt oleeling

Display dependence - Plot

Lmbdad -7.8845E-06
on parameter
1.2500E+02

Plot

®x-Hin = 100
®x-HMax = 400

Hrﬂiﬂtﬁ = 100
]

00 T S e S O S 7 iy (0
100 200 300 400

......

[Esc - exit; House - function walue; Other keys - menu
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QCD coupling and the scale

Subprocess
IH state

QCD alpha

Hodel parameters

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

T i nf =
Breit-Wigner el s

il iases mb {mh) = 4.200
Cuts Mtop (pole)= 175.00

: Dfact= H12
Phase Space mapplng Qren = Qfact

Honte Carlo simulation alpha(Q) plot

Alexander Belyaev Nx “Practical introduction into CalcHEP”
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control of resonances

Subprocess
IN state

Hodel parameters

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

QCD cﬂupllng GI in s-channel OFF

Aliases
cuts
Phase space mapping

Monte Carlo simulation

Alexander Belyaev Nx “Practical introduction into CalcHEP”
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control of resonances

Subprocess

IN state

Model parameters
Constraints

QCD coupling

Aliases
cuts
Phase space mapping

Monte Carlo simulation

 Breit-Wigner
Breithigner range 2.7

T-channel widths OFF
GI in t-channel OFF

Gl in s-channel OFF

F1

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

Ip™2-m~21< R#m*w
For region

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

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

diagram have to be gauge invariant. Thus at this

pont cancellation between pole and non-pole diagra
ms

is not expected. He assume that close to pole the

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

we ignore width and restore gauge invariance.

N\ pz

Alexander Belyaev
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Subprocess

IN state

Hodel parameters
Constraints

QCD coupling

Hreit—l'licler

Cuts
Phase space mapping
Honte Carlo simulation

Aliases

e e 2 3 P

Compos 1te5

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

lﬂ§]|||||u U,d,D,s,S8,¢,C,G

Alexander Belyaev
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setting kinematical cuts

Subprocess B ___Luts 0

IN state Clr—Del-5ize—Read—ErrMes

Model parameters > Parameter |>» Min bound <> Max bound <
pe T(b) 120 |

Cunstralnps T(R) 120 |

QCD coupling N(b) | -5 15

Breit-Wigner N(B) | -5 15

Aliases J(b.B) 10.5 |

Phase space mapping
Monte Carlo simulation
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setting kinematical cuts

subprocess

IN state

Model parameters
Constraints

QCD coupling

Breit-Wigner

Aliases

Phase space mapping
Monte Carlo simulation

rCuts ) ) Q
[Clt—Del—Size—Read—ErrMes

Parameter |> Min bound <> Max bound <«

g 1 F1

* h_cut)

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
and the third columns. If one of these fields is empty then a one-side
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.

For example. "T(u)” means transverse momentum of "u’ -quark:

T{u.D) means summary transverse momentum of quark pair.

The following cut functions are available:

A - fAngle in degree units:
C - Cosine of angle:
J - Jet cone angle:
E - Energy of the particle set:
M - Mass of the particle set:
P - Cosine in the rest frame of pair: *
Cuts 5
Llr—Del-5ize—Read—Errhes
Parameter [|> Min bound <I1> Max bound <
T(h) | 20 |
T(B) | 20 |
Nib) | -5 )
N{B) | -5 )
ICh.B) 1025 |
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Subprocess
IN state

Model parameters

Constraints

QCD coupling

Breit-Wigner
Aliases
Cuts

Phase space mapping in= 45 > outl= 4 out2= 5

Monte Carlo simulation

phase-space mapping

Phase space mapping

Kinematics

Regularization

Phase space mapping *
Kinematics (sub)Process: u, D -> __H:'ff, b. __B'
R ; ; Monte Carlo session: 1(begin)
“Regularization | e

in= 12 -> outl= 3 out2= 45

========= Current kinematical scheme =

Input new kinematics?

CY /A N %)

\/

(sub)Process: u, D -> M+, b, B

Regularization
Clr-Del-Size—Read—Errhes
Momentum |> Mass <> MWidth <1 Pouwer
< | 17 | wZ |2
45 | Mh | wh |12
34 IMtp lwt |12
35 IMtp lwt |12
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integration over the phase space

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

Subprocess

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

okl o

CalcHEP/num

¥ | CalcHEP/num
u. D -> H+. b. B

u. D -> W+, b, B

Diff. cross section [pb/Ge¥]

Alexander Belyaev

_DiFF . cross fection Lpb/Ge¥] 0 B .
0.15— Y—:i21; = Lin. | Y::i21; = Lin.
= Save plot in file — Save plot in file
= LaTeX file — LaTeX file
_ 0.15j
0.10: i
| ++++ + 0.105
: 4_"'+++ +++1_ ++ :
0.05— % - .
_ e 0.05 T .
0.0 1 m‘m“*"”'“*mu——- T I i 0.0_ I T mw"“"‘—“—""i—-‘w——'——* I
0.0 200 400 0.0 200 400
M{b.B> MW+, b)
ex#4
1. Calculate WbB production rates at the LHC
for PT b-jet > 20 GeV, b-Jet separation > 0.5,
max pseudorapidity < 3
2. Plot bb- and Wb invariant mass distributions
for PT b-jet > 20 GeV and PT b-jet > 40 GeV
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events generations

Monte Carlo simulation

nSess =

ncCalls = 10000 :

Set Distributions
*Start integration

Display Distributions Humber of event=s=10000

Clear statistic
Launch generator

Monte Ccarloe simulation

Freeze grid O
Clear grid Regenerate ewvents OH
Event Cubes 10000

Generate Events

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

Accept events?
i ¥ /7 H ?)

Alexander Belyaev NBa: “Practical introduction into CalcHEP”
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File with events in the native CalcHEP format

"e

File Edit Search Prefersnces Shell Macro Windows Help

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

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

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

#PROCESS

2(u)

-1(D)

-> 24 (W+)

5(b) -5(B)

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

#Cross_section(Width)

6.473084E+401

#Number_of events 1000

#Events Pl 3 [Gev] P2 3 [Gev] P3_1 [Gev] P3_2 [Gev] P3_3 [Gev] P4
1 7.0828325272E+02 -3.8182148276E+00 -5.8685533663E+00 2.4810106784E+00 6.8128552155E4+02 1.995
1 1.5237718262E+02 -2.5952742306E+01 1.1734367441E+0]1 -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 3.6709401207E4+02 -2.4124155464E+01 -4.8101350483E+00 6.6698730251E+01 2.0295672218E4+02 -4.597
1 3.7196555447E+01 -4.1553021555E+02 -3.1735918986E+00 2.8330641675E-01 -6.6745521993E+00 4.343
1 4.0543944850E+01 -1.1104274125E+4+02 -8.2903700266E+00 -4.3292277920E+4+00 -9.0241583360E-01 6.562
1 4.0084952687E+02 -1.0215920577E+01 1.1427574950E4+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 -3.1164597600E4+00 -7.8325298677E+00 3.6606202670E+01 1.2782056265E+03 1.074

L‘J [ i
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GUI gives user a full control of details
of symbolic/numerical session.
To sum over the sub-processes one should use scripts

there are several scripts which run various loops to facilitate calculation

» cycle over subprocesses
o exit from the numerical session
e cdresults
e _/bin/subproc_cycle lumi nmax
requires 2 parameters:

1. luminosity

2. max number of events per process

e.g.

../bin/subproc_cycle 1000 100000

You should run it from results dir where the n_calchep binary is!
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running subproc_cycle for SM CKM=1 model
o /bin/subproc_cycle 100 1000
#Subprocess 1 C(u. D -> W+, b, B ) Cross section = 3.9103E+00 ., 1000 events
#Subprocess 2 ( U. d > W-, b. B ) Cross section = 2.0301E+00 ., 1000 events
#Subprocess 3 ( d, U -> W-, b, B ) Cross section = 2.0992E+00 , 1000 events
#Subprocess 4 ( D, u > W+, b. B ) Cross section = 3.9088E+00 ., 1000 events
#Subprocess 5 ( 5. C -> W=, b. B ) Cross section = 2.6165E-01 . 1000 events
#5ubprocess 6 ( S, ¢ —»> W+, b, B ) Cross section = 2.6151E-01 . 1000 events
#Subprocess 7 ( ¢. S -> W+, b. B ) Cross section = 2.60/3E-01 . 1000 events
#Subprocess 8 ( L, s => W-. b, B ) Cross section = 2.5592E-01 ., 1000 events
Total Cross Section 12.98821 [pbl
see details in prt_37 - prt_44 files
» bunch of events_nn.txt event files are created,
so how do we combine them?
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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

9.327/E+00

3265

¢ the outputis event mixer.lhe file

<LesHouchesEvents wversion="1.0">

10 1000 pp_wbb w_2x

—total cross sectionlpbl
—maximum number of events

ol
Eile geperyated with Gl olED-PYTHIA Snterfane
——
<header>
<zlha>
</alha>
</header>
<init>
2212 2212 7.000000068&60E+03 7.00000006860E+03 =1 =1 -1 ]| 3 il
1.16593335502E+01 0.00000000000E+00  1.00000000000E400 1
</init>
<eventi
7 1 1.0000000E+00 2.8420000E+02 -1.0000000E+00 -1.0000000E+00
=5 = 0 0 0 501 0.00000000000E+00 O.00000000000E400 1.54424456520E+02
4 = 0 0 500 0 0.00000000000E4+00 O0.00000000000E+00 -1.30792414700E+02
24 7 2l 2 0 = S Rg s A TR o a R e s SU ST LR —f L ARG RO A DR
5 il 1 2 S e b e cr o SRS sl e s D [ efe i n e DR se s e N e e e A o S b
=0 il 1 2 R S e e R B R R e e e LS B R e R B B S LSRR s e e o el
=i ik 3 3 0 N el e B B R s i s e S R s e e e el e A b
e £ i 3 0 B e T s WA e B e e e e S s S e B s PR e R M R e e e
</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
» list _prc.txt list of processes
» qnumbers 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 zeszgion parameters:

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

#Sezzion number 1

#Initial state inPl=7.000000E+03 inP2=7.000000E+03

Polarizationg= { 0.000000E+4+C0 0,.000000E+4+00 &
StrFunl="PDT:ctegbm(proton) " 2212
strPunZ="PLT:ctegbm (proton)]® 2212

#Phy=zical Parameters

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

#Regularization
kk* Tahle **#*
Eegularization

Momentum |> Mags <|= Width <| Power

45 | MZ | W& i

45 | Mh | wh | 2

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

£ TT Crogs gection [pb] Error % nCall chi**2
i 2.0373E+00 3.30E+01 20000
2 8.6164E+00 2.86E+01 20000

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”



useful scripts for numerical session

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

¢ subproc cycle
¢ sum_distr

¢ show_distr

¢ plot view

¢ events2tab

¢ |he2tab

¢ gen_events

¢ name_cycle

¢ pcm_cycle

¢ par_scan

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

../bin/plot_view < tab_1.txt

ex#5

produce LHE file
and use lhe2tab
to produce
distributions
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scripts for numerical session
¢ events2tab

Parameters:

1- name of variable,

2- minimum limit,

3- maximum limit,

4- number of bins(<=300).

File with events must be passed to input.

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

¢ name_cycle

1: Name of parameter

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

../bin/lname_cycle Mh 100 10 11

scripts above became a part of calchep batch interface — will be
discussed below
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the most general scan with

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

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

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

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

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

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

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

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”

76



CalcHEP batch interface: all results in one shot

Model : Standard Model (CKM=1)
Model changed: False

Gauge: Feynman

2 E IS SIS L LT
Process: p.p—?H.b.B

Decay: H->le.n

TERE BT S0 3038 3E TEBE 8 838 38 3832080038 38 2F T2 S0 3028 3F T2 0 00090 3 2

Composite: p=u.U.d.D.s.5.c.C.b.B.G
Composite: MN=M+_ kW-

Composite: le=e.E.m.M

Composite: n=ne.Ne.nm.Nm

Composite: jet=u.U.d.D.s.5.c.C.b.B.G

TERE BT S8 3828 28 FE2E 3 3808 98 38 2F HE0F8 38 38 38 FE2E0E 80090 28 2E BB 090 HE 3 2

pdfil: ctegbl (proton’

pdf2: ctegbl (proton’

FEAETETE 3L 30 3E 38 T8 3F 38 3F T8 38 3838 38 3838 303838 303838 303838 T8 38 32 T8 3F 30 S0 HE A S
pl: 4000

p2: 4000

FEAETETE 3830 TE 38 T8 TE 3838 TF 38 3838 30 FE3F 303830 3E38 30 303838 3838 30 30 3F 30 FEHE A0S0
Run parameter: Mh

Run begin: 120

Run step size: 5

Run n steps: 3

FEAE 8 BT TETE 30 80 0B TE3E T8 38 022 A 08000 AR
alpha Q : M45

FEAE 8 BT TETE 30 80 0B TE 30 T8 38 002 A A8 000 R AR
Cut parameter: M{b.B)

Cut invert: False

Cut min: 100
######################################ﬂ

USRS R RS

Kinematics : 12 -> 3. 45
Kinematics : 45 -> 4 . 5
Regularization momentum:1: 45
Regularization mass:1: Mh
Regularization width:1: wh
Regularization power:1: 2

TEHETE T TE T 2020 A0 TE 210 A0 AR T HE TR A3 2 AR A A A A

Dist parameter: M(b.B)
Dist min: 100

Dist max: 200

Dist n bins: 100

Dist title: p.p—>H.b.B

Dist x—title: M{b.B) (Ge¥)
HRAEBHRBRBRBHRREHBRRERBRERBER R R RRRRRBRRR
Number of events (per run step): 1000

Filename: test
o oo oo o o o oo o o ol g o o o gl oo o

Parallelization method: local
Max number of cpus: 2
sleep time: 3

i o o o oo oo o o o oo g o o oo g o
nSess_1: o

nCalls_1: 100000
nSess_2: o
nCalls_2: 100000
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CalcHEP batch interface: running and monitoring

sasha:~/calchep/work> ./calchep_batch

Main usage: "./calchep_batch batch_file_ name"
An example batch file can be seen 1in:
file:///home/belyaev/calchep/calchep_last/utile/batch_file

Help files can be created with the command:
"./calchep_batch -help".

The files and directories created by the batch script can
be removed with the command: "./calchep_batch -clean".
This will remove the Events, Processes and html directories.

sasha:~/calchep/work> ./calchep_batch batch_file
calchep_batch version 1.38

Processing batch:

Progress information can be found in the html directory.

Simply open the following link in your browser:

file:///home/belyaev/calchep/work/html/index.html

You can also view textual progress reports in /home/belyaev/calchep/work/html/index.txt
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:
monitoring the progress

Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for using
CalcHEP!

Please cite
arXiv:1207.6082

CalcHEP Batch Details

Standard Model(CKM=1)

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:

monitoring details of the symbolic section
Symbolic Sessions

Home

Symbolic Results Standard MOdEl(CKMz 1)
Numerical Results

Events Library

Process Library Processes Removes Lib PID Time(hr)

Help u.D->W+.b.B v/
U,d->W-,b,B v
Thank you for using d.U->W-b.B /
gf: ;iii; Du->W+b.B y
arXiv:1207.6082 s,C->W-,b,B /
S.c->W+.b.B v/
c,S->W+.b.B v
C.s->W-b.B v
W+-=E ne v
W+-=M._nm v
W--=e Ne v
W--=m_Nm v
Widths v
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CalcHEP batch interface:
monitoring results of the numerical session

Numerical Sessions

Home
Symbolic Results Standard MﬂdEl(CKM=1)
Numerical Results
Events Library Done!
Process Library
Help
Scans o (fb) Running Finished Time (hr) N events
Thank you for using Mh=120 1198 0/13 13/13  0.01 1000
CalcHEP! Mh=125 1170 0/13  13/13  0.01 1000
Please cite Mh=130 1157 0/13  13/13 0.0l 1000
arX1v:1207.6082
0.03
1200 | - ; : . . . : :
B W
1195  °
[ b
e
1190 | \
A
1185 |
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Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for using
CalcHEP!

Please cite
arXiv:1207.6082

CalcHEP batch interface:
details of the numerical session

Numerical Sessions

Standard Model(CKM=1)

Done!

Processes 6 (fb) Ao (%) PID Time (hr) N events Details
wD-=W+Db.B 1582.1 0.53 28919 0.00 383/382 prt 1 session.dat
U,d-=W-b.B 837.97 041 28923 0.00 218/217 prt 1 session.dat
d.U-=W-b.EBE 83894 0.49 28928 0.00 218/217 prt 1 session.dat
Du-=W+bB 16214 27 28935 0.00 390/389 prt 1 session.dat
¢ C-=W-b.B 111.07 041 28942 0.00 41/40 prt 1 session.dat
S.c-=W+b.B 111.15 0.38 28947 0.00 41/40 prt 1 session.dat
c.5S-=W+bB 111.5 0.46 28955 0.00 41/40 prt 1 session.dat
Cs-=W-b.B 111.76 041 28962 0.00 41/40 prt 1 session.dat
Total 53259 0.85

Decays I' (GeV) AI' (%) PID Time (hr) N events Details
W+->E ne 0.23493 0 29144 0.00 5099/5100 prt 1 session.dat
WH-=Mnm  0.23493 0 29148 0.00 5099/5100 prt 1 session.dat
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CalcHEP batch interface:

numerical results and distributions

Widths PID Time (hr) Details

Home Widths 29167 0.00 session. dat
Symbolic Results

MNumerical Eesults

Events Library Total 1198 0.01 1000/1000

Process Librai'}.-'

Help Distributions

Thank you for using

CalcHEP! Prp=>H,b,B

Please cite 050

arXiv:1207.6082

s Ui . gnuplot should be

calchep batch E :
evaluate complete | 3 ™| installed to make the
cross section for : plots with the batch
pp-> Wbb process £ | interface!
with the same cutsas & |
for ex#4 v E@gi%

ﬂ i I i L i 1 i i i
108 128 148 168 i) 208
Hi{b,B} {GeV}
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CalcHEP batch interface:

access to your results

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

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

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

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP” 85


https://answers.launchpad.net/calchep

CalcHEP interface to MC generators via
Events in the LHE format

CalcHEP —»

CalcHEP interface with MC
generators: LHEF output

Production event mixer PYTHI A/
d - =

ggcay events HilEE HERWI G

QNUMBERS

THEORY

A

A

Decay of new particles with
CalcHEP, QNUMBERS are

automatically created and EXP DATA
il

written to LHEF
0
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Lecture
» LanHEP

» HEPMDB

» PhenoData
» advanced topics
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Introduction to LanHEP package

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

LanHEP software package

Overview

The LanHEP program for Feynman rules generation in momentum representation is presented. It reads the
Lagrangian written in the compact form close to one used in publications. It means that Lagrangian terms can be
written with summation over indices of broken symmetries and using special symbols for complicated expressions,
such as covariant derivative and strength tensor for gauge fields. The output is Feynman rules in terms of physical
fields and independent parameters. This output can be written in LaTeX format and in the form of CompHEP model
files, which allows one to start calculations of processes in the new physical model. Although this job is rather
straightforward and can be done manually, it requires careful calculations and in the modern theories with many
particles and vertices can lead to errors and misprints. The program allows one to introduce into CompHEP new
gauge theories as well as various anomalous terms.

Installation

To install LanHEP on your computer, you should get the archive file (see below) and unpack it. The archive contains
the C source files. To create the executable file lhep , type 'make’. When the LanHEP is complied, remove source files
by typing 'make clean . The archive also contains the directory mdl with startup file and examples for several
physical models. Add the directory containing LanHEP to your PATH environment variable. Than LanHEP can be
started from any other directory, it can find automatically files from the mdl directory.

Online Manual version 2.0
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Introduction to LanHEP package
V3.17 arXiv:0805.0555

This is the program for Feynman rules generation in momentum space

» Example for QED
1

1
(40, + gc A, )e — mee, Lar = _5((%14”)2

model QED/1.

parameter ge=0.31333:’elementary electric charge’.
spinor el/El:(electron, mass me=0.000511).

vector A/A: (photon).

let F"mu"nu=deriv nu*A"mu-deriv mu*A~nu.

lterm -1/4*%(F"mu”nu)**2 - 1/2*%(deriv mu*A~"mu)**2.
lterm El1*(i*gamma*deriv-me)*el.

lterm gexElxgammaxA*el.

Fields in the vertex

Variational derivative of Lagrangian by fields

fﬂla 615 fqﬂ

1
€€ * Yab
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LanHEP installation

»

http://theory.sinp.msu.ru/~semenov/lanhep.html
tar -zxvf lhepxxx.tar.gz

cd lhepxxx
make exit7
install LanHEP
Running LanHEP
= cd mdl

» ../lhep -ca stand.mdl
File sm_tex processed, 0 sec.
File stand.mdl processed, 1 sec.
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Default options are in calchep.rc file

% Definitions specific for CalcHEP format of Feynman rules.

external_func{creal.1l).
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{(fA)
atexname:' LateX(A+) '

prtcproperty pdeg:(A=22, 7=23., 'HW+'=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,
n1=12, n2=14, n3=16,
el=11. e2=13. e3=15,
"ne=1000012, "nm=1000014, "nl=1000016,
“el1=1000011, “m1=1000013. "11=1000015,
“e2=2000011, “m2=2000013, "12=2000015,
“elL=1000011, "mlL=1000013,
“eR=2000011, “mR=2000013,
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Features of LanHEP

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

®» it writes Feynman rules in the form of four tables in CompHEP format
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

®» it allows user to introduce vertices with 4 fermions and 4 colored
particles (such vertices can't be introduced directly in CompHEP) by
means of auxiliary field with constant propagator

®» it also can check whether the set of introduced vertices satisfies the
electric charge conservation law

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

1

» Gauge interactions  Lyy = —7F""Fj,

where I}, = 0,G% — 0,G% — g, f*" GG, G%(x)
» Quark kinetic term Lr = gv"0,q; + gs\i;a7"q;G
» Gauge fixing term and Fadeev-Popov ghost term

]
Lor =—5(0uGE)" +igef "G,

model QCD/2.

parameter gg=1.117:’Strong coupling’.

spinor q/Q:(quark, mass mg=0.01, color c3).

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

let F'mu"nu"a = deriv'nu*G™mu"a - deriv mu*G "nu"a -
gg*f _SU3"a"b " c*G " mu"b*G " nu”c.

lterm -F**2/4-(deriv*G)**2/2.

lterm Q*(i*gamma*xderiv+mq)*q.

lterm i*gg*f_SU3*ccghost (G)*G*derivxghost(G).

lterm gg*Q*gamma*lambdax*xG*q.
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QCD Feynman rules generated by LanHEP in LaTeX format

Fields in the vertex | Variational derivative of Lagrangian by fields

Gp.p ch G*C-r —3gg - pgf pqr
Qa.p Qbq Gpt--r 99 - P)fgb)\;q
G,y G G, 99 foar(P5g" — Phg" — p5g"° + pigh” + phg*? — plgh”)

G#-p Guq Gp?‘ Gos 9.92 (g#'pgmf gt Jrst — 9" 9" fpat frst + 9" 9" fort fost
+g,uyg,ogf pst.f qgrt — g,u-crgvpf p'rtf gst — g“p.qygf pstf q-rt)
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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 c3, color c8, vector]

» declaring new groups:
group color:SU(3).
repres color: (c3/c3b,c8).

¥ & & ¥

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( {{ai1, a2}, {ax, axn}} ).

» Including files read file. or use file. (no multiple reading)

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

» Running LanHEP lhep filename options

—-OutDir 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.
—texLines num Set number of lines in LaTeX tables
—-texLineLength num Controls width of the Lagrangian
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Default groups and specials in

LanHEP
« See mdl/Ihep.rc

special gamma: (spinor,cspinor,vector).

special gammab:(spinor,cspinor).

special '(1+gamma5)/2'":(spinor,cspinor), '(1-gamma5s)/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).

SetDefIndex(spinor,color ¢3, color c8, vector).

special lambda:(color c3, color ¢3b, color c8).

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

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

special eps c3: (color ¢3, color c3, color c3),
eps_c3b:(color ¢3b, color c3b, color ¢3b).

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
W=, ley2.Vih, (1 =) cbOpg VA,

4 Sw

bap  thq

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

R T LR L LR T R L L
%%% anomalous WtB interactions Ar and Al
R LR R R R T P P R R Ty

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

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

—lex2s i (Vib- (1 — %) g+ Ar - (14 9%)w + Al (1 — %))

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:

W = pe;; H, H‘z + EUYE”H L"TRJ + EUYJMH QIDJ + €45 ”HEQIUJ
which in LanHEP notation will take a form

keep lets W.
let W=eps* (mu*H1*H2+m1*H1*L*R+md*H1*Q*D+muxH2*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

WA
- U, + He
> (aazmj ST [)

which in the LanHEP language will take form

lterm - df (W,H1,H2)*fH1*fH2 - ... + 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(~03)+Zn34*up(~04),
m21*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
1 o
V = 5 DD® + F'F; where F;=0W/0A,

in LanHEP notation will take a form
lterm - df (W,H1)*df (Wc,Hlic) -

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 (p, q, r are color indices):
» #pq Tortwo colorparticles A; and A3

» .pg Tor three particles, which are color triplet, antitrip et and octet
» TPA" for three coloroctets  fP9"GL GG

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

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

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

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

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

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

Clr-Del-Size—Read-Errhes

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

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

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

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

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

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

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

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

Location of LanHEP model files:
lanhep/mdl/stand.mal

o g g

keys gauge_fixing=Feynman.

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

do_if gauge_fixing==Feynman.

model 'Stand. Model (Feyn. gauge)'/6.
do_else_i1f gauge_fixing==unitary.

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

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=gammab.
use sm_tex.

parameter EE
GG
SW
s12
823
s13

parameter CH

parameter cl2
c23
cl3

parameter Vud
vus
Vub
Ved
Ves
Vcb
vtd
Vts
Vtb

OrthMatrix( { {Vud,Vus,Vub},

. 31333
.117
.4740
. 221
.040

. 0035

(o R en R an I o Il an )

sqrt (1-SW**2)

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

cl2%cl3
812%cl3
513

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

523*%cl3

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

c23%cl3

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

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

of C-K-M matrix’',
of C-K-M matrix’'.

'parameter
'parameter
'parameter

{Ved,Ves,Veb},

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

matrix
matrix
matrix
matrix
matrix
matrix
matrix
matrix
matrix

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

bl ™ ™ ] bl ™ ] bl

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

 Definition of mixings and doublets

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

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

do_if gauge_fixing==Feynman.

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

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

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

let g=EE/SW, gl=EE/CW.
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HEPMDB
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The strategy for delineating of underlying theory
.

list of
kinematical
variables /

list of
signatures

theories

@ ( list of
\

Theory
ideas
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The strategy for delineating of underlying theory

list of
kinematical
variables /

“Dictionary of LHC signatures”
should come out of this loop

list of
signatures

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

modes

heavy partners

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

heavy partners

heavy partners

Nyt i+ /Ny—1—

Resuvsy < RrogT

Rror

Ruep ~ Rt

N (I’ s+ -+ jets)

from several only from only from
SS leptons rates channels: SS heavy SS heavy
SS heavy fermions, fermions fermions
Majorana fermions
:"-riE.Jr.ﬂ—jEiSj
R = Rsusy FRruTt < Rsusy Ruep

to be studied

b-jet multiplicity

enhanced (FP)

not enhanced

not enhanced

Single heavy top

NO

YES

YES
via KK2 decay

polarization tt + Fo to be studied to be studied to be studied
effects ™ + F o to be studied to be studied to be studied
typically low for
Direct DM high (FP) low ~+1(5D) DM [22]
detection rate low (coann) (Bino-like LTP) typically high for
~u (6D) DM [22]
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It was realised that
“Dictionary of the LHC Signatures”
in the form of various tables is not

enough to accommodate all models
and their signatures
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It was realised that
“Dictionary of the LHC Signatures”
in the form of various tables is not

enough to accommodate all models
and their signatures

We need dictionary in the form of
the Model Database and their Signatures
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It was realised that
“Dictionary of the LHC Signatures”
in the form of various tables is not

enough to accommodate all 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/

L » A A . [ ®

hysics Models DataBase

mEFMEE.

Figs -y Fgy |

Search in HEPMDB k Show All Models

About HEPMDB

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.

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

Login | Reagister

Home News Calculate Tools Signatures Contact Us

News
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

LHAPDF is installed at HEPMDB and can be used now. To use LHAPDF installed
at HEPMDB with CalcHEP models one should add -L$HOME/lhapdf/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
Model Database (HEPMDB). The schedule and registration are available at
http://indico.cern.ch/event/hepmdb

NE>
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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)

Malsym Bondarenko', Alexander Belyaev'?, Lorenzo Basso'>3, Edward Boos*, Vyacheslav
- . 5 T . —y . ¥ - —y ird
Bunichev?*, R. Sekhar Chivikula®, Neil D. Christensen®, Simon Cox’, Albert De Roeck®, Stefano

Morettit2, Alexander Pukhov?, Sezen Sekmen®, Andrei Semenov®, Elizabeth H. Simmons®, Claire
3

Shepherd-Themistocleous?, Christian Speckner
Abstract
We present here the first stage of development of the High Energy Physics
Model Data-Base (HEPMDB) which is already a convenient centralized stor-
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 chamn. The ultimate goal of HEPMDB 1s perform
an effective LHC data mterpretation 1solating 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
to 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 Loan | measte

Home Calculate Tools Signatures Contact Us

Search in HEPMDB +| | Show All Models

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 AMSE scenario as well as MSSM with low energy input. Read file
INSTALLATICON for model installation and file CITE for references on scientific publications which pre...

2. MSSM (Whizard) [2011-12-30 04:38:49] hepmdb:1211.0047
Christian Speckner

MSSM model for Whizard...

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

(taken from FeynRules web page) Our implementation keeps all the flavour-viclating and helicity-mixing terms in
the Lagrangian and also all the possible additional CP-viclating phases. In order to de...

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”

120



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 Belyaew

References

G.~Belanger, F.~Boudjema, A.~Pukhow and A.~Semenov, Comput. Phys. Commun. 174, 577 (2006)[arXiv:hep-ph/0405253]
A.~Djouadi, J.~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 scenario 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

Download Model File | |Va||date 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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Tutorial

HEPMDB Loan | Regster

High Ene Home Calculate Tools Signatures Contact Us

gy Physics Mode

Search in HEPMDB.

+| [ show Al Models

HEPMDB User: Alexander Belyaev | Logout
About HEPMDB NewsHigh Energy Physics Models DataBase Home My Models Calculate Upload model Tools Signatures Contact Us Adi

New d:
HEPMDB Is created to facilitate the connection between High Energy theory and experiment, to store and validate theoretical availal
models, to develop dictionary of the model signatures aimed to identify the fundamental theory responsible for signals Search in HEPMDB [ L | | show All Models HEPM DB User: Alexander Belyaev | Logout
expected at the LHC. HEPMDB s also designed for collecting different signatures for its models as well as respective 2011-0¢ - . - . N .
experimental efficiencies. Using this information HEPMDB will be able to compare its BSM model predictions with LHC data Anew d 1ergy Physics Models DataBase Home My Models Calculate Upload model Tools Signatures Contact Us Admin
which and would allow to discriminate an underlying theory. The database is in the development stage and your input in the faisoi Search Models :: Results for [Search in HEPMDB]
*Forum' section is highly appreciated. Database collects Particle Physics Models. These models are supposed to be public and from ot
represent themselves a set of Feynman Rules which can be in form of input for any of Matrix Element generators such as possible o Search in HEPMDB % | | show All models
CalcHEP, CompHEP, FeynArts, Madgraph, SHERPA, WHIZARD. HEPMDB has an entrance for Model authors -- ‘Authors' - where  model »* BEWMSSM [2012:02-17 18:30:58] hepmdb:0212.0049 ‘
Authors can test and validate their models. To become an 'Author’, you should register in a 'Register’ section. "Authors' are well Uploaded by Metin Ata, created by Benjamin Fuks
welcomed to also upload LanHEP or FeynRules source of their models. More » Upload Model

(taken from FeynRules web page) Our implementation keeps all the flavour-violating and helicity-mixing terms in
oM the Lagrangian and also all the possible additional CP-violating phases. In order to de. i P PR
Validation Please fill the fields to add Model

2011-0: 2. 3-site model (Whizard) [2011-12-30 04:41:37] hepmdb:1211.0048 FisdaiERa ’—}
Test and model validation will be avallable In the nearest future and would include the computing of theoretical predictions for eiifsiian Speckies
your model on our site via submitting jobs into the High Performance Computing Cluster (HPCC) at University site. It will also oo §
allow to run Feynman Rules generators - LanHEP and FeynRules through the HPCC. You will learn news about this option in that al 3-site model for Whizard. Authors:* [
*Forum' section. HEPMDB also collects signatures of Particle Physics Models, for which we suggest to use keywords which will be ¢
*Authors’ supposed to assign to their models. The database of signatures is in the permanent development and is available in 26t15¢ 3 MsSM (Whizard) [2011-12-30 04:38:49] hepmdb:1211.0047 Summarise:*
the 'Signatures' section. Information and links on relevant packages, e.g. Matrix Element generators or Feynman Rules More »
generator is located in the section ‘Tools' Christian Speckner

Iridis | MSSM model for Whizard

4. nMSSM [2011-12-30 04:23:30] hepmdb:1211.0046
from CalcHEP group
Description

|Model changed: False [ Menu= Go to HEPMDB~ (@ Help~
Gauge: Feynman
Calchep ~ || Validal
# Process Info #
ID  Name # Process specifies the process. More than #
1 Standard Model one process can be specified. Cuts, #
j# regularization and QCD scale should #
# be specified for each one. #
# Decay specifies decays. As many decays  # A Yo
as are necessary are allowed. #
: Composite specifies composite particles — #
# present in the processes or decays. # Calchep - || Validation
Whizard - Process:  p,p->W+,Z ID Name
|Decay: We->le,n 1 Standard Model Job #24161: Friday 02nd of March 2012 03:23:29 AM - - 1w~ g neip -
1D Name Decay: z->le, le
CalcHEP Numerical Details
|composite: p=u,u,d,D,6 Sorsi - | validation
|composite: le=e,E,m,M AR
LHE 28
Composite: n=ne,Ne,nm,Nm Processes sigma (fb) PID Time (hr) N events D Name
U057, W 7.9869e+03 30347 0.00 609/609 e
D,u->Z,W+ 8.0121e+03 30542 0.00 610/610 @
Total 1.5999¢404 1219/1219
| Whizard v
Decays width (Gev) PID Time (hr) N events 'g
# PDF Info # ID Name We->E, ne 2.2512¢-01 31586 0.00 5101/5100 1000 |
Hlezsane # Choices are: # WeooH, mm 2s12e-01 31846 0.0 5101/5100 H
#  cteq6l (anti-proton) # Z->e,E 8.3982¢-02 407 0.00 5101/5100 &
02/03/12 : 03:21:58 : You successfully subl [#  cteq6l (proton) # nished. zon 8.3981e-02 899 0.00 5161/5100 S a0
02/03/12 : 03:21:01 : You dont have any jo |# mrst200210 (anti-proton) # | &
02/03/12 : 03:2100 - Logged In. = widths P10 Tine (hr) hizard - K
7/ Load full batch / Save widths 1992 0.00
EP/iet & D Name E el
soutnampron 2 ”MA‘L“(; w Total 2.4510e+02 0.01 F
00 |
Message
02/03/12 : 03:23:30 : Job 24161 was finished. 20 -
02/03/12 : 03:23:28 : Logged In.
2 1 ol I I
{igmmer
Southaiipion SEP(ier W LR A
MEFF(GeV)
03:26:40 : Nt maker test-s
03:25:51 : You dont have any job
03257 : Logged In " Download Lipg! | Leps] | Ipdfl

am
(1 WP Durham
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Tutorial
HEPMDB Login | Register

Hiah ;’._,’5(.__‘."("1:}.»' Physics Models DataBase Home News Calculate Tools Signatures Wiki Contact Us
: Search in HEPMDB A | Show All Models
About HEPMDB News

We suffered a failure of the Iridis cooling system earlier this morning
HEPMDB is created to facilitate the connection between High Energy theory
and experiment, to store and validate theoretical models, to develop 2012-07-10 18:52:13
dictionary of the model signatures aimed to identify the fundamental theory

responsible for signals expected at the LHC. 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.
HEPMDB is also designed for collecting different signatures for its models as

More »
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. CalcHEP and HEPMDB: practical introduction and tutorial

2012-05-03 23:13:13
The database is in the development stage and your input in the 'Forum'’

section is highly appreciated. Databasg collects Particle Physics Models. CalcHEP and HEPMDB: practical introduction and tutorial will take place at
These models are supposed to be public and represent themselves a set of CERN https://indico.cern.ch/conferenceDisplay.py?confld=189668
Feynman Rules which can be in form of input for any of Matrix Element More »

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. LHARDE Reckage s saded
2012-03-25 12:55:34

ot R ‘ ‘ ‘
i B
Southaipion SEP(ier W 0o w0 40 e w0 10

MEFF(GeV)

ob
1971 Download Lipal | Leps] | [pdf]
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HEPMDB Loan | Regster

High Energy Physics Models DataBase Home Calculate Tools Signatures Contact Us

Search in HEPMDB.

H E p M D B

HEPMDB Is created to
mud\ o \pdl

Search in HEPMDB

" search Models :: Results for [MSSM]

1. MSSM [2011-06-21 10:54:07] hepmdb:0611.0028

CalcHEP/MicrOMEGAs groups

Tutorial

« || Show All Models

Login | Register

Home News Calculate Tools Signatures Wiki Contact Us

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...

ID Name
1 Standard Model

Florian Staub

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

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. IMSSM [2011-11-17 20:06:23] hepmdb:1111.0037

Florian Staub

02/03/12 : 03:2
02/03/12 : 03:21:01 : You
02/03/12 : 03:21:00 : Log

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

Message

02/03/12 : 03:23:30 : Job 24161 was finis
02/03/12 : 03:23:28 : Logged In.

hed.

Southampto

n SEP(iet Wi

TN

400 600 809 1000
MEFF(GeV)

" Download [ipgl | Leps1 | (pdf

an -
W Durham ~(Tp3

NE>
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Tutorial

HEPMDB User: Alexander Belyaev | Logout
HJ'Q'."? EJ'MIJ'J"Q_L-’ Phw:s’t—s Models DataBase Home My Models Calculate Upload model Tools Signatures Contact Us Admin

' Search in HEPMDB \ « | | Show All Models

Upload Model

Please fill the fields to add Model

Model Name:* | ‘

Authors:* | ‘
Summarise:*

ID Nam

ID N
Description:

=

o207t

DULll[l'dllllJl()ﬂ SE Total 2.4510e+02 0.01

02/03/12 : 03:23:30 : Job 24161 was finished.
02/03/12 : 03:23:28 : Logged In.

@
Southampton SEP(et  Wpuham G-
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HEPMDB

Search in HEPMDB

About HEPMI

HEPMDE Is cre
models, to deve

Calchep ~ Validal

walD  Name
Standard Model

validation ]

Whizard -

ID Name

Message

02/03/12 : 03:21:58 : You successfully sub:
02/03/12 : 03:21:01 : You dont have any jo
02/03/12 : 03:21:00 : Logged In.

Tutorial

Login | Register

Home Calculate Tools Signatures Contact Us

Model changed: False
Gauge: Feynman

R G G G s s

# Process Info #
# Process specifies the process. More than #
# one process can be specified. Cuts, #
# regularization and QCD scale should #
# be specified for each one. #
# Decay specifies decays. As many decays #
# as are necessary are allowed. #
# Composite specifies composite particles #
# present in the processes or decays. #

G R e

Process: p,p->W+,Z
Decay: W+->le, n
Decay: Z->le,le
Composite: p=u,U,d,D,G
Composite: le=e,E,m,M
Composite: n=ne,Ne,nm,Nm

R e s e e s e e e
# PDF Info

# Choices are:

# cteq6l (anti-proton)
#

#

cteq6l (proton)

G

mrst20021o (anti-nroton) =
w7 Load full batch w7 Save
SOLUIT nal'l'}pt(} n

Southampton SEF(ICT W

Menu~ Goto HEFMDB~

@ Help -

nished.

SEP/ et

Syiatly Bt Phpice Motk

AR
W Durham m—@vw

University

v 2w aw 7 Wy ww

MEFF(GeV)

oli dont have any job 1
gged In. Download [ipgl | feps] | pdf]

]
WP Durham
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Batch file in details(1)

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

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

# 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

TEAERE T 2000000000000

TEAEHE T 020000000 00000

# Model Info # ARERERRBRBRRERRRERRRRBRERRRER BB BB RRRERRRRHRER
# 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 # # mrst2002lo (anti-proton) #
# require that the process library be # # mrst20021lo (proton) #
# recreated. Yalues are True or False. # # cteqbm (anti-proton) ¥
# Gauge specifies gauge. Choices are # # cteqbm (proton) #
# Feynman or unitary. # # ctegbm (anti-proton) #
TERE T 0T 00 00 0 000 # ctegqbm (proton) #
Hodel : Standard Model (CKM=1) # mrst2002nlo (anti-proton) #
Model changed: False # mrst2002nlo (proton) #
Gauge : Feynman # ISR #

# ISR & Beamstrahlung #
TEAEHE T 020000000 00000 # Equiv. Photon #
# Process Info # # Laser photons #
# Process specifies the process. More 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 allowed. # # others are available for protons and #
# Composite specifies composite particles # # antiprotons. #
# present in the processes or decays. # # Default pdf: OFF #
TEAERE T 0200200000000 # Bunch x+y sizes (nm) #
Process: p.p—?W.b.B # Ignored unless ISR & Beam chosen. #
Decay: W->le.n # Default: 560 #

# Bunch length (mm) #

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

# Detault: Q.4 #
# Number of particles # #Bunch x+y sizes (nm) 1 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 e
# # #1QImax : 250
# Equiv. Photon, Laser photons and # #Incoming particle mass : 0.938
L] Proton Photon are available for # #Incoming particle charge : -1
# photons. # #1072 Imax : 2.0
# Default pdf: OFF # #Pt cut of outgoing proton : 0.15
# Photon particle #
¥ Ignored unless Equiv. Photon chosen. # HREBEEARBREUARBRERERRRBRE AR U ER U R R RARE
# Choices are: mu™—.e"—.e"+ mu™+ # # Momentum Info ¥
i Default: ™+ # i in GeY #
# 1QImax # B S S EIS RS E R PSSP E S F PSSR
# Ignored unless Equiv. Photon chosen. # pl: 4000
# Default: 100 # pe: 4000
# Incoming particle mass #
#  Ignored unless Proton Photon chosen.  # SR
# Defgult: 0.938 ¥ # Parameter Info #
# Incoming particle charge 2 # Masses and Energies are in GeV #
: EE“‘_""E‘d ”“165i P;"to“ Photon chosen. i B
oices are: 1,- "
2 # : =0.
- Default: 1 . Parameter: EE=0.31
#1072 Imax #
RERBERBERBERBEHBERBERBRRBRRRRRARRRRE R RRHRR R
# Ignored unless Proton Photon chosen. #
# Run Info #
¥ Default: 2 # . .
. # Masses and Energies are in GeV #
# Pt cut of outgoing proton # e
# More than one run can be specified at #
# Ignored unless Proton Photon chosen. i# .
M Default: 0.1 & # the same time. #
T T RERBERBERBERBEHBERBERBERBRHRRRRRRRRE R RRHHRH R
pdfl: cteqbl (proton) Run parémeter: Hh
pdf2: cteqbl (proton) Run begin: 120

Run step size: 5
Run n steps: 3
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Batch file in details(3)

RERBERRHRRERRRRERBERRERRHRRRRRRBEHBERRHRR R R RAR
HHARHHBEHDRERFRRRBERD AR RBR R R HDRRR R RARE

# QCD Running Info # ¥ Cot Tofs o
¥ fis in th? ik S # Must be in terms of the (production mode) #
# parton dist. alpha ’ # final state particles. #
& default: ON & # :n: specifies which process. #
# alpha(MZ) # # : means to apply to all processes. #
# default: 0.1172 # BRI AR AR SR
# alpha nf #
# default: 5 # Cut parameter: M(b.B)
# alpha order # Cut invert: False
# choices: LO, NLO, NNLO # Cut min: 100
# default: NLO # Cut max:
# mb{mb) #
# default: 4.2 # Cut parameter: J(jet, jet)
# Mtop(pole) P Cut i?vert: False
#  default: 175 # ot i 4
# alpha Q " Cut max:
# Must be in terms of the final state # €0k mernmet s TCet)
‘£ particles. ’ Cut invert: False
# default: M12 # Cut min-: 20
# :n: specifies which process. # Bit taa
# : means to apply to all processes. #
R B rane e
#parton dist. alpha: ON Cut invert: False
#alpha(MZ) : 0.118 Cut min: —2.5
#alpha nf: 5 Cut max: 2.5
#alpha order: NLO
#mb (mb) : q
#Mtop(pOlE): 1 RAERHUARERRERHLR R R R BB ALRHRRHR ARG R R RN
a # Kinematics Info #
i:iﬁh: g ;é; ngg # Must be exactly as in CH. #
loha Q - H4b # Comment. ?UF to use the CH defaults. #
aziind - # :n: specifies which process. #
# : means to apply to all processes. #
TEE T8 TR 20000000000 000 0 R R

Alexander Belyaev  INII=><a- “Practical introduction into CalcHEP” 130



#inematics :1:
#Hinematics :1:
#Hinematics :1:

Kinematics :
Kinematics :

Batch file in details(4)

12 -> 34 . 56

3 ->3 . 4
5 ->5 . 6
12 -> 3. 45
45 -> 4 . 5

B 000 R0 R0 02 80000 A A A A A

# Regularization Info #
# Must be in terms of the final state #
# particles. #
# :n: specifies which process. #
# : means to apply to all processes. #
HRRA RGN N R RN RN TR
Regularization momentum:1: 45
Regularization mass:1: hh
Regularization width:1: wh
Regularization power:1: 2

TS0 00 0 00 00 00 8RR

Dist n bins

300, 150,

= oH R B HEE R

Dist parameter:
Dist min:

Dist max:

Dist n bins:
Dist title:

plain text.

Distribution Info

currently supported.

#
Only 1 dimensional distributions are #
#
should be one of: #
100, 75, 60, Lo, 30, 25, #
2015, 12 10 6. 5. 4, 3, 2 #
Dist title and Dist x-title should be #
#
SERE BT T R R R R R R RN
M{b.B)
100
200
100
p.p—>H.b.B

Dist x-title:

M{b.B) (Ge¥)

Dist parameter: MCW, jet)

Dist min: 100

Dist max: 200

Dist n bins: 100

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

00 TR T 0 A 0 A T B B

Events Generation

Number of events determines how many
events to produce for each run.

Filename is the name used for the event
files. If no parameter is run over
then, -Single.lhe is appended. If
a parameter is run over then its
value will be appended as in
pp—HH-MH400.1lhe .

NTuple determines whether PAW ntuples
are created. This only works if
nt_maker is properly compiled and
in the bin directory.

Choices are True or False.

Cleanup determines whether the
individual event files are removed
after they are combined.

Default: True
00 T A 0 A I B B B R
Number of events (per run step): 1000

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

HoH B R R R R e e e e S o o H H

Filename: test
NTuple: False
Cleanup: False
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Batch file in details(5)

FHAREHBRAREHARR B AR RTR AR R R RS AR RARARRR AR RS

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 gh. Leave blank
if not required on your cluster.
email is only used on the pbs cluster
if you want it to inform you of

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

o ow o o H o o oH R oW R oW H R N HE N ERER

problems. email is currently ignored.

while waiting for processes to finish.

o H o e o ok o oH ok H oH H oh o oEoh oHE N h R

all modes.
# default: 19
BT BB 8 TR A
Parallelization method: local
#Que : brody_main
#lalltime: 0.15
#Memory: 1
#email : nameBaddress
Max number of cpus: 2
sleep time: 3
nice level : 19

000 00 00 R 00 R A

# Vepas #
# 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: & #
# 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 #
AR R SR AR
InSess_1: 5

nCalls_1: 100000

InSess_2: 5

nCalls_2: 100000

B 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
EOE g 8 E R R R R R g
#sub—cubes: 100000
#random search: 100
#simplex search: 50

#MAX=N : 2
#find new MAX: 100
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Tutorial

HEPMDB Logn | Register

Home Calculate Tools Signatures Contact Us

Search in HEPNDB ‘ | | Show All Models

About HEPMI

HEPMDRB User: Alexander Belyaev | Logout

Menuv Goto HEPMDB~ (g Help v

F

orum’ sectl
tt
CalcHEP, Cor

siwen Calchep Validation
Calchep =
ID File Name Job #1628195.blue3@==============Wednesday 01st of August 2012 09:55:37 PM===
"1  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 Bkl
Madgraph 5 ) )
Processes sigma (fh) unc (%) PID Time (hr) N events
u,D->W+,b,B 1.3296e+03 4,59 -01 © 0.00 3258/3258
U,d->W-,b,B 7.2163e+02 5.03e-01 © 0.00 1822/1822
o d.U->W-.b.B 7.1638e+02 4,.3%-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-Mh120.1he.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}le _ioﬁ}sﬂnigﬂl}ed@v

MEFF(GeV)
NE misker tost stuglo
o e IO oumload [ingl | eps] | Ipdf]

Durham
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HEPMDB

Search in HEPMDB

About HEPMDB

HEPMDB Is created to facilitate the conne
models, to develop dictionary of the mode
expected at the LHC. HEPMDB s also des
experimental efficiencies. Using this infor
which and would allow to discriminate an ¢
*Forum' section is highly appreciated. Dat
represent themselves a set of Feynman R
CalcHEP, CompHEP, FeynArts, Madgraph,

Authors can test and validate their models—
welcomed to also upload LanHEP or FeynH.!

Validation

Test and model validation will be available
your model on our site via submitting jobs
allow to run Feynman Rules generators

*Forum’ section. HEPMDB also collects sig
“Authors' supposed to assign to their mod
the 'Signatures’ section. Information and
generator is located in the section ‘Tools'

Valida

ID Name
1 Standard Model

Tutorial

Login | Register

Home Calculate Tools Signatures Contact Us

HEPMDB User: Alexander Belyaev | Logout
Nowe Homa My Modals Calculata Unlaad model Taols Sianaturas Cantact Us Admin

LHE

1000

Number of evenis
I

a00 |
200 [

&00 800 1000

ex#9: repeat ex#6 using
HEPMDB

| Download [jpg] | leps] | [pdfl

tev | Logout

tUs Admin
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Example of models created for CalcHEP

¢ Extra dimensions

¢ SM + extensions

» SM

» B-L symmetric Z' with heavy Majorana
neutrinos

» SM+Z

®» general 2 Higgs doublet model

®» 4th generation

% Excited fermions

®» Model with contact interactions

» Standard Model + anomalous gauge boson
couplings

» Model of strongly int EW sector
(5 & 6 dim operators involving Sigma field)

¢ SUSY

®» constraint MSSM

®» general MSSM, with 124 free parameters

» NMSSM

» RPVMSSM

» |eft-right symmetric MSSM

» MSSM with CP violation

» E6MSSM

»
»
»
»

5D UED with 2KK layers
6D UED with 2KK layers
ADD = ADD

RS = Randall Sundrum

¢ Leptoquarks

»

Complete LQ model
SU(3)xSU(1)xU(1) vector&scalar

¢ Technicolor & Higgsless

»
»
»
»
»

Minimal walking technicolor
TC with DM

3-site model

Hidden Local symmetry model
4SM = general 4-site model

¢ Little Higgs

»
»

Littlest higss model with T-parity
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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Example of the HEP Tools
application

Alexander Belyaev  INII=><a- “Practical introduction into CalcHEP” 140



Dark matter relic density — IsaRed and MicrOmegas
Neutralino relic density in mSUGRA

most of the parameter space is ruled out! $h” > 1
special regions with high O A are required to get 0.094 < Qh? < 0.129

Baer, A.B, Balazs '02

el

W
W —

tani=55,1>0 | X+

0h= 0.094
® 0.094< QK< 0.129
® 0.129- 0OK= 1.

rd
2. stau coannihilation:

degenerate y and stau <%

stau 's LSP

3. focus point:
mixed neutralino,

low i, importance of
higgsino-wino
component

M+ MZ/2=—gmi +2m1,

s
(e

4. funnel: (large tanp )
annihilation via 4, H NO REWSB additional regions:

Zlh annihilation

% : f 05 1 15 2 25 3 35 4 45 s Stopcoannihilation
' f m, (TeV)
X ! F 1. bulk region: light sfermions

Alexander Belyaev  INI=>a- “Practical introduction into CalcHEP” 141



B-L extension of SM

Extra U(1)' : Z', heavy long leaving neutrino
(in collaboration with S. Moretti, L. Basso, C. Shepherd)

10

__g,=01T=3Gev
’JI —_g,=02 T =13 Gev
g, =03, T = 28 GeV

264, T X500 Gev

5, T = 78 GeV

Diff. cross section (pb/20GeV)
S 3 S
i
é’i
o

L
S
-
Q

100tb°")

500 1000 1500 2000 2500
B-L M+ (GeV)
_ Wzjj

Events (L

—
4
III|IIII|IIII|IIII|IIII|IIII

l'-r'J._ "—Ll—l-—l-lllll_l_Ll—lnllllII_L|IIII|IIII

7100 200 300 400 500 600 700 800 900
M, =200 GeV. M’ ,, (GeV)
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Universal Extra Dimensions

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

R = 1500 GeV
= 120 GeV

(1)

(1}
1

mmm uarks

o —>— 10% < BR < 100% o leptons
- 1% < BR < 10% mmm scalar bosons
0.05% < BR < 1% mmm gauge bosons
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Universal Extra Dimensions

Process:
Process:
Process:

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

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

¢ Scan in 2D space with the calchep batch

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

yl="6_1

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

“c2.1.7b2.1.,7t2.1

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

yd=2 . W+,

W-.t.T.H

yb="P_1.%Y¥_1.7W+_1."W-_1

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

"n3_1

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

y8="H 1.

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

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

| #

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

parameter:

begin:

step size:

n steps:

parameter:

begin:

step size:

n steps:

#

invR
600
200
4

nL
10
10

4

¢ Set up of the prggluzctlon and decay processes with the calchep batch
p.p=2y3.y3
p.p=ry2.y3

Alexander Belyaev
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Results from calchep_batch

CalcHEP Batch Details
Home

Symbolic Results MUED-Chloe-2KK

Numerical Results
Events Library Donel
Process Library
Help
Finished Time(hr)

Thank you for Symbolic ©@498/6498) 0.00
using CalcHEP! g 4/4 3.29

Please cite By g
arXiv:0000,0000 Events  4/4 7.30
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Results from calchep batch

Home

symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for
using CalcHEP!
Please cite
arXiv:0000.0000

..rnenennea~ OK SUDpProcesses ...............

Symbolic Sessions

u,u-=>
u,u-=
,->-
un,d-=-~
u,d-=~
u,d-=~
u,d-=~
n,d-=-~

MUED-Chloe-2KK

Processes

~af F-ul 1
~ul 1,~u2 1

w2 1,~n2 1
GI I,~ul 1
df -cl 1
di 1,~t1 1
dl 1,~u2 1
dl 1,~c2 1

~a- 1->M1,~el 1
~a- 1->N1,~el 1
~d-- -2 H, =W 1
~g= F ol =W g

~a- 1->A,~W- 1
~a- 1->W-,~V 1
~a- 1->W-,~P 1

Widths

Lib PID Time(hr)

v

T T T W

NN NN NNN N
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Results from calchep batch

Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for
using CalcHEP!
Please cite
arXiv:0000.0000

Numerical Sessions

MUED-Chloe-2KK
Done!

Runs o (fb) Running Finished Time (hr) N events
invE=600 LE=40 5126 0/6499 6499/6499 20.68 50000
invR=800 LE=40 8092 0/6499 6499/6499 28.52 50000
invE=1000 LE=40 151.2 0/6499 6499/6499 24.66 0000
invE=1200 LE=40 30.29 0/6499 6499/6499 21.86 0000

95,72

Alexander Belyaev  INIi=><al-
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Results from calchep_batch

Numerical Sessions

Home
Symbolic Results MUED-Chloe-2KK
Numerical Results
Events Library Donel
Process Library
Help
Processes o (fb) PID Timn N events Details
Thank you for (hr)
using CalcHEFP! uu->~ul 1,~ul 1 497.36 19766 0.00 5196/5196 prt 1 session.dat
i—%i—?@%&%.mm wu->-ul_1,-u2 | 696.28 19769 000  7202/7202 prt 1 session dat
nu->~uld 1.~ul 1 550 .46 19775 0.00 5734/5734 prt 1 session.dat
wd->—dt ‘1,~ul 1 21245 19781 0.00 229772297 prt 1 session.dat
ll.....l.ll~ 6k Sprrocesses NN ENNNEENEEENENENNRN
~a- [->N1,~el 1 1.3688 14954 0.00 255000/254999 prt 1 session.dat
-14
x10
~a- 1->H,~W- 1 0 14991 0.00 0/254999 prt 1 session.dat
~a- T-2Z,~W- 1 0 15098 0.00 0/254959 prt 1 session.dat
~a- 1A ~W-1 0 16172 0.00 0/2545959 prt 1 session.dat
~a- I->W-,~V 1 0 18314 0.00 0/254599 prt 1 session.dat
a- 1->W-~P 1 0 18320 0.00 0/254559 prt 1 session.dat
Widths pip llme Details
(hr)
Widths 18342 0.00 session.dat
Total 5126 20.68
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Results from calchep batch
CalcHEP Events Library

Home

Ea}ﬂll]:n:‘:]_it: Hesults_ Date LHE plain Ntuple
E:l,illlli.]qltziﬁlﬂ,::u]H Tue Mar 27 23:06:39 2012 Q101 MH120 8tev-invR1000LR40 lhe

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

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

AR

40
35
30 p

25 |

20

15

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

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

R'(GeV)
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Advanced Topics
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CalcHEP

¢ CalcHEP as a matrix element generator for other packages
Example/template is in the hep_tools/calchep/calchep _scan
» compilation/linking
$CALCHEP/bin/make_main [-o<exe_name>] <C source codes and libraries>

»+ README

calchep_scan

MName

dlix

L

a.out

README

ot sCan_examp le.c

scan.dat
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CalcHEP

scan_example.c

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

int MAIN (voia)
{ int ©Yr,1i;

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

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

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

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

we-mdlnr=3, npoints=50;

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

setModel (mdldir , mdlnr );

Alexander Belyaev  INIi=p»&@- “Practical introduction into CalcHEP”
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CalcHEP
scan_example.c

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

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

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

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

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

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

JRrEarrwrRd St geperate random valueses for variahles ##dddddsay

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

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

setModel (mdldir , mdlnr );

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

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

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

scan_example.c

it(err?'=0) ¢

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

else {

// it the point survives the constraints collect more output

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

— —

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

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

}

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

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

a.out

more scan.dat

CalcHEP

Mh wh braa

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

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

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

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

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

int i,j,‘

dowble SUM=0

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

retwm Sum;
}
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CalcHEP

¢ user-defined form-factor
$CALCHEP/utile/usrFF.c

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

Ql[i]=dmass[i] *dmass[1i] -sgrMom(nin,Qtxt[i] , momenta) ;
it (dwidth[1])
t REAL w,w2, g2=0Q1[i]*Ql[i];
w=dmass[i] *dwidth[i];
WZ2=W*W;
if (q2>BWrange2*w2) us(gq2<(BWrange2+l)*w2) g2=(BWrange2+l) *w2; w2=0; ,
02[i1=1/(q2+w2);
QO[1]=Q2[1i]*Q1[i]*Q1[i];
Ql[i]*=0Q2[1i];
} else
¢ a#((QLl[1i]>0? Q1l[1]:-Q1[i]) < 1l0*sOmax) err=2;
i (101[1]) Ql[i]=s0max;
QL[i]=1/Q1[i];
Q2[1]=Q1[1]*Q1[1i];
QO[i]=1;

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

¢ Default composites and saving of input
Enter process: px*,p*x -> “ol, ol,p*
CalcHEP automatically substitutes ’p*’ contents in the input line

composite ’p*’ consists of: G,u,U,d,D,s,S,c,C,b,B

In the same manner at first call of numerical session one gets default table
Composites

Name |> Comma separated list of particles

p* |G,d,u,U,D,s,S,c,C,b,B

and recommended Cuts

Cuts
| Parameter | Min bound | Max bound
Ll T(p*) | 50 |
HlJ(p*,p*) | 0.5 |
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New/recent features of CalcHEP

¢ Parallel calculations

Program Method
symbolic calculation of diagram | fork

writing of C-code fork

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

Switches

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

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

Alexander Belyaev
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New/recent features of CalcHEP

¢ Parallel calculations
» PBS mode

Parallelization method: pbs
Walltime : 5

Memory 4

email: name@address

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

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

¢« New colour particles and vertices

P1 | P2 | P3 | color structure
3, |3 oy
Gy | 64 (0568 + 045¢) /2
8& 83 5P
30 | 3y | 3. | e
3 3° 3¢ | €qbe
8a | 85 |8y | —if*
3 |36 |8y | T}
Gy | 6 8, ['r”-“fcig + ’r'?“ﬁrj"g + 77302 + T”fgdfi") /2
Gap | 3¢ | 3% | (0205 + 0467 /2
60 | 3. | 34 | ( ‘;fig + r:?ad(?g) /2
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New/recent features of CalcHEP

¢ PDFs and visualisation

®TF({x, @=0.12E+01)

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

x-Mi .000E-05 .

1

1.000E+00
I.500E+00
1

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

Display plot  F(Q)

both PDF1&PDF2 ON

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

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

PCD alpha
o5 Alphaia@)

— bSO E MO
e POT=CT 1|0
e PO Tz ot el

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

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

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

Qren = M1Z2

Ppdfl= Qren
OpdfZ2= Qpdfl
Oshow= Qren

0.3

o
[

e
.
n

@
-

‘I|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII_‘.I-'

Alexander Belyasv ~INIEE»&@=  “Practical introduction into CalcHEP” 162




New/recent features of CalcHEP

¢ Connection to Delphes

LHE — CheckMate2
» No intermediate HEPMC files

PYTHIAS8, can control it via cards

Delphes3, can control it via cards

Produces root files

Can use CM statistical analysis routines and check the signal exclusio
One can produce muldi-dim scan at HEPMDB and direct Ihe files to CM2

¥ & & & 3
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Highlights of the CalcHEP

¢ Convenient graphical interface

¢ Calculates particle widths 'on the fly'

¢ Allows to edit diagrams as well as squared diagrams — important for
the dedicated interference studies

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

¢ Powerful batch interface — connects numerous production and decay
processes

¢ Allows to perform multidimensional scan of the the parameter space
and produce LHE files in one run

¢ Adopted to HPC cluster (installed at HEPMDB — next lecture)

¢ Many more — see an updated manual

Outlook

¢ ME matching: for 1,2,..3 jets ME's
¢ Connection production and decay without loss of the polarization info
¢ Helicity amplitude method is on the way

Alexander Belyaev  INII=><a- “Practical introduction into CalcHEP” 164



LanHEP

¢ Index order

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

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

interactions
» | et statements:

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

parameter ftW=0.
parameter Lam=1000.

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

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

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

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

+ AddHermConj.

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

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

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

where
Frfa*mu*nu=deriv*mu*WHW]l *nuta-deriv*nu*WHWl *mu*a.
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« Final remarks

=» most of you should get more experience with Linux — will save your time and bring more
confidence

ask more questions, go through all exercises
use launchpad to file problems or ask questions — answers will be available to everybody!

4 &

¥

more tools exist — those are of my personal preference
read manuals — they have much more details
» automation tools are powerful but should not be blindly trusted or blamed! :

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

¥
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