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CompHEP project
has started In 1989
iIn Moscow State University




Goals:

Automation of tree level diagram calculations

“Unification” of symbolical and numerical calculation (in Ul) —
a full computational chain for phenomenologists

Interfacing to other generators (for showering and
hadronization) and further (full simulation)

Interfacing to NLO codes: cross section calculators, mass
spectrum calculators



CompHEP constructs tree level Feynman diagrams for a given parton
process

Symbolical calculations of the Feynman diagrams squared

Automated preparation of binary for numerical calculations by Monte-
Carlo technique (based on C code): cross sections, distributions, events

Model independence: Model description files are input for CompHEP.
CompHEP can work with 0,1/2,1-spin particles, Majorana and Dirac
spinors, 3- and 4- vertices with fields, derivatives of fields, functions of
parameters

“Universal”, build-in symbolic calculator: CompHEP can calculate N2
tree level diagrams for any process 1, 2—=M. N and M are limited by
computer resources only

User-friendly interface: GUI for both symbolic and numerical parts,
comprehensive build-in help (F1), batch scripts



CompHEP Model defines particles and their interactions.
Technically CompHEP model 1s a set of 5 text files (tables)

A set of fundamental particles: names, mass/width, spin, charges

Numerical model parameters: mass/width values, couplings, mixing
parameters, etc.

Constrains: relations between the parameters
Lagrangian: a set of all interaction vertexes

Composite particles: proton, artificial useful particle combinations
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Simple training models: QED, Effective 4-fermion Fermi model

SM 1n two different gauges: unitary gauge and t 'Hooft-Feynman gauge.
Flavour simplified SM model (#-model)

SUSY Models: unconstrained MSSM (again in two gauges); SUGRA
model; GMSB model

New (user-defined) Models

Simple way (if your model is relatively simple): add new particles/params/vertices

For more complicated models: — a program for generation of Feynman
rules for user-defined model ( )

* Works with super-multiplets and superpotential
= Generates all needed files for CompHEP (also FeynArts and LaTeX format)
= Several options for self-checking (charge conservation, BRST invariance, etc.)

*= Has been used for CompHEP SUSY models and many other BSM models



Complete Leptoquark model.

Top quark Lagrangian with anomalous couplings

Excited fermion Model

Complete two-Higgs-doublet Model with conserved or broken CP
Invariance

RS1 model and effective 4 particle Lagrangian for RS below KK threshold
UED model
Minimal Higgsless Model

Muonic photon; para-photon; E6 1sosinglet quark; Z’, W’ bosons;
doubly charged Higgs, color octet pseudoscalars, Inert Douplet Model, etc.
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ahstract

CompHEP package is created for calculation
of decay and high energy collision processes of
elementary particles in the tree approximation.

The main idea put into the CompHEP was to
make available passing from the Lagrangian to
the final distributions effectiwvely, with the
high level of automatization.

Use the F2 key to get the information ahout
interface facilities and the F1 key to get
online help.

Help Han Switches

Results

SHM, Feymman gauge

Quit

Hodel: SH, Feynman gauge

Bhstract

CompHEP package is created for calculation
of decay and high energy collision processes of
elementary particles in the tree approximation.

The main idea put into the CompHEP was to
make available passing from the Lagrangian to
the final distributions effectively, with the
high level of automatization.

Use the F2? key to get the information ahout
interface facilities and the F1 key to get
online help.

Help Han Switches

Results

Enter Scattering Process

Quit

CompHER version &.5.0rct

Hodel : SH, Feynman gauge

List of structure functions

Hodel: SH, Feynman gauge

List of composite particles (switch to the particle list by F3)

0: OFF

1: HHE (m=0.000511 Cch=-1 Q=100)
2: Laser Photons

3: ISR(100 Beamstr.:0FF)

10: PDF:ctegbm{proton)

11: PDF:ctegbm{anti-proton)
12: PDF:cteqbll({proton)

13: PDF:ctegbll{anti-proton})
14: PDF:cteqgbd{proton)

15: PDF:ctegbd{anti-proton)
16: PDF:cteghml{proton)

17: PDF:ctegiml{anti-proton})

nter 1lst Beam:
nter lst Beam Enerqgy (GeV)
nter 2nd Beam:
nter ?nd Beam Enerqgy (GeV)
nter PDF number 2

PyDn—

Hame: jl (u,U,d,D,G)
Hame: j2 (u,U0,d,D,s,8,¢,C,G)
Hame: j3 (u,U0,d,D,s,8,c,C,b,B,G)

M
o |

‘;Applications Places System

@
(&

3

[Enter Final State: p,p -> ZNIENEE

g ) W0 =2 o)) Thu 30 Oct, 09:37

|

Alexander Sherstnev



iE A [test trunk_bb : tesh] CompHEP version 4.5..., CompHEP version 4.5..., CompHEP version 4.5..., CompHEP version 4.5...,

Hodel : SH, Feynman gauge Hodel : SH, feynman gauge

List of (anti)particles Process: p,p -> e,E,jl

gluon A(RD) photon Z hoson Feynman diagrams View diagrams
W boson ne{He) neutrino electron 164 diagrams in 16 subprocesses are constructed.

mu-neutrine m{H}) muon tau-neutrine 0 diagrams are deleted.

tau-lepton u(lny u-gquark d-quark
c-gquark s{8) s-quark t-quark

h-quark H{H) Higgs HH Subprocess Del Rest

]

1] u,U -> G,e,E I 0] 4

Enter Final State: p,p -> N
Exclude diagrams with |
Keep diagrams with

PgDn

Help Han Hodel Switches Results Del UnDel Quit

CompHER version s:5/0rct . | 4
Delete, Onfoff,Restore, Latex Hodel : SH, Feynman gauge

Process: p.,p -* e,E,jl
*
Feynman diagrams View squared diagrams
diagrams in 16 subprocesses are constructed.
diagrams are deleted.

Sgquared diagrams
diagrams in 16 subprocesses are constructed.
diagrams are deleted.
diagrams are calculated.
out of memory

F1-Help, F?-Han, PgUp, PgDn, Home, End, # ,Esc Han Hodel Diagrams Switches Besults Quit
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® Customize numerical MC generator: The most complicated part: do
proper phase space sampling (regularizations + kinematics), set necessary
kinematic cuts, Q2, PDF set, etc. Main goals — to improve efficiency of MC
calculation and describe physics task. User may change model parameters and
set kinematic cuts

® (Calculate full cross section and distributions: CompHEP uses an
improved version of the adaptive VEGAS algorithm for MC calculations.
User may order different variables (P., inv. mass, rapidity, etc.) for

histogramming

8 (Generate events: As soon as CompHEP customized, events can be
generated for the subprocess. User set a number of the events They are kept to
text files.

If the process consists of some subprocesses, the procedure
is applied to the each subprocess.
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Process: p,p -> e,E,jl {16 subprocesses) Process: p,p -> ¢,E,jl {16 subprocesses)

(sub)Process: u,U ->» G,e.E {sub)Process: u,U -> G,e,E

Honte Carlo session: 1({begin) Honte Carlo session: 1(begin)

Initial state
Initial state
L]

Beam particle 1: proton

Help Han Diagrams Results Quit Help Han Diagrams Results Plot Quit

CompHEP wersion <.5.0rco

Process: p,p -> e,E,jl (16 subprocesses) Process: p,p -> e,E,jl (16 subprocesses)
{sub)Process: u,U -> G,e,E {sub)Process: u,U -> G,e,E
Honte Carlo session: 1{begin) Honte Carleo session: 3I{begin)
Hodel parameters QCD scale
* IT Cross section [pb] Error % nCall CRE @ QCD alpha @ |
"

EE= 0.31345
Q(GeV) = mdd

Diagrams Results Quit Man Diagrams Results guit

— ¥ ) .
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Process: p,p -> e,E,jl (16 subprocesses) Process: p,p -» e,E,jl {16 subprocesses)
{sub)Process: u,U -> G,e,E {sub)Process: u,U -> G,e,E
Cuts 3
rClr-Rest-Del-Siz Clr—Rest-Del-Siz Regularization
Parameter |> Min bound <|> Max bound < Homentum |> Mass <[> Width <| Power
t3 110 | 45 |0 10 11
y3 1-5 15 45 |HZ |wZ 12
nd5 Jiof 13 10 10 12
14 |10 10 2
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Process: p,p ->» e,E,jl {16 subprocesses}) Process: p,p -> e,E,jl (16 subprocesses)
(sub)Process: u,U -> G,e,E {sub)Process: u,U -> G,e,E
Honte Carlo session: l{begin) Honte Carlo session: 3(begin)
Humerical Session Humerical Session

Cross section [ph] Error % n¢all i T Cross section [pb] Error % ncall chi**2

. 1705E+02 .81E+00 90720 Start integration
. 1432E+02 . 16E+00 90720

. 1540E+02 .HBE-01 90720

. 1572E+02 . 03E+00 90720
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. 1465E+02
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. 1518E+02
125760

Set Distributions

. 1580E+02
. 1596E+02
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CompHEP version 4.

(sub)Process: u,D -> m,H,h,B

t3
ta
th
te
c24

rclr—Rest-Del—Size
Parameter |>» Min bhound <|> Max bound <|> Rest Frame <

1150 "
| 150 Distributions I
|150

‘F1-F2-Top—Bottom—GoTo—F ind—Zoom—ErrHes

Distributions
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Pt distributions for all final particles
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New option in the numerical menu -
“write root histogram”

CompHEP version 4.4.3

Diff. cross section [ph]
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“vegas” integration menu new submenu
“combine histograms” for superimposing
ROOT-histograms



CompHEP version 4.5

#PEVLIB v.1.0
#CompHEP wversion 4
#PROCESS u u
#Initial_state
SQRT(S) 1.960000E+03
Rapidity(c.m.s) 0.000000E+00
StrFun PDF:cteqbll({proton)
StrFun2: PDF:ctegbll(anti-proton)
#MASSES
. 6200000000E+00 4. 6200000000E+00 1.5003506470E+02
#Cross_section(Width) 1.842239E-01
#Mumher_of_events
-3
#CompHEP wersion 4.5
#PROCESS d
#Initial_state
SQRT(S) 1.960000E+03
Rapidity(c.m.s) 0.000000E+0Q0Q
StrFunl: PDF:ctegbll(proton)
StrFun?: PDF:cteqgbll(anti-proton)
#MASSES
. 6200000000E+00 4. 6200000000E+00 1.5003506470E+02
#Cross_section(Width) 3.3216660E-02
#Numher_of_events 9948

->m Him b

- m

File with glued events

0.0000000000E+00 0.0000000000E+00 0.0000000000E+00 0

0.0000000000E+00 0.0000000000E+00 0.0000000000E+00 0

Com pHFEE version 4.5

#CompHEP wersion 4.5
#PROCESS H+ ->E
#Initial_state
SQRT(S) 0.000000E+00
Rapidity(c.m.s) 0.000000E+00
StrFunl: OFF
StrFun?: OFF
#MASSES 1.5003506470E+02
. 6200000000E+00
#Cross_section(Width) 4.801043E-04
#Humber of events 100000
S
#Humber_of_ subprocesses 1
#Total cross section (pb) = 4.801043E-04
#Events_mixed_and_randomized = 100000
#Hproc Events =
1 -2.34668568060E+01 4.4298254788E+01 3.9019414884E+01 §5.1245802995E+00 6
.0883300482E+00 -2.8526782568E+01 5.1727835861E+00 -2.6188469731E+01 -1.09515
22465E-01 1.3169494175E+01 -2.4198115105E+01 -1.0383117092E+01 9.119E+01 (
5 4)
1 -1.5191133328E+01 3.7733542463E+01
.7928012131E+00 -2.6654965530E+01 -2.5675368818E+(
91008E+01 -7.6652434728E-01 -1.8592615690E+01 -7.

0.0000000000E+00 0.0000000000E+00 4. 6200000000E+00 4

8.790645%501z.00 4 02c402e .0 - e

=T slava@slavai~/H¥.2008/old format/pP-mNBBH+
O®aiin Mpaska Bua TepmuHan Bknapku Crpaeka
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156.6

charged Higgs, tree:

End of CompHEP numerical s
[slava@lava pP-mNbBH+]$

e

#PEVLIB_v.1.0
#CompHEP version 4.5
#PROCESS u U->m
#Initial_ state
SQRT(8) 1.960000e+03
Rapidity(c.m.s) 0.000000=+00
Strrunl:PDF:cteqbll(proton)
Strrun? :PDF:cteqgbll{anti-proton)
#MASSES 0.000000e+00 0.000000e+00
0000e+00 0.000000e+00 0.000000e+00
#Cross_section{Width) 1.842239e-01
#Humber_of_ewvents

Hm h B

#CompHEP version 4.5

#PROCESS d D
#Initial_state
SQRT(S) 1.960000e+03
Rapidity(c.m.s) 0.000000=+00
StrFunl:PDF:cteqbll(proton)
StrFun? :PDF:ctegbll{anti-proton)
#MASSES 0.000000e+00 0.000000e+00
0000e+00 0.000000e+00 0.000000e+00
#Cross_section(Width) 3.316660e-02
#thunber_of_ewvents 9948

- m Tn

Com pHFEE version 4.5

4

4

[slava@lava pP-mNbBH+]$

[slava@lava pP-mNbBH+]$§ ./casc

ade production.txt decay.txt]]

.000000e+00
. 620000e+00

.000000e+00 4.620000e+00 4.62

4.620000e+00

.000000e+00
. 620000e+00

.000000e+00 4.620000e+00 4.62

4.620000e+00



Cascade processes with scalar
p[_? — Z‘E — H+bl; — T+Vz.bl; — 7T+VT|7TZ?Z;

MSSM parameters: tan3=0.5, M, . =150
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Pion energy spectra in the top rest frame.

Smooth line for complete process 2-5 build from weighted events,
stepped line for cascade process (2-3)*(1-3) build from two unweighted events flow.



Perl scripts: symb_batch.pl and num_batch.pl

® Computations of many subprocesses — laborious task, can be significantly
simplified especially for hadron colliders

® Long/large-scale calculations: GUI 1s not too handy

® Support of parallel calculations: very helpful for multi-CPU
machines/computer clusters (pbs/Isf 1s available; grid in progress)

® “Knowledge transfer”: theorists/phenomenoligists can prepare
model/process.dat/batch.dat for further simulations by experimentalists



Latex 3/3

B L B L O L B L Bt T e e
# Data file for symb script.pl

# For the symb batch script version 1.0

B B P L Bt BT L v

# You have to set the model number, which you are going to
# The model number corresponds to the string number of the
# 1in the CompHEP model menu in the GUI mode..

model number: 6

from a table of beams.
regime). Energy unit is GeV

beam energy 1: 7000.0
beam energy 2: 7000.0
Fl-Help,F2
final state of your process. Mode
particles (see the corresponding
can be used..
final state: m,Nm,b,B,H+

If you'd like to ude feynman diagrams with some model

D = he particles here]

e diagrams with: h,H

- _ = ; g
# particles (in propagators!), enter the particles here
# Examples:

#keep diagrams with: t,b,Z A

keep diagrams with:

# If you enter no, s comphep generates diagrams and does no
# do symbolic calculations.

make symbolic calculations{yes/no): yes deleted
# If you enter no, comphep calculates all squared diagrams, _ . =

# but n_comphep will not be created. End of CompHEP symbolical session.

make n_comphep generator(yes/no): yes #** n_ comphep creation details have been written to symb_batch.




#Subprocess 1 (u,U -> m,Nm,b,B,H+)}

#Session_number 1 [note]$ ./num batch.pl --show cs

ilodel_number © List of available subprocesses:
nitial_ state.
SQRT(S) 1.400000E+04 Subprocess 1 (u,U -> m,Nm,b,B,H+

Rapidity(c.m.s) 0O.000000E+00 ~
StrFunl: PDF:cteq6ll(proton) SprFOCESS ES’D > m’mm'g'g’:+
Jlu -= m, ml Uy +

StrFun2: PDF:cteq6ll(proton) SprFOCESS
(D,d -> m,Nm,b,B,H+

): cross section [pbh] = 6.2925e-01 1.30e-03

)

)

#Physical Parameters, SprFOCESS )
(s,S -> m,Nm,b,B,H+)

)

)

)

)

: cross section [pb] = 3.8960e-01 8.15e-04
: cross section [pb] = 6.2781e-01 1.55e-03
: cross section [pb] = 3.8906e-01 9.31e-04
: cross section [pb] = 6.6678e-02 1.43e-04
: cross section [pb] = 3.0779e-02 6.58e-05
: cross section [pb] = 6.6678e-02 1.43e-04
: cross section [pb] = 3.0779e-02 6.58e-05
: cross section [pb] = 1.4684e+01 3.59e-02

.122300000000000E-01 Subprocess

. 730000000000000E-01

' 1188406000000000EL+01 Subprocess 6 (c,C -> m,Nm,b,B,H+
. 750000000000000E+02 Subprocess 7 (S,s -> m,Nm,b,B,H+
.620000000000000E+00

2 524000600000000F 100 Subprocess 8 (C,c -> m,Nm,b,B,H+
.088950000000000E+00 Subprocess 9 (G,G -> m,Nm,b,B,H+
.000000000DOOODOE+D3

.000000000000000E+02

-000000000000000E+02 Total CS [pb] = 1.6914e+01 +/- 3.60e-02 ( 2.13e-01 %

.000000000000000E+03

.000000000000000E+O3

.000000000000000E+03

.000000000000000E+00 #QCD Lambdab = 1.652000E-01 Scale = 175
.00000000OANAOAOE+O0 #\/egas calls 41472x5

.341600000000000E+02 #/egas_integral 9.16788703338995469E+13 3.46369076228
.000000000000000E-01 #Distributions,

.216002374681738E+00 #Regularization Yk Table *%
#idth_scheme 0 kkk Taple *+*+ Distributions
Regularization Parameter |> Min bound <|> Max bound <|> Rest Frame

d° d° of of o o° of of of
St s e e Yo St

WO =l O un o= N

3
4
9
1
4
1
2
1
2
3
1
1
1
[¢]
[c]
1
5
1

#Minematical scheme. i
12 -> 57 , 346 Momentum |> Mass <|> Width <| Power|
57 ->5 |Mtop |wtop #Events 500 1 0.200000 2.000000 10000
| MW | Wil #Random FA98CBAA37OE
|wtop




LHA I 1s implemented in CompHEP-Interfaces

LHEF - the format adopted by many developer groups (hep-
ph/060917). Now CompHEP supports 3 event formats: cpyth-1, cpyth-
2 (for experiments, where the formats are used), and LHEF with
HepML header. There 1s a special option - Generator (LHEF format) -
in the event menu in n _comphep

All modern PDFs are available via LHAPDF: CTEQ, MRST, Alekhin
PDF, etc. Both options, LHAPDF and internal PDF, are available in
CompHEP 4.5 with the same functionality in both regimes

SUSY LHA The SLHA interface is implemented in SUGRA and
GMSB models of CompHEP. By default, the slhaScript file invokes
SUSPECT

BSM LHA is still being implemented



Unified XML format of MC event files metadata
® to keep comprehensive information on event
® {0 store generator input parameters and setup
® an cffort to fix a unified extensible way of MC events description
® the LHEF standard permits XML code in event file headers
Main purposes:

® to unify MC event files description (parton and particle levels of MC
simulation)

® to facilitate passing information from Matrix Element generators to
Shower generators

® to simplify MC generators tuning and testing
Contributors
® CEDAR http://www.cedar.ac.uk

® LCGMCDB http://mcdb.cern.ch
Homepage https://twiki.cern.ch/twiki/bin/view/Main/HepML


http://www.cedar.ac.uk/
http://mcdb.cern.ch/
https://twiki.cern.ch/twiki/bin/view/Main/HepML

The CompHEP-Interfaces includes two interfaces for PYTHIA and
HERWIG, These interfaces allow us to use processes computed by
CompHEP as external processes in PYTHIA/HERWIG

Main goal: provide ISR/FSR, hadronization (jet fragmentation), and
decays as it is done in PYTHIA/HERWIG

CompHEP generates unweighted events (event files)
The command mix_ flows mixes several event files in one event file

Some governing parameters (Event file name, the number of events and
first event) are kept in the file INPARM.DAT

A matching code for ME events and showers in PYTHIA are being
developed in the package

Simple routines for toy analysis are provided
Program to translate data to ROQOT file (record looks like LHA 1)
TAOLA interface available (by request)



M C D B — K n OWI e d e B a s e t-channel single top events in HepMC format, effective NLO, generator SingleTop
Go (CompHEP)

Login to MCDB
Advanced search

Author(s): Lev Doudko, Dmitri Konstantinov Login
. Date of publication: 2007-05-04 10°13:54 || Register as McDB
] Last correc! tion: 2007-05-23 02:41:58 author
http://mcdb.cern.ch
= QCD Article ID: 117
© Software Dedicated to: Help and support
;’ pﬁ;;‘;‘:}:;si:s experiment: CMS Help
o G!uge bosons group SM PRS group About MCDB

Database of sophisticate MC simulated Eortact s

Events for the t-channel single top production are prepared by generator SingleTop (based on CompHEP)
- - - - with an effective NLO technique, described in Phys.Atom.Nucl.69:). Events prepared in HepMC format as an
eve nts and thel r descrl tlon It IS output of CMSSW Pythia output events and ready for the CMS production. More details on the parton level L O
= samples are available in the related article: article 41 ep -
HepML Contacts
Author comments:

Integrated with CMS software already

Name: pp --> tq+tgb->mu,nu,q.b,.B Download
PDF set:  CTEQ6M
QCD scale: 87.5 GeV

Model: SM, Feynman gauge (Mtop=175)

Generator: CompHEP, version: 4.4p3

CompHEP group uses this project to
distribute and document CompHEP
events for LHC community

EFFECTIVE-NLO EVENTS FOR THE T-CHANNEL SINGLE TOP PRODUCTION

== interface
LHEF, nativ
formats

‘Web interface



( utation in

igh Energy Physics)

Incomplete list of processes simulated with
CompHEP In the past (3 papers have ~1000 citations):

FNAL/Tevatron:
pPp—oWH+X,ZH+X
pp—LQ+X
pp—t+X

DESY/HERA:

ep—->W+X
Exotic

(LC:
ee—-WW,WH
ee—bb+ff
ee—t+X
ee—HH
ee—He

Phenomenology:
many, many BSMs

CERN/LEP:
ee—/ZH
ee—4f

CERN/LHC:
pp—ot+X
pp—tt+2]
pp—ttbb
Dp—~ZZ
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Observation of Single Top Quark Production

antiproton

High Signal Region — my,,
D@ 2.3 fb™
Ranked

Combination
Output > 0.92

100 200 300
Top Quark Mass [GeV]

W+
proton

antiproton

D@ 2.3fb™" March 2009

Decision Trées 3.74 :8_'%’ pb

Bayesian Nl\lls —e—i 4.70 *333 pb
|

Matrix Elements 4.30 193 pb

BLUE Comblination 4.16 +0.84 pb

BNN Combirilation 3.94 +0.88 pb

I N Kidona}(is, PRD 74, 114012 (2006) my,, = 170 GeV

| 0 5 10 |
o (pp — th+X, tqb+X) [pb]

DO Collaboration (V.M. Abazov et al.). Phys.Rev.Lett.103:092001,2009.




Search for anomalous top quark couplings with the D0 detector

vector left and right couplings

¢ T _
CL:’JH" — ﬁ [‘;J bﬂf} (flLPL + flﬂpﬁ) t
q : r— 1. L » [ -
— ——— O W, b (fo'PL+ fo'Pr)t <+ h.c.
V2 My ¢ ( i )
tenzor left and f'iéht couplings
P, x=112-(1Fys) , o""'=il2]y",y"]
Scenario Coupling Coupling limit if fi* =1
(L1, R1) |fL|° = 12770355
2 < 0.95 12 < 1.01
(L1, L2) |f{? =1.274553
1?2 <0.32 F|? < 0.28
(L1, R2) |f{|° = 1.0475:33
57| < 0.23 3°? < 0.23

DO Collaboration (V.M. Abazov et al.). Phys.Rev.Lett.102:092002,2009.



Search for charged Higgs bosons decaying to the top and botom quarks
in p anti-p collisions

« General interaction of charged scalar to fermions:

> ) gw-‘ i —_ I !
- L=—Z="H"G(a M(1 — %) +a.£qj(1 +7°))g; + Hec.

2v/2
e Squared ME for -u.a_l — tb

g b
| 1[|2 . ql" ‘ d(afd 3 ("Rdz) ( !b + Q{E )(pupd)(ptpb) - Z‘If “[bntbn (pupd)
] = gV
“ el s (B—MZ )2+T2. M7,
C . — 195
E 100: e+, 2 jets, 1+2 b-tags 2 || Excluded region 2HDM Type |
] g0l " DG 0.9 fb” O D Region where analysis is not
g% = 1o+ tab + 190 - - valid (T}, > 50 GeV)
it 50__ B + W + jets =
i B Multijets
20" + — H*(180 GeV) x 50 185~
- - H*(240 GeV) x 50
L JF + ------- H*(300 GeV) x 50
200 180 - 1
- ‘i?*'* D2 0\9 f ! ! ! Levs
f00 200 300 400 500 600 700 10 20 30 40 50 60 70
M(jet1.jet2,W) [GeV] tanB

D0 Collaboration (V.M. Abazov et al.) Phys.Rev.Lett.102:191802,2009.


http://www-library.desy.de/spires/find/hep/wwwauthors?key=7820054

Search for W-prime Boson Resonances Decaying to
a Top Quark and a Bottom Quark.

Destructive interference

V q t

=5 S Gyl ag, (1+ys)rag, (1=y)IW ¢, + HC. w’ L N
a‘;_q_, aéq_— left and right couplings of W’ to fermions 5 5 E:::

' N Interference v“’é% u'"""’f"f-:,-,.;;.:..-,,-,,-.-...

\M[=SM =+ 2-a,, aﬁ,/ + i "

w and W' 1
e 10°

b (P (a4 () (an P INN () (@) P+ (al) (a))]

| FYRUEEETEY FFUTE FTEL FUVPE FRUEE FEVRUETETE FRTE PR
100 200 300 400 3500 600 700 800 900 1000
Mass tb, GeV

W'—tb DO results 0.9 fb!

|1 DO 0.9fb' |—@— Observed limit DO 0.9 fb! —&— Observed limit 1.5 {DO 0.9 fb"
3 (a) ---m--- Expected limit 3 (b) ---m--- Expected limit 1 ()
| ] —&— SM+W’ NLO (M, < M) | =t W NLO (M, > M)

—a— W NLO (M, < M,,)

with W/W’ interference

no W/W’ interference

N
L

—— Observed limit (M, > M,,)
—&— Observed limit (M, < M,,)
« standard model

—
1

6 (pp— W’) x B(W’ — tb) [pb]

o (pp— W’) x B(W’ — tb) [pb]

no W/W’ interference

(=]

u u u T T T T p o T T T T
600 700 800 900 600 700 800 900 600 700 800 900
W’ mass [GeV] W’ mass [GeV] W’ mass [GeV]

D0 Collaboration (V.M. Abazov et al.). Phys. Rev. Lett. 100, 211803 (2008)


http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=8101191
http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=8101191

Search for production of single top quarks via
flavor-changing neutral currents at the Tevatron.

L LR L L o
- a
I f - A
JLv a
a g.fo > G, + h.c
: VOO ————
f: u-quark, or c-quark qq — tc cg — tg
G: gauge field tensor of gluon Ot t
K : strength of tug or tcg couplings
A: scale of new physics
cq — tq gg — tc
Eo.ooa D 230 pt ggz gt TABLE V: Upper limits on x¢/A and x%/A, at 95% C.L.
o ; - 168% CL
i) E Observed (expected) limits [TeV ']
-4 KS/A KL/A
Electron channel 0.16 (0.19) 0.046 (0.052)
Muon channel 0.21 (0.21) 0.049 (0.050)
Combined 0.15 (0.16) 0.037 (0.041)

FIG. 2: Exclusion contours at various levels of confidence
using 230 pb~' of DO data in both the electron and muon
channels (color online).

DO Collaboration (V.M. Abazov et al.) Phys.Rev.Lett.99:191802,2007


http://www-library.desy.de/spires/find/hep/wwwauthors?key=7062923

Prospects of a Search for a New Massless Neutral Gauge Boson at the ILC

1
M2

The Feynman rules for the fermion-fermion-+' vertices

Rw ((ngﬁwCIuj—“[uR + ng,iu/CdedR + Z_L(T‘“”"Cj{-:HE?R 4 h.f:?)

C

I P T T
5 mp e pl (VA — YY)

!

daldE, fhiGeV

The signal reaction e"e™ — ¢t +/

e Ve by s Ly e by s b s o by by L 1y
0 50 100 150 200 250 300 350 400
E GeV

v " energy distribution

Background eTe — tt_f)/ ete™ — ttvw

Experimental limits for the paraphoton coupling parameter at 95% CL that may be reached at the ILC

M M
ILC (Ns=0.5 TaB, L =500 fb): o =033 JLC (Ns=1TsB L =1000 fb"): —— =0.61
C, C

t

E. Boos, V. Bunichev,, H.J. Schreiber, Phys.Rev.D78:015007,2008


http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Boos%2C%20E%2E%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Bunichev%2C%20V%2E%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Schreiber%2C%20H%2EJ%2E%22

Prospects of mass measurements for neutral MSSM Higgs bosons
in the intense-coupling regime at a linear collider.

tanp=v /v,>10, M,~M,~M, ~100-140 GeV.

Mass measurements for CP—even hand H: e¢Te~ — Z°, h/H — IT17bb

recoil mass method: e Zbb
150

My =5 — 2V5FEz0 + Mo,

Events /0.5GeV

Ezo = Ejv + E)-

50
Accuracy of h and H mass measurement:

~100-300 MaB

o HHA ST L LOPRC L S R o
0 L L L 1 L L L Pt [ hrTan "y
110 115 120 125 130 135 140 145 150 155 160
Recoil mass against the Z [GeV]

Mass measurements for CP-odd A: et ¢~ — A+ h/H — bbbb

Combinatorial bkgr. Combinatorial mass-difference algorithm
% >
% 4000 e bbb g ete bbb
= £ 600
g 8 PI
™ 3000 i M =125.3
400 - Y
2000 accuracy of A mass measurement:
1000 200 - =~ ~300'500 MeV
0 50 75 1 (I)O 1 2‘5 : 1 5‘0 175 "_;00 ° 50 7‘5 1(‘)0 1;5 1.;)0 1;5 200
M,, [GeV] M,, [GeV]

E. Boos, V. Bunichev, A. Djouadi , H.J. Schreiber, Phys.Lett.B622:311-319,2005



Impact of tau polarization on the study of the MSSM charged Higgs bosons in
top quark decays at the ILC

pp — tt — HTOW™b

T-lepton polarization in decay: H +t T +I/J T T — T er
1 dr 1 _ P Z Lmaz 2P . 1 0 , .
1 0g=—- """ + 257x (- - 3 < Yr < Tpin
- = = Umin Umin Ima:tr '
r dyﬁ_ .’I.‘-ma:r:—.'ff-m.in (1 _ P )Z()lemax —|_ 2P (1 - )1 I?'r”” < yﬂ'
??IC&I
— ZE;OP — ZE:M“ _ ZEma min __ ﬂ'fﬂ_ mar __ lFl'irtop
where y, = Moy’ LTmin = Moy’ ﬂ_ffma,a: = Mmp , B = WMoy BT = 3

For the W boson, Pt = -1, and for the charged Higgs boson, P1=1.

E.in Top r/f E, in Top r/f

Events /2GeV

fit of the shape of the pion
energy spectrum yields
the charged Higgs boson
mass with an accuracy of
about 1 GeV

200F
150

100:

ri SR SRR A AR R coaty Corp gt t-ra g A PRI A s 1 by s e by 1 1 i
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

+

Generated 7= energy spectra (left plots) and the fit (right plots)

E. Boos, V. Bunichev, M.S. Carena, C.E.M. Wagner, LCWS-2005-0213, Jul 2005. 6pp, hep-ph/0507100
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Testing extra dimensions below the production threshold of
Kaluza-Klein excitations.

Effective contact interraction KK gravitons and SM fields Plank S
0’91 SN
Lo =| = | X s L
eff . S UV po »
N m; ol SS
. Tev brane

1 )

A,u v.po %77#)977"0' + %7777077'40 N (3 a ?)nnvnm

Table 1: Experimental limits for the coupling parameter at 95% CL that may be reached at
pp = 1w the Tevatron and the LHC using Drell-Yan process for some values of integrated luminosity
F - Si L.
o s TEVATRON (/5 = 1.96 TeV) LHC (/5 = 14 TeV)
3 L, fb! 2y at 95% C'L, TeV ™ L, b W2 at 95% CL, TeV ™
- 1 1.185 10 0.238 1072
2 0.995 20 0.203 -1072
3 3 0.900 30 0.184 -10—2
L 5 0.790 50 0.164 -10—?
- 10 0.664 100 0.140 1072
> 10
;;1'% 12— pp — W

interference between
the first KK mode and the rest KK tower

ur

E. Boos, V. Bunichev, 1. Volobuev, M. Smolyakov, Phys.Rev.D79:104013,2009.



CompHEP with the interface to PYTHIA/HERWIG is a powerful tool
for a simulation of SM/BSM physics at hadron and lepton colliders

CompHEP can calculate cross sections, build different distributions,
and generate un-weighted events

CompHEP is compatible with all modern “Monte-Carlo industry”
standards (Les Houches Accords 1, 2, 3, LHE). The CompHEP-
Interfaces can be easily used and included to experimental
environments

Parallel computations both in symbolic and numerical modules are
implemented as part of batch scripts

CompHEP is integrated in DO Environment and used in Run | and
Run Il

More information on the new features in 4.5 is in arXiv:0901.4757
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There are many MC generators with their own advantages and
application areas. Often we are forced to use several generators
for reliable calculations:

Problems:

Interfacing some MC codes (ME and SH generators): Les
Houches Accord 1, Les Houches Event format

Les Houches Accord 2: uniform interface to different PDF sets
(LHAPDF package)

Les Houches Accord 3: Interfacing SUSY codes to MC
generators for parameters, spectrum, decays (SPA).

BSM Les Houches Accord: fixing of parameter record for BSM
Matching ME (LO/NLO) and SR(NL): CKKW, MC@NLO,
Mrenna-Richardson, MLM, ...



Two symbolic passes in CompHEP: standard and FORM based

CompHEP
with FORM-Ibused calculator

L pnlurtzed calculatior~ e

:R__r_ihlme;nhnnul PE.QUIEFIZCITIFDJ




MoHnTe-Kapno reHepaTtop SingleTop.
NLO (cnepgyrouwee 3a nuanpyrowmm) npubnmxeHuve.

Jludupyrowut t-kaHanbHbIl npouecc 8 NLO npubnuxeHuu:

b dononHumensHbi b-keapk

Cobbimus ¢ P_(b)< P.° (xécmkas obnacms) modesnupyromcs 6 nakeme CompHEP.
Cobbimus ¢ P(b)< P.° (Msizkas obnacms) MOOeNUPYMCes 6 rpoepamme napmoHHbIx nusHet Pythia.

Komb6uHupoeaHue cobbimuti CompHEP u Pythia:

CompHEP (tqb+ISR) and Pythia {tq+SR) processes, P;b cut = 10 GeV

4B, [pbiGeV]

dg/dP.
—_
=]
[N

10

i _ SUM
:J—I—|1 ___________ CompHEP Pb> 10

e T PYTHIA Pb<10

1
0 10 20 3 40

S0 60
P, b), [GeV]

OmHocumenbHble 8knadbl npoyeccos u3 Pythia u CompHEP
onpedensomcs u3 ycrnosuli Hopmuposku K obuwemy NLO ceyeHuro

O no=K O pia

P,(b)<P) +UCompHEP P,(b)>P) °

P_% -Hekomopoe 3HauyeHue ronepeyHo2o umMrybca 0OrnoIHUMebHO20 b-KeapKa
K-gpakmop nodbupaemcs u3 ycrnosusi enadkocmu pacrpedesneHusi P_(b)

'eHepamop Single Top adekeamHo modenupyem NLO ronpasku.

briacodapsi KOpPEKMHOMY an2opummy HOPMUPOBKU CeYeHUl U CUIUBKU ¢ha308020 rnpocmpaHcmea
omcymcmeyrom cobbimusi ¢ ompuyamersibHbIMU 8ecaMu U Hem 080UH020 y4éma cobbimul



General 1o

CompHEP collaboration: E. Boos, V. Bunichev, M. Dubinin,
L. Dudko, V. llyin, A. Kryukov, V. Edneral, V. Savrin
(Moscow State), A. Semenov (JINR, Dubna), A.S. (Moscow
State and Oxford University)

CompHEP homepage: http://comphep.sinp.msu.ru

References:

CompHEP 4.5 Status Report. E.Boos et al. arXiv:0901.4757
CompHEP: E. Boos et al., Nucl.Inst.Meth. A534:250 (2004) [hep-ph/0403123]

LanHEP: A. Semenov, Nucl.Inst.Meth. A393:293 (1997) [hep-ph/0403123];
0805.0555 (hep-ph)

CompHEP-Interfaces: A.Belyaev et al., hep-ph/0101232

MCDB/HepML: S.Belov et al. Comput.Phys.Comm. 178:222 [hep-
ph/0703287]


http://comphep.sinp.msu.ru/

-

Events — phase space points, distributed according to |M|?
Monte-Carlo technique

adaptive importance sampling method VEGAS

For event generation: + stratified sampling

Von Neumann (rejection) sampling:

*» If g(x) — Importance sampling function

* |[M|* = f(x) — matrix element squared

» Find w__ (x,) = f(x,)/g(x,) and compare p=w(x)/w__=w/w __ and
random number R

* If p > R — accept the point



[terative

Usual efficiency in CompHEP — 0.1-1%.

Repeat the von Neumann procedure with the waste — rejected events!
But importance sampling function is unknown...

There is a way to calculate it
N 1oj0g

N ios— N swol I 4,

W, =

We can do several iterations, but should stop at some step.

Stopping rule: I,—I,>AI,+Al,

Real benefit: from 20% to 1000% of extra events extra
calculations of |M|?

more details in 0807.2823



Symboelic

Main idea:

= symbolic calculation of one diagram is an independent task. The
only unified point is the final binary data file.

= Several calculation flows can be running at one time for several sub
sets of diagrams. The final point is to collect the binary data file

Implemented in ./symb_batch.pl with the option -mp
1st step! ./symb batch.pl —help

Parallel calculations on one machine: -mp N means N symbolic
calculations in parallel

Batch system version (pbs/Isf) is being implemented

Very easy to use!



NumeHcAlNal

*= Again, 1% step: ./num_batch.pl —help (long and very detailed
description). The script has lots of options (~30)!

* n_comphep.exe should be prepared! Main file is batch.dat in /results

(based on session.dat). It can be edited by hand or via GUI and
/num_Dbatch.pl —add (customized subprocess added to batch.dat)

* Then ./num_batch.pl -run vegas (cross section calculation for ALL

subrocesses) and ./num_batch.pl -run max,evnt (event generation)

* Parallel calculations available. Alone machine (useful for multi-CPU

desktops): -mp 3 (3 jobs are calculated simultaneously); computer
clusters (with a batch system installed): -Isf and -pbs

* Many ways to present and monitor results and calculation process

(see help)

* Very easy to use!



MCDB — Montes

Motivation:
> Verified MC simulation of complicated processes requires sophisticated
expertise and expert knowledge
> A physics group in a collaboration requests experts and/or MC generator
authors to create MC samples for the particular process

» The same physics processes are investigated by various physics groups, the
same MC samples can be used in different analyses

MCDB tasks:
® The database has to be available via the Web and Grid

®= Using CASTOR/GRID technologies to keep/upload/download MC samples

Simple and intuitive interface for events authors and end-users to find and
manipulate event samples



Frontends: a Web site (mcdb.cern.ch) and API (via HepML) and Grid
Backend: SQL for metadata and CASTOR for data

Keep parton and particle level events with standard interface to the next level of
simulation (PYTHIA/HERIWG, simu. software), based on LHA 1

Store detailed documentation for each set of event samples
Provide communication between users and experts via MCDB web pages
Direct programing interface of the collaboration software to LCG MCDB

Divided in two zones:
® public area: users can search for/browse the DB and download event files

® restricted area: authors (experts) change MCDB content: upload and describe
new event files, change the existed files and reply to user's comments

Paper: hep-ph/0703287
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