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Precision calculations of exclusive final states either in the SM or for the

signals of new physics are necessary at LEP2, HERA, Tevatron, LHC, ILC.

The number of final particles (fermions) in most interesting channels is

usually 4, 5, 6 or 8. Production of fermions can be assoiciated with hard
photons and/or jets.

ZZ, W+W-, HZ production — 4 fermions
M( e+ e-— = e+ e- e+ e— ) amplitude includes
144 diagrams

e tt pair production - 8 fermions

e Single t—quark production in the gW mode -
5 fermions

e Higgs boson production in the ttH channel -
8 fermions

e Higgs boson production in the channel
PP —> q q W+ W- — 6 fermions



Two classes of event generators for collideres can be sorted out:
(1) operate with software libraries for a set of processes. Libraries
includemainly 2-2 and 1- 2 amplitudes squared
(2) operate with a set of Feynman rules or a set of elementary helicity
amplitudes for a class of gauge models. Calculate automatically any
desirable cross sections. With respect to (1) they are «generators of
generators» (or «meta-generators»).

 Generators of the classs (1) (based on libraries):
PYTHIA, HERWIG, ALPGEN, MC@NLO, TopREX, TAUOLA,
WPHACT/PHASE, SANC, HDECAY...

» Generators of the class (2) (based on Feynman rules:
CompHEP, GRACE, MadGraph, CalcHEP,
O'MEGA/WHIZARD, SHERPA, ALPHA, HELAC



Outline

CompHEP for SM processes at LEP2, Tevatron, HERA u LHC. Complete tree-
level sets of diagrams, gauge invariance and unitary behaviour. Multichannel
Monte Carlo integration and regularization of amplitudes. Some examples.

Lagrangians in CompHEP format. Generation of nonstandard models.
LanHEP package.

Applications to the BSM physics. Some examples.

Applications of CompHEP for the LHC project: FORM core for symbolic
calculations, interfaces to PYTHIA 6, HERWIG 6, Monte Carlo events
database for the LHC (MCDB), noninteractive modes (batch modes) for
multiprocessor machines, universal formats Les Houches Accord (LHA),
interfaces to the LHC detector simulation packages, etc.

Intermediate results



CompHEP operates with complete gauge invariant tree-level sets of diagrams.
Standard approximations like production x decay (or infinitely small width
approximation: PYTHIA, HERWIG, ...) are not used.

Four fermion production, LEP2: e+, e- - u+ pH-qq, ev_ud
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Good precision only in the resonance region. Ireducible background diagrams
are not accounted for.



Example: single W -boson production, LEP2
e+ e- 9 e- ve u d, W+W- pair production in rose, other diagrams — single W and

«ladder» (multiperipheral)

[ H.'+
U
diagr.1
[
H_'_I_"/ _
LT d
-
Wt A u
E
~ g
diagr.5

diaesr.9
£ e

il

Wt Ve
€ e
g
e Y
Wt d
£ gt fp
1
diagr.2

L'e £
e.—>—|—>—r"f}

WHY -d
W+ k <
1 I

i

=

diagr.6

E>_E =
& £ o
wt 1{&

TL

diaegr.10

I<::=E

£ Wt Y e
yryoe
E Wt ‘I"<nr.
1l
diagr.3
£
e:—>—|—f""/
Zl Pe
L ,1_.r-|- -I']T
£ L
1
diagr.7
E>-‘E ve
£ Le e
Wt 1|'<.-§.
1
diaer.11
.
7
1t
1t ~
i
Wtk ~
D a——

Tyt d
=
wt u
E*\\
Ve
diagr.4
e
E_'_I_’/
e g
E—I—l—d—r/ _
wt L{d
w
diagr.8

£>_E TL
= U d
Wt f<5’e

[ =

diasr.12



Exact (Breit-Wiegner) propagators may violate the cancellation of double poles in
the squared amplitude (gauge U(1)em cancellations), leadind to the nonunitary
growth of o

Example: diagrams with t-channel photons (A=y)
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Calculation of ladder with two photons in the t-channel
J.A.M. Vermaseren, Nucl.Phys. B229 (1983) 347

e+ e- > e+ e- utp- Al 4
Vs = 30 GeV o, = 119.5 nb no phase space cuts

m_ = 0.511 MeV
CompHEP version 3 FORTRAN quadruple precision

INTEGRATION BY VEGAS NCALL= 130000
IT CURRENT RESULTS ACCUMULATED RESULTS CHI**2
Cross section [pb] Error % Cross section [pb] Error %
1 1.273288D+05 15.70 1.273288D+05 15.70 .00
2 1.177421D+05 2.26 1.179097D+05 2.24 .23
3 1.193450D+05 .82 1.191731D+05 17 .24
4 1.198106D+05 .83 1.194666D+05 .56 .24
5 1.18BB02D+05 .55 1.191650D+05 .39 .28



Regularization of CompHEP squared amplitudes is performed by means of
the phase space factorization dRn=J dRn-2 dR 2 ds with the following
replacements of variables corresponding to the singularities of an
amplitude. This particular operation is not done automatically and
requires some experience of the user.

Allows to reach the precision of cross section calculation at the level of
0.1 % and the efficiency of unweighted events generation for singular
amplitudes of the order of 1 % at the LHC energy Vs=14 TeV.
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Example: regularization of the amplitude pp % y y + 2 jet (irreducible
QCD background to the light Higgs boson signal at the LHC in the channel
yy + jets ). 36 partonic subprocesses in the «<hash-model» format, each

of them includes 15-20 diagrams with 10-20 singularities.
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Example: regularization of the amplitude pp = y + 3 jet (QCD
misidentification (or fake) background | jet D y] to the light Higgs boson
signal at the LHC in the channel yy+ jets). 50 partonic subprocesses in
the «hash-model» format, each of them includes 30-40 diagrams with 10-20

singularities. Total number of QCD diagrams about 2000

. subprocess ., [pb] i d#t. ¢ — A, d#, d#, D3 8.0 0
1 uFt, uFt —+ _-L{’?._ W, uft 514.1 0.36 d#, G — A, GG d# 195.2 0,14
’, uF, Uf# = A G uft, U# 123.2 | 0.09 D# uft = A, G udt, D# 98.7 0.07
1 uF, U# = A G, d#t. D# 0.3 0 D U# = A G, U#, D# 17.6 0.01
4 uft, U# = A.G.G.G 2.4 0 Dt d#t — A G ouft, U 0.1 0
3 uft, d#t = A, G uft, d# 208.1 0.15 Dt d#t — A G, d#. D 23.2 0.02
& ug, D# — A, G udt, D# 1014 | 007 D d# =+ A GGG 0.4 0
7 uf, G = A uft uft UH 52.5 0.04 D# . D# — A G, D#, D# 9.0 0
5 U#.G = A, ugt, dft, D# 30.3 0.02 D#. G — A ud, U#H, Dt 0.6 0
0 uF. G = A GG uft 1397.7 | D#.G — A, d#t, D#t, D+t 2.8 0
10 U#uft = A G udt, U# 1257 | 0.09 DE.G— AG G, D# 69, 1 0.05
11 U4t udt — A G d#, D# 0.3 0 Gouft = A ugt, udt, U# 53.3 0.04
12 U#. u#t = A GGG 2.4 0 Gouft = A udt di, D# 297 0.02
13 U U# = A G U# . UH# 19.1 0.01 oudt = A GG uft [ 40000 1
14 U, d#t = A G, U, d# 41.9 0.03 G U# — A ugt, U#£. U Q.5 0
15 T4, Dt — A, G, U#, D# 17.2 0.01 G U# = A U#. d#, D3 4.5 0
16 U#,.G = A uft, U, U# 8.5 0.01 GUH# = A GG UH# 198.6 | 0.14
17 U#.G = A U#. d#, DF# 4.5 0 G.d#t — A udt, U, d#t 238 0.02
18 U#.G—= A G G UH# 196.5 | 0.14 God# — A d#, d#. D+# 1.7 0
19 d#t, udt = A, G ouft, d# 2069 | 0.15 God#t = A GG, d# 190.9 | 0.13
W) d#, U# = A G, U, d# 41.9 0.03 G, D# — A, ugt, U#, Dt 0.9 0
31 dt, d#t — A G, dd# 49.7 0.03 G.D# = A GG, D# 2.9 0
27 d#t, D# — A G, uf, U# 0.1 0 G.D# = A GG, D# 68,5 0.05
33 d#, Dt — A, G, d#. D 23.3 0.02 GG —= A G uf, U# 277, 0.20
34 d#, D# = A G.G.G 0.4 0 GG = A G d#, D# 69,5 0.05
35 d#t, G — A uft U, d# 239 0.02 pp—+ A 3.9, 5070.4




LanHEP: generates Feynman rules in CompHEP format

Some SM Lagrangian terms in the LanHEP model input file for generation
of charged and neutral current vertices LanHEP

E left fermion interaction with gauge fields

lterm anti(psi)*gamma*(1-g5)/2*(i*deriv-g*taupm*WW,/2-Y*g1*B1)*ps=i
where
psi=11, Y=-1/2;
psi=12, Y=-1/2;
psi=13, Y=-1/2;
psi=qla, Y= 1/6;
psi=qgda, Y= 1/6;
psi=g3a, Y= 1/6.

% right fermion interaction with gauge fields

lterm anti(psi)*gamma*(1+g5)/2*(i*deriv - Y*gl*Bl)*psi

where
psi=el,¥= -1;
psi=el, ¥= -1;
psi=e3,¥= -1;

psi=u, ¥= 2/3;
psi=c, ¥= 2/3;
psi=t, ¥= 2/3;
psi=d, ¥= -1/3;
psi=s, ¥= -1/3;
psi=b, ¥= -1/3.

% guark-gluon interaction

lterm GG*anti(psi)*lambda®*gamma*GC*psi where
psi=gl; psi=g2; psi=qg3.



W,Z - quarks

SM, unitary gauge

Lagrangian

P1 |P2 |P3 | P4 |> Factor

A | W+ [ W- | | -EE

B |b [A | |EE/3

B |b |G | | GG

B |b |H | | -EE*Mb/ ( 2*MW*5W)

B |b |Z | | -EE/(12*CW=5W)

B |c [ W- | | -EE*Sgrt2*Vecb/ (4*5W)
E [t [ W- | | -EE*S5qrt2*Vtb/(4*5W)
B [u [ W- | | -EE*Sgrt2*Vub/ (4*5W)
C |b [ W+ | | -EE*Sgrt2*Vecb/ (4*5W)
C |c | A | |-2*EE/3

C |c |G | | GG

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

C |c |Z | | -EE/(12*CW=5W)

C |d [ W+ | | -EE*Sgrt2*Ved/ (4*5W)
C |s [ W+ | | -EE*Sgrt2*Ves/ (4*5W)
D |c [ W- | | -EE*Sgrt2*Ved/ (4*5W)
D |d | A | |EE/3
D |d |G | | GG
D |d | Z | | -EE/(12*CW=5W)
D |t [ W- | | -EE*Sgrt2=Vtd/ (4*5W)
D [u [ W- | | -EE*Sgrt2*Vud/ (4*5W)
E e | A | | EE

E |e |Z | |EE/(4*CW=5W)

E [ ne [ W- | | -EE*5Sgrt2/(4*5W)

G |G |G | | GG

G.C |G.c |G | | GG
H |H |H | | -3*EE*MHA2/(2*MW*5W)
H [ W+ [ W- | | EE*MW/SW
H |Z |Z | [ EE*MW/ (CWA2*5W)

sector in the CompHEP model file

<|> dLagrangian/ dA(pl) dA(p2) dA(p3)
|m3.p2*ml.m2-ml.p2*m2 . m3-m2.p3*ml.m3+ml.p3*m2.m3+m2.pl*ml.m3-m3.pl*ml.m

|G(m3)

|G({m3)

|1

| 2#5WA2*C(m3)* (1+C5)-(3-2%5WA2)*G(m3)* (1-G5)
|G(m3)*(1-G5)

|G({m3)*(1-C5)

|G(m3)*(1-C5)

|G(m3)*(1-G5)

|G(m3)

|G(m3)

|1

| (3-4*5WA2)*C(m3)*(1-G5)-4*5WA2*G(m3)* (1+G5)
|G(m3)*(1-C5)

|G(m3)*(1-G5)

|G(m3)*(1-G5)

|G(m3)

|G({m3)

| 2=5WA2*G(m3)* (1+G5)-(3-2%5Wr2)*G(m3) * (1-G5)
|G(m3)*(1-C5)

|G(m3)*(1-C5)

|G(m3)

| (1-2*SWA2)*G(m3)*(1-G5)-2*SWA2*G(m3)* (1+G5)
|G(m3)*(1-C5)

|m2.p3*ml.m3-ml.p3*m2.m3+m3.pl*ml.m2-m2.pl*ml.m3-m3.p2*ml.m2+ml.p2*m2.m

|m3.p2
|1

|m2.m3
|m2.m3



General 1nstruction

 Modify SM Feynman rules or write your own set.
If too complicated,

 Install LanHEP
http://theory.sinp.msu.ru/~semenov/lanhep.html

e Print Lagrangian in LanHEP file modelBSM.mdl
 Type the command lanhep modelBSM.mdl
 Check the output Feynman rules, constraints, etc. In

vars.mdl
Constraints

func.mdl. & et

o rtcls.mdl Lagrangian

Igrng mdl Composite

 Install CompHEP. Move *.mdl files to user/models dir
http://theory.sinp.msu.ru/comphep

« Open new model. Input physical process of
Interest. Generate unweighted events.



Simple example: how to implement gg->yy at the one-loop
to CompHEP model (Higgs bosoon at LHC, inclusive mode)
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find using HDECAY (Djouadi, Kalinowski, Spira, CPC
108(1998)56) or other loop package (e.g. FeynHiggs)
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add | t er mto LanE

EP model file nodel FFH. ndl

E effective lagrangian term FFH

parameter lambda_ggH=1e-5.

lterm

| P3
|H
| W-
| A
| G
|H
| Z
| W-
| W-
| W-
| W+
| A
| G
|H
| Z

- lambda_ggH/4

*(derivAimu*Ar*nu-derivAnu*Asmu)
*(derivimu*Asnu-derivAnu*Asmu ) *H.

and generate | gr ng. ndl in CompHEP format

nd. Model+VVH (un. gauge)

P4

| = Factor

| lambda_ggH

| -EE

|EE/3

| GG

| -EE*Mb/ (2*MW*5W)

| -EE/(12*CW*5W)

| -EE*Sgrt2*Vcb/(4*5W)
| -EE*Sgrt2*Vtb/(4*5W)
| -EE*Sgrt2*Vub/(4*5W)
| -EE*Sgrt2*Vcb/(4*5W)
| -2*EE/3

| GG

| -EE*Mc/ (2*MW*5W)

| -EE/(12*CW*5W)

<|> dLagrangian/ dA(pl) dA(p2) dA(p3)
lpl.p2*ml.m2-m2.p1l*ml.p2
|m3.p2*ml.m2-ml.p2*m2.m3-m2.p3*ml.m3+ml.p3*mZ.m3+m2.pl*ml.m3-m3.pl
|G(m3)
|G(m3)
|1
| 2%5W**2*G(m3 ) * (1+G5)-(3-2*5W**2)*G(m3)* (1-G5)
|G(m3)*(1-G5)
|G(m3)*(1-G5)
|G(m3)*(1-G5)
|G(m3)*(1-G5)
|G(m3)
|G(m3)
|1
M{E—é*ﬂw**E}*E{mB}*{l—EE}—é*SW**E*E{mB}*{1+E5}



Beyond the SM with CompHEP: main fields
of interest (theory)

Effective operators of higher dimensions (ndim>4)
anomalous triple yW+W-, Z W+W- couplings
anomalous quartic Z,W= couplings
anomalous t-quark ( Wtb ) couplings
anomalous Higgs self-couplings ndim=6
contact 4-fermion interactions

SUSY particles
chargino, neutralino and sfermion production
MSSM without R-parity, NMSSM

SUSY Higgs bosons
h, H, A and H+ production
intense coupling regime in the Higgs sector
explicit CP violation in the Higgs sector




Quantum gravity and extra dimensions

universal extra dimensions;
RS1 and effective 4-particle Lagrangian for RS 1
neutral gauge boson from extra dimensions
Higgs signals in large extra dimensions
graviton production in KK with large extra
dimensions
relic density of KK dark matter

Extensions of SM (other than SUSY) and exotica
Leptoquarks, scalar and vector
excited quarks and leptons
extra generations and heavy neutrino
SU(2)LXSU(2)RXU(1) model, W' and Z
SUB)LXU(1) model, W' and Z', Higgs bosons
lepton flavor violation, FCNC



Muonic photon

Paraphoton

E6 1sosinglet quark

Heavy Dirac and Majorana neutrinos
little Higgs models with T-parity
doubly charged Higgs bosons

The list of topics is based on the analysis of
more than 1000 papers quoting CompHEP.



Published experimental analyses beyond the SM quoting CompHEP

DELPHI 98 chargino, neutralino, gravitino at LEP2

ALEPH '98 SUSY in y+miss ET, LEP2
DELPHI 99 H in events with isolated y LEP2

DO '01 leptoquark pairs — *F+jets Tevatron
H1 02 excited ¥ HERA
Hl1 '03 e and p with miss PT HERA
ZEUS  '03 single top production HERA
DO0O,CDF '03 single top production Tevatron
OPAL  '03 single production of H++, H-- LEP2

DO '04 three and four body stop decays Tevatron
CDF '05 excited and exotic lepton — ey Tevatron
CMS '05 discovery of SUSY with pu LHC

Hl1 '05 doubly charged Higgs bosons HERA
Hl1 '05 search for monopole HERA
DO '08 single top discovery Tevatron

List is not full. A number of CMS and Tevatron studies '09-'10 1n progress or
not yet appeared.



Example: Anomalous interactions of the top-quark

. |
ijrf — A Z C;0; + O(— "14

Seven SU(2)®U(1) invariant effective operators of dimension
six contributing to the Wtb vertex
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O_tW® and O_bW@ give the effective Lagrangian

a 1
Li=st—
Vv 2 amwy

"wto?(forPr + for Pr)b + h.c.

where f_2L and f_2R are the Wtb anomalous couplings

. Ciwae UV 2mw - Chwe V2 mw
foL = —5 , for=—F1
it g A’ g
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E.Boos, L.Dudko, M.D., T.Ohl, A.Pukhov, M.Sachwitz, H.Schreiber
EPJC 21(2001) 81, EPJC C16(2000)269, EPJC C11(1999)473



W CompHEP version 4.2p1

w7 CompHEP version 4.2p1 =B
Hodel : _eLR{UG)_anomTop QED
Effective 4-fermion
SH, unitary gauge
Ahstract . SH, Feymman gauge
CompHEP package is created for calculation HS5H, Feymman gauge
of decay and high energy collision processes of SUGRA, unitary gauge
elementary particles in the tree approximation. GHSB, unitary gauge
The main idea put into the CompHEP was to _SH ud
make awvailable passing from the Lagrangian to _SH_1=
the final distrilmtions effectively, with the _eLR({UG)_anomTof
high level of automatization. CREATE HEHW HODEL
Use the F? key to get the information about
interface facilities and the F1 key to get
online help.

CompHEP version 4.2pl

Parameters
Constraints
Particles

Composite Lagrangian

F

ClLI*G{m3)* (1-GRI+FR1*G{m3)* (1+GH)+FFL2 *(G{p3)*G(m3)-G(m3)*G(p3))*{(1-GH)+FFR
T(2*(G(p3)*G{Mm3)-G{mI ) *G{p3}))* (1+GH) Ll L o
T

T |h | A+ | | -EEf (2*Sqrt2~SH) IFL1*Gm3)*{1-Gh)+FR1*G(
B |t | \- | | -BE/ (2*Sqrt2*SH) IFL1*Gm3)*{1-Gh)+FR1*G(
T |h | "+ | A |IEE~2/ (2 *8qrt2*5W) |FFL2* (G(md) *G{m3 ) -G{m3)
B |t | H- | & |-BE~2/ (2*Sqrt2“SH) |FFR2 * (G (md) *G(m3)-G{m3 )
D |u | |- | | -BEE*Yud/ (2*“Sqrt2 “SH) |G{m3)*(1-G5)

g |u | H- | | -EE*YVus/ (2*Sqrt2 *8H) |Gm3)*(1-GhH)

B |u | H- | | -BEE*Yub/ (2*“Sqrt2 *“SH) |Gm3)*(1-GH)

D | | H- | | -EE*¥od/ (2*Sqrt2 *8W) |G{im3)*(1-GhH)

S | | H- | | -EE*Yos/ (2%Sqrt2 *SH) |Gm3)*(1-GhH)

B |c | H- | | -BE*¥ch/ (2*“Sqrt2 “SH) |Gm3)*(1-GH)

D |t | H- | | -EE*Vtd/ {(2*Sqrt2*8W) |G{im3)*(1-GhH)

5 |t | H- | | -EE*¥Es/ (2*Sqrt2 “SH) |Gm3)*(1-GH)

u |u |G | | GG |G{m3)

D |d |G | | GG |G{m3)

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

s |s |G | | GG |G{m3)

T |t |G | |GG |G{m3)

B |h |G | | GG |G{m3)




CompHEP version 4.2p1

Latex 1
A el nl B---- ——T B--- ——h
3 t Lh
el A0+ __h ——bh T
< A+ S+
T el————mnl el————mnl
4] H+ h
Iy -
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Anomalous top couplings: tt and single t production,
NLC
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Anomalous top couplings: single top production,
LHC
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New Features in CompHEP 4.4
(Interfaces)

e CoOmpHEP->PYTHIA (CPYTH) (ready)
e CompHEP->PYTHIA-TAUOLA (ready)
e CompHEP->HERWIG (ready)
e COmpHEP->HERWIG++ (In progress)

* Interfaced to Exp. Collaboration SW:
SIMDET(ILC), CMKIN(CMS), ATHENA(ATLAS) and DO
(Tevatron) Run Il software.

* Macros of interface to ROOT graphics (in progress)
* Output Events are ready for LCG MCDB Data Base




Batch Modes in CompHEP 4.5

Both parts (symbolic & numerical) have batch regimes:
Perl scripts: symb_batch.pl and num_batch.pl

Why the scripts are useful?

Computations of many subprocesses — laborious task,
can be significantly simplified

Long/large-scale calculations:
GUI is not handy

Support of parallel calculations:
very helpful for N*CPU machines/computer clusters
(pbs/lIsf is available; grid in progress)

“Knowledge transfer”:
theorists/phenomenoligists can prepare model/process.dat/batch.dat
for further simulations by experimentalists
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LHEF, LHAPDF, SUSY LHA

LHEF - the format adopted by almost all developer groups
hep-ph/060917

Now CompHEP supports 3 formats:
cpyth-1, cpyth-2 (for experiments, where the formats are used),

LHEF with HepML header.
There is 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

(instead of ISASUSY in the previous versions)
By default the slhaScript file invokes suSpect



New features of parallel version of CompHEP, based on FORM
language

CompHEP
with FORM-based calculator




Conclusions

Why CompHEP is a convenient tool for collider
phenomenology:

It is automated and has a developed user interface

« LanHEP generates Feynman rules in CompHEP format

from the Lagrangian in coordinate space

* Once the Feynman rules are defined, any (up to 6-body)
final state can be calculated at complete tree level set of
diagrams. Spin correlations and irreducible backgrounds
are included.



Experimentalists are familiar with the package

* The package generates unweighted events

e Interfaced to PYTHIA and HERWIG for showering and
hadronization.

* Interfaced to full detector simulation packages
CMSSW (CMS), ATHENA (ATLAS), DO and CDF
software (‘'mass production' can start from HEP CW
Ntuples directly)

» Optimized and tested for simulation of large event
samples at LHC, ILC and Tevatron, corresponding to

realistic luminosities (10 inv. fb < up to 10 million
events)
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ABSTRACT

At present time when a new generation of TeV energy colliders is beginning to operate one needs to calculate cross sections for a great number of various reactions.
The CompHEP package was created for calculation of multiparticle final states in collision and decay processes. The main idea in CompHEP was to enable one to
go directly from the Lagrangian to the cross sections and distributions effectively, with the high level of automation.

While ortodox event generators are software libraries (see @ Event generator) of various matrix elements, CompHEP starts from the level of Feynman rules for a
gauge model Lagrangian and calculates symbolically the matrix element for any process defined by a user. In this sense CompHEP is a "generator of generators” (or,
following the abovementioned reference, a "meta-generator”). The Feynman rules for a gauge model Lagrangian in the format of CompHEP model files can be
generated by @ LanHEP.

News

= 19/08/2008 @42 of the Best Free Linux Scientific Software. CompHEP is on the first place in Physics category.
= 13/06/2008 Users are invited to place an information about models in CompHEP format at users model library.
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CompHEP can be downloaded from the web page
http://comphep.sinp.msu.ru

(registration is required). Size of packed source codes 1.9 Mb.
Website statistics

e 2250 registered users
e From 5 to 15 downloads of the package every day

e 600 visits from «unique hosts» every month

Users manual, FAQ and other useful information can be found there.

Section «Tutorials» contains links to lecture courses on CompHEP by
D.Green (US CMS, LHC Physics Center), K.Matchev (Florida U), J.Richman (UC Santa Barbara)
and other instructive materials.

First in the Open Science Project, category «Highest rated software»
First in the «42 of the Best Free Linux Scientific Software», category «Physics»
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