MoHTe-Kapno

, reHepatopbl:
" CompHEP

BbinonHun
CrygeHT rpynnbl M20-115
OxoTHuKoB A.B.



v

BBeaeHue

Mpoekt CompHEP 6bin ocHoBaH B 1989 roay
rpynnow y4eHbix U nporpammmnctos B MHCTUTYTE
AnepHon dusukm MrIY. Ero ocHoBaTenn — 3.
booc, B. UnbuH n B. CaBpuH.

OcHOBHaA 3a4a4a NPorpammHoOro nakeTa
CompHEP — 3710 BbluMcneHmne maTpuUdHbIX
3/1eMeHTOB pacnaa 3/IeMeHTapPHbIX YacTul, naun
NX pacceaHnAa NPU BbICOKUX SHEPrmnAX B pamKax
CtaHpaptHOM Moaenn. Kpome Ttoro, naket
BK/ItOMaeT B cebAa HecKo/ibKo paclumpenHnin CM um
BO3MOXHOCTb CO34aHNA NOb30BaTENbCKUX
MoaeNeN.
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* PacyeT npoueccos pacnaja 4acTuubl Ha
BO3N\O>K HOCTW HEeCKO/1IbKO (0 NATK) BTOPUYHbIX INbO
CTO/IKHOBEHMA ABYX YaCcTu
CompHEP sl

* HarnagHoe npeacrtasneHue B Buae Habopa
anarpamm demHmMmaHa

* MoagennpoBaTb B3anMoAeNCTBUE MYYKOB
4acTUL, U NPOBOAUTb UX aHANU3

* BO3MOHOCTb BbIrPYy3KM pe3y/bTaToB A/
AanbHelwen paboTbl C UCMO/Ib30BAHUEM
Wolfram Mathematica, ROOT unu Pythia
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Abstract

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 about
interface facilities and the F1 key to get
online help.

QED

Effective 4-fermion
SM, unitary gauge
SM, Feynman gauge
MSSM, unitary gauge

MSSM, Feynman gauge
SUGRA, unitary gauge
GMSB, unitary gauge
_SM_ud

_SM_qQ

CREATE NEW MODEL

HayaibHOE OKHO NPOrPamMbil




He cuntaeT B3anmMoAenCcTBUA CBA3AHHbIX COCTOAHMUM
(me30HbI, 6apnoHbI)

O I-p a H M Ll e H M ﬂ He cuntaeT netnesble Anarpammeol

CO M p H E P He yunTbiBaeT HEUTPUHHbBIE OCLUNNALUN

He pekomeHagyeTca-moaenpoBatb UHKAHO3NUBHbIE
npoueccbl; TOYHOCTb PE3Y/IbTaTd HE NAPAHTUPYETCA
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Model:

MSSM, unitary gauge

List of (anti)particles

Enter decayed particle:
Enter Final State:
Exclude diagrams with
Keep diagrams with

H

=> VRS

A(A) photon Z(Z) Z boson W+ (W-) W boson

G(G) gluon e(E) electron m{M) muon

ne (Ne) e-neutrino nm (Nm) mu-neutrino nl (N1} tau-neutrino

1(L) tau-lepton s(8) s-quark c(C) c-quark

u(U) u-quark d(D) d-quark t(T) t-quark

b(B) b-quark h(h) Light Higgs H(H) Heavy higgs

H3 (H3) CP-odd Higgs H+ (H-) Charged Higgs ~1+(~1-) chargino 1

~2+4+(~2-) chargino 2 ~o0l(~0l) neutralino 1 ~02(~02) neutralino 2

~03(~03) neutralinoc 3 ~04 (~04) neutralinoc 4 ~G(~G) gluino

~aL (~EL) selectron L ~aR(~ER) selectron R ~mL (~ML) smuon L

~mR (~MR) smuon R ~11(~Ll) stau 1 ~12(~L2) stau 2

~ne (~Ne) e-sneutrino ~nm(~Nm) mu-sneutrinoc ~nl (~N1) tau-sneutrino
PgDn

[Tomepbl pacdeToB B CompHEP
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Model: MSSM, unitary gauge
List of (anti)particles

PgUp
u(U) u-quark d (D) d-gquark =T t-quark
b (B) b-quark h(h) Light Higgs H(H) Heavy higgs
H3 (H3) CP-odd Higgs H+ (H-) Charged Higgs ~14(~1-) chargino 1
~2+(~2-) chargino 2 ~0l(~0l) neutralino 1 ~02(~02) neutralino 2
~03(~03) neutralino 3 ~o04 (~04) neutralino 4 ~G(~G) gluino
~aL(~EL) selectron L ~aR (~ER) selectron R ~mL(~ML) smuon L
~mR (~MR) smuon R ~11(~L1l) stau 1 ~12(~L2) stau 2
~ne (~Ne) e-sneutrino ~nm(~Nm) mu-sneutrinoc ~nl (~N1) tau-sneutrino
~uL(~UL) u-squark L ~uR (~UR) u-squark R ~cL(~CL) c-squark L
~cR(~CR) c-squark R ~tl(~Tl) t-squark 1 ~t2(~T2) t-squark 2
~dR (~DR) d-squark R ~dL (~DL) d-squark L ~sL(~SL) s-squark L
~sR(~SR) s-squark R ~bl(~Bl) b-squark 1 ~b2 (~B2) b-squark 2
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Model:

Process:
13 diagrams
0 diagrams
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in 13 subprocesses are constructed.
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SM, unitary gauge

=-> 2%x

re deleted.

Subprocess
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[Tpnmep 1:
p a C |_| a|ﬂ1 Z—603O H a BbIOpaTb MHTEpEecCyoLWMe / NoNb30BaTENI MOAbl pacnaga unu

/ -> 2X

[lporpamma npegnonaraer pacnag no 11-tm kaHanam. MoXHo

NPOBECTU PaACHET NO BCEM BO3MOKHbIM.



PacueT BepoATHOCTEN ANA PA3/TNYHbIX
v KaHasnoB pacnapa

Total width : 2.436309E+00 GeV
Modes and fractions : dD -
b B - 15% u U -

nl N1 - 6.9% nm Nm -
e E - 3.5% mM -
t T - 0% W+ W- -

AHanNorn4Ho ana npouecca t->2X

Total width : 1.546882E+00 GeV

Modes and fractions : W+ b - 1E4+02%
W+ d - 0.0032%
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e, E->m, H
Diff. cross section [pb/GeV]
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Hass{p3+pd}

Press the Esc key to exit plot or other key to get the menu
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Model: SM, unitary gauge

Process: p,p -> G,G

foympen disgrane
18 diagrams in 9 subprocesses are constructed.

0 diagrams are deleted.

Subprocess Rest
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Obpa3oBaHMe rIFOOHHOM Napbl HA BAK:

MO/bl NPOLLECCa




CompHEP version 4.4.3

+H
O w00 ~] oy GbkbWwWwNohEHEH

A

A

Process: p,p > G,G (9 subprocesses)

(sub) Process:
Monte Carlo session:

i

v

Cross section [pb]
.6512E+07
.8964E+07
.2245E+07
.8176E+07
.0217E+07
.9615E+07
.9609E+07
.9563E+07
.1268E+07
.0072E+07
.0284E+07
.9894E+07

Bk bbb NG

G,G -> G,G

UHEFENHEEFEENE WO

1 (begin)

Error %
.85E+01
.71E+01
.94E+01
.46E+00
.44E+00
.24E+00
.29E+00
.04E+00
.14E+00
.22E+00
.20E+00
.16E-01

Vegas

chi**2

Start integration
Integration is over
2 Press anv ke

Obpa3oBaHMe rIFOOHHOM Napbl HA BAK:

cevHerHmne paCCedArmnA
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O630p aHaNoros
* FeynCalc

* GRACE
* MadGraph



MakeBoxes[pl, TraditionalForm] :=
"\IN(\*SubscriptBox[\(p\), N(AV)II\)Y;
MakeBoxes[p2, TraditionalForm] :=
"\NV(\¥SubscriptBox[\(p\), \N(2\)I\)";
MakeBoxes[kl, TraditionalForm] :=
"\NA(\ESubscriptBox [\ (kV), NIV
MakeBoxes[k2, TraditionalForm] :=

"\IN(\FSubscriptBox[\(k\), \(2\)I\)";

2
e~ €0 Ocolzcold (@ (-

amp[@] = FCFAConvert[CreateFeynAmp[diags],

IncomingMomenta -»> {pl, p2}, OutgoingMomenta -> {k1, k2},
UndoChiralSplittings -»> True, ChangeDimension -> 4,

List -» False, SMP -»> True, Contract -> True,

DropSumOver -> True, Prefactor -»> (3/2)*SMP["e Q"],
FinalSubstitutions -» {SMP["m_u"] -> SMP["m_g"]}]

L me )7 (o (BT, me)) (@ (ki mg)) 7" (o (- . mg )

diags = InsertFields[CreateTopologies[fd, 2 -> 2],

iF[2, {1}1, -F[2, {131} -> {F[3, {1}], -F[3, {1}1},
Insertionlevel -» {Classes}, Model -> "SMQCD",
ExcludeParticles -> {S[_], V[2]1}1;

Paint[diags, ColumnsXRows -> {2, 1}, Numbering -»> Simple,

SheetHeader -> None, ImageSize -> {512, 256}];
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- AKTUBHO pa3pabaTbiBaeTcs

- BO3MOXKHOCTb BbIrpy3KU AaHHbIX
- YnobHoe rpadunyeckoe
npeacTaB/ieHMe AaHHbIX U GopMyN

(ki +k )?

- CNOXHbIN «HegpyKentobHbIn» nHTEpdpenc

FeynCalc
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- Mo»HO cuuTaTb anekTpocnabble npouecchl - HanucaHo Ha Fortran
- Pa3paboTka gaBHo 3abpolleHa
- KaK cneacrteune, oTCyTCTBUE
COBMECTUMOCTH

GRACE




MadEvent Card for p p > e- ve~

e g ——
Created: Wed Jan 11 17:24:08 CST 2012 c =
B C —— pp->sextet, matched
hy 1
Procomipp e R S u ™ TY PEPEE T nmatch
vodes s Process results raf 1 pp->seutet, u tched
. $= 6219.435+ 15.998(pb) :E
) [ Graph [Cross Sect(pb) [Error(ph) [Events (K) [Eff [Unwgt [Luminosity N
L [ Sum | 6219435 | 15998 | 502 i
rocess Information | Sub Group 1 1 [] !-
Pl qg W[  4327.200[ 12070] 0[00 250 =
Sub Group total = 4327.2 B
Sub Group 2 3 [
P2 gaivia|  1017000[ 9237 1[od] [ 427 10 3 L g
P2 qq Ivlg| 302750 3625 205 [ 631 3 "y . :
Last Update: Wed Jan 11 17:26| Sub Group total = 1319.75 - b Y o
Sub Group 3 B | e -
P3gg mi| 496560 3354 o2 [ 203 -3 " b5
Results for p p > e- ve~ @1 in the| = I 15925 079 002 | 5.06 1 D T : I
Sub Group total = 572 485 . - h |'|
able Results P 11111.-1.-1 M e I_:l.-:I.J.J.l l- 1 | 1 ekl
| Links Events (Tag| Run |  Collider |[Ci ﬂ 50 1 D 1 5{} Em 250' 3m 35“} 4‘}
|Panon-level | LHE "
‘ banner ‘u..[dmm sronEp Liel e - Tet g0 5 Sloo Gev|  62194E404 | 10000 PT ﬂf ]'Et

- OueHb KauyecTBeHHas BU3yanunsaumsa - OTcyTCcTBME rpaduyeckoro
AaHHbIX nHtepdenca HeygobHo ana

- MHTerpauma ¢ ROOT, Pythia MACLITAOHbIX CUMYNALUN
- ECTb CBOA BMKN 1 KOMBIOHUTH

MadGraph
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3aK/Iro4YeHme

* CompHEP — 6bicTpas n npoctas B
MCNO/Ib30BaHUK Nporpamma. lNossonsaet
MOAE/IMPOBaTb MHOTME B3aMMOAENCTBUA U3
®3Y, ynpoulaa paboty

e Xopouwo npopabotaHa cumynauua
3/1eKTpocnabbix B3aMMOaENCTBUM

* MoaennpoBaTtb CU/bHbIE B3aUMOAENCTBUA
TaKXXe BO3MOXHO, OAHAaKO pPa3paboTymnKm
HACTauBalOT Ha KPaMHEe aKKypaTHOM
MCMO/1Ib30BAaHUW Pe3yNbTaTOB, NOJIYYEeHHbIX
CompHEP B aTOM Ccniy4vae



