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KOHTYPbI NCK/TIYeHNA, ONePaALHM C TabuuaMmu

Paznoe: batch modes, ROOT output, LHA formats, MCDB, nuclear
PDEF's,...



Simulation ane Data Analysis Chain

Process (e.g. PP->H+X->yy+X)
Event simulation

Detector Simulations (GEANT4) Experiments

Event Reconstruction
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Comparison
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ComprlEP general structure, SINP MSU preprint 91-9/
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CERN Workshop «Physics at LEP2», 1995

CompHEP paboTtaeT ¢ nonHbIMH KanuOpOBOYHO-MHBapHAHTHLIMH HabopaMmu
ApeBeCHBLIX IMarpaMM, He UCMoIb3Ys CTaHIapTHLIe MpUOIIEKeHUs THa
posKaeHHe X pacnad (uan deck.Manoii wHpuHbl: PYTHIA, HERWIG, ...
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Breit-Wigner propagators can violate cancellations of double poles of the
matrix element in t-channel ( U(1).m gauge cancellations), thus breaking not only
gauge invariance, but also untarityll
Example: diagrams with t-channel photons (A=Yy)
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Nonunitary

OK

=0.511MeV, /s =200 GeV



Example: QCD misidentification (fake) backgrounds for pp @ y + 3 jet
[jet L y] to Higgs boson production at the LHC in the siganture yy+
forward jets. 50 partonic subprocesses (in the hash-model format),
each of which includes 30-40 diagrams. In total about 2000 QCD diagrams

. 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
uF, U# = A G, d#t. D# 0.3 0 D UH# = A G U#, D# 17.6 0.01
4 uft, U# = A.G.G.G 2.4 0 Dt d#t — A G out, U 0.1 0
g uft, d#t = A, G uft, d# 2081 0.15 D 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 uft, G = A ug, udt, U 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, ugt, U#. D+t 9.6 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
10 df, uft = A, G udft, d# 2069 | 0.15 God#t — A GG d# 190.9 | 0.13
ol d#E, 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#, D — A, G, d#, D# 23.3 0.02 GG A G u#t U 277, 0.20
34 d#, D# = A G.G.G 0.4 0 GG = A G de, D# 69,5 0.05
35 d#t, G — A uft U, d# 239 0.02 O®H pp—+ A 3.9, 5070.4




Last stable version CompHEP 4.5.2 ,
download possible from http://comphep.sinp.msu.ru

OcuoBHBIE 3aaUN

ABTOMaTM3aUMsA BbIMMCJIEHUA ANA NOJIHbIX HAbopoB
AuarpamMmm

“Unification” cMMBOJZIbHbIX U YUCJIEHHbIX BbIYUCJIEHUM,
reHepaumusa cCoobITUX ANa MoaeIMpoBaHUA B AeTeKTope -
NnoJiHaA NocJsieAoBaTeNIbHOCTbL NPOrpamMMm MoAesIMPoOBaHuUSA

NHTepdencol ¢ apyrumm reHepatopamum (partonic
showering, hadronization, masses and mixings)

NHTepdencol ¢ NLO codes nonpaBoK BbiCLLUUX MOPALKOB:
cross section calculators, mass spectrum calculators



Features

Generation of complete gauge invariant sets of tree-level
Feynman diagrams

Symbolic calculation of squared diagrams

Generation of binary for numerical integration by Monte-Carlo
method and calculation of cross sections and distributions

Unweighted events generation

Convenient format of built-in models. 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 model
parameters

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

Generation of models by means of LanHEP (see
http://theory.sinp.msu.ru/~semenov/lanhep.html)



n:

pp—WH+X,ZH
+X

pP—LQ+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—t+X
pp—tt+2]
pp—ttbb
pp—ZZ




Distribution of citations: theory

CompHEP, NIM, A534 (2004) 250, 560 citations (period 2005 - june 2016)

B Exotic BSM
B MSSM, THDM
M top
B SM backgrounds
loop
w', Z'
W SM Higgs
extra dim
B cosmology
eff operators
mPapnll
HPapl2
M other packages
B combined fits
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sighal category

Exotic BSM = scalar and vector leptoquarks, leptons and quarks of 4th
generation, dileptons,mirror fermions,invisible H,little H, strong EW
SB, color in the SB sector...
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Distribution of citations: experimental analyses and
simulations

CompHEP, NIM, A534 (2004) 250, 560 citations (period 2005 - june

collaboration/WG

2016)

H DO
B ATLAS
CMS
HILC, CLIC
CDF
M p+u- collider
B H1, ZEUS (HERA)



CompHEP: Specialized package for automatic calculations of elementary particle decays and collisions

E.Boos, M.Dubinin, V.Ilyin, A.Pukhov, V.Savrin, hep-ph/9503280 (Korean Physical Society meeting)
232

Physical results by means of CompHEP

P.Baikov, E.Boos, M.Dubinin, V.Edneral, V.Ilyin, D.Kovalenko, A.Kryukov, A.Pukhov, V.Savrin, A.Semenov,
S.Shichanin, hep-ph/9503280 (QFTHEP Proceeding)

71

CompHEP: A Package for evaluation of Feynman diagrams and integration over multiparticle phase space

A.Pukhov, E.Boos, M.Dubinin, V.Edneral, V.Ilyin, D.Kovalenko, A.Kryukov, V.Savrin, S.Shichanin, A.Semenov
(version 3 user s manual), hep-ph/9908288

975

CompHEP - PYTHIA interface: integrated package for the collision events generation based on exact matrix
elements

A.Belyaev, E.Boos, A.Vologdin, M.Dubinin, V.Ilyin, A.Kryukov, A.Pukhov, A.Skachkova, V.Savrin, A.Sherstnev,
S.Shichanin, arXiv:hep-ph/0101232 (AIP Proceeding)

77
CompHEP 4.4: Automatic computations from Lagrangians to events

E. Boos, V. Bunichev, M. Dubinin, L. Dudko, V. Ilyin, A. Kryukov, V. Edneral, V. Savrin, A. Semenov,

A. Sherstnev, Nucl.Instr.Meth A534 (2004) 250 (arXiv:hep-ph/0403113)

688

UToro CompHEP 2043



CalcHEP 2.3: MSSM, structure functions, event generation, batchs, and generation of matrix elements for
other packages

A. Pukhov, hep-ph/0412191

611

CalcHEP 3.4 for collider physics within and beyond the Standard Model

A. Belyaev, N. Christensen, A.Pukhov, Comput. Phys. Commun. 184 (2013) 1729 (arXiv:1207.6082)

790

NWToro CalcHEP 1401

Bcero CompHEP + CalcHEP 3444



CornacHo 6a3e paHHbix INSPIRE, umeetcs 11 HayuHbix ctatem CCCP
(HekonnabopaunoHHbIX) C MHOEKCOM uMTUpoBaHuUA 6Gonbue 2000

3TU CTaTbU He OTHOCATCA K BblMMUCJIEHUAM ONA KOﬂﬂaﬁD,GPOB:

dappeeB, [onos,

linupmaH, BanmHwTeuH, 3axapos,
CtapobuHckuum,

lonskos.,

Jinupe,

benaBuH,

3amMoI0Q4YUKOB,

Ky3bMuH, PybakoB, llanowHukoB;

U3 HUX YeTbipe CTaTbuM UMEWT UHOEKC uuTupoBaHus 6onee 3500.

Cpeou nybnukauun BpemeH PO HekonnadbopauMOHHbLIX CTaTen C UHAEKCOM
uMTupyemoctu (no coctosiHmio Ha 2021 r.) 6onee 2000 Her.



AnajmoruuHsie pazpadorku mocie 1995 - 2000

GRACE

MadGraph

Sherpa

0 Mega/Whizard

a Takxe Oubnuortekwm PYTHIA
HERWIG
TAUOLA
AMEGIC++
HELAC-PHEGAS
ALPGEN
GRAPPA
HDECAY
FeynCalc

Naketol NLO Level: MCFM, NLOJET, BlackHat, Rocket, CutTools, MadLoop,
OpenLoops, GOLEM, POWHEG, , GoSam

NakeTbl pna redHepaumu npasun ®enHmaHa, aHanoru LanHEP: FeynRules, SARAH

dKCnepTHble CUCTEMbl AN aBTOMAaTM4YEeCKOW npoBepku mopenen: GAMBIT,

CHECKMATE/DELPHES


mailto:aMC@NLO

locl

CompHEP Model defines particles and their interactions.
Technically CompHEP model is 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 vertices

¢ Composite particles: proton, artificial useful particle combinations

O®H PAH 19



CompHEP Standard Model

E) [test trunk_bb :tecsh] B CompHEP version 4.5.... [ CompHEP version 45.... [l CompHEP version 4.5.... [ CompHEP version 4.5....

pHEP version

Variables
rClr—Rest—Del-Siz Clr—Rest-Del-Siz
Hame | Value |=> Comment < Full name | P | aP|2*spin| mass |width |color|aux|> LaTeX(A) <] >
E_lo 31345 |Elementary charge (alpha=1/127.9, on-shell, MZ gluon ¢ 16 |2 10 10 18 G |G |G
11.21358 |Strong coupling constant (Z pnt, alp=0.1172pm0 photon 12 |& |2 10 10 11 IG |A [
SW 0. 48076h |sin of the Weinberg angle (HZ point -> HW=79.90 % hoson 12 |12 |2 |HZ | w2 11 I |2 |12
512 10,2229 |Parameter of C-K-H matrix (PDG2002) W hoson |H+ |H- |2 | MH [wH 11 IG [H*+ (R
523 10.0412 |Parameter of C-K-H matrix (PDG2002) : neutrino Ine |He |1 10 10 11 1L |\nu“e I\b
s13 10.0036 |Parameter of C-K-M matrix (PDG2002) electron le |E |1 10 10 11 | le |\b
MZ 191.1876 |mass of Z bhoson mu-neutrino |mm |[Hm |1 10 10 11 IL | \nu*\mu I\b
wZ 12.43631 |lwidth of Z hoson muon Im |H |1 | Mm 10 11 | | \mu I\b
wil 12.02708 |lwidth of W boson ErgrrEsinsginl |H1 |1 10 10 11 IL |\nu*\tau I\b
Hm 10.10566 |mass of muon tau-lepton 11 |L |1 |Htau |0 11 | | \tau I\b
Htau |1.776990 |mass of tau-lepton u-gquark Jlu o |1 10 10 13 | lu I\b
Hc 11.65 |Imass of ¢-guark d-guark Id | |1 10 10 13 | 1d I\b
Ms 10.117 |mass of s-guark c-guark le ¢ |1 | He 10 13 | le I\b
Htop |174.3 |mass of t-guark s-guark Is IS8 |1 |HMs 10 13 | |s I\b
wtop |1.54688 |lwidth of t-guark t-gquark 1t |IT |1 |Htop |wtop |3 | |t I\b
Hh 14.85 Imass of b-quark b-quark b B |1 (Bila] 10 13 1 b I\b
HH |115 Imass of Higygs Higys |IH |H |0 |HH |wH 11 | IH |H
wH 10.0061744 |lwidth of Higgs
LF1-F2-Top—Bottom—GoTo-Find—ZoomErrHes
LF1-F2-Top—BottomGoTo-Find—-Zoom-ErrHes
CompHEP version 4.5.0rcé
0 Lagrangian
Llr—Rest-Del-Siz Clr-Rest-Del-Siz
Hame |> Expression P1 |P2 P} |P I> Factor
CII| sqrt(1-SH~2) ¢l b 1o+ | -EE*Sqrt2 *¥ch/ (4*SW)
el?2 |sqrt(l-s12+2) C b |H+. £ | | i *EE*Sqrt? *¥ch/ (4*HH*SH)
c23 Isqrt({1-s23+2) C |c |& | |-2*EE/3
cl3 Isqrt{l-513~2) C | G | |GG
Yud |el2*cl3 C e |H | | -EE*Hc/ (2 *HI*SH)
Yus |1512*c13 C lc 12 | | -EE/ {12 *CH*SH)
Yuh 1513 C | 12.£ | |1 *EE*Hc/ (2 *MH*SH)
Ved |-512%x23-¢12%523%+513 C Id | W+ | | -EE*Sqrt? *Ved/ (4%SH)
Yos |@l12%c23-512%523 %513 C Id |H+. £ | | -i*EE*Hce*Sqrt? *Ved/ { 4*HH* SH)
vch |823*c13 C |s | W+ | | -EE*Sqrt? *VYes/ (4%5H) | G{m
vtd |812*523-¢12*c23*s13 C |s [RIE | |i*EE*Sqrt2*Ves/ (4*HH*5W) | Hs*
Vts |-c12%523-512%c23+513 D | | H- | | ~EE*Sgrt2*Ved/ (4*SH) |G{m
Yth |e23*c13 D | |H-.f | | i*EE*Ho*Sgrt2 «Ved/ ( 4*HN*SH) 1 {1+
HH |HZ*CH D 1d 1& | |EE/3 | G{m
D Id 16} | |ce |G(m
D Id |12 | | -EE/ { 12 *CH*SH) |28
D It 1H- | -EE*Sqrt2 *vtd/ (4*SH) |G(m
D |t |H-.1 | |i*EE*Htop*Sqrt2«vid/ { 4*HIW*SH) 1 {1+
D lu | H- | | ~EE*Sgrt2*vul/ (4% SH) |G{m
E le 1A | |EE |G(m
E le |12 | |EE/ { 4*CH*SH) 1(1-
'F1-F2-Top—BottomGoTo-Find—Zoom-ErrHes 'F1-F2-Top—Bottom—GoTo—Find—ZoomErrHes

+:§ Applications
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Example: fermion-gauge boson sector in theCompHEP model file

SM, unitary gauge

Lagrangian
F1 | P2 |P3 | P4 | > Factor <|> dlLagrangian/ dA(pl) dA(p2) dA(p3)
A | W+ | W- | | -EE [m3.p2*ml.m2-ml.p2*m2.m3-m2.p3*ml.m3+ml.p3*m2.m3+m2.pl*ml.m3-m3.pl*ml.m
B |b |A | |EE/3 [G({m3)
B |b |G | |GG [G({m3)
B b |H | | -EE*Mb/ (2*MW*=5W) [1
B |b | Z | | -EE/(12*CW*5W) [ 2=5WA2*G({m3)* (1+G5)-(3-2*5WA2)*G(m3) *(1-G5)
B |c | W- | | -EE*Sgrt2*Vch/(4*5W) [G{m3)*(1-G5)
E [t | W- | | -EE*Sgrt2*Vth/(4*5W) [G{m3)*(1-G5)
B [u | W- | | -EE*Sqrt2*Vub/(4*5W) [G{m3)*(1-G5)
C |b | W+ | | -EE*Sgrt2*Vch/(4*5W) [G{m3)*(1-G5)
C c |A | |-2*EE/3 [G({m3)
C |c |G | | GG [G{m3)
C |c |H | | -EE*Mc/ (2*MW*5W) [1
C c | Z | [ -EE/(12*CW*5W) [ (3-4*5WA2)*G(m3)*(1-G5)-4*5WA2*G(m3)*(1+G5)
C |d | W+ | | -EE*Sqrt2*Vcd/ (4*5W) [G{m3)*(1-G5)
C |s | W+ | | -EE*Sgrt2*Vcs/ (4*5W) [G{m3)*(1-G5)
D c | W- | | -EE*Sgrt2*Vcd/ (4*5W) [G{m3)*(1-G5)
D |d |A | |EE/3 |G{m3)
D [d |G | | GG [G({m3)
D |d | Z | [ -EE/(12*CW*5W) [ 2=5WA2*G(m3)* (1+G5)-(3-2*5W»2)*G(m3) *(1-G5)
D [t | W- | | -EE*Sgrt2=Vtd/(4*5W) [G{m3)*(1-G5)
D [u | W- | | -EE*Sqgrt2*Vud/ (4*5W) [G{m3)*(1-G5)
E |e |A | | EE [G({m3)
E |e | Z | [EE/(4*CW=5W) [ (1-2%5WA2)*G(m3)*(1-G5)-2*5WA2*G(m3 ) *(1+G5)
E [ ne | W- | | -EE*Sgrt2/(4*5W) [G{m3)*(1-G5)
G |G |G | | GG |m2.p3*ml.m3-ml.p3*m2.m3+m3.pl*ml.m2-m2.pl*ml.m3-m3.p2*ml.m2+ml.p2*m2 . m
G. [G.c |G | | GG [m3.p2
H |H |H | | -3*EE*MHA2/ (2*MW=5W) [1
H [ W+ | W- | | EE*MW/SW [m2.m3
H | Z | Z | [ EE*MW/ (CWA2*5W) [m2.m3

O®H PAH
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¥ [results : tesh]

BN CompHEP version 4.5... [M CompHEP version 4.5.... R CompHEP version 4.5... M CompHEP version 4.5....

CompHEP version 4.5.0rc6

CompHEP version 4.5.0rc6

Process: p,p -> e,E,jl (16 subprocesses)
{suh)Process: u,U -> G,e,E
Cuts 3
rClr-Rest-Del-Siz

Parameter |> Min bound <|> Hax bound <
t3 110 |
y¥3 1-5 15
nds ol |

.F1-F2-Top—BottomGoTo-Find—ZoomErrdHes——

Process: p,p -> e,E,jl (16 subprocesses)
{suh)Process: u,U -> G,e,E

Reqularization 4

rClr-Rest-Del-Siz

Homentum |» Mass <|>» Width <| Power
45 |0 10 11
45 |HZ |wZ |12
13 |0 10 |2
14 |0 10 2

.F 1-F2-Top-BottomGoTo-Find—Zoom-ErrHes—

Reqularization

Process: p,p -> e,E,jl (16 subprocesses)
{sub)Process: u,U -> G,e,E
Honte Carlo session: 1l{begin}

¥IT Cross section [ph] Error %

Fl1- F2- Fd4-

]
= 03312

Set Distributions

Start integration
Display Distributions
Combine ROOT-hist
Clear statistic

Clear gqrid

Generate ewvents

Fo-

LomprcEr version <. J.uUrco

Process: p,p -> e,E,jl1 (16 subprocesses)
{suh)Process: u,U -> G,e,E
Honte Carlo session: 3{begin}

T Cross section [ph] Error % ncall
1.1705E+02 1.81E+00 90720
1.1432E+02 1. 16E+Q0Q 90720
1.1540E+02 T.58E-01 90720
1.1572E+02 1.03E+00 90720

b 1.1539E+02 5.18E-01 362880
1.1613E+02 8.32E-01 90720
1.1553E+02 f.48E-01 90720
1.1679E+02 5.87E-01 90720
1.1806E+02 9.86E-01 90720

> 1.1644E+02 3.59E-01 362880
1.1465E+02 T.81E-01 90720
1.1644E+02 8.01E-01 90720
1.1518E+02 n.64E-01 90720
1.1580E+02 5.92E-01 90720

b 1.1596E+02 2.49E-01 125760

Humerical Session

chi *%2

Start integration

N | Inteqration is ower
Press any key




Basic and tiseritdeinineEa

simple training models: QED, effective 4-fermion model

SM in 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: LanHEP — a program for generation of Feynman
rules for user-defined model (developed by A.Semenov)

© 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
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CompHIEEISES

¢ Complete Leptoquark model. Includes Yukawa couplings for all types of
L.Q, gauge couplings and anomalous gauge couplings for vector LQ (by
request)

¢ Top quark Lagrangian with anomalous couplings as follows from the
dimension 6 effective operators (by request)

¢ Excited fermion Model (by request)

¢ Complete two-Higgs-doublet Model with conserved or broken CP
invariance (by request)

¢ RS1 model and effective 4 particle Lagrangian for RS below KK threshold
¢ UED model (Matchev et al.)
¢ Minimal Higgsless Model (Chivukula et al.)

¢ Exotics: Muonic photon; para-photon; E6 isosinglet quark; Z’, W’ bosons;
doubly charged Higgs, color octet pseudoscalars, Inert Douplet Model, etc.
O®H PAH 24



4 Customize ('tune on') numerical MC generator: The most
complicated part: do proper phase space sampling (regularizations +
kinematics), set necessary kinematic cuts, Q?, 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

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.

O®H PAH
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LHEF, LHARIDESSIISYEINS

LHA I is 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 is a special option - Generator (LHEF format) -
in the event menu in n_comphep

All modern PDFs are available via LHAPDF: CTEQ, MRST,... legacy,
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
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rel

{sub)Process:

u,D - nm,H,b,B

CompHEP version 4.4.3

r—Rest-Del-Size

t3
t4
th
th
c?

Parameter

10

| So o

4

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

|> Hin bound <|> Hax hound «<|> Rest Frame <

1150 |
1150 |
| 150 |
1150 |
11 |

Distributions I

Pt distributions for all final particles

dofdP, fb/GeV

Liscechin

i
120

FEF TTTIT AN
140

P;, GeV

do/dcos(8), b

I

CompHEP version 4.4.3

u,D -> i, M, h,B
Diff. cross section [ph] v-max - 0.0299
] Y-min = 0
) ¥-scale = Lin.
= Hrite table
e
=1l — Spline OFF
S o LaTeX
= —_ Redraw plot
0.016i e EXIT PLOT
0. 008 =
0.0——— e
-1.0 -0.5 0.0 0.5 1
Cosine(p2,pd), rest frame 345
Fl- ;. F2= Fh- F9-
30—
25—
20—
15—
10—
5
= ] | 1
@ 1
cos(9)
€€ » 3 4 b
n “vegas 1ntegrat10n menu new submenu

“combine histograms” for superimposing
ROOT-histograms 27




Global fits

The signal strength and the signal strength error
for various groups of Higgs boson production channels

19.7 "' (8 TeV) + 5.1fb' (7 TeV)

CDmt':iqen%—-:}H m, = 125 GeV
H—s vy {fmtégjedj CMS H
H— vy (VBF tag) | pg, =0.84
H— vy (VH tag)
H — vy (ttH tag)
H — ZZ (0/1-jet)
H— ZZ (2-jet)
H — WW (0/1-jet)
H— WW (VBF tag)
H— WW (VH tag)
H— WW (ttH tag)
H — tt (0/1-jet)
H — 1t (VBF tag)
H — =t (VH tag)
H — =t (ttH tag)
H —s bb (VH tag)
H—-bb(ttHtag)| A , k6 | K =—————f—
-4 -2 0 2 4 6
Best fit o/og,,

Overall signal strength — all channels
1.00*315 | +0.09(stat.) 0 07 (theo.) + 0.07(syst.)




Beyond the infinitely small width approximation

In @a number of channels the interference terms are not small (especially for yy, WW and ZZ exchange
diagrams). Individual contributions of t-channel and subleading s-channel diagrams are usually small,
but the number of such diagrams can be of the order of 100 (especially puup)

Example: gg - (W*W*, Z*Z*) - v,v, u* |-

o - —f-‘.lh i e M . ; _.-i--"':” .
R - T L. T T -
_1,_-Lr_.,l__u_ 4l -,.—in[——r_lr__ -._Ir ol
. i T,
- & .."|-'|

rg g o Y [ B e
L oo v W+ e
L k o

daagr. 1 dhagr.2 dhagr. 2

diagr.4 diagr.5 diagr b



Signal strength and exclusion contours in the SME
(Standard Model Extension) parameter space

N;_- : Nc
o [ijf Jj—H Br(H — 1}]SME ) [ijf Uj—bH(uﬂ'—shell]—bi]SME
i — p;i =
Nch . : NE
[Z_j:l Jj—H BI‘(H = 1)] SM [Zj:i] Uj—}H(nﬂ:—shell]—}i] SM

(1) signal strength in the production X decay approximation
(narrow width approximation or infinitely small width approximation);
(2) signal strength for complete gauge invariant set

~ Nnbs.i - Nhackgr.i
Hi = NSM

signal,i

- best fit of the signal strength for the number of experimentally observed
signal events N .., the number of background events N and the number of

Standard Model events N3M

BACKGR

SIGNAL’

Neh ~” D

2 (pi — fi1)
XNE}I _ 2
(T:
i—=1 1

- X%, . distribution for the number of production channels N_;



Up to which degree the SM Higgs boson is consistent with
the available data? More than 200 production ® decay
combinations and rearrangements are measured

Structrure of the couplings can be extracted correlating
event rates from all channels

Deviations from the SM are introduced in the form of
effective operators 0. Anomalous couplings C parametrize
the deviations

1
ngc)f = 12 Y CrsOra
k=V,F

Global fit in the anomalous coupling space is performed
combining all production channels

E.Boos, V.Bunichev, M.D.,Y.Kurihara Phys.Rev.D 2014, Phys.Lett.B 2014

Uses signal strength definition (2) — complete gauge invariant sets



Sector by sector extension of the SM by dimension 5 and 6
effective operators

W.Buchmuller, D.Wyler, Nucl.Phys. B268 (1986) 621

Recent two-parametric global fits — nonlinear chiral realization of the SM

gauge symmetry (alternative)
J.R. Espinosa, C. Grojean, M. Muhlleitner, M. Trott, JHEP 1205, 097 (2012)
(arXiv:1202.3697 [hep-phl]), JHEP 1212, 045 (2012) (arXiv:1207.1717 [hep-phl])

» -‘::!'r.:I'E-!-I'—I.f_,IrL-!J-r_,.f n'}r;--;rl;'.l sector
o a Ve pu T o J=Tanl
f.}.;.f__ 11' P — - |:r (™ '[-..-}.1;.{} jl PpTdr — T W(r “_.I:

B

Ogsp = 5(bid — H.m Br Osp = 5(Ptd — % H.m f_}'“’
'::.-']-i-'n‘l-"' ‘-1;!':11:'.}':{:' — 2 ,IH ,L_.”- o t-}-i-'n‘l-"' -,1:.__1]:-Tn:f:| Ly & 'H :..-“ T
0y = (3t — 5D, Bt Ded

o scalar jrr;'.nz-:lﬂ wrim
(he = (BTd — F)(Qr dtg)
{'.,].5,.1;. [ fI}Tﬂ? = _ I_'lf:i';_ lEIJ*-r:-,ri-_'
0,5 = (Bt — ) (LpPrg)

F_:w E iyl F'_r-‘.--



(a,c) parametrization.
a rescales the VVH, c rescales the FFH

b, 7S¢ U7
H . H

b, r+ 5{1 .LE

H

’U2

1+ Ciop - A2
2
v (1)
1+ ﬁ ch
O v?
— . C
Cr + o, CeeT e
63cr — 16¢ Om
F47 v + 1o ( - Cop + 9
’Uz
( C@B + F C(I)V[!) . F
2
()
Cow - 2

the SM limit [a=1, c=c,=c =1, a,=0,a,=0]

with the one-loop induced H-gg, H-YY is clearly seen.

C(I)Lﬂ[!) .

’UZ

A2



Effective triple vertices with the ( c_, c,) parametrization

Triple vertices | Feynman rules

t t H —

b b H — e o

T T H —‘%— CF

G, G, H —2. 8. e (9" pip2 — PiDh)

A, A, H —2 .52 ¢y - (9" p1p2 — PYDY)

A, Z, H +2 -y 5w (Cop — Cow) - 13(9" D1p2 — piDh)
Z, Z, H +2[MZ ey - g™ —cz - (g™ p1pa — DYDY

Wh W, H |42 M3 -cv-g" —cw- (g"pips — Piph)]




Basic object: x> measure in the anomalous coupling space.

Global fits to p in (cF,cV) plane are performed. Dispersion matrix of the

observables convoluted with vector differences between the
observed and calculated p values defines 2. The minimum

of x?is found and 65%,90% and 99% best fit CL regions in the (cF,cV) space

are defined by deviations from x2 min less than 2.1,4.6 and 9.2, respectively.

C

%10°
Global fit (LHC 2012) ]
. ]
E 102?'
1.5 3
s
0.5~ 3
o §
-0.53— 1
n 2
1 q:
150 ‘
- :I L1 ‘ 111 1 1 L1l I 111 ‘ L1l ‘ L 11 ‘ L1l | 111 | 111
20 02 04 06 038 1 12 14 1.6 1.8 2

v

CompHEP version 4.6 et

G.G —> A.A

{sub})Process:

Monte Carlo session: 1{(begin)

x?, LHC 2012

Define wvariables
Display 1d distributions
Combine 1d

Sum 1d

distributions
distributions

Sum 1d tables
Plot 1d table

Constract 2d tegr.

dence
dence

distribution

Sum 2d tables
Add constant to table terms
Multiply 2d tables
Multiply 2d table to koeffT.
Divide 2d tables
Rescale x wvariable
Rescale y wvariable
Plot 3d surface
contour

Calculate hi™2 ’

Sum hi™2 tables




Global fit 2012, without VBF Global fit 2012, with VBF

2_ E_
1.55— 1.55—
B 1
&5; &55— ‘I!‘
LHC s OF ¢ oF
-G.Ef— 0.55—
2014 _1:_ -1:—
ATLAS 150 155
_E_IIIIIII|III|III|III|III|III|III|IIIIIII -E_Illllll|III|IIIIIIIlIIIIIIIlIIIIIII|III
0 02 04 0B 08 1 12 14 16 1.8 =2 o 02 04 0.6 08 1 12 14 16 1.8 2
+CMS & &
(a) (b)
combined _ | _ |
Global fit 2013, without VBF Global fit 2013, with VBF
2r 2r
1.53— 1.53—
. L
u.ﬁf— EI.EE— %
o '3'3— e '35—
ﬂﬁé ﬂﬁé
o= o=
45; 45;
_E:IIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII _E:IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII
o0 02 04 06 08 12 14 16 1.8 2 o0 02 04 06 08 12 14 16 18 2
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Algebraic operations with tables —cross section/width vs parameters

1_‘H—>2X

CompHEP version 4.6 - + %

i G.G —* A.A

session: 1(begin)

Ttmx = 5
nCall 98568
Start integration
Clear statistic

Define variables

Display 1d distributions

Combine 1d distributions
Doty wwe 2z Sum 1d distributions

Sum 1d tables
Plot 1d table

Construct 2d distribution

0.6

r, GeV

e eSienslautss
LT CL ST
OOOT ST SIS S SRS - e —
SO TSNS S g

SIS ' ; —
S ; J Sum 2d tables
X 8%eties >
‘Nﬁwg““ ; _ Add constant to table terms
)0 9859888 i -
sty Multiply 2d tables
Multiply 2d table to koeff.

Divide 2d tables
Rescale x wvariable
Rescale y wvariable
Fiot 3d surtace

contour

Calculate hi™2

Sum hi™?2 tables

Plot delta hi™2 contour
Erase data

o
S
oS

F4—




ROOT code generation to draw table functions
(3D surfaces or 2D contours)

9g — 77 (LHC, Vs=8 TeV, m=125GeV,A,=3 TeV, c=c__)

o, b

1024
""""" Ttmx
nCall 93568

Distributions

Define wariables

Display 1d distributions
Combine 1d distributions
Sum 1d distributions

Sum 1d tables

r—yy tag (LHC, Ys=13 TeV, m=750 GeV, ¢=c,_ )
Plot 1d table

—_— Construct 2d distribution

Sum 2d tables
Add constant to table terms

100
20 Multiply 2d tables
Multiply 2d table to koeffT.
Divide 2d tables
Rescale x wvariable
Rescale y wvariable

Plot 2d contour

0.001 fb

Calculate hi™2

Sum hi™? tables

Plot delta hi™2 contour
Erase data

[l I L 11 111 L1l 111 L1 Illill\l\‘l\ll
01 02 03 04 05 06 07 08 09 10k== F4- F5— FB— Fa-

1/A;, 1/TeV



ROOT code generation for 3D phase space distributions
dependent on a BSM model parameter

CompHEP version 4.6 - + x

{sub — —
Mont. ud— tb, t-quark P,

Ttmx = 5

nCall = 98568

Define variables

Display 1d distributions
Combine 1d distributions
Sum 1d distributions

t

do/dp , th/GeV
g 2
PRI

Sum 1d tables
Plot 1d table

Construct 2d distribution

Sum 2d tables

Add constant to table terms
Multiply 2d tables

Multiply 2d table to koeff.
Divide 2d tables

Rescale x wariable

Rescale y wvariable

Plot 3d surface

Plot 2d contour

Calculate hi™2

Sum hi™? tables

Plot delta hi™2 contour
Erase data

F1- EMan e F5—




New features of CompHEP v. 4.6
useful for generation of global fits

Implementation of external functions in the Constraints Model Table
Multiplication of selected squared diagrams on an external function

Table calculations and algebraic operations with tables — cross
section/width vs parameters

ROOT code generation to draw table functions
(3D surfaces or 2D contours)

Generation of 3-DIM phase space distributions dependent on a
model parameter



Using external functions in the Constraints Model Table

Any model parameter and vertex form-factor my be represented in the form of «c»-function
that depends on other model parameters and on 4-momenta of particles

. ComEHEP version 4.6 -+ x

Clr—Rest—Del-Size

w

wH lwidthl{MR.sint)}
wR lwidthZ2{MR.sint}

C lwidth3{(MR.sint)}
b Ibl#c

yt Imyfunc? (Mtop)
yhl I myfunc? (M)

loopt Imyfunc3(yt.1)

loopH Imyfunc3(yH.2)

Imlt  Imyfuncd4(yt.1)

ImlH  Imyfuncd(yH.?2)

RFF |-(bl#cost-b#sint—sint/v)
HFF |-(bl#sinttb#costtcost/v)
Ranom |bl%cost—b#sint

Hanom I|bl#sint+b#cost

RGG I 7#Ranom+loopt+ (—RFF)
ImRGG |Imlt=(-RFF)

HGG I 7#Hanom+1oopt+#(—HFF )
ImHGG |Imlt=(-HFF)

RAA 1-11/7(3) #*Ranom+ {LoopH+8/(3) #loopt ) # (-RFF )
ImRAA | {(ImlW+8/(3) #Imlt)#{(-RFF}

HAA 1-11/(3) *Hanom+ { Looph+8/ (3} #loopt ) # (-HFF )
ImHAA | (Im1H+8/(3)xImlt)=(-HFF) )
“F1-F2-Top—Bottom—Golo—F ind—Zocom—ErrMes

Name |> Expression
o aimlEoeff1 (MR, sint)

cimyfunc.c =

double myfunc3 (double ym, double keyp)
{

double result, Fym, as, sqr, logs;

as = asin(1l./sqrt(fabs(ym)));
sqr = sqrt(fabs(l.-ym));
logs = log((1l.+sqr)/(1.-sqr));

if(ym >= 1.0) Fym
else Fym

as*as;
-0.25*%(logs*logs-9.869587728) ;

if(keyp < 1.5) result
else result

ym*(1.+(1.-ym)*Fym);
-(2. + 3.%ym + 3.*ym*(2.-ym)*Fym);

return result;



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

s Matching ME (LO/NLO) and SR(NL): CKKW, MC@NLO,
Mrenna-Richardson, ML M, ...
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4 CompHEP c nHtepdencamn kK PYTHIA/HERWIG v agpyrum naketam
ocTaeTtca yoeaAnTeslbHbIM MHCTPYMEHTOM ANA Mo4eIMpOBaHUA
npoueccos SM/BSM Ha yckoputensx

4 CompHEP nmeeTt pa3BuTtbin rpadouueckmin MHTepdenc n
BO3MOXXHOCTU PaboThbl C aHA/IUTUYECKUMU NpeacTaB/1eHUSAMM
aMmnAnTyg nepexoaa, Yto OT/iIM4aeT ero ot APYyrux nakeTos

4 CompHEP coBmecTM co Bcemun ctaHaapTamm “Monte-Carlo

industry” onsa yckoputenen (Hanp., Les Houches Accords 1, 2, 3,
LHE).

4 CompHEP npuroaeH ans napansiefibHbIX BbIYUC/IEHNA Ha
MHOronpoLecCopHbLIX KOMMN/1eKcax

4 CompHEP wnHterpmnposaH B ATLAS, CMS environment ans
ncnosb3osaHna B Run Il
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Multiplication of selected squared diagrams on an external function

v

- ComEHEP version 4.6 -+ x

Llr—Rest—Del—-Size

1-Help.F2-Man.PoUp.PoDn.Home .End.# .Esc

One can mark some squared diagrams in GUI mode,
these diagrams are then multiplied by the function «coeff»,
where «coeff» is an external "c" -function or two-dimensional table

Name |> Expression

coctt | RS

wH lwidth1{(MR.sint)

wR luwidth2 (MR.sint.)

c luwidth3(HMR.sint)

b Ibl+#c

yt Imyfunc? (Mtop)

yhl I myfunc? (M)

loopt Imyfunc3i(yt. 1) CompHEP version 4.6

loopH Imyfunc3(yk.?) Delete. On/of f _Restore.lLatex.Ghosts

Imlt  Imyfunc4(yt.1)

ImlH  Imyfuncd(yH,?2) G- O e —— G G. B e
RFF  1-(bl#cost-b*sint-sint/v) M T H. M R.
HFF |-(bl#sint+b#cost+cost/v) G~ I TG G~ A
Ranom |bl*cost—b#sint

Hanom |bl#sintt+b#cost

RGG | 7#Ranom+loopt®{(—RFF)

ImRGG |Imlt*(-RFF) coett

HGG | 7#Hanom+1oopt+ (—HFF)

ImHGG |Imlt=(-HFF)

RAA 1-11/7(3) #*Ranom+ {LoopH+8/(3)#loopt)# (-RFF)

ImRAA | (Iml1W+8/(3)*Imlt)*(-RFF) G-.. T R .-G

HAA 1-11/7(3) *Hanom+ ( LoopH+8/(3) #loopt ) » (-HFF) T T -

ImHAA | (InlH+8/7(3)*Imlt) = (~HFF) _ G A G
‘F1-F2-TopBottomGolo—F ind—Zoom—ErrMes

coeff




CompHEP version 4.6 -+ x
lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIii!iiEﬂHHEH!EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!HIIIII

Llr—Rest—Del-Size

Hame
coeff
wH

ImHAA

F1-F2-

resulting tables can be used as external functions in the
Constraints Model Table

| > Expression

lcoeff1{MR.sint)

JuidthiMR.sintOQ

lwidth2{(MR ., sint)
lwidth3(MR, sint)

Ibl#c

Imyfunc? (Mtop)

Imyfunc? (MH)
Imyfunc3{yt.1)
ImyTunc3(yhl.2)
Imyfuncd(yt.1)

ImyTuncd (yh.2)
|-{bl#cost—b#sint—sint/v)
|-{bl#sint+b*costtcost/v)
Ibl#cost—b#*sint
Ibl#sint+b®cost

| 7#*Ranom+loopt#(—RFF)

I Im1t#(-RFF)

| 7#*Hanom+1loopt#(—HFF)

I Im1t#(—HFF)
1-11/(3)#Ranomt+ {Loopl+3/(3)#loopt)# (—RFF)
I {ImlH+8/(3)#Imlt)=(-RFF)
1-11/(3)#Hanomt+ {loopH+3/(3)#loopt)# (—HFF)
| {Im1lH+8/(3)#*Imlt)={-—HFF)

Top—Bottom—GoToFind—Zoom—ErrHes

—width1.txt >

AR R R R RRRRRRRRRP R

.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02

[ATATATATATAT = a e ]

.071070E-01
. 788227E-01
.505384E-01
.222542E-01
.939699E-01
.656856E-01
.374013E-01
.091170E-01
.808328E-01
.525485E-01
.242642E-01
.959799E-01
.676956E-01
.394114E-01
.111271E-01

0920 AD0C N1

AR R R R RRRPRRRRRPRFO

.265819E-04
.013980E-03
.099670E-03
.183458E-03
.265209E-03
.344767E-03
.422014E-03
.496865E-03
.569201E-03
.638916E-03
.705987E-03
.770256E-03
.831733E-03
.890312E-03
.945908E-03

NOAQCDOLEC N2



Technical problems of evaluations with higher dim
operators of BSM

* several anomalous couplings (AC) from different
effective operators contribute to |M|?

* different AC contribute to the decay widths of
unstable particles

* from other side, contributions of individual AC are
used for event samples in experimental searches

Separation of congenerous contributions (e.g. 1/A2
leading terms) in the event samples is of interest



Subsidiary bosons for BSM evaluations

New Physics (NP) contributions to the SM vertex
SM NP NP:
[,=T" +T, 7+, + ..

Example: anomalous Wtb vertex

3 _phV
Lwer, — ﬁibﬁf{;PﬁfﬂPR)t W, + —=b——(£5Py, +£8PRr)t W, + h.c.

V2
W boson SM %f{}’rﬁ'{l — 5)

W boson subsidiary 1 %fﬂ"‘f‘”(l + v5)

W boson subsidiary 2 mfl‘af”’qy(l + s

W boson subsidiary 3 2mmw,ﬁfﬂe':rf”"nzll,,{1 — )

Boos,Bunichev,Dudko,Perfilov, arXiv:1512.00826, arXiv:1607.00505
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Diagrams (2),(3),(4) with subsidiary bosons for qq-bb pv
Squared amplitude with 'production’ P,,P, and 'decay’' D,,D,

M ~ %[(f#)zPlJr{fxl})ng] x [(fy)*Dy + (£ ) Do)

1
~ Rl(8)"PaDy + (£7)*(8)*P1Da + (£)*(£7)*PaDi + (&) PaDo]

Three sets of event samples for simulation when fLV=fRV=1,fLT=fRT=0

(E58500) < () @ (1000) & (£ ()* © (1100),u, & () © (0100)30%

sub



Physics Analysis Summary CMS-PAS-TOP-14-007. Baesian Neural Network

Discriminant (BNN)
CMS preliminary, s=7 TeV, L =5.0 b’
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Figure 7: Data and model comparison of BNN aWtb discriminant for the {_flf,, _f}.] scenario.
The BNN aWtb was trained to separate possible events with left tensor coupling in the Wtb
interaction and SM events. The hashed band corresponds to the systematic uncertainty.



Physics Analysis Summary CMS-PAS-TOP-14-007

CMS preliminary,\'s = 7 TeV, L = 5.0 fb"
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Important features improved

* Batch system. Symbolical and numerical batch
calculations in PBS/LSF

* Output event format respecting Les Houches
agreements (LHEF with HepML header), convention
LHAPDF, SUSY LHA format, BSM LHA format)

* Interfaces to PYTHIA/HERWIG and other

* Monte Carlo events data base (MCDB, see Comput.
Phys.Commun.178(2008)222,hep-ph/0703287)

* Nuclear PDF's (Phys.Rev.C92(2015)044901, hep-ph/0703287)



Generaliinie

= 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.Sherstnev

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

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, ML M, ...
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Batch system in CompHEP

Both symbolic & numerical parts of the package have batch scripts:
symb_batch.pl and num_batch.pl (in Perl)

Useful in the cases

< Computations of many (of the order of 100) subprocesses for LHC analyses
< Remote calculations: GUI not convenient

< Support of parallel calculations: very helpful for multi-CPU
machines/computer clusters (pbs/lsf is available; grid in progress)



Symbolical batch: pp->m,Nm,b,B,H+ with t->b,H+ and T->m,Nm,B
MSSM, tb=0.5, MH+=150GeV (H+->t*b->2f+bB dominates)

* Prepare process.dat following toy example: all points well documented

Jsymb_batch.pl -show diag (to exclude several sub-leading diagrams) 27
diagrams in 9 subprocesses (54 sqr. diag.) (15 G,G->m,Nm,b,B,H+ diagrams)

* ./symb_batch.pl -mp 2 calculate faster (2 times if you have 2*CPU machine)

Latex 373
B b S i i
# Data file for symb script.pl
# For the symb _batch script version 1.0

B R R R e R i e

B
el
# You have to set the model number, which you are going to ::j:} z:i>} by s
# The model number corresponds to the string number of the | - <
\\ h

# 1in the CompHEP model menu in the GUI mode.. W+
model number: 6 &

AW+ _Hm S Hm
# Beam names can be taken from a table of beams. <j:; “;i:m

Q¢ GUI regime). Energy unit is GeV

energy 1: 7000.0 : o o . T . S
beam energy 2: 7000.0 X —, - < L <
. _ . R o e B
g defines the final state of your process. Mode < <, < o s
and composite particles (see the corresponding - o o o
e b G"";{‘/\“; P Him ' Vh,,, Him P e H
ude feynman diagrams with some model o Lt " $<<“ ;b<;‘ ;b<; e
he particles here] e b el L e
et lagrams with some model bop b P b PRSI G b
# particles (in propagators'), enter the particles here T “"”X?J Y B B
# Examples: " L i R N e . _m
#keep diagrams with: t,b,Z,A < < . T T o<
keep diagrams with: el Gl . <;. . <; S
# If you enter no, s_comphep generates diagrams and does no
# do symbolic calculations.
. - n&Nel$ ./symb _batch.pl -show stat
make symbolic calculations(yes/no): yes [. L=
4 (yes/no): y Diag tistics: total = culated = 44, deleted = 0
[note]l$ Old n_co S 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.log



Numerical batch: pp->m,Nm,b,B,H+ in MSSM

* Prepare batch.dat: customize first process via GUI and execute ./num_batch.pl

* Customize differences in other subprocesses (if needed) via GUI and execute ./num_batch.pl -
add -proc ... for the necessary subprocesses

* Start numerical calculations with ./num_batch.pl -run ...

#subprocess 1 (u,U -> m,Nm,b,B,H+)
#Session_number 1
#Model_number 6

#Initial state.

[note]$ ./num batch.pl --show cs
List of available subprocesses:

SQRT(S) 1.400000E+04 Subprocess 1 (u,U -> m,Nm,b,B,H+): cross section [pb] = 6.2925e-01 +/- 1.30e-03 ( 2.06e-01 % )
Eiﬁéﬂﬁi?(ﬁbﬁ;ileﬂé???ﬂ335$ﬁ? Subprocess 2 (d,D -> m,Nm,b,B,H+): cross section [pb] = 3.8960e-01 +/- 8.15e-04 ( 2.0%-01 % )
StrFun2: PDF:cteq6ll(proton) Subprocess 3 (U,u -> m,Nm,b B,H+): cross section [pb] = 6.2781e-01 +/- 1.55e-03 ( 2.47e-01 % )
#Physical Parameters. Subprocess 4 (D,d -> m,Nm,b,B,H+): cross sect@on [pb] = 3.8906e-01 +/- 9.31e-04 ( 2.39e-01 % )
EE = 3.122300000000000E-01 Subprocess 5 (s,S -> m,N ,b,B,H+): cross section [pb] = 6.6678e-02 +/- 1.43e-04 ( 2.14e-01 % )
oW = 2.730000000000000F-01 Subprocess 6 (c,C -> m,Nm,b,B,H+): cross section [pb] = 3.0779%e-82 +/- 6.58e-05 ( 2.14e-01 % )
MZ = 9.118840000000000E+01 ! ! 1= ' _ ' ' !
Mtop = 1.750000000000000E+02 Subprocess 7 (S,s -> m,Nm,b,B,H+): cross section [pb] = 6.6678e-02 +/- 1.43e-04 ( 2.14e-01 % )
wtop = 1.9554000000000005,00  SUbprocess 8 (C,c -> m,Nm,b,B,H+): cross section [pb] = 3.6779¢-62 +/- 6.58e-05 ( 2.14e-01 % )
wW = 2.088950000000000E+00 Subprocess 9 (G,G -> m,Nm,b,B,H+): cross section [pb] = 1.4684e+01 +/- 3.59e-02 ( 2.44e-01 % )
mu = 1.000000000000000E+03
MG2 = 2.000000000000000E+02
MG3 = 3.000000000000000E+02 Total CS [pb] = 1.6914e+01 +/- 3.60e-02 ( 2.13e-01 % )
Mg3 = 1.000000000000000E+03
Mu3 = 1.000000000000000E+03
Md3 = 1.000000000000000E+03
Atop = 0.000000000000000E+00 #QCD Lambda6 = 1.652000E-01 Scale = 175
Ab = 0.000000000000000E+00Q #\,‘egas_calls A41472x5
MH3 = 1.341600000000000E+02 #JVegas_integral 9.16788703338995469E+13 3.46369076228:
th = 5.000000000000000E-01 #Distributions
GG = 1.216002374681738E+00 #Regularization_ *##% Table **+* .
#width_scheme © kkk Taple *+*+ Distributions
Regularization Parameter |> Min bound <|> Max bound <|> Rest Frame
#Kinematical scheme. ’ .
12 -> 57 , 346 Momentum |> Mass <|> Width <| Power|
2T s 57 Mtop  |wtop [2..... #Events 500 1 ©.200000 2.000000 10000
34 >3, 4 34 | MW |wil |2...... #Random FA98C8AA370E
346 |Mtop |wtop |2......
#Cuts, #VEGAS Grid Vegas grid: dim=12 size=50




Effective triple vertices in the Buchmueller-Wyler basis
(LanHEP calculation). Effective couplings C (Wilson

coefficients) are multiplicative factors in front of Oij

Effective operators Triple vertices Feynman rules

O = (Bl — ) (=2 ) (Qr¥<tr) [ t H —M,; - & :-Cw

Ope — (BFdH — %:}[ AN Qrdby) | B b H — M, - % - Cha

{'-_.}.,_,i, |:-g]:|'i'|:t:| L %,, . .:.h_ i , !.L g]:._.—n :| = T j'-ll' s _1|_ l|".'_ : T.- '[ru-.-.:'b

Opg = L(dId — Z)G° G G, G. H |-2-%.Csc- (¢ pp2—pirs)

Osn %f_‘iﬁ'ih i %' H_.m B ."‘!_.J A, H —2. -.’.';11_3 . —.:'g- - Can - | g7 1P J;-'{;_r!i, ]
Ay L. H F2 - ew - sw - 37 - Cem - (97"P1p2 — PiTFR)
Ly £, H —2 - siy - = - Car - (¢ mip2 — Firk)

Osw = 3(B1® — )WL W A, A H —2 - sy - 2 - Caw - (" P1p2 — PiPE)
'.-i_u E” H . CW * SW - _'.. . {r“- = :'-!lel.-j”‘l Py — }fj'j!’:,:l_- :|
-::l:u Eu H —2 . ':-"%-" b f'.e_ i {”.'ih M’ |"-:|| i!" P2 — J'?Ijlf-rg'
“__u_ W~ H —2 - 5% - Caw - (9" P1p2 — PiPR)
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