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LanHEP package

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

Comput.Phys.Commun. 201 (2016) 167-170 « e-Print: 1412.5016 [physics.comp-ph]
Comput.Phys.Commun. 180 (2009) 431-454 « e-Print: 0805.0555 [hep-ph]
LanHEP: A Package for automatic generation of Feynman rules in gauge models, hep-ph/9608488

LanHEP is a powerful tool for automatically generating Feynman rules directly from a model’s Lagrangian,
written in a compact and intuitive form similar to that used in publications.
Key Features

Writes your Lagrangian in a clean and readable format.

Automatically obtains Feynman rules in terms of physical fields and independent parameters.

Supports summation over indices and recognises commonly used expressions such as covariant derivatives
and gauge field strength tensors

Export models in LaTeX, CompHEP, CalcHEP, UFO, and FeynArts formats

Supports all class of models with particles upto spin 2 making it a key tool for BSM studies

Simple and User-Friendly Setup

* Requires only a C compiler (e.g. gcc) to build

* You don't need to know the C language — LanHEP uses its own intuitive input format.

Many advanced features

Supports superpotential formalism
Checks: BRST invariance, electric charge conservation, hermiticity
Supports multiplets, matrices and much more — see the manual and this lecture
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LanHEP Installation Guide

1. Download the code

a) from Dark Tools github

wget https://raw.githubusercontent.com/dimauromattia/darktools/main/lanhep/lhep403.tgz
or

b) from the HEP Tools site -. Link to HEP TOOLS directory - lanhep - lhep403.tgz

2. Unpack the archive
tar -zxvf lhep403.tgz

3. Enter the directory
cd lanhep403

4. Compile
make
The lhep executable will be built — you can add it to your PATH for easy use, e.g. add
export PATH="$PATH:/path-to-lhep-file/" line to .bashrc

ex#l install LanHEP
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Running LanHEP

m example of LanHEP running

cd mdl
../1lhep -ca stand.mdl
File sm_tex processed, 0 sec.
File stand.mdl processed, O sec.
where stand.mdl is the model in LanHEP format
® running lhep without arguments gives you the list of options for output formats

../ lhep
Error: output format is not set. Use command line options:
-CompHEP or -co for CompHEP format;
-CalcHEP or -ca for CalcHEP format;
-FeynArts or -fa for FeynArts format;
-ufo for UFO format;
m e.g. you can run -tex for LaTeX format.
../1lhep -ufo stand.mdl
../ lhep -tex stand.mdl

to produce model in UFO format and the LaTeX formats respectively

m ../lhep -ca -OutDir outdir stand.mdl
to write results into outdir
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An example of simplest model - QED

1 1
_ v = . — - = U2
Loep = —ZFWF“ + ey*(i0, + g. A, )e — mee, Lar = 2(8MA )

model QED/1.

parameter ge=0.31333: 'Electric charge'.

spinor el/El:(electron, mass me=0.000511).

vector A/A:(photon).

let FAmuAnu=derivAnu*AAmu-derivAmu*Arnu. qed . md -|_
lterm -1/4*(FAmuAnu)**2 - 1/2*(derivAmu*Armu)**2,
lterm E1*(i*gamma*deriv+ge*gamma*A-me)*el.

../lhep -ca ged.mdl will produce model files in CalcHEP prtclsl.mdl, lgrngl.mdl,

format varsl.mdl, funcl.mdl
../ lhep -tex ged.mdl will produce model files in LaTeX prtclsi.tex, lgrngl.tex,
format varsil.tex, funcil.tex
lgrngl.tex Fields in the vertex | Variational derivative of Lagrangian by fields
contains El, el f'l,u ge - ’T""i:b
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The model structure in CalcHEP format: a set of ASCII tables

prtclsl.mdl : the list of particles and their properties

QED
Particles

Full Name | P | aP| number |spin2|mass|width]|color|aux| LaTeX(A) | LateX(A+)
electron lel |E1 |11 |1 |lme |0 [1 | |el |E1

photon |A |A |22 | 2 |© | O |1 | | A |A

lgrngl.mdl : particles interactions

QED
Lagrangian
P1 | P2 |P3 | P4 | > Factor <|> dLagrangian/ dA(pl1) dA(p2) dA(p3) <
E1l | el | A | | ge |G(m3)
varsl.mdl . independent model parameters

QED

Variables

Name | Value |> Comment <
ge |©.31333 |Electric charge
me |0.000511 |mass of electron

other two files func xxx.mdl (dependent parameters) and extlib xxx.mdl (libraries to be linked) -- are empty
for this simple model
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Syntax of LanHEP

 The LanHEP input file is the sequence of statements, each starts with a special identifier (such as
parameter, lterm, etc) and ends with the full-stop '.' symbol. Statement can occupy several lines

* Identifiers: Identifiers are the names of particles, parameters etc.

« Constants: integers, floating point numbers, strings

e Comments: °%> >/%> ... 2x/>

« Order of the indices of the objects (default, can be changed): [spinor, color ¢3, color c8, vector]

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

* parameters parameter name=value:comment.

* particles scalar P/aP: (options) .
spinor P/aP: (options) .
vector P/aP: (options) .

See manual and this lecture for more details
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You can seelupdate default options are in calchep.rc file

% Definitions specific for CalcHEP format of Feynman rules.
keys OutputFormat=CalcHEP.

prtcformat fullname: 'Full Name ',
name:' P ', aname:' aP', pdg:' number ‘',
spin2,mass,width, color, aux, texname: ' LaTeX(A) ',
atexname:' LateX(A+) .

prtcproperty pdg:(A=22, 7Z=23, 'W+'=24, G=21,
=1,
d=1, u=2, s=3, c=4, b=5, t=6,
n1=12, n2=14, n3=16,
el=11, e2=13, e3=15,
ne=12, nm=14, nl=16,
e=11, m=13, 1=15,
~ne=1000012, ~nm=1000014, ~nl=1000016,
~e1=1000011, ~m1=1000013, ~11=1000015,
~e2=2000011, ~m2=2000013, ~12=2000015,
~eL=1000011, ~mL=1000013,
~eR=2000011, ~mR=2000013,

~u1=1000002, ~c1=1000004, ~t1=1000006,
~u2=2000002, ~Cc2=2000004, ~t2=2000006,
~uL=1000002, ~cL=1000004, ...
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Next example - QCD

- - 1 apy a a a a aoc C a
Gauge interactions Ly = — Py, Fj = 0,G} — 0,Gy, — g, f* GG}, Gy(z)

pr

Quark kinetic term Lr = @iv"0,qi + gsAi;aiv" ;G

Gauge fixing term and Fadeev-Popov ghost term
1
Lor =—5(0,Gh)? + igs [ e Glo"c,
LanHEP model file (qcd.mdl):

mode 1 QCD/2.

parameter gg= 1.13 : 'Strong coupling'.

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

spinor g: (quark, color c3, mass Mg=0.02).
Lterm 1*gg*f_SuU3*ccghost(G)*G*deriv*ghost(G).
lterm Q*gamma*(1i*deriv + gg*lambda*G)*q.
lterm -F**2/4 where

F=derivAmu*GAnufra-derivAnu*GAmufra+
1*gg*f_Su3rarbAc*GAmurb*GAnuAcC.
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./lhep -tex qcd.mdl

will produce: vars2.tex, prtcls2.tex, Igrng2.tex

Igrng2.tex
Fields in the vertex Variational derivative of Lagrangian by fields
Gup Gug Gpr 99 fpqr (089" — P39 + P1g"" — PIg"" — phg™ + Phg"")
G.C, Gc, G, — 99 - 5 frqr
Qap g Gur qq - }\rq“'ab
Cup Gy G Gy | 962G o frt — 979" Fo frst + 9 9 Fyrt fus
_Qﬁggy’ofprtqut -+ Q”ygpgfpstfqrt — gﬁpgygfpstfq-rt)
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Vertices with colour particles in CalcHEP

®m The CalcHEP Lagrangian tables do not describe explicitly the colour structure of
a vertex.

m |f colour particles are present in the vertex, the following implicit contractions are
assumed (p, g, r are colour indices):

dpq for two color particles A} and A?
Ay for three particles, which are colour triplet, antitriplet and octet
fra" for three colour octets  fPI"GE GG
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Vertices with coloure particles in CalcHEP

m 4-gluon vertex can be split it into 3-legs vertices frar GZG";X ﬁu
G
.. .I:-J: {-;. b .J'I .J'I............. J: .J'I........ J:
S ...t € ; C ¢ '-.._. _._.-"-’
R T T x| - xf
.II:-‘: {'_;'l. .l|'_.‘.' |'_.‘.'llllllll:llll|:-‘: |'_.‘.'llllllll:... ..l|:-‘.

m Here the field X ﬁy Is a Lorenz tensor and colour octet, and this field has constant propagator
m /f gluon name in CalcHEP is 'G’
m the name 'G.t' is used for this tensor particle; its indices are denoted as 'm’ and ‘"M’

QCD

Lagrangian
P1 [P2 |P3 | P4 | > Factor <|> dLagrangian/ dA(pl) dA(p2) dA(p3) <|
G |G |G | | gg |Im2.p3*m1.m3-m1.p3*m2.m3+m3.p1*ml.m2-m2.p1*m1.m3-m3.p2*ml.m2+ml.p2*m2.m3
G.C |G.c |G I | -99 |m3.p2
Q lq |G I |99 |G(m3)
G |G |6.t | |gg*sqrt2/2 |m1.m3*m2.M3-m1.M3*m2.m3

m1.m2 in CalcHEP etc means ¢g"!™?
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Vertices with colour particles in LanHEP

®m The splitting of vertex with 4 colour particle into 3-particles vertices is done by LanHEP
automatically: each vertex containing 4 colour particles is split to 2 vertices which are
joined by automatically generated auxiliary field

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

* O turn off multiplet level vertices splitting;
* 1 allows vertices splitting with 4 color multiplets;
» 2 allows vertices splitting with any 4 scalar multiplets except Higgs [default]
m option SplitCol2=N.
* where N is a number:
* O disable vertex level splitting;
* 1 enable vertex level splitting (only for vertices with 4 color particles) [default]
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More details on LanHEP options and syntax

Specials gamma, gammab, moment, deriv, lambda, £_SU3
declaring new specials: special name: (islist) .

Orthogonal matrices OrthMatrix( {{ai1, a2}, {a21, axn}} ).

read file. or use file. (no multiple reading)

Including files

Checking electric charge conservation SetEM(photon, param).

lhep filename options

Running LanHEP _ _ _
—0QutDir directory Set the directory for output files

—-InDir directory Set the directory where to search files
—tex LanHEP generates LaTeX files

—frc If —tex option is set, forces LanHEP to split 4-
fermion and 4-color vertices just as it is made for Com-

pHEP files.
—texl.ines num Set number of lines in LaTeX tables
—texLineLength num Controls width of the Lagrangian
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Default groups and specials in LanHEP: mdl/lhep.rc

special gamma: (spinor,cspinor,vector).

special gamma5: (spinor,cspinor).

special '(1+gamma5)/2':(spinor,cspinor), '(l1-gamma5)/2':(spinor,cspinor).

special moment: (vector).

special '__moment__start__ ':(vector), '_ _moment__end__"'.

special epsv:(vector,vector,vector,vector).

special eps3v:(vector,vector,vector).

group color:SuU(3).

repres color:(c3/c3b,c8,c6/c6b).

SetDefIndex(spinor,color c3, color c8, vector).

special lambda:(color c3, color c3b, color c8).

special f_SU3:(color c8, color c8, color c8).

special d_SU3:(color c8, color c8, color c8).

special eps_c3: (color c3, <color c3, color c3),
eps_c3b:(color c3b, color c3b, color c3b).

special k_c6:(color c3b, color c3b, color c6),
k_c6b:(color c3, color c3, color c6b).

special l_c6:(color c6, color c6b, color c8).

let deriv=-i*moment.

special derivs.

let '_ _deriv__start_ '=-i*'__ _moment__start__ '.

let tan.:{{O,l},{l,@}}, tauz:{{eli}l{_ile}}l tau3:{{1,0},{®,—1}}.

let tau={taul, tau2, tau3}.
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SM Lagrangian with LanHEP

The latest version of SM implementation comes with CalcHEP and micrOMEGAs,
located in model_src folder of the CalcHEP distribution (also in LanHEP mdl folder)
model_src contains LanHEP source files for SM and Inert Doublet Model

model_src: sm.inc idm. lhep sm.lhep README

keys gauge_fixing=Feynman, CKMdim=1, hgg=0n,
sm. Lhep haGo0tf. e %
do_if hgg==0n.
do_if h4G==0n.
model 'SM(+hgg+h4G)'/3.

do_else.
model 'SM(+hgg)'/2.
end_if.
do_else.
model 'SM'/1.
end_if.

read 'sm.inc'.
CheckHerm.
CheckMasses.
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SM Lagrangian with LanHEP: sm.1nc - parameters

% Standard Model - unitary and t'Hooft-Feynman gauges.
external_func(alphaQCD,1).
external_func(Mcgff,1).

= 0.31333 : 'Electromagnetic coupling constant (<->1/128)',
117 : 'Strong coupling constant (Z point) (PDG-94)"',
4740 : 'sin of the Weinberg angle 0.474 - "on-shell",481 - "MS-bar" )'.

parameter EE
GG
SW

parameter CW = sqrt(1-SwW**2) : 'cos of the Weinberg angle'.

parameter Q=100: 'Scale of effective running masses',
MW=80.385: 'W boson mass',
GF=EE**2/(2*SW*MW)**2/Sqrt2 :' experimental value 1.166E-5 [1/GeVA2]"',
MZ=MW/CW: 'Z boson mass',
Mtp =172.5:'Top quark pole mass',
McMc =1.23: '"Mc(Mc) MS-BAR',
MbMb =4.25: 'Mb(Mb) MS-BAR',
alphaSMzZz=0.1184:'Srtong alpha(Mz)',
LamQCD=initQCD5(alphaSMz, McMc, MbMb, Mtp),
Mb=MbEff (Q),
Mc=McEff(Q),

MS=MQEff(0.096,Q): 's-quark effective mass via 2MeV running one'
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SM Lagrangian with LanHEP: sm.1inc - particles

do_if gauge_fixing==Feynman.
vector
A/A: (photon, gauge),
Z/Z:('Z boson', mass MZ, width wZ = auto, gauge),
G/G: (gluon, color c8, gauge),
'"'W+'/'W-": ('W boson', mass MW, width wW = auto, gauge).
do_else.

vector
A/A: (photon, gauge),
Z/Z:('Z boson', mass MZ, width wzZ = auto),
G/G: (gluon, color c8, gauge),
'"'W+'/'W-": ('W boson', mass MW, width ww

auto).
end_if.

spinor ne/Ne:(neutrino, left), e: (electron),
nm/Nm: ( 'mu-neutrino', left), m: (muon),
nl/Nl:('tau-neutrino', left), 1:('tau-lepton', mass ML = 1.777).

spinor u:('u-quark', color c3),
d:('d-quark',color c3),
c:('c-quark',color c3, mass Mc),
s:('s-

gquark',color c3, mass Ms),
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SM Lagrangian with LanHEP: sm.i1nc - CKM, ' lets’

parameter s23 = 0.040 : 'Parameter of C-K-M matrix (PDG-94)"',
s13 = 0.0035 : 'Parameter of C-K-M matrix (PDG-94)',
c23 = sqrt(1-s23**2),
cl3 = sqrt(1-s13**2).
parameter Vud = cl12*c13 ,
Vus = s12*c13 ,
Vub = s13 ,
Ved = (-s12*c23-c12*s23*s13) ,
Vcs = (c12*c23-s12*s23*s13) ,
Vcb = s23*c13 ,
Vtd = (s12*s23-c12*c23*s13) ,
Vts = (-cl12*s23-s12*c23*s13) ,
Vtb = c23*c13

orthMatrix( { {Vud,Vus,Vub}, {vecd,Vcs,Vvcb}, {vtd,Vts,Vtb}} ).

let 11={ne,e}, L1={Ne,E}.
let 12={nm,m}, L2={Nm,6 M}.
let 13={nl, 1}, L3={N1,L}.

let q1={u,d}, Q1={U,D}, gla={u,Vud*d+Vus*s+Vub*b}, Qla={U,Vud*D+Vus*S+Vub*B}.
let q2={c,s}, Q2={C,S}, g2a={c,Vcd*d+Vcs*s+Vcb*b}, Q2a={C,Vcd*D+Vcs*S+Vchb*B}.
let q3={t,b}, Q3={T,B}, g3a={t,vtd*d+Vts*s+Vtb*b}, Q3a={T,Vtd*D+Vts*S+Vtb*B}.
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SM Lagrangian with LanHEP: sm.1nc - 1nteractions
%================== Self-interaction of gauge bosons

lterm -F**2/4 where F=derivAmu*Bl1Anu-derivAnu*Bi1Amu.

lterm -F**2/4 where F=derivAmu*GAnu’a-
derivAnu*GAmufra+1i*GG*f_SU3rarbAc*GAmuArb*GAnuAc.

lterm -F**2/4 where F=derivAmu*WAnufra-derivAnu*WAmufra+g2*epstrarbAc*WAmurb*WANUAC.

%================== left fermion interaction with gauge fields

lterm i*anti(psi)*gamma*(1-g5)/2*(deriv-i*g2*tau*wW/2-i*Y*gl*B1l)*psi
where
psi=11, Y=-1/2;
psi=12, Y=-1/2;
psi=13, Y=-1/2;
psi=qla, Y= 1/6;
psi=q2a, Y= 1/6;
psi=qg3a, Y= 1/6.
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H~~y effective vertex with LanHEP

m The sm.inc containsthe H~y~ implementation through gb%F“VFMV

let shd = { 1*'w+.f', (vev(vevh)+h-1*'zZ.f')/Sqrt2 }.
external_func(lAAhiggs, 2).

parameter LAAh=-cabs(lAAhiggs(Mh,str(h))).
lterm LAAh*(shd*anti(shd)-vevh**2/2)/vevh*F**2 where
F=derivAmu*AAnu-deriv/Anu*A mu.

IAAhiggs(Mh,str(h) ) is universal function which works with any BSM model —
looks at any vertex which would contribute to f yy

IGGhiggs(Mh,str(h) ) is universal function which works with any BSM model —
looks at any vertex which would contribute to H gg

Alexander Belyaev NE>Z- “HEP/DARK TOOLS”

21



Hgg and auxiliary particles with LanHEP

2 v
¢HFM pv effective Lagrangian leads to 6-point Hhgggg vertex, LanHEP allows
to realise this via auxiliary non-propagating fields

vector G2t/G2T: (G2T, mass Maux, color c8, aux ('!'*"')).
scalar x1/X1: (x1, mass Maux, aux ("!*")).
parameter LGGh=-cabs(1lGGhiggs(Mh,str(h))).

Llterm 1/vevh*LGGh*RQCDh*(shd*anti(shd)-vevh**2/2-vevh*h)*x1*Maux.

lterm (GG/2*f_SuU3MrarbAc*GAnra*GAmAb* 'G2t.t'AmAnAc)* (X1*Maux).
lterm GG/2*f_Su3rarbArc*GAnNa*GAMAL* 'G2T .t 'AmAnAc.

/G G— ____________ G ,."h ,/G
// | T -

G.__ G2t - ! -
_oTTrATE T T x1 B x1 B

G - - . G-~ - T

+x1 e
h x1 h G.._ G2t _-C G2t h
G- - T DEo<- =T

h h G~ G G-t G
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Inert Higgs Doublet model implementation: 1dm. Lhe

Inert Doublet model contains (IDM) two SU(2) doublets

= (1 shve) 7 (i i)
o\ +h/V2) T (X 4 Hy) V2
The Lagrangian contains only even powers of Hs doublet

L = (SMterms)
+ DMHID,H, — y>H2 — \oH} — \sH?>H2 — \y(H! H,)(H]H,)
A
— S(H{H)? + (H{H))?)
Because of symmetry H, — —H,, the lightest of H*, X, H; is stable
Parameters 1, A3, A\, can be expressed in terms of masses
New couplings are : )Xo, AL = A3+ A+ A5
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IDM implementation: 1dm. lhe-parameters

keys gauge_fixing=Feynman, CKMdim=1, hgg=0ff, h4G=0ff.
do_if hgg==0n.
do_if h4G==0n.
model 'IDM(+hgg+h4G)'/5.

do_else.
model 'IDM(+hgg)'/5.
end_1if.
do_else.
model 'IDM'/4.
end_if.

read 'sm.inc'.

parameter MHX=111, MH3=222, MHC=333.

parameter laL=0.01, la2=0.01.

parameter mu2=MHX**2-lalL*(2*MW/EE*SW)**2,
parameter la3=2*(MHC**2-mu2)/(2*MW/EE*SW)**2.
parameter lab5=(MHX**2-MH3**2)/(2*MW/EE*SW)**2.
parameter la4=2*lal-1la3-1a5.
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IDM implementation: - particles & interactions

scalar '~H3'/'~H3':('odd Higgs',6 pdg 36, mass MH3, width wH3 = auto).
scalar '~H+'/'~H-':('Charged Higgs',6 pdg 37, mass MHC, width wHC=auto).
scalar '-X'/'-X' :('second Higgs', pdg 35, mass MHX, width wHX=auto).
let sId =
D =

{ -i*'~H+', ('~X"+i*'~H3')/Sqrt2 1}, % scalar inert doublet
sT an

ti(sId). % scalar inert anti-doublet

let DsIdAmu”/a
let DsIDAmu”/a

= (derivAmu-i*gl/2*Bl1/mu)*sId”ra - 1i*g2/2*taura’bAc*WAmuAc*sIdAb.
= (derivAmu+i*gl1/2*B1/mu)*sIDNa + i*g2/2*taurbrarc*WAmuAc*sIDADb.
lterm DsID*DsId.

lterm -mu2*sId*sID.

lterm -la2*(sId*sID)**2,

lterm -1a3*(shd*shD)*(sId*sID).

lterm -la4*(shd*sID)*(shD*sId).

lterm -1a5/2*(shd*sID)**2 + AddHermConj.

CheckHerm.
CheckMasses.
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Fermionic Portal for Vector Dark Matter (FPVDM)

m |t is the framework, representing the class of models
[Deandrea, Moretti, Panizzi, Ross, Thongyoi, AB — arXiv:2204.03510,2203.04681]

m Various realisations are possible, including one or several VL fermions
Lrpvpym = —i(vﬁw)Q +UiDWV + |D,®p|? — V(®g,Pp)
— (yogV P Pp EMB + h.c) — Mg" UtwI
V(®,®p) = —pPh®n — 1h®h®p + A (@)’
+Ap(®L,®p)* + A p (P ) (L, P0)

m ¥, scan have a flavour structure — to explain flavour anomalies
m \gp can be negligible at tree-level, DM can be well-generated via FP

®m the model with U = ( g: ) and Agp = 0 was explored
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FPVDM implementation in LanHEP

m Available at hepmdb: https://hepmdb.soton.ac.uk/hepmdb:0322.0335
together with other many DM models for micrOMEGAs
See also m335.xxx.zip and s335.xxx.zip in lanhep forder at DarkToll github

m The LanHEP file is: FPVDM_with_TOP_final. lLhep

m This model implementation uses various functions from SLHAplus
Belanger, Christensen, Pukhov, Semenov CPC 182 (2011) 763-774, 1008.0181 [hep-ph]

external_func(rDiagonal, *). OrthMatrix( {{H11,H21}, {H12,H22}} ).

external_func(MassArray,*). parameter Hessian = rDiagonal(2,H11,H12,H22).
external_func(MixMatrix, *). parameter EiHessl = MassArray(Hessian,1),
EiHess2 = MassArray(Hessian,2).

m |t also uses external function from additional library which includes loops to define the form-
factors(FF) of DM,DM, photon interactions
external_func(FF,12).

B There is also a command to add a line to extlib file:
extlib '$clib/VP.c $clib/vpO.c -I$clib -1m'.
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Using the superpotential formalism in the MSSM and its extensions

m Superpotential — a polynomial W depending on scalar fields A

® The most general form of the MSSM superpotential which does not violate gauge invariance
and the SM conservation laws is:

W —,UEHH H‘E—FE”}/EIJH L‘IRJ—I—E”Y{{“FH QIDJ—FEH r”HEQ"TUJ

which in LanHEP notation will take a form

keep_lets W.
let W=eps* (mu*H1*H2+ml*H1*L*R+md*H1*Q*xD+mu*xH2*xQ*U) .

Where H1, H2, L, R, Q, U, D should be defined above as doublets and singlets in terms of
scalar particles.

keep lets statement substitution of H1, H2, L, R, Q, U, D in terms of their components
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Using the superpotential formalism in the MSSM and its extensions

®m Yuakawa interactions are given by

1 OPW
—— (v, 4+ Hee
2 (aAZ oA, T ‘)

which in the LanHEP language will take form

lterm - df (W,H1,H2)*fH1*xfH2 - ... + AddHermConj.

where fH1, fH2 should be defined above as fermionic partners of corresponding multiples, e.g.

let f hl = { Zn31*up(~o0l)+Zn32*¥up(~02)+Zn33*up(~03)+Zn34*up(~o04),
Zm21*up('~1-")+Zm22*up('~2-") }.
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Using the superpotential formalism in the MSSM and its extensions
®m FF term from scalar supersymmetric potential
V — ; D*D* + F’F; where F; = 0W/0A;
in LanHEP notation will take a form
lterm - df (W,H1)*df (Wc,H1lc) -

where Wc should be decleared above as the conjugate superpotential

FF term can be introduced even in shorter way as
lterm - dfdfc(W,H1) - ....

where dfdfc(W,H1) function evaluates the variational derivative, multiplies it by the conjugate
expression and returns the result
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CalcHEP: Calculator for High Energy Physics
born as a CompHEP in 1989: MSU-89-63/140

Comput.Phys.Commun. 184 (2013) 1729-1769, 1207.6082 [hep-ph]

Alexander Pukhov, AB, Neil Christensen http://theory.npi.msu.su/~pukhov/calchep.html

m CalcHEP is a powerful tool for efficient and effective studies of high-energy physics (HEP)
phenomenology in Beyond the Standard Model (BSM) scenarios. It enables a high level of automation in
going from your favourite model to physical observables such as decay widths, branching ratios, cross
sections, kinematic distributions, and parton-level events.

L nghllghts

Convenient graphical interface — to understand process in details

e Output of symbolic results (Mathematica, REDUCE, FORM formats)

« Calculates particle widths 'on the fly'

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

e Batch interface: multidimensional scan of the the parameter space, produces LHE files in one run
* Designed to study physics and present and future colliders: LHA PDF, ISR+Beamstrahlung for ILC

e Modular structure: one can use it as a matrix element generator in other codes and packages
(e.g.GAMBIT)

 Has different modules for user modifications: user-defined cuts, user form factor etc.
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CalcHEP installation guide

1. Download the code

a) from Dark Tools github

wget https://raw.githubusercontent.com/dimauromattia/darktools/main/calchep/calchep 3.9.2.tgz
or

b) from the HEP Tools site

- Go to HEP TOOLS - calchep - download calchep 3.9.2.tgz

or

c) from http://theory.npi.msu.su/~pukhov/calchep.html

wget https://theory.sinp.msu.ru/~pukhov/CALCHEP/calchep 3.9.2.tgz

2. Unpack the archive: tar -zxvf calchep_3.9.2.tgz
3. Enter the directory: cd calchep 3.9.2
4. Compile: make

5. Start CalcHEP: cd work; ./calchep

ex#l install CalcHEP
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Compilation, potential problems and solutions

® To compile the CalcHEP source code you need:
C compiler, the X11 graphics library and the X11 include files
"CalcHEP is compiled successfully and can be started " is a good sign

® Supported operating sytems: Linux, MacOS, SunOS, and Windows Subsystem for Linux (WSL)

m Potential problem
* The most frequent compilation problem is due to the absence of the X11 include files: in this case

CalcHEP will compile, however, it only runs in non-interactive mode: ./calchep will give
Error: You have launched the interactive session for a version
of CalcHEP that has been compiled without the X11 library.
Presumably, the X11 development package is not installed on your computer.

* the following additional package should be installed to run CalcHEP in GUI mode:
libX11-devel on Fedora/Scientific; libX11-dev on Ubuntu/Debian; xorg-x11-devel on SUSE;
for MAC: XQuartz is the official X11 server and client-side libraries for macOS
get it from https://www.xquartz.org or brew install --cask xquartz

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

CFLAGS="-D_QUAD _-fPIC -fsigned-char -Qoption,cpp,--extended_float type”
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Features/Limitations of CalcHEP

m Can evaluate any decay and scattering processes within any (user defined) model!
m Tree-level processes

m Squared Matrix Element calculation
no spin information for outgoing particles — spin averaged amplitude

® | imit on number of external legs (involved particles) and number of diagrams
« official limit — 8 , unofficial — none

* limit is set from the practical point of view:
> 2 -6 (1-7) setthe essential time/memory limit
> number of diagrams ~ 500 set the disk space and the time limit
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CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

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

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

IVIdITudl

( @ calchep man 3.3.6.pdf (manual for version 3.3.6, July 19, 2012) ) man ual

@ HEP computer tools (Lecture b* Alexander Belyagi)
See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)

Code download.

_ . _ icense GPL-3 , , . hew options and
("lﬁstallatlon @ Current version 3.9.2(updated 05.03.2 New Options and Bugs Fixed @ All versions writeu pl
S — "
—wT arXiv:1207.6082

@ MSSM 10.14(15.10.2014)_ @ NMSSM 8.15(25.08.2015)_ @ CPVMSSM 10.14(16.10.2014) @ SUSY models By A.Semenov 2 Leptc
Model database @ HEPMDB

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

Contacts

Email: ~ calchep@googlegroups.com Launchpad érvice: @ Ask a question ® File a bug >

Connected to launchpad
system
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Icalchep

>d CalcHEP_3.9.2/symb VoA X

CalcHEP - a package for Calculation in High Energy Physics
Version 3.9.2: Last correction March 5, 2025

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

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

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

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

Press F9 or click the box below to get

References, Contributions, Acknowledgments

This information is available during the session by means of the F9 key
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CalcHEP structure/modes

mGraphical mode
> symbolic part
> numerical part

mBatch mode
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Principle KEYS for CalcHEPs GUI

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

Abstract

CalcHEP package is created for calculation cof
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put inteoc the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and Fl1 - as online help.

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

SM
SM({+hgg)
SM({+hgg+h4G)

IDM
IDM (+hgg)
IMPORT MODEL

Alexander Belyaev
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CalcHEP menu structure:

Parameters

Constraints
Particles

Libraries
RENAME
CHECK MODEL

Parameters
All Constraints
Masses,Widths,Br

C-code(for num calc)
C-compiler

Edit linker

REDUCE code
MATHEMATICA code
FORM code

Enter new process

Menu 1

SELECT MODEL

IMPORT OF MODELS

Enter Process
Force Unit gauge = OFF
Edit Model

Numerical Evaluations

Delete model

View squared diagrams

Symbolic calculation

Make&Launch n_calchep

REDUCE program

symbolic part

FILE SEARCHI/LIST

Enter processes: p,p -=> W+,2*x
composite p consists of: u,U,d,D
Exclude diagrams with: A
Exclude X-particles: G

View diagrams

Square diagrams

Write down processes
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CalcHEP menu structure: symbolic part

Menu 1

Menu 3 --——j
SELECT MODEL
Parameters

Constraints IMPORT OF MODELS FILE SEARCHILIST

Particles

Libraries Enter Process

RENAME
CHECK MODEL

Force Unit gauge = OFF Choice of the gauge

= Menu S

Edit Model
Enter processes: p,p -> W+,2*x
Parameters Numerical Evaluations composite p consists of: u,U,d,D
1 Exclude diagrams with: A
All Constraints Exclude X-particles: G

- Delete model
Masses,Widths,Br

View squared diagrams

C-code(for num calc) i -
C-compiler Symbolic calculation View diagrams
Edit linker -
REDUCE code Make&Launch n_calchep Square diagrams

MATHEMATICA code .
FORM code Write down processes

Enter new process REDUCE program
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Model choice and Process input

Choose your gauge Enter Process
Edit Model Numerical Evaluation

Model : SM

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

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

Force Unit.Gauge= OFF

Edit model

Numerical Evaluation

Delete mocdel
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The Model Structure

Parameters Constraints
Particles Vertices
I MAdal - awr ]
Abstract
CalcHEP package is created for calculation of

decay and high energy collision processes of
elementary particles in the lowest order (tree)

approximation. The main idea put into the CalcHEP Constraints

was to make available passing from the lagrangian Particles

to the final distributions effectively with the Lagrangian

high level of automatization. Libraries
Use F2 key to get information about interface RENAME

facilities and F1 - as online help. CHECK MODEL

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

Alexander Belyaev NE>Z- “HEP/DARK TOOLS”

43



0,1/2,1,312,2)

INS

: prtchxoc.mdl (sp

Particles

e

B T e P P

(0]
L0}
—
U
|
iE]
H
[}
8l

color

Od-dHd A A A A MMM MM

0
0
'
'
'
0
0
0
0
0
0
0
0
0
0
0
'

A

I Q —
UdNEdHZ22A2A00N0MAH

name

Full
sllucn
e—heutrino
maon
m—-heutrino
tau—lepton
t—-neutrino

Z-boson
W-boson
Higgs
electron
d—quark
u—quark
s—quark
c—quark
b—quark
t—qgquark

ClrDel—SizeRead—ErrMes
rhoton

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

Particles

Clr—Del—-Size—Read—ErrMes

Full name | & | & | PDG |2*spin| mass |width |ceocleorlaux| LaTex(A) | La
sjluon  [K¢ |G |21 | 2 |0 | 0 | 8 IG Ig lg
photon | A& | A& |22 |2 | O |0 |1 IG | \Ngamma | \ga
Z-boson | 2 | 2 |23 |2 |MZ | twZ 1 IG | Z | Z
W-boson | W+ | W— |24 | 2 | MW [ sl 1 IG  |[WA+ | WA —
Higgs lh  |h |25 10 | Mh Cwh Il | |h |h
electron | e | E 11 |1 | 0 e |1 | et - le®+
e-neutrino |ne | Ne |12 11 | 0 | O |1 |L | \nu_e | \ba
muon | m | M [13 |1 | Mm |0 [1 | [ \mu* - | \mu
m-heutrino lnm |Nm |14 |11 |0 | O |1 |L [ \hu_ \mu | \ba
tau-lepton 11 IL |15 11 IM1 |0 |1 I | \tau* - | \ta
t—-neutrino Inl | N1 |16 11 |0 |0 |1 IL | \nu_\tau | \ba
d-quark Id |D |1 11 |0 | O |3 I |d | \ba
u-gquark lua |U | 2 11 |0 | O | 3 | | u | \ba
s—quark =3 1S | 3 11 |0 | O | 3 | | s | \ba
c—quark | |C | 4 11 | M | O | 3 | | & | \ba
b-quark | b | B |5 |1 | Mb | O |3 | | b | \ba
t-quark |t | T | 6 11 | Mt | twt |3 I | £ | \ba

‘\F1-F2 Xgoto—Ygoto—FindWrite

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

Clr-Del-Size Read-ErrMes

Name | Value
ECHEN| 0 - 31333
|1.117

SW |0.474
Q |100
MW |80.385
Mtp |172.5
McMc |1.23
MbMb |14.25
alphaSMZ|0.1184
M1l 11.777
Mh | 125

'F1-F2 XgotoYgoto Find Write

Variables 1

|> Comment
| Electromagnetic coupling constant (<->1/128)
| Strong coupling constant (Z point) (PDG—-94)

|sin of the Weinberg angle 0.474 - "on-shell",

|Scale of effective runhing masses
|W boson mass

| Top quark pole mass

|IMc (Mc) MS—-BAR

|IMb (Mb) MS—-BAR

| Srtong alpha (MZ)

Imass of tau-lepton

|Imass of Higgs

<

4
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Dependent parameters(constraints): funcxx.mdl

Clr Del Size Read ErrMes

aQChh |alphaQCD{(Mh) /acos(—-1)

ROCDh | sqrt (1+149/12*%aQCDh+68.6482*aQCDh*2-212.447*aQCDh"3)
BO0O0O00D |1-2*SW~2

BO0001 |1-4*SW"2+4*SW 4

Name |> Expression
CIl | sqrt (1-SW~2) % cos of the Weinberg angle
GF |EE*2/ (2*SW*MW) ~*2/Sqrt2 % experimental wvalue 1.166E-5 [1l/GeV*2]
MZ IMW/CW % Z boson mass
LamQCD |initQCD5 (alphaSMZ, McMc, MbMb, Mtp)
Mb |MbE££ {(Q)
Mc |IMcEf£f {Q)
Ms |IMgQEff£f{(0.096, Q) % s—quark effective mass wvia 2MeV running one
Lazh | —-cabs (1lAAhiggs{(Mh, "h"))
LGGh | —-cabs (1GGhiggs (Mh, "h"))

‘'F1-F2Xgoto—Ygoto—Find Write
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Feynman rules: Igrngxx.mdl

Pl | B2

nn
I+ +

QQQMMDDODDHHUUUUUEEE

'TJUUUOOOOOOOWUJWUJUJUJUJ??”WWPWW

| W+

D0

| P3

5

NOE’EED‘NNOH’EED‘NNG}E‘EEEEEE

+ |

++

Clr—Del—Size Read—ErrMes

| P4

1l F2 Xgotoc Ygoto Find Write

| = Factor
f-4*122b
| EE

| -1 *EE*MW

| i*EE*MW

| —EE

| ER

| -EE

| -EE/3

| GG

IEE/ (12*CHWH*SW)

| i*EE*Mb/ (2*MW*SW)

| —-EE*Mb / ( 2*MW*SW)

| EE*Sgrt2/ (4*SW)

| i*BEE*Sgrt2 / (4*MW*SW)
| 2*EE/3

| GG

| —EE/ (1Z2*CHW*SW)

| —i*EE*Mc/ (2*MW*XISW)

| —-EE*Mco/ (2*MHW*SW)

| EE*Sgrt2/ (4*SW)

| —i*EE*Sgrt2/ (4 *MW*SW)
| -EE/3

| GG

IEE/ (12*CW*SW)

<|> dLagrangian/ da(pl)

lpl.p2*%ml . m2-m2.pl*ml.p2
Ilm3.p2*%ml . m2-ml.p2*m2.m3
Iml.m2

lml.m3

Ilml.p3-ml.p2

Im3.pl

Im3.pl

|G {m3)

| G (m3)

| A*SWA2*G (m3) —3*CG (m3) * (1-G5)
1G5

11

|G (m3) * (1-G5)

IMb* (1-G5) —Mtp* (1+G5)

| G (m3)

| G (m3)

| B*SWA2*G (m3) -3*G{(m3) * (1-G5)
1G5

11

|G(m3) * (1-G5)

IMs* (1+G5) —Mc* (1-G5)

| G (m3)

| G (m3)

|4*%SWA2*G(m3) -3*G(m3) * (1-G5)

da (p2)

—m2.p3*ml.m3+m

da (p3)
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External Libraries: extlibxx.mdl

Typically is empty for simple models but can be used for any library which helps to build
complicated model. E.g. mass spectra calculator for SUSY (involving RGE solutions etc)

Libraries
Clr—Del—-SizeRead—ErrMes
External libraries <
ffhome /belvaev/calchep /MSSM/mLik. a :
%
%1 .Default code for spectrum calculation and RGE sclution

$attached to the mcdel is SuSpect:

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

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

% SuSpect: A Fortran code for the supersymmetric and Higgs particle
% spectrum in the MSSM, '’

arXiv:hep-ph/0211331.

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

d o df g df df g df of df of

‘F1-F2 Xgoto—Ygoto—FindWrite
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Numerical evaluation of masses & branchings

Model : Standard Model

Abstract

Numerical Evaluation

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree) Parameters
approximation. The main idea put intec the CalcHEP All Constraints
was to make available passing from the lagrangian Masses,Widths, Branch.
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and Fl1l - as online help.

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

“ Humerical Evaluation “

BT O
Zero
9. 1188E+01
8.0385E+01
1

. 2500E+02 _>

Zero

Numerical Evaluation

Parameters
All Constraints

Masses,Widths, Branch.

Zero
.0570E-01
BT O
- TTTOE+OQ0

Zero ex#3: Find the SM particles spectrum
= and Br ratios
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Syntax for the process

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

hadron/composite particle scattering
'p*1p*'>W+1bsBl
unknown particle are assumed to be composite,

If you use 'p*, the u,U,d,D,s,S,c,C,b,B,G structure will be used
automatically

wild cards/names for outgoing particles
'H -> 2*x'
Intermediate particles can be non-trivially excluded

'W+ > 2, A>1, Z>3'
ex#4: SM Higgs production cross section for

e+e- -~ HZ process versus the collider
energy for 0.5-1.0 TeV range, 10 GeV step
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Symbolic session(1)

Model : SM

List of particles (antiparticles)

A(A )- photon Z(Z Y- Z boson G(G )- gluon

W+ (W— )— W boson ne(Ne )- neutrino e(E )- electron
nm(Nm )- mu-neutrino m{M )- muon nl (N1 )- tau-neutrino
1(L )- tau-lepton u({U J)- u-quark d(D )- d-quark

c(C )- c—quark s{(S )- s—-quark t(T )- t—-gquark

b(B )- b—guark h(h )- Higgs

Enter process: RifickinrdiPePy:
compesite 'p*' consists of:
composite 'W' consists of:
Exclude diagrams with

G,d,D,u,U,=s,S8,c,C,b,B
+,W-
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Symbolic session (2)

Mcdel : SM
Process: p*,p*¥—>W,b,B
Feynman diagrams

88 diagrams in 8 subprocesses are constructed.
o0 diagrams are deleted.

Subprocess

=
|
=]

M-Ik WN

QN nn Co Of?
nnnooade s
(mieleleoleliale] O
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Symbolic session (3)

Delete,On/off,Restore, Latex

d—— - -—-<«-——-W- d—--——<-——-W- d— - ——<-—- - d W+ L -W—
s
u u :ji>}_€_T

b i o} b U :A 1 o}
J— U+——g—< U+——g— <

B B B B
d> W= d> W+ b d> W+ J{”W_ 2 <b

- - - —< - d——+-"-

U iz<ib U t B U §h<ib a B

B T - B ¢ SEEDIN B
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Symbolic session (4)

Model: SM
Process: p*.p*->W,b,B
Feynman diagrams
88 diagrams in 8 subprocesses are constructed.
0] diagrams are deleted.

Squared diagrams

532 diagrams in 8 subprocesses are constructed.
0] diagrams are deleted.
0] diagrams are calculated.

Subprocess Del Cale Rest

|
7
\
=
|
o
W
&)}
)]

OO O OCOO O
OO O OCOO O

|
2|
31
4]
5|
6 |
7|
8 |
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Symbolic session (5)

Delete,On/off,Restore,Latex,Ghosts

d—s -

u b
U—L 7A7 <
B

- ———

— = d

L . [J

d——

J——

Fl-Help,F2-Man, PgUp, Pghn,Home , End, # ,Esc

Alexander Belyaev
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Symbolic session (6)

C-compiler
Edit Linker
REDUCE code
MATHEMATICA code
FORM code
Enter new process
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Menu structure of the numerical part

Menu 2

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

Momentum P1[GeV]=1000
Momentum P2[GeV]=1000

First particle unpolarized
Second particle unpolarized

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

LHA

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

Order = NLO

mb(mb) = 4.20
Mtop(pole) =172.5
Qfact = 91.197

Qren = Qfact
Alpha(Q) plot

Menu 1

Subprocess
IN state

Maodel parameters
Constraints

QCD coupling
Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte-Carlo simulation

1D integration

nSess =5
nCalls = 10000

Set Distributions
Start integration
Display distributions
Clear statistics
Freeze grid OFF
Clear grid

Event Cubes 10000
Generate Events

Menu 10
All Constraints

Menu 11

All Particles SLHA file
is created

Breit-Wigner range 2.7
T-channel widths OFF/ON
Gl in t-channel OFFION
Gl in s-channel OFF/ION

Kinematics
Poles

Set precision
Angular dependence
Parameter dependence

Number of events=10000
Launch generator

Regenerate events ON

Masses, Widths, Branchings

Alexander Belyaev
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Numerical part(1)

Subprocess

IN state

Model parameters
Constraints

QCD alpha & scales
Breit—-Wignher

Aliases

Cuts

Phase space mapping
Monte Carle simulation
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Numerical part(2)

{
—> W+
—> W+
—_T W_
_> W_
-> W+
—> W+
—_T W_

o
c
o

os Rvs lvslus i vs lvs lv) [0

NMnhneced
nhnaoade
ocoooooo
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control of the initial states and parton density functions

S.F.1: OFF

T — SR
First particle momentum[GeV] 4000

Model parameters Second particle momentum[GeV] 4000
Constraints First particle unpclarized

QCD alpha & scales Second particle unpolarized
Breit-Wigner
Aliases

Cuts
Phase space mappiling
Monte Carlo simulation

MRST2004ged_proton{anti-proton)

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

S.F.2: OFF
- - NNPDEFZ23_1 0130 d t
First particle momentum[GeV] CT10 (angifgiﬁgon) —d=elpEaien

Second particle momentum|[GeV] CT10 (proton)
First particle unpolarized ctegb6ll (anti-proton)
Second particle unpolarized cteqgbll (proton)
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model parameters

Subprocess
IN state
Constraints
QCD coupling

Model parameters

Change parameter

READ_FROM_FILE

EE . 1333E-01
SW .7400E-01
Q .0000E+02
MW .0385E+01
Mtp . 7250E+02
McMc .2300E+00
MbMb .2500E+00
alphaSMZ .1840E-01
M1 .7770E+00
Mh .2500E+02

Breit-Wigner

Aliases

cuts

Phase space mapping
Monte Carlo simulation

HEFEBEHEORBW
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dependent parameters (SM+ggH model)

Display dependence

Subprocess . .
IN state te file

Mo e L e ametars = e
Constraints = GE .1954E-05

QCD alpha & scales 211 cConstraints MZ .1292E+01

Breit-Wignher Masses, Widths, Branching .4641E-01
Aliases Mb .1986E+00

Cuts Mc .1137E-01
Phase space mapping Ms .9444E-02

Monte Carlc simualation LAADh —7.8864E-06
I.GGh -1 .3054Fr—-05

aQCDh 3.5959E-02

Display dependence
Limbdas -7.8845E-06
on parameter
Flot

x-Hin = 100
x—Hax = 400

Hroints = 100
]

) (VW R AR TR TR R N G SN (VOO R A ]
OO 200

T
300

|[Ese - exit; Mouse - function walue; Other keys - menu
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QCD coupling and the QCD scale

Subprocess

IN state

Hodel parameters
Constraints

QCD coupl ing

Breit-Higner

Aliases

Cuts

Phase space mapping
Honte Carlo simulation

QCD coupl ing

QOCD alpha

parton dist. alpha 'OH
alpha(HMZ) = O. 1172

A pe 5
order= HLO

mb {(mhbh ) = 4. 200
Htop{pole)= 175._ 00
Dfact= M12

Dren = Qfact
Alpha{Q) plot
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control of resonances

Subprocess

IN state

Model parameters
Constraints

QCD coupling

BreitMigner range 2.7

T—channel widths OFF
GI in t-channel OFF

Aliases
Cuts
Phase space mapping

Monte Carlo simulation

GI in s—channel OFF

F1l

-

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

IpT™2-m™21< R#¥m*uw
For region

Ip™2-m™21> sqri{R7T2+1)#*m*uw
we use zero width propagator. In the intermediate
region constant propagator interpolates both
formulas.

In general Breit-MHigner leads to breaking of
gauge invariance. In its turn it can lead to the
lost of diagram cancellation. From the other side
Just in the peint p™2=m"2 the contribution of pecle

diagram have to be gauge invariant. Thus at this

pont cancellation between pole and non-pole diagra
ms

is not expected. Me assume that close to pole the
problem also is not so serious. But far from the p
ole

we ignore width and restore gauge invariance.
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Aliases

e e ey e DO

Composites

Subprocess :
IH state

Hodel parameters
Constraints

QCD coupl ing

lrDel-Size—Read—ErrHMes
.[C Hame |> Comma separated list of particles

JI I uv.v.d,D,5,5,¢,C,G

Breit—l'licler

Cuts
Phase space mapping
Honte Carlo simulation
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setting kinematical cuts

subprocess

IN state

Model parameters
Constraints

QCD coupling

Breit-Wignher

Aliases

Phase space mapping
Monte Carlo simulation

Clr—Del-Size Read ErrMes

JCb.B)

Cuts 5

1> Min bound <1> Max bound <
1 20 |

120
| -5
| -5
10.5

5
o
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setting kinematical cuts

subprocess

IN state

Model parameters
Constraints

QCD coupling

Breit-Wignher

Aliases

Phase space mapping
Monte Carlo simulation

Cuts ] ] O
Clr-Del-Size—Read-ErrMes
[ Parameter 1> Min bound <1> Max bound <
> v F1

This table apples cuts on the phase space. A phase space function

is described in the first column. Its limits are defined and the second
and the third columns. If one of these Fields is empty then a one-side
cut is applied.

The phase space function is defined by its name which characterize
type of cut and a particle list for which the cut is applied.

For example. "T{u)" means transverse momentum of "u’' —quark:

TC(u.DY means summary transwverse momentum of quark pair.

The following cut functions are available:

- Angle in degree units:

- Cosine of angle:

- Jet cone angle:

- Energy of the particle set:

- Mass of the particle set:

TEIMUOD

PoDn-

- Cosine in the rest frame of pair: +

Cuts o

Clr—Del—Size—Read—ErrMes

Parameter 1> Min bound <1> Max bound <
TCb> 1 20 |
TCB> 120 |
NC{b> | -5 15
MNCB2> | -5 15
Ib.B) 10.5 |
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phase-space mapping

subprocess
IN state

Phase space mapping

Kinematics

Hodel parameters
Constraints

QCD coupling

Breit-Wigner
Aliases
Cuts

Phase space mapping

Monte Carlo simulation

Kinematics

Regularization

\J

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

Regularization

Regularization

\

{sub}Process: u. D -> H+, b, B
Monte Carlo sesﬁion:”I(ngiﬁ)

= Current kinematical scheme =:
—> outl= 3 out2= 45
—> outl= 4 out2= 5

Input new kinematics?
G X N P

Llr—Del-Size—Read-ErrMes

Momentum 1> Mass <I1> Hidth <l Power
45 M7 lwZ 12
44 | Mh lwh 12
34 IMtp lwt 12
35 IMtp lwt 12
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Integration over the phase space

subprocess LlrDel SizeReacErrMes

nSess = 5 Parameter_11> Min_1 <I1> Max_ 1 <I|Parameter_21> Min_2 <I1> Max_2
i SEmiw ncalls = 10000 TICO M| 1200 | | |
Model parameters T(B) 10 1200 | | |
CDnEtraintE Display Distributions N(b) I-5 15 I I I
fl Clear statistic N(B) 1-5 15 I | |
QCD coupling Freeze grid 5 (M (b .B) 10 1500 | [ |
R Y Clear grid M(W+.b> 10 1500 | | |
i{'_alt Wigner Sl et fgt T(b) 10 1500 IM(b.B) 10 1500
lasas
Cuts
5 »< - CalcHEP/num ~ =~ 3
Phase space mapping o Do Hebee
= < nsess = 5 ¥D1-F-F. Ccross fectlon CpbsGe¥1
Monte Carlo simulation ncalls = 10000 S
Set Distributions B Sy Blob o fils
5
Display Distributions ool
Clear statistic = 5 -
(subdProcess: u. D —> W+. b, B e = S
Monte Carleo session: 2{(continue) Event Cubes 10000 .05 +t
Gaenerate Events 7 T
#IT Cross section [pbl Error 2% e cN’T"*‘H‘«s— | : ) :
6 9.5931E+00 7.10E-01 LT olo 260 4d0
: S & : Seain M<b.BY
7 9.5686E+00 6.79E-01 ncalls = 10000 ‘
8 9.5669E+00 6.82E-01 Set Distributions e Z2E LTREECE EEE R IR
9 9.6892E+00 7.93E-01 #gtart integration
10 9.6267E+00 7.51E-01
1 9.7757E+00 7.3_2E.—01__> Clear statistic The accuracy and the
clear statistics. - Freeze grid OFF . .
2 9.6557E+00 6.82E-01 Clear grid stability of the cross section
. 9 _74B4E+00 1 .38E+00 Event cubes 10000
3_- e i & . -
. iashr e Te5E et e indicate that you can trust
= A e 010 i
<> 9.7095E+00 3 your results

i
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Resulting M and M, . kinematical distributions

u, D -> KW+, b. B
Diff. cross fection Lpb/Ge¥1]

— Y-min = ©
0.15— Y-scale = Lin.
— Save plot in file
— LaTeX file
.10
4 e -
i
— =k ++
| Sibil - 4$
0.05— i+
_ i e
- =+ “'"_""*»MM
0.0 | | |
0.0 200 400

Y-max = 0.165

u. D -> W+, b. B

Diff. cross section Lpb/Ge¥]

Y-max = 0.202

0.20 +
— + Y-min = 0
| Y-scale = Lin.
— Save plot in file
= LaTeX file
0.15—
0.10— 5
i +
| -
— -+
0.05 + T
. . o
0.0 B | b i = ,
0.0 200 400

MCH+ . b)

ex#b

1. Calculate WbB production rates at the LHC
for PT b-jet > 20 GeV, b-Jet separation > 0.5, -3< pseudorapidity < 3
2. Plot bb- and Wb invariant mass distributions for PT b-jet > 20 GeV and PT b-jet > 40 GeV

NE><-
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events generations

nSess =

ncalls = 10000 ;

Set Distributions Generate Events
*Gtart integration

Di 1 Distributi

Cizgragtaiistiéu FORS Humber of ewvents=10000
Freeze grid OH Launch generator

Clear grid Regenerate ewvents OH
Event Cubes 10000

Generate Events

Monte Carle simalation

Statistic
efficiency: 2.1E-02
Reached max: 4.9E4+01
Hult. ewvents: 6.4E-03
Heqg.ewvents: 0.0E+00

Accept events?
( ¥ / H ?)
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#Type 2 -> 3

#PROCESS
#MASSES

2 (u)

#Cross_section(Width)

File with events In the native CalcHEP format

#Initial_state
Pl 3=4.000000E4+03
StrFunl="PDT: ctegbm(proton)"”
StrFun2="PDT: ctegbm(proton) "
—> 24 (W+)
0.0000000000E+00 0.0000000000E+00 8.0385000000E+01 3.2414139578E+00 3.2414139578E+00
6.473084E+01

-1 (D)

P2_3=-4.000000E+03

2212
2212

5(b) -5(B)

#Number of events 1000

#Events Pl 3 [Gev] P2 3 [Gev] P3_1 [Gev] P3_2 [Gev] P3_3 [Gev] P4
1 7.0828325272E+02 -3.8182148276E+00 -5.8685533663E+00 2.4810106784E+00 6.8128552155E+02 1.995
1 1.5237718262E4+02 -2.5952742306E+01 1.1734367441E401 -2.1669699291E+01 5.6645397996E4+01 4.499
1 7.2370755716E+02 —-3.3186893665E+00 -3.4449322581E+00 -5.1815667765E+00 5.8508268207E+02 -3.584
1 2.6295673814E+02 -1.1370528114E+01 8.9463043464E+00 -3.4258266547E4+00 2.2732569389E+02 -9.675
1 5.7099697940E4+02 -3.3943984194FE4+01 7.2879879961E4+00 -2.3531627752E+01 1.9857446272E4+01 -8.750
1 3.6709401207E+02 -2.4124155464E+01 -4.8101350483E+00 6.6698730251E+01 2.0295672218E+02 -4.597
1 3.7196555447E+01 -4.1553021555E+02 —-3.1735918986E+00 2.8330641675E-01 —-6.6745521993E+00 4.343
1 4.0543944850E401 -1.1104274125E4+02 -8.2903700266E4+00 -—-4.3292277920E4+00 —-9.0241583360E-01 6.562
1 4.0084952687E+02 -1.0215920577E+01 1.1427574950E+01 2.6016502364E+00 3.8645254998E+02 -4.666
1 2.2620009412E+01 -1.2387066011E+02 -5.0869818859E+00 1.1389105773E4+01 -7.1200204784E+01 1.176
1 7.2046251695E4+02 -2.1091178466E+01 -1.4887347954FE4+01 8.1292985197E+01 $.8742582956E4+02 -5.134
1 6.8661185459E+01 -8.3534206530E+01 -5.5091602956E+00 -1.7099072377E+01 4.1559702536E+01 2.604
1 1.5145483971E+03 —-3.1164597600E+00 —-7.8325298677E4+00 3.6606202670E+01 1.2782056265E4+03 1.074

L‘] ! -
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GUI: full control of details of the process
scripts: automate calculation/generation/analysis

batch: does everything (sym,num,plots,...) in one run

Script example:
B $CALCHEP/bin/subproc_cycle nmax lumi

e.g.
../bin/subproc_cycle 1000 100000

You should run it from results dir where the n_calchep binary is!
Will evaluate cross section and generate events

m SCALCHEPI/bin/event_mixer Luminosity[1/fb] nevents event_dirs

mixes subprocesses and connects production and decay events
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useful scripts for numerical session

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

m  subproc_cycle ../bin/subproc_cycle 1000 100000
m sum_distr ../bin/sum_distr distr_2 distr_3 > distr_sum
m show_distr ../bin/show_distr distr_sum
m  plot view ../bin/plot_view < tab_1.txt
®m  events2tab
= |he2tab ex#6
®  gen_events produce LHE file
= name cycle and use lhe2tab
®  pcm_cycle to pr_odu_ce

— distributions from ex#5
®  par_scan
m  event _mixer
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Example of running subproc_cycle for SM model

hepul:~/calchep/work_demo/work/results> ../bin/subproc_cycle 1000 40
1000 events are requested
Number of enents limited by flux 40 [1/fb]

#Subprocess 1 ( d, U -> W-, b, B ) Cross section = 5.2061E+00 pb (1.94E+00%) , 1000 events
#Subprocess 2 ( D, u -> W+, b, B ) Cross section = 8.1961E+00 pb (1.15E+00%) , 1000 events
#Subprocess 3 ( u, D -> W+, b, B ) Cross section = 8.2515E+00 pb (8.99E-01%) , 1000 events
#Subprocess 4 ( U, d -> W-, b, B ) Cross section = 5.2065E+00 pb (1.39E+00%) , 1000 events
#Subprocess 5 (s, C -> W-, b, B ) Cross section = 8.9595E-01 pb (8.10E-01%) , 1000 events
#Subprocess 6 (S, ¢ -> W+, b, B ) Cross section = 8.8594E-01 pb (7.34E-01%) , 1000 events
#Subprocess 7 ( ¢, S -> W+, b, B ) Cross section = 9.0529E-01 pb (7.46E-01%) , 1000 events
#Subprocess 8 ( C, s -> W-, b, B ) Cross section = 9.0196E-01 pb (5.65E-01%) , 1000 events

3.045E+01 -total cross section[pb]
3690 -maximum number of events
1000 events are generated
Events in LHE format: events_9 16.1he
Total Cross Section 3.046E+01 [pb] (5.685E-01%)
See details in directory 9_16
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We need Events in LHE format to talk to MC generators!

®m bin/event_mixer Luminosity[1/fb] nevents event dirs
mixes subprocesses and connects production and decay events

binfevent_mixer
9.327E+00
3265

10 1000 pp_wbb w_2x
—total cross sectionlpbl
—maximum number of events

m the output is event_mixer.lhe file

<LezHouchesEvents version="1.0">

Sl
File generated with CalcHEP-PYTHIZA interface
s
<header>=
<glha=>
</S=zlha>
</header>
=<init>
2212 2212 T.0000000&850E+03 T.0000000&860E+03 =2l == =il = ilh 3 1
1. keSa s s s R 0] 0.00000000000KE+00 1.00000000000E+00 1
S
“<event>
7 1 1. 0000000E+00 2.84Z20000E+02 —1.0000000E+00 —1.0000000E+00
=3 = 8] ] ] 501 0.00000000000E+00 0.00000000000E+00 1.54424456520E+02
4 = ] ] 500 ] 0.00000000000E+00 0.00000000000E+00 —1 . 30792414A700E+02
24 2 1 2 ] 0 —39.9929246544TE+01 -1 . 63668830321 5E+01 —6 . 486929837 742R+01
5 1 1 2 500 ] T.341492473360E+01 2. 15593961 332E+01 4. 233905122 02E+01
=5 1 1 2 ] 501 2.6514293232037E+01 -5 . 192515791 79E+00 4.61622836720E+01
=ik 1 3 3 0 0 —=7.12345413730E+01 T.AT5T2186340E-01 —8.03452022142R+01
12 1 = 3 ] 0 —2.729247051718E+01 —-1.71144525779E+01 1.54759034400E+01
</ Sevent>
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Accessing all your results

m results are stored in “results” directory
m output files:

 n_calchep numerical module

e prt_nn protocol

e distr_nn_mm summed distributions

e distr_nn individual distribution

« events _nn.txt  events file

e list_prc.txt list of processes

e gnumbers gnumbers — PYTHIA input with new prt
definitions

e session.dat current session status — format is similar to
prt._nn one

m for every new process the “results” directory is offered to be renamed or removed
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protocol prt_nn

CalcHEP kinematics module
The =session paramseters:

#Subprocess 1 [ u, I —->= W+, kb, B ]

#Ses=z=zion number 1

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

Folarizations= { 0.000000E4+00 0.000000EB+00 F
StrFunl="POT:ctegétmiproton] ™ 2212
StrFunzZ="P0OT:ctegtmiprotaon) ™ 2212

#Phyvsical Parameters

alfEMZ = T.81806099939393993939K—-03
alfsrz = 1.172000000000000E—-01
#éﬁ£é .......................................
xHxE Tahle ***
Cutsz
Farameter |= Min bound < |> IMMax bound = |
AR ] | 20 |
T(B) |20 I

#ER=egularization
*kHx Toalhle ***x
Eegulari=zation

Momen tum | > Mass= < |=>= Width =<| Power
45 | MZ | w2z | 2
45 | M1h | wh | =
#ﬁﬂﬁ ........................................
#IT Crozgs zection [phl] Error % ncall chi**2
1 2_ 0373400 3.30B+01 20000
2 5.61l64dE+00 2.86EB+01 20000
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scripts for numerical session

m events2tab

Parameters:

1- name of variable,

2- minimum limit,

3- maximum limit,

4- number of bins(<=300).

File with events must be passed to input.
../binfevents2tab “T(b)” 1 100 200 < events_1.txt >tab.txt
../binftab_view < tab.txt

® name_cycle
1: Name of parameter
2: Initial value
3: Step
4: Number of steps
../bin/name_cycle Mh 100 10 11

scripts are used by calchep_batch interface — see below
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the most general scan with par_scan
® Usage:
$CALCHEP/bin/par_scan < data_file

® Data file structure:
# Comments following the ’#° symbol

par_name_1 par_name_2 ... par_name_N & fun_name_1 fun_name_2
valill vall?2 e vallN
val21l valil?2 C e vallN

® where par_name_i present free parameters of the models. Among them one also can
write momenta of incoming particles as momentum1 and momentum2.

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

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

m [f you are not interested in the prt_# files you can clean it using
$CALCHEP/bin/par_scan clean < data_file
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CalcHEP batch interface




CalcHEP batch interface:

all results in one shot

. Kinematics : 12 -> 3, 45
mggZ%-chan ed: ﬁg{;ggg) Kinematics : 4> -> 4, 5
. ged: Regularization momentum:1: 45
Gauge: Feynman Regularization mass: 1: Mh
Process: P,p->W,b,B Regularization width:1: wh
Decay: W->1le,n Regularization power:1: 2
HHUBRAUH TR HU R AU B R H B R H BB R AR AR e
Composite: p=u,U,d,D,s,S,c,C,b,B,G Dist parameter: M(b,B)
Composite: W=W+,W- Dist min: 100
Composite: le=e,E,m,M Dist max: 200
Composite: n=ne,Ne,nm,Nm Dist n bins: 100
Composite: jet=u,U,d,D,s,S,c,C,b,B,G Dist title: p,p->W,b,B
e e e e Dist x-title: M(b,B) (GeV)
pdfl: PDT:cteg6ll(proton) . . .
pdf2: PDT:cteq6l1(proton) Rist parameter: MW, Jet)
pl: 6500 Dist min: 100
2: 6500 Dist max: 200
P4 Dist n bins: 100
e L L L L L Diet title: b.p->W,b,B
Run parameter: Mh Dist x-title: M(W,jet) (GeV)
Run begin: 120 HHH BB HRF BB BB R BB BB FH R R HHF R
Run step size: 5 Number of events (per run step): 10000
Run n steps: 3 Filename: pp_Wbb
HHHHBRRBHR AR H R R R R BB R R RRR AR RT3 B i e i
alpha Q : M4a5 Parallelization method: local
HHHHHAHRFHHHHHHHA R R R R Max number of nodes: 8
Cut parameter: M(b,B) Max number of processes per nhode: 1
cut invert:- False #ag####;;-*####ag#############################4
: . noess
gBE ﬁéﬁ; 100 “QgL_sﬂl: 100000
T nSess_2: 5
nCalls 2: 100000
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CalcHEP batch interface: running and monitoring

$CALCHEP= path to calchep installation

cd $CALCHEP/work
cp ../utile/batch_file .
Jcalchep_batch batch_file

CALCHEP= /home/belyaev/calchep/calchep_x.y.z
calchep_batch version x.yz

Processing batch:

Progress information can be found in the html directory.
Simply open the following 1link in your browser:
file:///.../calchep_x.y.z/work/html/index.html

You can also view textual progress reports in
.../calchep_x.y.z/work/html/ and the other .txt files in the html directory.
Events will be stored in the batch_results directory.
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CalcHEP batch interface: running and monitoring

_ _ ] =
7_.' [ CalcHEP Batch [ x '\
<« C 7y @ file:;///fhome/belyaev/calchep/calchep_3.7/work/html/index.html @ [~}
CalcHEP Batch Details
Home
Symbolic Results SM("‘hgg)
Numerical Results
Events Library Done!
Process Library
Help
Finished Time(hr)
Thank you for using Symbolic 12/12 0.00
;lachEl_’t! o 3/3 0.03
ease cite )
arXiv:1207.6082 Events  3/3 0.01
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CalcHEP batch interface: running and monitoring

[ CalcHEP Symbo x

Symbolic Sessions

SM(+hgg)

Home
Symbolic Results

. Processes Removes Lib PID Time(hr
Numerical Results (hr)

Events Library u,D->W+.b,8 7
Process Library U.d->W-,b,B Y
Help d,U->W-b,B v
D.u->W+.,b,B v
Thank you for using s,C->W-,b,B v
CalcHEP! S.c->W+.,b.B v
Please cite ' H
arXiv:1207.6082 &S Wb ’
C,s->W-,b,B v
W-+->ne.E v
W-+->nm,M v
W-->Ne,e v
W-->Nm.,m v
Widths v

< C Y | @ filex//home/belyaev/calchep/calchep_3.7/work/html/symbolic.html Q@ Y| ©
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CalcHEP batch interface: running and monitoring

/' [ CalcHEP Numer x '\

Numerical Results
Events Library
Process Library

— C 1} | @ file://fhome/belyaev/calchep/calchep_3.7/work/htmil/numerical.html
- -
Numerical Sessions
SM(+hgg)
Home
Symbolic Results Done!

Secans o (fb) Running Finished Time (hr) N events

@ 3

o

Help Mh=120 1179 0/13 13/13 0.01 1000
hank f i Mh=125 1163 0/13 13/13 0.01 1000
Thank you for using Mh=13
CalcHEP! Mh=130 1145 0/13 13/13 0.01 1000
Please cite 0.03
arXiv:1207.6082
1180 . T r r
e
1175 | S -
R
““\\‘
s
1178 |- e -
e
\\.
1165 |- \““\\ -
= =
< b
8 =2
© 1aee [ "y i
1155 | e .
\\\
1156 5
1145 . . : . —
128 122 124 126 128 130
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CalcHEP batch interface: running and monitoring

Distributions
- .
Numerical Sessions prpoH,b,B
188 T T
Home SM(+h i
Symbolic Results ( gg) 168 B
Numerical Results b ,
Ewvents Library one: 1l I t h Id b ]
Process Library ~ gnup 0 S Ou e
Help o ~ T 128 | . B
Processes o (fb) Ac (%) PID Time (hr) N events Details 3 I I d m k h
I u.D-=W-+.b.B 1552.8 0.8 28872 0.00 383/382 prt 1 session.dat = L InSta e to a e t e i
Thank you for using ) = 188 .
CalcHEP! U,d-=W-b,B 829.4 0.52 28878 0.00 220/219 prt 1 session.dat £ I h h b h
Please cite d.U-=W-b,B 83746 1.1 28885 0.00 221/220 prt 1 session.dat é 80 p OtS Wlt t e atC —
arXiv:1207.0082 Du-=W-hbB 15583 0.51 29100 0.00 384/383 pri_1 session.dat E - f |
0 b _
S C>W_bB 109.55 0.54 29104 0.00 42/41 pri_1 session.dat z Inter ace!
S.c-=W+.,b,B  108.79 0.44 29109 0.00 41./40 prt_1 session.dat a8 |
c.5-=W+.b,B  108.88 0.41 29116 0.00 41./40 prt_1 session.dat
C.s-=W-.b.B 109.0 0.43 29123 0.00 42/41 prt_1 session.dat 281
Total 5214.8 0.34
a188 128 148 168 188 288
Decays I (GeV) Al (%) PID Time (hr) N events Details "‘:::;;'f:‘,’;
W+-—=ne,E 0.23293 0 29129 0.00 5099/5100 prt_1 session.dat 888
W+-—=>nm,M 0.23293 0 29135 0.00 S099/5100 prt_1 session.dat
W-->Ne,e 0.23293 0 29142 0.00 199/5100 pri_1 session.dat 061
W-=Nm.m 0.23293 0 29324 0.00 5099/5100 prt_1 session.dat
688
=
Widths PID Time (hr) Details 8
Widths 29328 0.00 session.dat g
2
=
£ 4ee [
Total 1163 0.01 10001000 2
=
% 388 |
k]
ol Iz
" E]
ex#7: using calchep_batch evaluate con |
complete cross section for pp-> =
_ﬂ——"-'_'__'-—-_

Whbb process with the same cuts o
as for ex#5
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CalcHEP batch results

B results are located in batch_results folder
m *lhe.gz . LHE event files
" *ipg . figures

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

m*tgz :zipped html folder with all numerical details, .txt and .html files of the
batch run
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CalcHEP batch interface: some additional features/tricks

m see https://answers.launchpad.net/calchep for many “tricky” questions/answers
m scanning over the collider energy

Run parameter: rtS

Run begin: 7

Run step size: 1

Run n steps: 2

pl: 1000*rtS/2
p2: 1000*rtS/2
rtS here is some “fake” parameter

m you can use “fake” parameter only if you define it as a loop parameter
* |t can be used in the cut statement (assigning cut to the symbol)
* |t can be assigned to the parameter model — this way you can handle a
complicated scan
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CalcHEP batch interface: scanning with ‘fake’ parameters

an example:
Calculating SM background cross section for process pp — e+e- across invariant
mass range of 500GeV-3TeV, with cut of +/-400GeV around invariant mass.

HHHUUHHHHHH BB BB BRBHUHHHHH BB BRBRBHY HHAHHH R HHH TR R R

# Run Info # Cut Info
# #

# Masses and Energies are in GeV # Must be in terms of the (production mode)
# More than one run can be specified # final state particles.
# at the same time. # :n: specifies which process.
HHEHHHHHHHHH B R AR BHHHPHHHH AR RRREHYE # : means to apply to all processes.
Run parameter: MASS HHHHHAHHH R AR BB H R
Run begin: 500
Run step size: 500 Cut parameter: M(e,E)
Run n steps: 6 Cut invert: False

Cut min: MASS-400

Cut max: MASS+400
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CalcHEP interface to MC generators via
Events in the §HE format

CalcHEP intelfface with MC
generators: LHEF output

CalcHEP — Przduction event mixer PYTHIA/
32cay events LHEF HERWIG
QNUMBERS

Decay of new particles with

THEORY automatically croated and EXP DATA

written to LHEF
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