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Where to get information ?

* Web Page: https://theory.sinp.msu.ru/~pukhov/calchep.html
* More detailed Tutorial (Alexander Belyaev):

https://indico.cern.ch/event/656211/contributions/2756825/at
tachrraefnts/1547486/2429259lcalchep_tools_bootcamp_bely
aev.p

* Models BSM (HEPMDB):
https://hepmdb.soton.ac.uk/
Many models available! (need registration)


https://theory.sinp.msu.ru/~pukhov/calchep.html
https://indico.cern.ch/event/656211/contributions/2756825/attachments/1547486/2429259/calchep_tools_bootcamp_belyaev.pdf
https://indico.cern.ch/event/656211/contributions/2756825/attachments/1547486/2429259/calchep_tools_bootcamp_belyaev.pdf
https://indico.cern.ch/event/656211/contributions/2756825/attachments/1547486/2429259/calchep_tools_bootcamp_belyaev.pdf
https://hepmdb.soton.ac.uk/

Installation |

Any Linux distribution (Here I'll assume Ubuntu 18.04 )

1. Install cernlib (not essential, but we will need it later)
sudo apt—-get install -y cernlib

2. Install library libx11-dev
sudo apt—-get install -y libxll-dev

3. Download, unzip and compile the code
tar —-zxvf calchep_3.x.x.tgz
cd calchep_3.x.x.tgz
make



Installation |l

4. Create a directory for CalcHep working sessions
./mKWORKDir <path>/<directory_name>

It is possible to create many working directories in different locations.

5. Check the working directory: 1s
batch_results
bin
calchep
calchep_batch
models
results

The executables are marked as green.



Starting CalcHep

From the working directory, do:
./calchep &

CalcHEP 3.8.3/symb

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 Ievel of automatization.

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

https:  sanswers.launchpad.net /calchep
https: sbugs. launchpad. net /calchep

SM

SM (+hgg)

SM (+hgg+h4G)

IDM

IDM (+hgg)
IMPORT MODEL

Fl- F2- F5- F6- F9- Fl10-

Models



Starting CalcHep

Terminal - asevedo@nepomuceno: ~/programs/calchep38/models

Tabs Help
(base) asevedo@nepomuceno: 5 1s
extlib4.mdl func3.mdl 1lgrngl.mdl T1grngd.mdl pricls2.mdl pricls5.mdl wvars3.mdl
ib2.mdl funcl.mdl funcd.mdl 1lgrng2.mdl 1lgrng5.mdl prtcls3.mdl warsl.mdl vars4.mdl
ib3.mdl func2.mdl funcs5.mdl 1lgrng3.mdl priclsl.mdl pricls4.mdl wars2.mdl vars5.mdl
) asevedo@nepomuceno: 5

it View  Terminal

<M M M

SM

SM (+hgg)

SM (+hgg+h4G)

IDM

IDM (+hgg)
IMPORT MODEL




Initial Menu

CalcHEP_3.8.3/symb

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 FZ2 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 model




Models Structure

CalcHEP_3.8.3/symb

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

Fl- FZ2- F5- F6—

Edit model

Constraints
Particles
Lagrangian
Libraries

RENAME
CHECK MODEL

Fo-




Variables

- CalcHEP_3.8.3/symb - 4+ X
Variables

Clr—Del-Size—Read—ErrMes

Name / Value /> Comment <

E_/O 31333 [Electromagnetic coupling constant (<->1/128)
/1.117 /Strong coupling constant (Z point) (PDG-94) I

SW 10.474 /sin of the Weinberg angle 0.474 - "on-shell”,4

Q /100 /Scale of effective running masses

MW /80.385 /W boson mass I

Mtp 1172.5 /Top quark pole mass

McMc /1.23 /Mc (Mc) MS-BAR

MbMb /4.25 /Mb(Mb) MS-BAR

alphaSMZ|0.1184 /Srtong alpha (MZ)

M1 /1.777 /mass of tau-lepton

Mh /125 /mass of Higgs

F1-F2—Xgoto—Ygoto—Find—lWrite




Constraints

hd CalcHEP_3.8.3/symb

Clr—Del-Size—Read—ErrMes

Name [> Expression
C_Isqrt (1-SW*2) % cos of the Weinberg angle
[EEAZ/(2*SW*MW) *2/5qrt2 % experimental value 1.166E-5 [1/GeV*Z2]
MZ [MW/CW % Z boson mass
LamQCD [initQCD5(alphaSMZ, McMc, MbMb, Mtp)

Mb [MbEfE(Q)
Mc IMcELf(Q)
Ms [IMgQEff(0.096, Q) % s—quark effective mass via Z2MeV running one

BOO0O0O [1-2*SW"2
BOOOO1I [1-4*35W2+4*5W4

F1-F2—Xgoto—Ygoto—Find—lWrite

10



Particles

-

Clr—Del-Size—Read—ErrMes

CalcHEP_3.8.3/symb

Full Name /! P | aP{ number
jghoton VNNV S
Z boson 1Z 1z 23
gluon IG G (21
W boson W+ Jw- (24
nreutrino Ine /Ne (12
electron fe JE [f11
mu-neutrino [nm /Nm /14
muon /im [M /13
tau-neutrino inl /N1 (16
tau-lepton /1 L [15
u-quark fu U (2
d-gquark /d D /I
c—gquark e [C /4
s—quark /s 8 /3
t-quark i€ T |6
b-gquark /b [B |5
Higgs fth (h 25

[spinZimass/width/colorfaux{ LaTeX(A)

/0 /1 /G JA

[twZ |1 /G [/Z
@ /8 IG /G

/G WA+

0 ﬁ /L  [\nu‘e
/0 /1 / /e

/0 i1 [L  [\nu*\mu
/0 /1 / / \mu

/0 /1 /L  [\nu*\tau
/0 i1 / [ \Eau

[0 /3 / fu

[0 /3 / /d

{0 {3 / {c

[0 /3 / /s

!/ Twt /3 / /€

/0 /3 / /b

[twh /1 / /h

Width
calculs

[@))

F1-FZ2-Xgoto—Ygoto—Find-lWrite

\utomatically
ted.
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Lagrangian

-

Clr—Del—Size—Read—ErrMes

CalcHEP_3.8.3/symb
Lagrangian

e

sin 6, cos 6,

J3Z,

Pi /P2 {P3 /P4 /> Factor

C /c /R / | ~EE*Mc/ (2 *MW*SW)

C /s W+ ] |EE*Sqrt2/(4*5K)

c /s [W+. £ | [—i*EE*Sqrt2/ (4 *MW*SK)
D /d /A / /{-EE/3

D /d /G / /GG

D /d /1Z / |EE/ (12*CW*SW)

D /u [W- |EE*Sqrt2/(4*5K)

E fe fA ! {—EE

E le 1z / | EE/ (4 *CW*SW) L
E /ne /W— / [EE*Sqrt2/(4%*5W)

G /G /G / /GG

EAll/G.c /G / /GG

L /1 fA ! {—EE

L /1 /Z ! [EE/ (4 *CW*SW)

L /1 /1Z.f |/ [ i*EE*M1/ (2*MW*SW)

L /1 /h / [ —EE*M1/(2*MW*SW)

L /nl /W- / [EE*XSqrt2/(4%*5W)

L /nl [W—.f |/ | i *EE*M1 *Sqre 2/ (4 *MW*SW)
M im fA ! {—EE

M /m /1Z / {EE/ (4 *CW*SW)

M /nm / W— / [EE*Sqrt2/(4*5W)
“F1-FZ2-Xgoto—Ygoto—Find-Write
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Libraries

- CalcHEP_3.8.3/symb -

Clr—Del -Size Read ErrMes

External l1libraries and functionrn protot es <
S i SHOME/LHADDEG/ 11D —1LTADDER ===

It can be used to link with LHAPDFs
sets

-F1-FZ2-Xgoto—Ygoto—Find-Write

13



Enter Process

5 CalcHEP_3.8.3/symb - + X

Model: SM

List of particles (antiparticles)

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

W+{W- )— W boson ne(Ne )- neutrino e(E )- electron
nm{Nm )- mu-neutrino m(M )- muon nl (N1l )- tau-neutrino
I(L )- tau-lepton u(U )- u-quark d(D )- d-quark

c(C )- c—-quark s(8 )- s—-quark t(T )- t-quark

b(B )- b-quark h(h )- Higgs

Enter process: B Rran: P
composite 'p' consists of:
Exclude diagrams with

u,U,d,D,c,C,b,B,s8,58,6G




Enter Process

20
0

Model:

Process:

diagrams
diagrams

CalcHEP_3.8.3/symb

SM

p,.p > mM

Feynman diagrams
in 10 subprocesses
are deleted.

are constructed.

View diagrams

Square diagrams
Write down processes

15



Enter Process

20
0

CalcHEP_2.8.3/symb

Model: SM
Process: p,p —> m,M
Feynman diagrams

diagrams in 10 subprocesses
diagrams are deleted.

Subprocess

View diagrams
are constructed.

u Al Al

Lo

|

V
L -

Al

hl

L
’
’

mmm&pnbch
nhormon O
8383838 BAQ
FTIIJZIRIRRIR

Al

NN NN

16



Enter Process

u

U

1

M

Delete,On/off,Restore, Latex

u

U

CalcHEP_3.8.3/symb

(/]

M

- + X

1-Help,F2-Man,PqUp,PgDn,Home ,End, # ,Esc

17



Enter Process

CalcHEP_3.8.3/symb - + X

Delete,On/0ff, Restore, Latex

¥ i ¥, I

>4l |

U M U M
DEL

Fl-Help,FZ2-Man,PgUp,PgDn,Home ,End, # ,Esc
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Sqguare Diagrams

20
0

Model:

Process:

diagrams
diagrams

CalcHEP_3.8.3/symb

SM

p,p - nm, M

Feynman diagrams
in 10 subprocesses
are deleted.

are constructed.

View diagrams
Square diagrams

Write down processes

19



Symbolic Calculation

30
20

Model:

Process:

diagrams
diagrams

diagrams
diagrams
diagrams

CalcHEP_3.8.3/symb

SM
p,.p > mM

Feynman diagrams
in 10 subprocesses
are deleted.

Squared diagrams

in 10 subprocesses
are deleted.

are calculated.

are constructed.

are constructed.

View squared diagrams

Symbolic calculations

Make&Launch n_calchep
Make n_calchep
REDUCE program




Symbolic Calculation

30
20

Model:
Process:

diagrams
diagrams

diagrams
diagrams
diagrams

CalcHEP_3.8.3/symb

SM
p,.p > mM

Feynman diagrams
in 10 subprocesses
are deleted.

Squared diagrams

in 10 subprocesses
are deleted.

are calculated.

are constructed.

are constructed.

C code

Edit Linker
REDUCE code
MATHEMATICA code
FORM code
Enter new process




Numerical Calculation

hd CalcHEP_3.8.3/num - + X

(sub)Process: u, U ->m, M
Monte Carlo session: 1(begin)

Subprocess

IN state

#IT Cross section[pb] Error[%] nCall Eff. chi? Model parameters
Constraints
QCD alpha & scales
Breit-Wigner
Aliases
Cuts
Phase space mapping
Monte Carlo simulation
1D integration




Numerical Calculation

= CalcHEP_3.8.3/num - 4+ X

(sub)Process: u, U ->m, M

Monte Carlo session: 1(begin)

#IT Cross section{pb] Errorf[%] nCall Eff. chi‘*2(begin)
Uu ->mM
dD ->mM
Dd ->mM
c C ->mM
Cc ->mM
b B m M
B b m M
s 5 m M
S s m M




Numerical Calculation

CalcHEP_3.8.3/num - +

(sub)Process: u, U ->m, M

Monte Carlo session:

#IT Cross section{pb]

1{begin) —

S.F.1: OFF

S.F.2: OFF

Second particle momentum[GeV] 6500
First particle unpolarized

Second particle unpolarized

24



Numerical Calculation

CalcHEP_3.8.3/num

(sub)Process: u, U ->m, M
Monte Carlo session: 1(begin)

IN state

BDT menu

ctegébll {(anti-proton)

ctegbll (proton)

i NNPDF23 lo_as_0130_ged({anti-proton)
LHAPDF will show up here NNPDF23 lo_as_0130_ged(proton)
MRST2004ged proton(anti-proton)
MRSTZ2004ged_proton(proton)
CTi0(anti-proton)
CTi0(proton)

#IT Cross sectionpb]

25



Numerical Calculation

v CalcHEP_3.8.3/num

(sub)Process: u, U ->m, M
Monte Carlo session: 1(begin)

#IT Cross section{pb] Errorf{%] nCall Eff.

You can change the parameters of
your model that will be used in the
calculations.

chit

Model parameters

Change parameter

READ FROM FILE

EE

S

Q

M

Mtp

McMc
MbMb
alphasSMZ
Ml

b bl B b O s G

. 1333E-01
. 7400E-01
. 0000E+02
. 0385E+01
. 7250E+02
. 2300E+00
. 2500E+00
.1840E-01
. 7770E+00

Mh 1.2500E+0

26



Numerical Calculation

v CalcHEP_3.8.3/num

(sub)Process: u, U -> m, M

Clr—Del-Size—Read—ErrMes
!/ Parameter [> Min bound <[> Max bound <l

1T (p*) [ 50 /
fe(m) /5 /
IM(m, M) /5 /

Click on “F1” below for help.

“Fl1-FZ2-Xgoto—-Ygoto—Find-lWrite

chis

Masses,Widths,Branching

27



Numerical Calculation

¥ CalcHEP_3.8.3/num - + X

(sub)Process: u, U ->m, M

Monte Carlo session: 1(begin)

#IT Cross section{pb] Error[{%] nCall Eff. chi*

Regularization

Crucial for more than 2 particles in
the final state!




Numerical Calculation

CalcHEP_3.8.3/num

(sub)Process: u, U -> m, M
Monte Carlo session: 1(begin)

========= Current kirnematical scheme =========

in= 12 —> outl= 3 out’l= 4

Input new kinematics?
(Y /N ?)

Phase space mapping

Kinematics

29



Numerical Calculation

Consider the process pp - ZZ - 4e

CalcHEP_3.8.3/num

(sub)Process: u, U -> e, e, E, E
Monte Cario session: 1

————————— Current kinematical scheme =========

in= 12 —> outl= 2 outl= 456
in= 456 —> outi= 4 outl= 56
in= 56 —> outi= 5 outl= 6

Input new kinematics?
(Y /N ?)

Phase space mapping

Kinematics

30



Numerical Calculation

Consider the process pp - ZZ - 4e

CalcHEP_3.8.3/num

(sub)Process: u, U -> e, e, E, E
Monte Cario session: 1

————————— Current kinematical scheme =========

in= 12 —> outl= 35 out?= 46
in= 35 —> outi= 323 out?= 5
in= 46 —> outi= 4 outl= 6

Input new kinematics?
(Y /N ?)

Phase space mapping

Kinematics

31



Numerical Calculation

hd CalcHEP_3.8.3/num

(sub)Process: u, U -> e, e, E, E

Regularization 2
Clr—Del-Size—Read—ErrMes

Momentum /> Mass </> Width </ Power
35 IMZ IwZ /2 Eff.
46 IMZ iwZ ‘A TR

“Fl1-FZ2-Xgoto—Ygoto—Find-Write

chis

DPhase space mapping

Regularization

32



Numerical Calculation

(sub)Process: u, U ->m, M

Monte Carlo session:

1{begin)

#IT Cross sectionfpb] Error{%]

CalcHEP_3.8.3/num

nCall

Eff.

chis

Subprocess

IN state

Model parameters
Constraints

QCD alpha & scales
Breit-Wigner
Aliases

Cuts

Phase space mapping

1D integration

33



Numerical Calculation

CalcHEP_3.8.3/num

{sub)Process: u, U ->m, M
Monte Carlo session: 1(begin)

Monte Carlo simulation

nCalls = 100000

Set Distributions
*Start integration
Display Distributions
Clear statistic

Freeze grid OFF
Clear grid

#IT Cross sectionf{pb] Error{%] nCall Eff. chi?

34



Numerical Calculation

v CalcHEP_3.8.3/num - + X

(sub)Process: u, U ->m, M
Monte Carlo session: 1(begin)

#IT Cross section[pb] Error[%] nCall Eff. chi?

Monte Carlo simulation

nSess =

nter new value 20 |




Numerical Calculation

hd CalcHEP_3.8.3/num - + X

g —>m, M
Distributions

(sub)Process: u,

LClr-Del-Size—Read—ErrMes
Parameter 1/> Min 1 <> Max 1 </[Parameter 2/> Min 2 <[> Max 2 <

TV / 1 0 /1100 / / /
M(m,M) /70 /100 / / /

“Fl1-FZ2-Xgoto—Ygoto—Find-Write




Numerical Calculation

CalcHEP_2.8.3/num

(sub)Process: u, U > m, M
Monte Carlo session: 1(begin)

Monte Carlo simulation

nSess = 20

nCalls = 100000

Set Distributions
Display Distributions
Clear statistic

Freeze grid OFF
Clear grid

#IT Cross sectionfpb] Error{%] nCall Eff. chi?




Numerical Calculation

= CalcHEP_3.8.3/num - + X

(sub)Process: u, U ->m, M
Monte Carlo session: Z2(begin)

Monte Carlo simulation

#IT Cross sectionfpb] Error{%] nCall Eff chi?

< > 6.3974E+03 1.51E+00 1478520 4E+01 Start inteEration I
):9.0.0.9:0.0.0.9.:9:0.0.9.9.:0:0.0.9.0.:0.0.9.9.9.0.9.0.0.9.0.9.9.9.9.0.0.9.0.9.0.0.9.9.0.0.0.9.9.0.9.0.9.4
3 5. 2482E+03 2.29E+01 98568
4 7.4957E+03 2. 69E+00 98568
5 /.4874E+03 1.79E-01 98568 Integration is over
6 7.4831E+03 1.34E-01 98568 Press any ke
7 7. 4821E+03 1.25E-01 98568
8 7.4770E+03 1.08E-01 98568
9 7.4572E+03 1.04E-01 98568
10 7.4504E+03 1.02E-01 98568
11 7.4197E+03 1.09E-01 98568
12 7.3795E+03 9.81E-02 98568
12 7.2874E+03 1.12E-01 98568
14 7.1917E+03 8. 96E-02 98568
15 7.1671E+03 7. 79E-02 98568
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Numerical Calculation

(sub)Process: u,
Monte Carlo session:

#IT Cross

Pt bt bt bt bt b Bt B b Bt B B B

section{pb] Error{%]
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04
.2073E-04

> m, M
1(continue)

MOGOOLGLLHLOU GO O

. 98E-06

. 01E-06
. 95E-06
.86E-06
. 93E-06
. 94E-06
. 94E-06
.92E-06
. 95E-06
. 98E-06
.97E-06
.89E-06

. 54E-06

CalcHEP_3.8.3/num

nrCalli
100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
1500000

Eff. chi?

0.7

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKX

3

1.

2073E-04

5.

97E-06

100000

Monte Carlo simulation

Disgsplay Distributions

Distributions

M(m,M)
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Numerical Calculation

- w CalcHEP_3.2.3/num - 4+ X
u, 0 > m, M
Diff. cross section [pb/GeV]
(sub)Pi 1E3—
Monte ( 3
#IT Cros: |
4 ] 100
5 ] = ‘ A
6 - : ++H'++*H#
; J i ‘ Lﬁw ﬁH}J
9 : 10- r tﬂ &
10 - g " ‘
1 = Wi Pl ]
ﬁ’ | it i ++d# Wy
13 j | by & i %\
14 IE J { Ho ”+w%wﬁﬁﬁﬁ*#* +#+$U
15 ~lt Pl RS e e, ¥ iy,
< > ] # o
] 1 1 1 T 1T T 1T T [ T T T T T T T T T | T T T T T T |
XXX§XXXXX‘ 70 80 90 100
M(m,M)

|Esc - exit; Mouse - position; Other keys - menu
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Numerical Calculation

XXXXXXXX
3

CalcHEP_3.8.3/num

uf

it

1t

U->m, M

Y-max = 1.06E+03
Y-scale = Log.
Spline

Mouse: show Func

Save plot in file

Diff. cross section [pb/GeV]
1E3o
1004
105
E »l ‘ { Houtd H iy H+1++++J]L+#+ﬁi+
3 | +
:MHJ* firt ++++++{++++ 1++M++++”++'h+#rr*# AL
T T T T T T T T ] T 1
70 i
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Numerical Calculation

XXXXXXXX
3

CalcHEP_3.8.3/num

u, U ->m, M

Diff. cross section [pb/GeV]
IOGE PAIW
— Gnuplot
10= ‘
] 1 th# FH“# -
4T 1
1 _E }[ i +L #;I-{J-Mf ++ 1:}#][{3‘{1' it + +
- H il e
:m}{l++&+ ++l4+rH Jr+h4f++Jr1‘FF 11’j‘H+’r++{4t++++++ 1‘+++{*+J++fj}4+ 4 !
T T T T T T T T [ T T T T T T 1
70 80
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Numerical Calculation

hd CalcHEP_3.8.3/num

(sub)Process: u, U ->m, M
Monte Carlo session: 2(continue)

#IT Cross section[pb] Error[%] nCall Eff.
57 6.8992E+03 7. 73E-02 98568 1.6E-01
58 6.8858E+03 7.68E-02 98568 1.6E-01
59 6.8865E+03 7.79E-02 98568 1.6E-01
60 6.8850E+03 8.41E-02 98568 1.6E-01
61 6.9507E+03 1.08E+0Q0 98568 1.6E-01
62 6.8889E+03 7.77E-02 98568 1.6E-01
63 6.8885E+03 9.41E-02 98568 1.6E-01
64 6.8860E+03 7.66E-02 98568 1.6E-01
65 6.8824E+03 7. 73E-02 98568 1.6E-01
66 6.8953E+03 1.93E-01 98568 1.6E-01
67 6.8869E+03 7.72E-02 98568 1.6E-01
68 6.8935E+03 7.79E-02 98568 1.6E-01
69 7.1767E+03 4.14E+00 98568 1.4E-01
70 6.8923E+03 7.68E-02 98568 1.4E-01

< > 7.0174E+03 9.01E-01 6899760 1.4E-01

chis

Monte Carlo simulation

nSess = 20

nCalls = 100000

Set Distributions
*Start integration
Display Distributions
Clear statistic
Freeze grid ON
Clear grid

Event Cubes 97072

Num. of events=i00

Generate Events
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Numerical Calculation — Results

Terminal - asevedo@nepomuceno: ~/programs/calchep38/results

File Edit WView Terminal Tabs Help 10

10°

Diff. cross section [pb/GeVV]

10

Useful for validation



Numerical Calculation

hd CalcHEP_3.8.3/num - + X

(sub)Process: u, U -> W+, W-

Monte Carlo session: 1(begin)
Subprocess
IN state

#IT Cross section[pb] Error[%] nCall Eff. chi? Model parameters

Constraints
QCD alpha & scales
Breit-Wigner
Aliases
Cuts
Phase space mapping
Monte Carlo simulation

1D integration




Numerical Calculation

N CalcHEP_3.8.3/num - + X

(sub)Process: u, U —-> W+, W-

P(c.m.s.) : 6500. 000000 [GeV]

Cos(pl,p3): min=-0.999000 max= 0.999000 Change parameter

Cross Section: -0.00117309 [pb] Set precision

#IT Cross section{pb] Error{%] nCall Eff. chi? Cosl3(min) = -0.999000

Cosl3(max) = 0.999000
Angular dependence

Parameter deEendence




Numerical Calculation

CalcHEP_3.8.3/symb

Delete,COn/off,Restore,Latex

u _ Wt u W+ U———r-»--W+
A > z .

>——-—<\ >————<\ d

U T - 7 T - Ul < -ti-

Delete,On/off,Restore, Latex

CalcHEP_3.8.3/symb

DEL
A CalcHEP_3.8.3/num -+ X > CalcHEP_3.8.3/num -+ %
u, U —>W+, W- u, U —>W+, -
visigma [pb] visigma pb]
12— |
| -3
L —
_ —6-
6
3— -9
TT T T T T T T T [ T T T T T T T T T [T T T T T T T T T [ T T T T T T T T 1] 7\\\\\\|||||\\\\\\\\\\||||\\\\\\\\\\||II\
100 200 300 400 500 100 200 300 400 500
Pcm Pcm
Esc - exit; Mouse - position; Other keys - menu Esc - exit; Mouse - position; Other keys - menu

Always check the unitarity of your model!
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CalcHEP_3.8.3/symb - + X

Model: SM

List of particles (antiparticles)

A(A )- photon Z(Z )- 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
I(L )- tau-lepton u(U )- u-quark d(D )- d-quark

c(C )- c—-quark s(8 )- s—-quark t(T )- t-quark

b(B )- b-quark h(h )- Higgs

Enter process: Vigglad:
Exclude diagrams with
Exclude X-particles



Batch Calculation

The CalcHep GUI is very useful to understand and validate your model, but obliviously
it is not effective for “production mode”. What if you want to calculate cross-sections
and generate thousands of events considering different model parameters (for
instance, varying the mass of a resonance) ?

For this task, CalcHep has a very powerful batch mode calculation. From a single
batch file, we can set all the parameters needed to perform the calculations. The
progress of the calculations can be check via a html file.
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Batch File

HHHHH R
# Model Info

Model: B-L (Full fast)
Model changed: False
Gauge: Unitary

HHHHHH T TR R
# Process Info #
HHHHHHHHHH AR R

# PDF Info
#pdfl: LHA:cteq6ll.LHpdf.0:1
#pdf2: LHA:cteq6ll.LHpdf.0:1

pdfl:  cteq6ll (proton)
pdf2:  cteg6ll (proton)

# Momentum Info in GeV

Process: p,p->m,M
Composite: p=u,U,d,D,s,S,c,C,b,B,G
Remove: Z,A,H1,H2

pl: 6500
p2: 6500

# Parameter Info

# Masses and Energies are in GeV
#Parameter: EE=0.31

#Parameter: MZp=5000 50



Batch File

# Run Info #
# Masses and Energies are in GeV

# More than one run can be specified at
# the same time

Run parameter: MZp
Run begin: 1000
Run step size: 500
Run n steps: 3

#Run parameter: glp
#Run begin: 0.2
#Run step size: 0.1
#Run n steps: 10

#H#HA## QCD Running Info
HHAHH AR R T

HHHH AT
#parton dist. alpha: ON
#alpha(M2): 0.118
#alpha Q :1: M34
#alpha Q :2: M45
alpha Q : M12
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Batch File

#Cuts info

Cut parameter: n(m)
Cut invert: False
Cut min: -100
Cut max: 100
Cut parameter: n(M)
Cut invert: False
Cut min: -100
Cut max: 100
Cut parameter: M(m,M)
Cut invert: False
Cut min: 50

Cut max:

# Kinematics and Regularization
Kinematics : 12 ->3,4
Regularization momentum: 34
Regularization mass: MZp

Regularization width: wZp
Regularization power: 2
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Batch File

#Distribution
#Need gnplot installed

Dist parameter. M(m,M)

Dist min: 400

Dist max: 3000

Dist n bins: 150

Dist title: p,p->m,M
Dist x-title: M(m,M) (GeV)

# Event generation and Vegas

Number of events (per run step): 1000
Filename: Zzprime_mm_events
NTuple: True

#Vegas
nSess 1: 20
nCalls_1: 100000
nSess 2: 20
nCalls_2: 100000

Run you batch file: . /calchep_batch batch_file
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Batch Results

| = Terminal - asevedo@nepomuceno: ~/programs/calchep38/html

File Edit WView Terminal Tabs Help

se) asevedo@nepomucenoc: % 1s 7 In your Work
ile zprime bin calchep batch Events directory you Wi"
’

calchep calchep.ini

=) asevedo@nepomuceno: & cd himl/ flnd the “html,,
base) asevedo@nepomuceno: £ 1o
et i ke iat e el e ol el et Bl 2 | folder, where you

A=1! EI“E.E'I.-'E'df.I-}HE'[]UIl'I.I{E"H(I: : 38 /htm 5 i R Can find
“numerical.html”
file.




Batch Results

CalcHEP Numerical Details - Mozilla Firefox

™ Inbox (60) - asevedo@gmail.. X | & CalcHepBatchFiles - Google I X | HEPMDB - High Energy Physics | X | CalcHEP Numerical Details x|+
.3 }
I\(—/I = @ [@ file://fhomefasevedo/programs/calchep38/html/numerical. html e ﬁl

v

in @ &

Home

Symbolic Results
Numerical Results
Events Library
Process Library
Help

Thank you for
using CalcHEP!
Please cite
arXiv:1207.6082

Numerical Sessions
B-L (Full fast)

Calculating Cross Sections

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

MZp=1000 76.464 0/10 10/10 0.05 0/10 10/10 0.05
MZp=1500 12.353 0/10 10/10 0.05 0/10 10/10 0.05
MZp=2000 2.862 1/10 6/10 0.03 1/10 6/10 0.03

0.14

Remember to clear your web browser cache if the plots are not updating properly. Also,
remember to refresh your browser if you started a new run.
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Batch Results

b Terminal - asevedo@nepomuceno: ~/programs/calchep38/batch_results
File Edit View Terminal Tabs Help Rotate

asevedo@nepomuceno: £ 1s

file zprime bin {al hep hatch Events
calchep

asevedo@nepomuceno:

asevedo@nepomuceno:

=

= -
html index.html 1ibr

index. txt numeri ( ymbolic.html
asevedo@nepomuceno:
asevedo@nepomuceno: £ ls
ile zprime bin calchep hat{h Events
calchep calchep.i
asevedo@nepomuceno:
asevedo@nepomuceno:

L5.1TXT Zpr

L

P VIRL _'.':___' ¥ I A I_l_J =1 ol _-_.::—-_ "‘-'I-'I-'I-'-._ .I_

zprim mm eue1t5 FZp’ﬂﬂﬂ Lhe.gz zprime mm events-MZp2080.distr
Zprime mm_ev ;Juu-; nt zprime mm_events-MZp2086.lhe.gz
events-cs.dat zprim B
asevedogd nepnuuxena. S |




Batch Results

b Terminal - asevedo@nepomuceno: ~/programs/calchep3&/batch

File Edit View Terminal Tabs Help Zprime mm events-cs dat XSec as

) asevedog@ dnepomucenc . LS

h file zprime bin calchep batch Events a function of the running parameter (Z’
calchep calchep.ini L iy mass) .

=) asevedo@nepomucenc: § cd html/
) asevedo@nepomuceno: $ 1
html -.r|.-\ ‘!—"-: -:_' brary |

st i iuy Sl 7 Drime_mm_events-Mzp*.lhe.gz —

) Eliur?'u'!:"df.l:HEF]U-II.I{E'H{I: 0 ) Event f”e (LHE format)
) asevedo@nepomuceno: % ls
file zprime bdin calchep batch Events
calchep calchep.ini 3 *
=) asevedo@nepomuceno: £ cd batch_results/ Zprlme_mm_eventS'MZp nt — PAW
| asevedo@nepomuceno: p L5 ntuple
ants.txt Zprime_mm_ev -=-1‘5-'-'Z:: 0e0-1.nt zprime mm_events- r*‘ZF]

L L o o 701 BEG ot Ll i o
. Lan Zpri even 16000.dist Zprime mm e

zpr'iu e«.re1t5 I*’Zp’l:]tll:] Lhe. gz Zprime mm_events-
Zprime MZpl500-1.nt zprime mm_events-MZp2086.lhe.gz
events-cs.dat zprime mm_ever |Zp1500.distr

) asevedo@nepomuceno: S |

d
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Analyze Event File

In order to produce the PAW ntuple file, we need the “nt _maker” script in the
$CALCHEP/*bin” directory (see backup slides on how to produce it).

We can use h2root to convert PAW hbook to a ROOT file:
h2root zprime_mm_events-MzZpl000-1.nt zprime_mm_MzplO000.root

The root file has the Xsec and the four-momenta of the particles. It can be analyzed
using the ROOT TLorentzVector class (see example attached).

The LHE file can also be red with a Python script. See backup slides for details.
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Analyze Event File - Example

Invbdass
r Entries 1000
4[}[]__ Mean 1000
B Sid Dev 1913
350
3001
2501
200
150
1001
50
:III_IJ.-I-.II.IJ.I_I_I IIIII h-l--l.l_l_ll_lJ_ILllll

00 B50 900 950

1000

1050 1100 1150 1200
19

120

100

80

&0

40

20

hMuonPt

_ | Entries 1000

Mean imE

Sid Dev 1161

1,

100

200

300

400

800

600
p{'l'_
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Try Yourself!

1. Download the model “Minimal Zp models” from HEPMDB
2. Put the model files in the “models” directory (do not forget to rename the files!)

3. Calculate the cross-section for the various sub-process of the process pp - Z° - u+ U-.
Remove the contributions from the photon and Z bosons and from the scalars H1 and H2
in order to estimate the contribution from Z’ only.

4. Check unitary (using 1D integration option to plot Xsec versus certer-of-mass energy).

5. Check how the Z’ width vary with its mass.

6. Calculate the Xsec for the above process using different Z' mass in batch mode.
Generate events.

7. Using the root ntuple from the LHE event file, plot individual muons pseudorapidity,
transverse momentum, muon pair rapidity and muon pair invariant mass.
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Getting Help

* Visit CalcHep web page (see slide 2)

* Browse through many Q&A in “Questions for CalcHEP”:
https://answers.launchpad.net/calchep

e Ask the most powerful answering machine in the world (Google)

* You can also ask me: asevedo@gmail.com
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https://answers.launchpad.net/calchep

Backup Slide |

Producing the script “nt_maker” when compile CalcHep

1. Assuming that you have version 3.8.3,
calchep_3.8.3/c_source/mix_events and open the file “MakeFile”.

2. Include the path to the CERN library files. Example:
CERN=/usr/lib/x86_64-linux-gnu/

3. Compile CalcHep (see slide 3). The script will be in “bin” directory.

go

to

directory
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Backup Slide Il

We can use Python to read a LHE Event file. There is a Python module for that.
Check the link below:

https://pypi.org/project/Inereader/
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Backup Slide Il

We can use LanHep to implement models in CalcHep. Check this video tutorial:

https://www.youtube.com/watch?
v=3dydCl44ZYE&feature=youtu.be&fbclid=IwAR2IHSV{vOTLXWVxdXVockJuXJpySgNMkr

w_Z757v7YSU_h71leu_0QBgMwE
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