New functionality of CompHEP 4.6 package

<l

Viacheslav Bunichev >

4

eral, V. Savrin

o

" Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University

- -

B QFTHEP-270 conference - sl



CompHEP is a program for calculating the characteristics and modeling the processes of production and decay of
elementary particles at colliders

Comy\(ep

CompHEP was created in 1998 by scientists of the SINP MSU.
A. Pukhov, V. llyin, E. Boos, V. Edneral, A. Kryukov, M. Dubinin, V. Savrin, A. Semenov, D. Kovalenko, S. Shichanin.
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Modern requirements for the CompHEP package

Due to the increased accuracy of modern collider experiments, there is a request for performing
calculations of characteristics and modeling with a higher level of theoretical confidence in the
next-to-leading order of perturbation theory with complicated form factors at the interaction
vertices.

Modern models of new physics have many new parameters whose values are not defined.
Usually it is necessary to sort through the entire multidimensional set of such values, perform
calculations with each of the defined sets of values and compare the results of calculations based
on them with experimental data. The listed chain of actions is extremely resource-intensive and is
associated with the risk of making errors. There is a need to automate this process.

For a correct and theoretically justified comparison of simulation results with experimental data, it
IS necessary to apply modern statistical analysis methods to build confidence regions in the model
parameter space and identify the most reliable values of these parameters.

To improve the capabilities of theoretical analysis and search for the most sensitive
characteristics, it is necessary to present the simulation results in a convenient graphical format in
the form of one-dimensional, two-dimensional and three-dimensional graphs, which can be used
for further analysis in the ROOT package.



Calculations with complicated form factors. Option 1

The model vertices use complcated form factors that depend on the momenta of the incoming particles, which
arise from calculations in the next-to-leading order of perturbation theory.
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First possibility: Call the user-defined form factor function in a CompHEP symbolic session,
in the model's list of functional expressions.
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online help. Y Name |> Expression the mOdel
Variables koeff |koeffl(MR,sint)
wH  [width1(MR,sint)
Lagrangian wR |width2 (MR, sint)
Composite c |width3 (MR, sint)
b | bl*c
yt | myfunc2(Mtop)
yw | myfunc2 (MW)
Fl- F2— F5— loopt |myfunc3(yt,1)
Toopt | C
Imlt |myfunc4(yt,1)

ImW  [myfunc4(yw,2)

RFF  |-(bl*cost-b*sint-sint/v) T myfunc.c -

HFF —(bl*sint+b*cost+cost/v A

Ranom ib{*cost—b*sint " P " |double myfunc3 (double ym, double keyp)
Hanom |bl*sint+b*cost e {

RGG | 7*Ranom+Toopt* (—RFF) double result, Fym, as, sqr, logs;
ImRGG | Im1t*(-RFF) ///

HGG | 7*Hanom+Toopt* (-HFF) ‘/ as = asin(1l./sqrt(fabs(ym)));

IMHGG | Imlt*(-HFF) ] sqr = sqrt(fabs(1.-ym));

RAA |-11/ (3)*Ranom+(1oopW+8/ (3) *1oopt) * (-RFF)

ImRAA | (ImIWA+8/(3)*ImIt)* (-RFF) UeE S Wpl(Rlaeaml/ el =ea N

HAA |-11/(3)*Hanom+(ToopW+8/(3) *1oopt) * (-HFF)
ImHAA | (IMTW+8/(3)*Iml1t)* (-HFF)
LF1-F2 Top Bottom GoToFind ZoomErrMes—————— if(ym >= 1.0) Fym = as*as;
else Fym = -0.25*(logs*1logs-9.869587728);

if(keyp < 1.5) result = ym*¥(1.+(1.-ym)*Fym);
else result = -(2. + 3.%ym + 3.*ym*(2.-ym)*Fym);

The names «myfuncl, myfunc2, myfunc3,...»
are reserved for these functions. }

return result; 4



Calculations with complicated form factors. Option 2

Second possibility Call a user-defined form factor function in a CompHEP numerical session
in the list of numerical procedures.
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41  dif(keyp < 1.5) result = ym*(1.+(1.-ym)*Fym);
12 else result = —(2. + 3.xym + 2.%ymx(2.-ym)*Fym);
43
44 return result;
45 }
46
47 static double im_func(double ym, double keyp)
48 {
49  double result, Fym, as, sqr, logs;
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Using table-defined functions in model parameter expressions. Option 1

Call the user-defined function specified as a table of values and defined in the file "widthl.txt" in the CompHEP

numerical session in the list of functional expressions of the model.

CompHEP version 4.6

Model:  _H_R_mix_complex

Abstract

CompHEP package is created for calculation
of decay and high energy collision processes of
elementary particles in the tree approximation.

The main idea put into the CompHEP was to
make available passing from the Lagrangian to
the final distributions effectively, with the
high level of automatization.

Use the F2 key to get the informatior
interface facilities and the F1 key to ¢
online help.

Edit Model

CompHERP version 4.6
Constraints

Clr—Rest-—Del-Size
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Variables

: Name |> Expression
Particles

koeff |koeffl(MR,sint)

Lagrangian

Composite wH |widthl(MR,sint)
C |width3 (MR, s1nt)
b Ibl¥c -
FI= S-Man yt | myfunc2 (Mtop) T
yW | myfunc2 (MWD S
loopt [myfunc3(yt,1) SR

loopW |[myfunc3(yW,2)
Imyfunc4 (yt,1)

ImW  |myfunc4(yW,2)
RFF |-(bl*cost—b*sint-sint/v)
HFF |-(bl*sint+b*cost+cost/v)

Ranom |bl*cost-b*sint

Hanom |bl¥*sint+b¥*cost

| 7*Ranom+T1oopt™ (—RFF)

IMRGG |Iml1t*(-RFF)

| 7*Hanon+T1oopt®* (—HFF)

| Imit* (—~HFF)

|-11/(3) *Ranom+(loopW+8/(3) *1oopt) * (—RFF)
IMRAA | (ImIW+8/(3)*Im1t)* (-RFF)

HAA 1-11/ (3) *Hanom+(loopW+8/ (3D *Toopt) * (-HFF)
ImHAA | (ImIW+8/(3)*Im1t)* (—HFF)

‘F1-F2 Top Bottom GoTo Find Zoom ErrMes

The names «widthl.txt, width2.txt, width3.txt,...»
are reserved for these functions.

width1.txt =
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.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
.000000E+02
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.071070E-01
.788227E-01
.505384E-01
.222542E-01
.939699E-01
.656856E-01
.374013E-01
.091170E-01
.808328E-01
.525485E-01
.242642E-01
.959799E 01
.676956E-01
.394114E-01
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.265819E-04
.013980E-03
.099670E-03
.183458E-03
.265209E-03
.344767E-03
.422014E-03
.496865E-03
.569201E-03
.638916E-03
.705987E-03
.770256E-03
-831733E-03
.890312E-03
.945908E-03

NOQOE2ELC N2




Using table-defined functionsin model parameter expressions. Option 2

Multiplication of any part of the square of the amplitude modulus by a function specified as a table of

values and defined in the file "koeffl.txt" in the CompHEP symbolic session in the list of functional

expressions of the model.

CompHEP version 4.6
Constraints

Clr—Rest—Del-Size

Name |> Expression
KSRl | koeffL(MR,sint)

wH

wR

C

b

vt

yW
loopt
loopW
Imlt
Imlw
RFF
HFF
Ranom
Hanom
RGG
ImRGG
HGG
ImHGG
RAA
ImRAA
HAA
ImHAA

|widthl(MR, sint)
|width2(MR, sint)
|width3(MR, sint)

| bl¥*c

| myfunc2 (Mtop)

| myfunc2 (MW)
[myfunc3(yt,1)

| myfunc3(yW, 2)

| myfuncd (yt,1)
|myfuncd (yW, 2)

| -(bl*cost-b¥*sint-sint/v)
| -(bl*sint+b*cost+cost/v)
| b1l*cost—-b¥*sint

| bl*sint+b*cost

| 7*Ranom+Toopt* (—RFF)

| Imlt* (-RFF)

| 7*Hanom+T1oopt* (—HFF)

| ImTt*(—HFF)

| -11/(3)*Ranom+(loopW+8/(3) *Toopt) * (-RFF)
| (ImIW+8/(3)*Im1t)* (-RFF)
| -11/(3)*Hanom+1oopW+8/(3) *1oopt) * (—HFF)
| (ImIW+8/(3)*Im1t)* (—HFF)
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Calculating an array of decay width values depending on multidimensional array
of model parameter values

In the decay width calculation menu in the CompHEP numerical session.

CompHEP version 4.6

CompHEP version 4.6

Model parameters
Constraints

2 parameter depend.

Sum 2d tables
Event generator

Enter second parameter
Press any key

= 2 parameter depend.
‘CompHEP version 4.6 x

Choose parameter

bl= 0.00033
sint= 0
KG= 1.2076

KA= 0.93551
CompHEP version 4.6 x 2 parameter depend. Kb= 0.6373

Kc= 0.419
Ks= 0.55

Km= 0.983
Ktau= 0.9933
GG= 1.2136
Dummy= 0

min= 0.7}
2 parameter depend. max= 0.7l

Number of points= 51§

Run table calculations?
CY /N?)

The table of width values is written to the file "width_N.txt".



Summation of arrays of partial decay width values

In the decay width calculation menu in the CompHEP numerical session.

Sum 2d tables

Sum 2d tables

The table of summed partial width values is written to the file "sum2d_N .txt".
This file can be renamed to "width_N.txt" and used as a table-defined function in the model.



Calculating an array of scattering cross-section values depending on
multidimensional arrays of model parameter values (Interactive mode)

In the scattering cross-section calculation menu in the CompHEP numerical session.

CompHEP version 4.6

Itmx = 5

nCall = 98568 Numerical Session |

Use Form Factor NO

Distributions 1
Start <integration ‘
Clear statistic :
Clear grid

Generate events

Al1l subprocess integr.

1 parameter dependence

CompHEP version 4.6

‘ Numerical Session ‘

Choose parameter
CompHEP version 4.6
Sqrt(S)= 8000

EE= 0.31345

SW= 0.48076
Y MZ= 91.188
[Numerical session | Mtop= 17

MH= 125

MR= 125
CompHEP version 4.6 * pi= 3.1416

bl= 0.00033

KG= 1.2076

Numerical Session min= -0.7
max= ¥ |
Number of points= 31}

2 parameter dependence

‘Run table calculations?
CY N ?)
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The table of scattering cross-section values is written to the file "table2d 1.txt".



Calculating an array of scattering cross-section values depending on
multidimensional arrays of model parameter values (Batch mode)

In command mode, edit the file "tablecalc.dat":

~ Subprocess number

~ Current step of 1st parameter

_—__ Current step of 2nd parameter
subprocnum= :; — / ~_— 1lstdummy parameter indicator
countl= 9 _ _
countz= 37 - Number of the 1st parameter in the list
dummyflagl= @ 4 ~_ Minimum value of 1st parameter
paramlnum= 6 4 _
minprmi= 1.000000 crgy 4 Maximum value of 1st parameter

maxprml= 1. EBE}E}E}E}EJ,@E
npointsl= 51 <
dummyflag2= @ <+
param2num= 9 <4
minprm2= -7.000000e-01
e T S ~ Minimum value of the 2nd parameter
npoints2= 51 < __

- Number of steps for 1st parameter
2nd dummy parameter indicator

—— Number of the 2nd parameter in the list

Maximum Value Of the 2nd parameter

 Number of steps for the 2nd parameter

In command mode, run the command "./table batch".



Statistical processing of results and construction of confidence regions in the
space of model parameters

Confidence regions of parameters are determined by searching for the minimum of the function x? :
Nch

Y
2 (s — f1;)
() =)
i 0;
* where ch - is the number of channels for the production of a new particle, p; - theoretical (fitting) value

of signal strength for a given channel, ;" - experimental value of signal strength for a given channel,
0;-0LLNGKa N3MEPEHUS IKCMEPUMEHTASTIbHOM CU/bl CUrHaNa Ans AaHoro KaHana.

The fitted value of the signal strength p; is defined as the value of
the process cross-section predicted by the new model divided by

the value of the cross-section predicted by the Standard Model: Hi = Obsm i/ Osm,i.

Nobs,i - Nbackzgr,i
NSM

signal,i

where Nops,i - total observed number of events, Nobs,i- Number of background events,
Nobs,i - the number of events predicted by the Standard Model.

The experimental value of signal strength is calculated as: fl; =

Finding the minimum of the function y?allows us to determine
10, 20, 30 - confidence regions of the parameters using the formula:  x°=x°min+ Ax?

where Ax?-is a quantile and is determined by the cumulative distribution function.
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Calculating an array of x? function values depending on multidimensional arrays
of model parameter values

In the distribution construction menu in the CompHEP numerical session.

‘CompHEP version 4.6
‘CompHEP version 4.6

Numerical Session 1 1 = =
Numerical Session

Itmx = 5 r .
nCall = 98568 Rescale y variable
Use Form Factor NO Plot 3d surface
Distributions Plot 2d contour
Start integration =

Clear statistic Ca1cu1ate hiA2
Clear grid Sum hiA2 tables
Generate events Plot delta hiA2 contour
A1l subprocess ‘fintegr. Erase data

2 parameter dependence

1 parameter dependence

Numerical Session

Calculate hiA2

pp_bB. txt
pp_1L.txt
pPp_WW. txt

pp_ZZ . txt
T

CompHEP version 4.6

CompHEP version 4.6 Calculate hiA2

SM cross section = 0.04 l\l
= Experimental signal strength = 1.
Calculate hir2 Signal strength error = 0.3'

You can find results in the file
hi2_1.txt
Press any key

The table of scattering cross-section values is written to the file “hi2_1.txt".



New CompHEP functions for data processing and graphical presentation of results

In the distribution construction menu in the CompHEP numerical session.

CompHEP version 4.6

(sub)Process: G,G —> A,A

Monte Carlo session: 2(continue)
Numerical Session

Y . Define variables

ombine istributions on one grap Display 1d distributions
- Combine 1d distributions

Sum corresponding values of several 1D tables > Sum 1d distributions

Sum 1d tables

Sum corresponding values of several 2D tables Plot 1d table
Construct 2d distribution

Add a constant to all table values

i i _Sum 2d tables
Multiply the corresponding values of several 2D tablekt Sum 2d tables

Add constant to table terms
Multiply 2d tables

> Multiply 2d table to koeff.

Divide the corresponding values of 2 tables by each other —— — »| " BaiATelRvde B e 1o] 1

Rescale x variable

Rescale y variable

Plot 3d surface

Plot 2d contour

Multiply all values in the 2D table by a number

Rescale the values of the 1st parameter in the table

Rescale the values of the 2nd parameter in the table

\

Draw a 3D surface based on a table of values Calculate hiA2

Sum hiAZ tables
Plot delta hiAZ2 contour
Erase data

Draw 2D contours based on a table of values

N

Draw 2D exclusion contours based on chi-square table

F1- F2— L1 F4- F5-




Examples of the new CompHEP functions for graphical presentation of results
CompHEP version 4.6

(sub)Process: G,G —> A,A
Monte Carlo session: 2(continue)

r branch fr.

2
c.L
f(lJAZ

Radion-dominated state branch fr. (A,=3 TeV, c=0, sin6=0)

2°Z°

1
5 dc/(dEEﬁ dcosb)

01

0.08

0.06

0.04

0.02

-0.02
-0.04
-0.06
-0.08

010

120 140 160

Global 2 fit, all channels

180 200

—

Numerical Session

F1- F2— 1) F4-

F5-—

Define variables

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

Sum 1d tables
Plot 1d table
Construct 2d distribution

Sum 2d tables

Add constant to table terms
Multiply 2d tables

Multiply 2d table to koeff.
Divide 2d tables

Rescale x variable

Rescale y variable

Plot 3d surface

Plot 2d contour

Calculate hiA2

Sum hiAZ2 tables

Plot delta hiAZ2 contour
Erase data




The functionality of the CompHEP software package has been extended:

The CompHEP package has been extended to handle complicated form factors,
allowing the calculation of decay widths and scattering cross sections in next-to-
leading order of perturbation theory.

A module of the CompHEP package has been developed for automatic sequential
calculations of arrays of decay width and scattering cross-section values depending
on multidimensional arrays of model parameter values.

A module of the CompHEP package has been developed for statistical processing of
results and construction of confidence regions in the space of model parameters.

A module of the CompHEP package has been developed for extended graphical
presentation of results: construction of one-dimensional, two-dimensional and three-
dimensional graphs in the ROOT package format.

This study was carried out as part of the scientific program of the National Center for Physics and
Mathematics, the project “Particle Physics and Cosmology”.
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