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Computer Tools

Model (Lagrangian)

* LanHEP 
* FeynRules 
* Sarah3
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- MicrOmegas (CalcHEP) 
- MadDM (MadGraph) 
- FeynCalc and Feynarts
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theory.sinp.msu.ru/~semenov/
lanhep.html

1

feynrules.irmp.ucl.ac.be/

sarah.hepforge.org/

lapth.cnrs.fr/micromegas/
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launchpad.net/maddm

feyncalc.github.io/ 
www.feynarts.de/
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Dark Matter 
observables



LanHep

First step

Download from the web 
site and unpackaged the 
file, the latest version is 
recommended



To create the executable file lhep, type:

Compile (install)

LanHEP directory

make

Executable file that generates 
the files with Feynaman rules



Model files directory

output directory Source file Output file extension

Create output files
./lhep -OutDir OUTPUT DIR/ FILE DIR/FILE.mdl -tex

Path for your 

output files

Path for your 

input files

Path for your 

output files

Type of the 

o u t p u t 

files



Types of files

Now, for micrOmegas

Lgrng.mdl 
prtcls.mdl 
Vars.mdl 
Func.mdl

Output files: 
Contains the Feynman rules 
It is for the particles 
It is for model parameters 
It is for relations defined in model file

Extension .mdl is for -ca



File.mdl structure

output directory
output directory

To select a 
gauge  

To define 
character

To 
comment



File.mdl structure

I t i s u s e d to 

d ef i n e mo de l 

parameters and 

their values

Introduces comments

Def ine s gauge 

bosons

Defines scalars

Anti-particle
Particle



File.mdl structure

Defines fermions

It is used to define relations between 

fields or parameters

q3 = ( t
b)



File.mdl structure

(W3
B1 ) = ( cos θW sin θW

−sin θW cos θW) (Z
A)

It will be used for Dμ

−
1
4

FμνFμν

Gene r at e s p ar t o f 

Lagrangian, in this case



ψ̄γμPLDμψ

File.mdl structure

ψ̄γμPRDμψ

Yukawa couplings



File.mdl structure

Higgs Doublet 

(Dμϕ)†(Dμϕ)

Dμϕ

−2λ(ϕ†ϕ − v2/2)2



Standard model + Singlet

Scalar field is defined as DM candidate with ~

(DμS0)(DμS0)

V = μs(S0S0) +
1
2

λs(S0S0)(ϕ†ϕ)



Inert Doublet Model
V = μ2

1 |ϕ1 |2 + μ2
2 |ϕ2 |2 + λ1 |ϕ1 |4 + λ2 |ϕ2 |4 + λ3 |ϕ1 |2 |ϕ2 |2 + λ4 |ϕ†

1 ϕ2 |2 + [ λ5

2
(ϕ†

1 ϕ2)2 + h . c . ] .

ϕ2 = (
H+

(X + iH3)/ 2)

m2
H± = μ2

2 + λ3v2/2,
m2

X = μ2
2 + (λ3 + λ4 + λ5)v2/2,

m2
A = μ2

2 + (λ3 + λ4 − λ5)v2/2.



V = μ2
1 |ϕ1 |2 + μ2

2 |ϕ2 |2 + λ1 |ϕ1 |4 + λ2 |ϕ2 |4 + λ3 |ϕ1 |2 |ϕ2 |2 + λ4 |ϕ†
1 ϕ2 |2 + [ λ5

2
(ϕ†

1 ϕ2)2 + h . c . ] .

Inert Doublet Model

(Dμϕ1)†(Dμϕ1)

(Dμϕ2)†(Dμϕ2)



MicrOMEGAs

G. Belanger, F. Boudjema, A. Pukhov, arXiv:1402.0787



MicrOMEGAs
Download and unpackaged the file micromegas_5.0.8.tgz

Installation: Compile with “make” inside the directory 

continue compiling . . .



MicrOMEGAs files

Models

to create a new model directory 

generator of matrix elements for micrOMEGAs 

sources/ micrOMEGAs code

to compile the kernel of the package

micrOMEGAs code

external codes

specify the fonts for graphics in CalCHEP

to remove compiled files

contains library micromegas.a

include files for micrOMEGAs routines



IDM directory

directory for routines specific to this model

vars1.mdl free variables 

func1.mdl constrained variables 

prtcls1.mdl particles 

lgrng1.mdl Feynman rules

assign numerical values to the parameters

to compile the library work/work aux.a

to compile the auxiliary code library lib/aLib.a

File with sample 

main programs

s t o r a g e o f m a t r i x 

elements generated by 

CalcHEP

d i re cto r y conta in ing 

lanhep source model files



The main.c file



The main.c file, cont…

Start the routine



Modules for main program



Relic density 

Start the 

code

Call the 

modules

Conditional statement to ensure the use of the file data.par



Read the values 

from data.par

Find DM candidates 

inside the model file

Find DM candidates 

inside the model file

Compute relic density



darkOmega(&Xf, fast, Beps, &err )

Calculates the dark matter relic density.  

This routine solves the Boltzmann differential evolution equation

characterizes the freeze-out temperature

Ωh2

The parameter Beps defines the criteria for including a given coannihilation 

channel in the computation of the thermally averaged cross-section. The 

recommended value is Beps =             whereas if Beps  =1 only annihilation 

of the lightest odd particle is computed.

The fast=1 forces the fast calculation. This is the recommended option and 

gives an accuracy around 1%.

Xf =
MDM

Tf
, Tf

10−6 − 10−4

Non-zero error code means that the temperature where thermal equilibrium 

between the DM and SM sectors is too large.



make main=SOME_NAME.c

Now it's the turn to compile our code

Ready to obtain the DM relic density 



./SOME_NAME data.par

dataI.par is used to give 

different values to the 

model parameters

Run the compile file with:



For instance, a data1.par file structure



Start up with new model

./newProject MODEL NAME

In the principal directory



Then, the new directory is created

main.c file as the others 

model directories The work directory is 

ready to introduce the 

model files: var.mdl, 

parameter.mdl, lng.mdl, 

func.mdl



Example : SM+Singlet

make main=MAIN NAME.c

./MAIN NAME >> EXIT FILE.txt

Again, main file is compiled

We execute it and we extract the 

values as text



Example : SM+Singlet

* Use random variable for    and 

* Select only the values that satisface  

λs MDM

Ω2
DM = 0.1186 ± 0.002 *

*M. Tanabashi et al. (Particle Data Group),(2018)
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Another Example: IDM+Singlet

M.A. Arroyo-Ureña, R. Gaitan, R. Martinez, J.H. Montes de Oca. 
e-Print: arXiv:1907.08231 [hep-ph] 

excludesBR(Z′� → l−l+)
with mZ′� < 3TeV for gx = 0.4



Summary

* LanHep is a program to translate the information of a 

model into the language of CalcHEP, FeynCalc, 

MadGraph and Latex. 

* LAnHEP is as easy to use as Latex 

* MicroMEGAs is a program to study physics and obtain 

numerically the observables associated with dark matter. 

* MicrOMEGAS vs. Work by hand, this is a safe bet.

Thank you for your attention 

josehalim@comunidad.unam.mx


