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Checking Higgs constraints

HiggsBounds/HiggsSignals [Bechtle et al.,0905.2190,1102.1898,1305.1933]

HiggsBounds tests models against the exclusion bounds obtained
by LEP, the Tevatron and the LHC.

HiggsSignals performs a χ2 test of the Higgs sector predictions
against the measured signal rates and masses.

Two possible input modes are supported out-of-the box

SARAH generated SPheno versions write all necessary input files for
the effective coupling (effC) input
SLHA files written by SPheno include blocks with effective coupling
ratios
→ Provide relative strength of Higgs couplings in a readable form

already discussed in last session

→ Can be used for models with up to 5 neutral scalars

Higgs Constraints: HiggsBounds/HiggsSignals
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SPheno output

Make sure that you use
LesHouches.in.SMSSM

Block SPhenoInput # SPheno specific input

...

76 1 # Write HiggsBounds file

to get the input files from SPheno

HiggsBounds 5
HiggsBounds 5 will use a slightly different input format. You can switch to
the new format via

LesHouches.in.SMSSM
Block SPhenoInput # SPheno specific input

...

76 2 # Write HiggsBounds file

we use in the following still version 4.3.1.

Higgs Constraints: HiggsBounds/HiggsSignals
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Running HiggsBounds

The input syntax for HiggsBounds is

Terminal

./$HBPATH/HiggsBounds analyses input #neutral #charged data

Command to run HiggsBounds

which analyses shall be considered:
→LandH for lepton and Hadron data

the input mode:
→ effC for effective coupling input; SLHA for SLHA input

number of neutral and charged Higgs particles

Location of the input files from SPheno
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Running HiggsBounds

The input syntax for HiggsBounds is

Terminal

./$HBPATH/HiggsBounds analyses input #neutral #charged data

Command to run HiggsBounds

which analyses shall be considered:
→LandH for lepton and Hadron data

the input mode:
→ effC for effective coupling input; SLHA for SLHA input

number of neutral and charged Higgs particles

Location of the input files from SPheno

In our case
Terminal

> ./../HiggsBounds-4.3.1/HiggsBounds LandH effC 5 1 ../SPheno-4.0.3/
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Example

Higgs Constraints: HiggsBounds/HiggsSignals
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HiggsBounds output

The results are written to HiggsBounds_results.dat

The main information is
HBresult: 1 allowed, 0 ruled out
chan: the most sensitive channel
obsratio: observation rate; 1 is the threshold to rule out a point

A list with all included analyses is shown in Key.dat

Higgs Constraints: HiggsBounds/HiggsSignals
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Running HiggsSignals

The input syntax for HiggsBounds is

Terminal

./$HSPATH/HiggsSignals analyses mode pdf

input #neutral #charged data

Higgs Constraints: HiggsBounds/HiggsSignals
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Running HiggsSignals

The input syntax for HiggsBounds is
Terminal

./$HSPATH/HiggsSignals analyses mode pdf

input #neutral #charged data

Command to run HiggsSignals

which analyses shall be considered:
→latestresults for the newest included data

χ2 method

parametrisation of ∆mh: 2 → Gaussian

the input mode:
→ effC for effective coupling input; SLHA for SLHA input

number of neutral and charged Higgs particles

Location of the input files from SPheno

Higgs Constraints: HiggsBounds/HiggsSignals
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Running HiggsSignals

The input syntax for HiggsBounds is

Terminal

./$HSPATH/HiggsSignals analyses mode pdf

input #neutral #charged data

In our case:
Terminal

> ./../HiggsSignals-1.4.0/HiggsSignals latestresults peak 2

effC 5 1 ../SPheno-4.0.3/

Higgs Constraints: HiggsBounds/HiggsSignals
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Example
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HiggsSignals output

The results are written to HiggsSignals_results.dat

The main information is
csq(mu), csq(mh): χ2 for signal rates and mass
csq(tot): total χ2

Pvalue: p-value

A list with all included analyses is shown in Key.dat

Higgs Constraints: HiggsBounds/HiggsSignals
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Vacuum Stability: Vevacious
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Vevacious

Vevacious . . . [Camargo-Molina,O’Leary, Porod, FS, 1307.1477]

. . . is a tool to find the global minimum of the 1-loop effective potential
and checks the stability of the ’correct’ vacuum.

Written in Python and C++; includes LHPC [O’Leary]

Makes use of HOM4PS, pyminuit and CosmoTransitions

[Lee, Yi, Tsai,Computing, 83, pp109-133],[Wainwright,1109.4189]]

vevacious.hepforge.org

Vacuum Stability: Vevacious
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Vevacious input

Vevacious mode files
Vevacious needs the scalar potential, tadpole equations and all
VEV-dependent masses assuming all VEVs the user wants to allow

(i.e. for CCB but CP conservation, one has two 49×49 mass matrices for scalars,a 61×61 matrix for fermions and a 12×12 matrix for

vectors)

Vevacious comes with different model files for the MSSM which
work with public spectrum generators

Vevacious model files for other VEV configurations or models can
be generated with SARAH.

Input values taken form SARAH generated SPheno version

Vacuum Stability: Vevacious
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Adding a new model to Vevacious I

The command to generate the Vevacious files is

Mathematica

MakeVevacious[ Options ];

The main options are

ComplexParameters -> LIST

IgnoreParameters -> LIST

Scheme -> DR/MS

To speed up the Vevacious runs, the default assumptions are:

No CP violation

No Flavour violation

Vacuum Stability: Vevacious
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Adding a new model to Vevacious II

It’s useful to copy the model files to the Vevacious model directory
Terminal

> cd VEVACIOUSdir

> cp $SARAHdir/Output/$MODEL/Vevacious/$MODEL.vin models

An additional Vevacious input file is needed to state
Which spectrum file shall be used
Which model file shall be used
Where is HOM4PS2 located
Where is CosmoTransitions located
. . .

Vacuum Stability: Vevacious
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Adding a new model to Vevacious II

It’s useful to copy the model files to the Vevacious model directory
Terminal

> cd VEVACIOUSdir

> cp $SARAHdir/Output/$MODEL/Vevacious/$MODEL.vin models

An additional Vevacious input file is needed to state
Which spectrum file shall be used
Which model file shall be used
Where is HOM4PS2 located
Where is CosmoTransitions located
. . .

$INPUT.xml

<model_file>

$VEVACIOUSdir/models/$MODEL.vin

</model_file>

<slha_file>

$VEVACIOUSdir/SPheno.spc.$MODEL

</slha_file>

...
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Work-flow
Once everything is set up . . .

1 Run spectrum generator as usual and give the spectrum file to
Vevacious

2 Run Vevacious via
Terminal

> cd VEVACIOUSdir/bin

> Vevacious.exe --input=$INPUT.xml

3 Vevacious checks if the the input minimum is the global one
1 Tree-level tadpoles are solved with HOM4PS2

→ If there is no degeneracy, all tree-level are guaranteed to be found
2 One-loop minima are found by rolling down from tree-level minima

with pyminuit

4 If the input minimum is not the global one, the tunnelling time is
calculated calling CosmoTransitions

One can skip this via
Terminal

> cd VEVACIOUSdir/bin

> Vevacious.exe --input=$INPUT.xml --should_tunnel=False

Vacuum Stability: Vevacious
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The Vevacious output

Vevacious returns
The overall stability of the point
The stability at zero and non-zero temperature
The depth of the input minimum and panic minimum
The VEV configurations for input minimum and global minimum
The life-time at zero temperature
The best tunnelling temperature

The same information is also attached in the SLHA format to the
spectrum file

Vacuum Stability: Vevacious
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The Vevacious output

Vevacious returns
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Vevacious_results.xml

<reference version="1.2.00" citation="..." />

<stability slha_summary_code="0" > ... </stability>

<quantum_stability> ... </quantum_stability>

<thermal_stability> ... </thermal_stability>

<global_minimum relative_depth= "..." v1="..." v2="..." ... />

<input_minimum relative_depth= "..." v1="..." v2="..." ... />

<lifetime action_calculation="..." > not_calculated </lifetime>

<tunneling_temperature ... >...</tunneling_temperature>

The same information is also attached in the SLHA format to the
spectrum file
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Example: Setting up Vevacious

1 Generate the model files

2 Copy the model files
3 Create the Vevacious input file

Vacuum Stability: Vevacious
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Example: Setting up Vevacious

1 Generate the model files
2 Copy the model files
3 Create the Vevacious input file

. . .
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Example: Running Vevacious

1 Copy the spc file and run Vevacious

2 Check the results

Vacuum Stability: Vevacious
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Dark Matter: MicrOmegas
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Dark Matter constraints with MicrOmegas

MicrOmegas

Calculation of Dark Matter relic density

Calculation of direct and indirect detection rates

Implementation of a new model
MicrOmegas uses CalcHep to calculate the scattering amplitude
→ the CalcHep model files created by SARAH can be used to
implement a model in MicrOmegas

SARAH writes examples for ’main files’ to run MicrOmegas

The parameters of SPheno can be passed to MicrOmegas using the
SLHA+ functionality

Dark Matter: MicrOmegas
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MicrOmegas uses CalcHep to calculate the scattering amplitude
→ the CalcHep model files created by SARAH can be used to
implement a model in MicrOmegas

SARAH writes examples for ’main files’ to run MicrOmegas

The parameters of SPheno can be passed to MicrOmegas using the
SLHA+ functionality

Dark Matter: MicrOmegas
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Getting the CalcHep files

The command to generate the CalcHep files is

Mathematica

MakeCHep[ Options ];

Some of the possible options are:

CPViolation -> True/False: shall parameters treated as complex

SLHAinput -> True/False: are the parameters passed via an
SLHA file

CalculateMasses -> True/False: shall (tree-level!) masses
calculated internally

IncludeEffectiveHiggsVertices -> True/False: shall
diphoton/digluon vertices be included

Dark Matter: MicrOmegas
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Adding the model to MicrOmegas

The new model is added to MicrOmegas as follows
1 Go to the MicrOmegas main directory and create a new project

Terminal

> cd MICROMEGASdir

> ./newProject $NAME

2 Go to the new project directory and copy the SARAH generated files
into the work directory

Terminal

> cd $NAME

> cp $SARAHdir/Output/$MODEL/EWSB/CHep/* work/models/

3 Copy one of the example main files cpp files created by SARAH to
the project directory and compile it

Terminal

> cd work/models/CalcOmega.cpp

> make main=CalcOmega.cpp

Dark Matter: MicrOmegas
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Caution!

Input for MicrOmegas
In order to use a SPheno spc file with MicrOmegas, use

LesHouches.in.SMSSM
Block SPhenoInput # SPheno specific input

...

77 1 # Output for MicrOmegas

Dark Matter: MicrOmegas
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Running MicrOmegas

1 Copy the SPheno spectrum file to the project directory
Terminal

> cp $SPhenodir/SPheno.spc.$MODEL .

2 Run the executable
Terminal

> ./CalcOmega

The first run might take quite some time. The next points are very fast, if no new amplitudes

need to be compiled.

3 MicrOmegas will print the input and show the freeze-out temperature,
relic density (Ωh2) as well as the annihilation channels on the screen:

Screen

Xf=1.52e+01 Omega h^2=1.02e-01

# Channels which contribute to 1/(omega) more than 1%.

# Relative contributions in % are displayed

30% ~A ~A ->X X

27% ~A ~A ->Y Y

...

Dark Matter: MicrOmegas
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Example: Setting up MicrOmegas

1 Create the CalcHep model files

2 Create a new project
3 Copy the model files, compile the main file
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Example: Running MicrOmegas

Copy the spc file and run MicrOmegas

. . .

. . .
Dark Matter: MicrOmegas
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Collider:
MadGraph, CalcHep, WHIZARD, . . .
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Collider studies: MC tools

The collider phenomenology of a new model can be studied with one
of the several Monte-Carlo tools.
SARAH provides interfaces to

CalcHep (as seen already)
WHIZARD

The UFO format which is understood by several tools (e.g.
MadGraph, Herwig++, WHIZARD)

We focus in the following on the UFO format
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Getting the UFO files

The command to generate the UFO files is

Mathematica

MakeUFO[ Options ];

The possible options are:

Exclude->LIST: list of generic types which are not included in the
output; default: {SSSS,GGS,GGV}

IncludeEffectiveHiggsVertices-> True/False: include the
diphoton/digluon vertices?

Collider: MadGraph, CalcHep, WHIZARD, . . .
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Using UFO files with MadGraph

The following steps are necessary to add and use a new model in
MadGraph

1 Copy the UFO files in the MadGraph model directory
Terminal

> cp -r SARAHdir/Output/$MODEL/EWSB/UFO/ $MGdir/models/$NAME

2 Run MadGraph
Terminal

> cd $MGdir

> ./bin/mg5_aMC

3 Load the model
MadGraph

import model $NAME -modelname

Note the option -modelname which is necessary to prevent naming conflicts

4 One can now generate a given a process and output
MadGraph

generate p p > X X

output test_process

Collider: MadGraph, CalcHep, WHIZARD, . . .
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MadGraph and SPheno spectrum files

Before launching the numerical calculation, one needs provide a
parameter card

MadGraph can in principle read SLHA files from SPheno

Input for MadGraph
In order to use a SPheno spc file with MadGraph, use

LesHouches.in.SMSSM
Block SPhenoInput # SPheno specific input

...

78 1 # Output for MadGraph

The spc file can then directly set as parameter card
Terminal

> cp -r SPHENOdir/SPheno.spc.$MODEL

$MGdir/test_process/Card/param_card.dat

Collider: MadGraph, CalcHep, WHIZARD, . . .
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Example: Setting up the model and the
process

1 Copy the UFO files to the model directory of MadGraph

2 Run MadGraph

3 Load the model
4 generate a process, e.g. pp → h1Z

5 output the process

Collider: MadGraph, CalcHep, WHIZARD, . . .

Florian Staub – SARAH (part IV): Interfaces to other tools (Tools Bootcamp, 24.10.17) 35/41



Example: Setting up the model and the
process

1 Copy the UFO files to the model directory of MadGraph
2 Run MadGraph

3 Load the model
4 generate a process, e.g. pp → h1Z
5 output the process

Collider: MadGraph, CalcHep, WHIZARD, . . .

Florian Staub – SARAH (part IV): Interfaces to other tools (Tools Bootcamp, 24.10.17) 35/41



Example: Setting up the model and the
process

1 Copy the UFO files to the model directory of MadGraph
2 Run MadGraph

3 Load the model

4 generate a process, e.g. pp → h1Z

5 output the process

Collider: MadGraph, CalcHep, WHIZARD, . . .

Florian Staub – SARAH (part IV): Interfaces to other tools (Tools Bootcamp, 24.10.17) 35/41



Example: Setting up the model and the
process

1 Copy the UFO files to the model directory of MadGraph
2 Run MadGraph

3 Load the model
4 generate a process, e.g. pp → h1Z

. . .

5 output the process

Collider: MadGraph, CalcHep, WHIZARD, . . .

Florian Staub – SARAH (part IV): Interfaces to other tools (Tools Bootcamp, 24.10.17) 35/41



Example: Setting up the model and the
process

1 Copy the UFO files to the model directory of MadGraph
2 Run MadGraph

3 Load the model
4 generate a process, e.g. pp → h1Z

5 output the process

. . .

Collider: MadGraph, CalcHep, WHIZARD, . . .

Florian Staub – SARAH (part IV): Interfaces to other tools (Tools Bootcamp, 24.10.17) 35/41



Example: providing a parameter card

The following steps are done in a second terminal:
1 Change the LesHouches input file SPheno

2 Run SPheno again
3 Copy the output to MadGraph

Collider: MadGraph, CalcHep, WHIZARD, . . .
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Running the process

Now you can launch the process

After some time the cross section is printed:

Collider: MadGraph, CalcHep, WHIZARD, . . .
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Running the process

Now you can launch the process

After some time the cross section is printed:

For more details how to use MadGraph or other MC Tools
→ you find many examples on google/arxiv

Collider: MadGraph, CalcHep, WHIZARD, . . .
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Loop calculations:
FeynArts/FormCalc
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FeynArts model files

SARAH can also generate model files for FeynArts

Mathematica

MakeFeynArts[ Options ];

The options are
Eigenstates -> NAME

AddCounterTerms -> True/False: if counter-terms shall be added

The files need to be copied to the model directory of FeynArts
Terminal

> cp $SARAHdir/Output/$MODEL/FeynArts/$MODEL.mod $FEYNARTSdir/Models/

The files are loaded via the option of InsertFields
Mathematica

InsertFields[topology, process, Model->"$MODEL"]

Loop calculations: FeynArts/FormCalc
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Example

1 Get the model files from SARAH

2 Copy the files
3 Load the model while inserting fields
4 Paint some diagrams for instance

Loop calculations: FeynArts/FormCalc
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Example

1 Get the model files from SARAH

2 Copy the files
3 Load the model while inserting fields
4 Paint some diagrams for instance

For all other functions of FeynArts → see Thomas’ tutorials!

Loop calculations: FeynArts/FormCalc
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Summary

SARAH/SPheno can be combined with several other tools to get
quickly all kind results for a new model

We have looked at examples of Higgs constraints, vacuum stability,
dark matter properties and collider pheno

If you want to know more
Check the wiki page: http://stauby.de/sarah_wiki

If you need help
Please, use the forum instead of writing mails:
http://stauby.de/sarah_userforum
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