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What  underlying theory should explain?

The Nature of 
Electroweak Symmetry 

Breaking

The origin of
Dark Matter 

and 
Dark Energy

The origin of
matter/anti-matter 

asymmetry

The problem of 
hierarchy, fine-tuning, 
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Promising candidates for underlying theory ...

Supersymmetry: 
cMSSM, MSSM, NMSSM, E

6
SSM, ... 

Walking Technicolor 

Little Higgs models with T-parity

 Extradimensional Models:
 Universal and Warp extra dimensions
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Signatures could look alike

SUSYLHT
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First Steps towards “Dictionary”
A.B., Asesh Datta, Rohini Godbole, Bruce Mellado, Andreas Nyffeler, Chara Petridou, D.P. Roy,  

Pramana 72:229-238,2009. e-Print: arXiv:0806.2838 [hep-ph]
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It was realised that
 “Dictionary of LHC Signatures”

in the form of various tables is not 
enough to accommodate all models

and their signatures
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It was realised that
 “Dictionary of LHC Signatures”

in the form of various tables is not 
enough to accommodate all models

and their signatures

We need  dictionary in the form of 
the Model Database and their Signatures

--- 
High Energy Physics Model Database

[HEPMDB]
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High Energy Physics Model Database
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High Energy Physics Model Database
https://hepmdb.soton.ac.uk/

 Developed at Southampton with support from IPPP, Durham 
as a result of ideas discussed in the context of the “Dictionary of LHC signatures”, at the 

FeynRules workshop (April, 2010)  and at the Mini-Workshop on Dynamical Symmetry
Breaking models and tools (July 2010)
 Further discussed at  Les Hocuhes Workshop, June 201
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Functions of HEPMDB (1)

collects HEP models for various multipurpose Matrix Element (ME) 
generators like CalcHEP, CompHEP, FeynArts, MadGraph/MadEvent,  
AMEGIC ++/COMIX within SHERPA  and WHIZARD.
Under “HEP models” we denote the set of particles, Feynman rules and parameters written in the 
format specific for a given package

collects models’ sources which can be used in the HEPMDB to generate 
HEP models for various ME generators using FeynRules or LanHEP  
which automate the process of generating Feynman Rules, particle 
spectra, etc.. 
For the moment, FeynRules supports formats for  CompHEP, CalcHEP, FeynArts, GoSam, 
MadGraph/MadEvent, SHERPA and WHIZARD  Currently LanHEP works with CalcHEP, 
CompHEP, FeynArts and GoSam. Also, the latest LanHEP version 3.15 has an option under testing 
of outputting the model in UFO format  which provides a way to interface it with 
MadGraph/MadEvent

allows users to upload their models and  perform evaluation of HEP 
processes and event generation for their own models using the full 
power of the High Performance Computing (HPC) cluster behind the 
HEPMDB 
This is one of the very powerful features of the HEPMDB: it provides a web interface to 
various ME generators which can then also be run directly on the HPC cluster. This way, 
users can preform calculations for any model from HEPMDB  avoiding problems related 
to installing the actual software, which can sometimes be quite cumbersome
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Functions of HEPMDB (2)

allows to cross check and validate models for different ME generators.
similar functionality is also provided by the FeynRules web validation framework, however, the 
FeynRules web validation is mainly geared towards comparing FeynRules models and can use its 
knowledge of the model format to provide a throughout and highly automatized test procedure for 
those, while HEPMDB works in a more generic way and will provide access to more model formats 
at the price of slightly less automatization. 

collect predictions and specific features of various models in the form of 
database of signatures and perform comparison of various model 
predictions with experimental data (to be developed)
There are a lot of different aspects related to this problem. This task includes a comprehensive 
development of a database of signatures as well as development of the format of presentation of 
these signatures. This format will be consistent with the format which will be used by the 
experimentalists for the presentation of the LHC data, discussed  in the context of the “Les Houches 
Recommendations for the Presentation of LHC Results” activity.

allows to trace the history of the model modifications, and makes 
available all the versions of the model
Through this application, we stress the importance of reproducibility of the results coming from 
HEPMDB or from a particular model downloaded from HEPMDB.
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Similar but qualitatively different 
related projects

“Database of Numerical HEP scattering cross sections”
http://durpdg.dur.ac.uk/HEPDATA/REAC 
collects various particle scattering process which are connected to 
experimental searches of different reactions

 “Signatures of New Physics at the LHC” web-site
http://www.lhcnewphysics.org/  
collects various BSM signatures, their classification and related papers

FeynRules and models database
http://feynrules.irmp.ucl.ac.be
collects various models implemented into FeynRules

HEPMDB can  effectively collaborate with all projects above! 
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The current status of HEPMDB (1)
Allows to  find and download an existing HEP mode. The search 
engine checks patterns in the fields: 
Model, Authors, References, Abstract, Signatures and Information



Alexander  Belyaev 23

      

 HEPMDB

The current status of HEPMDB (2)
one can upload a new model (upon user registration). The model can 
be uploaded in the format of any ME generator. Also, a user can 
upload the model source in FeynRules or LanHEP formats
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The current status of HEPMDB (3)
allows to  the evaluate  cross sections for user-defined processes for 
the chosen model and  produce a respective LHE file with generated 
parton-level events. This file is  becomes available for download once 
the process is finished. 
Currently, the HEPMDB allows the user to perform these calculations (using the HPC) 
for CalcHEP and WHIZARD models only. 
produces ntuple files and allows to plot various kinematical 
distributions
allows to  update/add features and respective signatures specific to 
each model. 
These features and signatures can be used in the future to distinguish the model from 
others and connect it to the LHC signatures.
keeps track of the model changes, providing reproducibility for the 
results obtained with previous versions of the models uploaded to 
HEPMDB
allows to collect feedback/remarks on particular model from users
in Review section
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Future prospects for HEPMDB
(months scale)

The LanHEP and FeynRules packages will be added to provide 
model generation from model sources
The MadGraph/MadEvent and CompHEP packages will be added.
A systematic model validation process will be started and the 
respective pages will be added.
The possibility to study events beyond the parton level will be 
carefully considered, up to detector simulation. 
One concrete possibility would be the chain
LHE events -> HEPMC events -> FASTSIM events (ROOT format)
For the FASTSIM package,  Delphes seems a promising candidate.
The structure of the database of signatures will be extended to deal 
with correlated signatures (i.e., whereby multiple signatures, or lacks 
thereof, must be accounted for simultaneously)



Alexander  Belyaev 26

      

 HEPMDB

Future prospects for HEPMDB
(~year time scale)

we plan to install the MicrOMEGAs package for evaluation of the dark 
matter relic density as well as to provide a possibility for scans of 
various model parameter spaces.
 
the format for model predictions consistent with the format for 
presentation of the LHC data by experimentalists is planned. 

The question about including automatic tools for NLO evaluations is 
under discussion and will be developed further at the
later stages of HEPMDB development.
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Tutorial



Alexander  Belyaev 28

      

 HEPMDB

Remarks on collecting models at 
HEPMDB

there are numerous model implementations exist on the 
market (FeynRules team, LanHEP/CalcHEP/CompHEP 
teams, private implementations)

they are highly complementary and useful 

HEPMDB is the natural place to accommodate all of them
(also allows to private upload)
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SM + extensions 

SM 
B-L symmetric Z' with heavy Majorana 
neutrinos
SM + Z'
general 2 Higgs doublet model
4th generation
Excited fermions
Model with contact interactions
Standard Model + anomalous gauge boson 
couplings
Model of strongly int EW sector 
(5 & 6 dim operators involving Sigma field)

SUSY 

constraint MSSM
general MSSM, with 124 free parameters
NMSSM
RPVMSSM
left-right symmetric MSSM
MSSM with CP violation
E6MSSM 

Example of models created  for CalcHEP

Feynman rules: lgrngxx.mdl

Extra dimensions 

5D UED with 2KK layers

6D UED with 2KK layers

ADD = ADD

RS = Randall Sundrum

Leptoquarks

Complete LQ model

SU(3)xSU(1)xU(1) vector&scalar

Technicolor & Higgsless
Minimal walking technicolor

TC with DM 

3-site model

Hidden Local symmetry model

4SM = general 4-site model

Little Higgs
Littlest higss model with T-parity

LHT + T-parity violation
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Models at FeynRules web-site

Feynman rules: lgrngxx.mdl
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Conclusions

HEPMDB is already a convenient centralized storage 
environment for HEP models. Via web interface to the HPC 
cluster it allows to evaluate the LHC predictions and event 
generation-simulation chain

we hope that starting from the present stage, HEPMDB 
development will be boosted further via involvement of the HEP 
community 
(via direct involvement into HEPMDB, via various projects involving  
HEPMDB, via numerous comments/requests for  HEPMDB features)

 we think that in the near future the HEPMDB will also become 
a powerful tool for isolation of the most successful theory for 
explaining the LHC data
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