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Validation procedure - the four-star system (LH2009)

One whiteboard at Les Houches 2009
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Validation procedure - the four-star system (LH2009)

Any model can be put on the FeynRules website.

First star [DOC]:

* Documentation: description, references, ...
* Complete model or theory fragment.
* Consistency of the input parameters.

Second star [THEO]:

* Basic sanity checks: hermiticity, signs, ...
* Comparison with literature.
* Use of FeynArts/FormCalc possible.

Third star [1MC]:

* The MC is producing reliable results for basic processes.
* Reproduction of the SM results for sectors independent on new physics.
* Gauge invariance, behaviour at high energy.
* Numerical tables for cross sections (future references).

Fourth star [nMC]:

* Reproduce the [1MC] step for more than one MC generator.
* Comparison tables for future references.
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The (almost) most general MSSM - model [BenjF]

A general version of the MSSM (any usual limit easily taken).

* Sfermion sector.
� 6× 6 and 3× 3 CP and flavour violating mixing matrices.
� e.g. “

ũ1, ũ2, ũ3, ũ4, ũ5, ũ6

”T
= R ũ

“
ũL, c̃L, t̃L, ũR , c̃R , t̃R

”T
,“

d̃1, d̃2, d̃3, d̃4, d̃5, d̃6

”T
= R d̃

“
d̃L, s̃L, b̃L, d̃R , s̃R , b̃R

”T
.

* Higgs sector.
� Only 2× 2 mixing considered for the moment.
� To be generalized in version 1.0.2.“

h̃1, h̃2, h̃3

”T
= Rh

“√
2Re{H0

1},
√

2Re{H0
2},A0

tree

”T

* Gaugino/higgsino sector.
� Written in the mass basis (contrary to the rest of the Lagrangian).
� To be changed in version 1.0.2 (generalization purposes).

105 free parameters.

* The SLHA-FR format (SLHA2-like format).
* C++ translator SLHA1/2 ⇔ SLHA-FR (v1.2.1 is coming).
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The (almost) most general MSSM - validation [BenjF]

Handmade vs. automated implementation.

* 2522 vertices, without the four-scalar interactions.
* More that 10000 vertices, with the four-scalar interactions !!!

FeynArts/FormCalc.

4 All 2→ 2 SUSY hadroproduction processes checked with litterature.
[Bozzi, BenjF, Herrmann, Klasen (2007); BenjF, Herrmann, Klasen (2009; in prep.)].

MadGraph/MadEvent (in the cMSSM limit):

* MG-Stock was validated by the CATPISS collaboration [Hagiwara et al. (2006)].

4 320 decay widths.

4 626 2→ 2 SUSY processes. The signs and absolute values of
all the vertices have been checked.

4 2708 2→ 3 SUSY processes.

%u TO DO: check with XSusy for the general MSSM [BenjF, Herrmann (in prep.)].

CalcHep/CompHep (in the cMSSM):

8 626 2→ 2 SUSY processes ⇒ Bugs found in the stock version!
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The (almost) most general MSSM - validation [BenjF]

Some MadGraph/MadEvent and CalcHep results
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The (almost) most general MSSM - to do list [BenjF]

From an almost most general model to the most general one.

* Generalization of the Higgs sector.
* Switch to the gauge basis for the gaugino/higgsino sector.

MadGraph/MadEvent and CalcHep/CompHep.

* Check with XSusy for the general model case.

Sherpa:

* Ongoing validation: one issue related to Majorana particles remaining.
[+ possible hidden stuff].

Whizard:

* Starting validation: compiling issue (too huge model file).
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R-parity violating MSSM [BenjF]

Implementation in FeynRules (not public).

* General mixings.
� Neutrinos/neutralinos & charged leptons/charginos.
� Neutral Higgses/sneutrinos & charged Higgses/charged sleptons.
� The neutralino/chargino sector will be rewritten.

* 105 + 192 free parameters.
� The SLHA-FR format (SLHA2-like format).
� C++ translator SLHA1/2 ⇔ SLHA-FR (not yet there).

FeynArts model file.

* Weird stuff seen (06.09.09) ⇒ under investigations.
* εijk colour structure not hardcoded in FeynArts/FormCalc.
* The model works seems to work!

MadGraph model files [with J. Andrea].

* Created with one single R-parity violating parameter (λ′′ijk )
[8 hours with a 8GB RAM machine⇒ LHCGRID?].

* The model files are compiling [with normal machines].
* εijk colour structure: the validation will soon start.
* To do: validation against (Pythia)/Herwig/SusyGen.
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The Next-to-Minimal Supersymmetric Standard Model [BenjF]

Implementation in FeynRules (not public).

* General mixings.

� Extended neutralino sector.
� Extended Higgs sector.
� The neutralino/chargino sector will be rewritten.

* 105 + 10 free parameters.

� The SLHA-FR format (SLHA2-like format).
� C++ translator SLHA1/2 ⇔ SLHA-FR (seems to work).

MadGraph and CalcHep model files [with F. Braam, J. Reuter].

* Validation against the stock version of Whizard.
* ≈ 60 e+e− processes checked.
* τ+τ− processes: issues with the neutralinos and the Higgses.
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The Standard Model [N. Christensen, C. Duhr]

Best complete results (with some Sherpa and Whizard issues):

CalcHep, CompHep, MadGraph/MadEvent, Sherpa and Whizard results
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Model database (FeynRules v1.4.0)

New public models interfaced to Monte Carlo tools.

[Christensen, de Aquino, Degrande, Duhr, BenjF, Herquet, Maltoni, Schumann, arXiv:0906.2474].

* The most general two-Higgs-doublet model [C. Duhr, M. Herquet].
* Universal extra dimensional models [P. Aquino].
* The Minimal Higgsless Model [N. Christensen].

* Full agreement has been obtained after comparing:

� FeynRules-generated CalcHep, MadGraph, Sherpa versions.
� Existing MadGraph and/or CalcHep (stock) versions.

New public models not interfaced to Monte Carlo tools.

[Christensen, de Aquino, Degrande, Duhr, BenjF, Herquet, Maltoni, Schumann, arXiv:0906.2474].

* Large extra dimensional models [P. Aquino].
* Chiral pertubation theory [C. Degrande].
* Strongly interacting Light Higgs models [C. Degrande].

* FeynArts investigations have been performed.
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The Two-Higgs-Doublet model [C. Duhr, M. Herquet]

Model description: [Branco, Lavoura, Silva, (1999)].

* Two SU(2) Higgs doublets with the same hypercharge (Y = +1).
* Contains the most general Higgs potential: 14 new free parameters.
* Contains the most general Yukawa interactions with all the Higgses.

4 CalcHep/MadGraph: 185 2→ 2 processes.

* Matrix elements evaluated at given phase space points.

Some CalcHep/MadGraphresults
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Minimal Universal Extra Dimensions [P. de Aquino]

Model description.

* Five-dimensional model with a spatial and compact fifth dimension.
* All Standard Model particles can propagate in the fifth dimension.
* Kaluza-Klein towers of new particles for each Standard Model particle.

4 CalcHep/MadGraph: 118 2→ 2 processes.

Some CalcHep/MadGraphresults
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The Minimal Higgsless model [N. Christensen]

Model description: [Chivukula, Coleppa, Di Chiara, Simmons, He, Kurachi, Tanabashi (2006)]

* 5D SU(2)× SU(2)× U(1) theory in a slice of Anti-deSitter space.
* Gauge invariant higgsless model with delocalized fermions.
* New extra gauge bosons and fermions.

4 CalcHep, CompHep, MadGraph, Sherpa, Whizard: 224 2→ 2 processes.

CalcHep, CompHep, MadGraph, Sherpa and Whizard results

No remaining issues here!
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Future developments with new models

The validation and implementation of models are ongoing!

SUSY models.

* MSSM, RPV MSSM, NMSSM: ongoing work.

* Dirac gauginos [C. Duhr, P. Fox, BenjF, G. Kribbs, A. Martin].

� Private MadGraph and CalcHep versions are existing.
� http://www.lpthe.jussieu.fr/LesHouches09Wiki/index.php/Dirac Gauginos.

* Left-Right symmetric MSSM [M. Frank, BenjF, I. Turan].

� One private CalcHep version is existing.

6D Universal Extra Dimensions. [Cacciapaglia, Deandrea, Llodra-Perez (2009)].

“...The model is being implemented in the FeynRules package [20] and it will be
made publicly available [...]”

Inclusion of two (or more than 50 excitations) in the 5D UED model [I. Turan].

Various CMS analyses based on FeynRules models [R. Plestina, P. Sellers, S.

Fonseca, P. Ribeiro].

Standard Model with Excited Leptons (ATLAS) [G. Azuelos, BenjF].

U(1)B−L [L. Basso].
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