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MSSM Benchmarks Wrong !g

Involve SUSY sector: H+

1. Can be loop effects entering SM-like channels: LHS (see Belyaev’s 
contribution below) & Sven’s talk today

2. Can be real effects generating new channels H+/- -> SUSY or SUSY -> 
H+/- or SUSY & H+/-



H+      SUSY  

* Philosophy so far:  scan parameter space to optimise leptonic signals (easiest) 
* Discovery areas for different channels correspond to different SUSY configurations
* Problem: discovery plots cannot be superimposed (what’s true LHC potential ?)
* Alternatively: adopt SUSY Higgs benchmark points (a la SPS, LHC points, etc.)



SUSY benchmark points in mA tan β plane 

Snowmass points and slopes: SPS
4

⇒Require dedicated study to give suitable set of benchmark points

Snowmass points and slopes: SPS
hep-ph/0202233

Chosen with SUSY space rather 
th Hi i i dh A H H± 78 than Higgs space in mind.

9 points:  5+1 mSugra, 2 GSMB,
1 AMSB
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Benchmarks from Heinemeyer et alh,A,H,H± h,H±h,H,H±

h,H

may be useful in this respect ?
(For virtual SUSY effects.) 
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Sven’s slides here.



Virtual effects of SUSY (departing from max mix ?)







H+ h,

N t iNot max mix
Also signature
of Kanemura
et al Type X

Need to adopt
a new mixing
scenario after the

et al Type X
model

scenario after the 
demise of min max ?



Besides …



Based on CPC CPSuperH !
Agrees with Hdecay, Also 
FeynHiggs finds LHS but for
slightly different A’s & μ …



The wedge/threshold region through H+ signals

From previous slide: AH+ could help too !AH+



NMSSM Benchmarks for H+ searches

Interesting new phenomenology for a light charged Higgs boson at the LHC



P5 cannot be a benchmark for
BR(H+ -> W+A1)~1x10^3 &
BR(H+ -> W+H1)~1x10^2

NMSSMTools from Ellwanger et
all include constrained/universal 
NMSSM version with RGE evolution,
in addition to test all exp. bounds and
generating all EW level spectra of 
couplings and masses as well as
all decay rates  

O t t b f d i t bli NMSSMOutput can be fed into a public NMSSM
CalcHEP/Pythia event generator via
SLHA2

Proper simulations could be done right
now !



Some interesting NMSSM scenarios for the Charged Higgs sector
(to be discussed in Benchmark Break-out Session)( )

Must be different from MSSM:
1)   H+ -> W+A1 (a la Godbole/Roy) but also WH1 & WH2 ) ( y)
2a) H3/A2 -> W-H+
2b) H3 -> H+H- (by CPC, A cannot decay to 2 charged Higgses!)
3) m+ ≠ mA (mH+ just above mH2 and mA1 H3 A2 heavy and singlet )3) m+ ≠ mA (mH+ just above mH2 and mA1, H3, A2 heavy and singlet )
4) m+ << mt-mb (a la Godbole/Roy)
5) m+ > mt-mb, all other Higgses < mt

NMSSM (weak scale). Soft masses for sleptons at 1 TeV, 2.5 TeV for trilinears and 
150 GeV 300 GeV 1TeV for M1 M2 M3 risp I then randomly scanned on lambda150 GeV, 300 GeV, 1TeV for M1, M2, M3 risp. I then randomly scanned on lambda, 
kappa, Alambda, Akappa, mu and tan(beta), taking 10^9 points. Positive mass 
squared for all scalars, all exp. constraints (LEP/Tevatron limits, b->sγ, g−2, etc.)



Establish a benchmark from Abdesslam’s scans ?



MSSM+1CHT Higgs Sector

Higgs content: 
• 3 CP even neutral Higgs states• 3 CP-even neutral Higgs states
• 2 CP-odd neutral Higgs states
• 6 C.C. charged Higgs states (3 masses)

Diaz/Hernandez/Moretti/Rosado, 2007

Scenario A, λ=0.1

Two Higgs states
below top mass



Possible benchmarks (Diaz-Cruz/Hernandez-Sachez/Moretti/Rosado, 2007)

B1. The point mu2=100 GeV, lambda=0.1, A=200 GeV for say tan(beta)=30
or 50 as represented in Fig 1 (left panel) This is an interesting situation inor 50 as represented in Fig. 1 (left panel). This is an interesting situation, in 
which one has both MH+/-(1) and both MH+/-(2) below mt, so that one could 
have two charged Higgs decays of a top quark that may be accessible (see 
Fi b l ) t T t d/ LHCFig. below) at Tevatron and/or LHC.



B2. The point mu2=100 GeV, lambda=0.5, A=200 GeV for say
tan(beta)=50 see Fig below Here there seems to be scope to access H+/-tan(beta) 50, see Fig. below. Here, there seems to be scope to access H+/
(1) in top decays as well as H+/-(2) in either tb or W+/-A0(1)/H0(1) or both, 
see row 3 of Tab. below, at least for the LHC.

Assumes 100 inverse fbAssumes 100 inverse fb



Possible 2HDM II Benchmarks for H+/- (I): H+ -> W+ bb

Branching of Wbb with A mediation is smaller 
than 10^-4 as mH+=mA is kept to avoid thep
ρ parameter constraints.

LEP search limits enforced, B-> sγ compliant &γ p
Unitarity respected.

Kanemura/Moretti/Mukai/Santos/Yagyu,
preliminary (also following figures).

CPV in progress (with P. Osland)



Possible 2HDM II Benchmarks for H+/- (II): H -> H+H- & W+H-



Possible 2HDM II Benchmarks for H+/- (III): A -> W+H-



Poor scope in the MSSM !!! How about 2HDM type II ?
1 C h Hi Hi W li1. Can enhance Higgs-Higgs-W coupling 
2. Can choose Higgs masses in s-channel propagators suitably to remove 

MSSM cancellations

General question, how to distinguish/rule out different 2HDMs ?



Higgs Triplet Model

“Yukawa” int. with a complex Higgs triplet

Higgs potential



Production

Production at hadron collider : 

P F Perez et al stressed in A G Akeroyd M Aoki PRD72 035011P.F. Perez et al,
PRD78,015018

stressed in A.G. Akeroyd, M. Aoki, PRD72,035011



Benchmark Points



Rationale for the benchmarks (from A Akeroyd)

Main aim is to show that all six leptonic decays of H++ should be given equal importance, since there are 
scenarios in the model where each of the six can be the dominant one, and even scenarios where all six are 
roughly equal in magnitude.roughly equal in magnitude. 

BRs are mainly determined by three unknown parameters (two Majorana phases and one  neutrino mass).

W d h l h i l i i h h i ifi l f h l h hWe do not have any real theoretical motivation when choosing specific values of these parameters, although 
choosing non-zero Majorana phases has motivation from maybe leptogenesis. However, I think that this 
simple model has to be extended in order to accommodate realistic leptogenesis.

Full detector simulations have not been carried out for pp to W to H++H-. (Even for pair production, pp to 
H++H--, only a few full detector simulations have been carried out). The simulations in Han arXiv:0805.3536 
and Del Aguila 0808.2468 or pp to H++H- (which are currently the only ones for this mechanism) are not 
f ll d i l ifull detector simulations.

As for event generators, the Del Aguila paper on page 13 talks about the new event generator "triada" which 
contains all these production processes and H++ to ll decay. As for us, our plans were to do a CALCHEP co a s a ese p oduc o p ocesses a d o decay. s o us, ou p a s we e o do a C C
triplet model file which can be used as input for PYTHIA.This project will take some time and I don`t think 
we will have anything complete in the near future. Del Aguila et al seem to be at a much more advanced 
stage concerning the implementation of the Higgs Triplet model in generators.


