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Paraphrasing Juliet:���
"What's in a name? That which we call a Higgs ���
   By any other name (or form) would smell as sweet."	




Standard Model Scalar Sector"
Generating masses for weak bosons and fermions"

–  Minimal model including one doublet of complex scalar fields"
–  Spontaneous symmetry breaking of electro-weak symmetry"
–  Provides masses for W and Z gauge bosons of weak sector"

•  Predicts single neutral scalar boson"
–  Yukawa coupling to fermions provides them masses"

•  Precise predictions of production and decays as a function of mass"
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Beyond the Standard Model"
There are many possibilites that change the precise predictions of 

the minimal higgs sector of the Standard Model"
–  Fourth (heavy) generation of fermions modify H couplings"

•  Enhances SM4 higgs cross section over SM"
–  Fermiophobic higgs – perhaps, fermion mass matrices have a 

different origin from the higgs mechanism"
•  Changes low mass higgs production & decays dramatically"

–  Beyond minimal higgs doublet field"
•  Two higgs doublet model (2HDM)"

– Multiple higgs bosons: 3 neutral and 2 charged"
– Minimal Supersymmetric Model (MSSM) requires 2HDM"

•  NMSSM, triplets … have even more higgses"
–  Very light pseudoscalar higgs, Doubly charged …"

–  This talk focuses on these non-standard higgs bosons"
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SM with Fourth Generation"
Significantly increased production rates resulted in exclusion of most of the 

parameter space for models with a fourth generation of fermions"
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t, t’, b’	


Benchmark fourth 
generation quark 
masses of ~600 GeV	
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σSM4 = 10–4 x σSM for ���
MH 110–600 GeV���

Most of the space ���
MH > 120 GeV excluded	

Should have excluded MH > 110 GeV	




Fermiophobic Higgs"
•  Vector boson fusion or associated production only"

–  Exploit presence of two tag jets in forward region or associate W and Z (leptons)"
•  Low mass higgs decays change dramatically"
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CMS Di-photon Mass"
•  γγ selection & categories  

(Like in published γγ non-MVA paper)"
–  ETγ1 > 45-55 x Mγγ/120 GeV,  

ETγ2 > 25 GeV "
•  Three tag classes + inclusive"

–  Dijet (VBF – same as SM case)  
ETj1 > 30 GeV, ETj2 > 20 GeV, 
Δη > 3.5, Mjj > 350 GeV  
|<ηj>-ηγγ| < 2.5, |ϕjj–ϕγγ|> 2.6"

–  Electron or Muon Tag  
(New ; enhances VH) 
pTl > 20 GeV, |ηl| < 2.4, ΔRγl > 0.3  
Meγ Z-veto"

•  Used mγγ fit with data BG for dijet & 
MC BG shape for lepton"

•  Used fit of 2D model of mγγ, πTγγ=pTγγ/
Mγγ with data BG for inclusive"
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ATLAS: DiPhoton Mass"
Low and high diphoton pT categories"
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Figure 3: Local p0, i.e. the probability that the background fluctuates to the observed number of events or
higher (solid line) as a function of the Higgs boson mass mH and the median expectation for a fermiopho-
bic signal with the given mH (dashed line). The open points show the observed p0 when the uncertainty
on the photon energy scale is considered.
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Figure 4: Observed (black line) and expected (red line) 95% confidence level limits for a fermiophobic
Higgs boson normalised to the fermiophobic cross section times branching ratio expectation (σ f ) as a
function of the Higgs boson mass hypothesis (mH).

6 Conclusion

A search for a fermiophobic Higgs boson in the diphoton final state using data corresponding to an in-
tegrated luminosity of 4.9 fb−1 collected by the ATLAS experiment has been presented. In the considered
benchmark model the Higgs boson has vanishing couplings to all fermions and the coupling strengths
to bosons are the same as in the SM. Furthermore, the Higgs pT distribution is larger compared to the
SM case, which gives additional discrimination from the background. The largest excess with respect
to the background-only hypothesis is found at 125.5 GeV, with a significance of 1.6 standard deviations
when taking the look elsewhere effect into account. The data exclude this benchmark model in the ranges
110.0 – 118.0 GeV and 119.5 – 121.0 GeV at 95% confidence level, compared to an expected exclusion
from 110.0 – 123.5 GeV.
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Fermiophobic Higgs Limit"
No significant excess observed – limit set"
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CMS expected exclusion:  MH > 135 GeV	


Small excess of local (global) significance 
at 3σ (2σ)	


More data needed for any ���
conclusive statement	


ATLAS CONF 2012-13	
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But for a sliver around 125 GeV, excluded for MH < 190 GeV as expected"

Sridhara Dasu (Wisconsin)	
 9	
3/6/12	


WW makes an important 
contribution in the combination	


The excess due to γγ channel has 50% best fit cross section compared to 
fermiophobic model prediction."
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FP Higgs: Best Fit Cross Section"
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A Additional Plots and Tables

The combined best-fit of the fermiophobic Higgs boson signal strength as a function of the Higgs

boson mass hypothesis (mH) is shown in Fig. 5. The bands correspond to ±1 standard deviation (σ)

around the central value. A loss in sensitivity for increasing mH is observed due to the rapid decrease of

the number of expected signal events.

Figure 6 shows the best-fit signal strength for the low and high pTt categories separately and their

combination. The combination is driven by the high pTt categories with a larger signal-to-background

ratio (Table 2).

The fermiophobic analysis has an increased sensitivity compared to the SM analysis because the

larger Higgs pT of the fermiophobic model discriminates better from the backgrounds. This is illustrated

in Fig. 7 with the cross section times branching ratio limits compared to the SM analysis.
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Figure 5: Best-fit signal strength (µ) as a function of the Higgs boson mass hypothesis (mH) in the mass

range sensitive to the fermiophobic model. The light blue band shows the ±1σ range.

Figure 6: Best-fit signal strength (µ) as a function of the Higgs boson mass hypothesis (mH) for the low

and high pTt categories separately and their combination.
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WW, ZZ & γγ	
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MSSM Higgs"
•  Higgs sector in SUSY theory is more complicated"

•  Need 2 higgs doublets each with 4 degrees of freedom"
•  Results in the Standard Model like Higgs (h0)"
•  Plus, two neutral higgs (A0, H0) and charged (H±)"
•  However, only 2 parameters (MA, tanβ – ratio of the two doublets)"
•  Masses of higgs and Z related"
•  Search in (MA, tanβ) plane"

•  Neutral Higgs"
–  Look for ϕ=(h0, A0, H0) in decays to tau-leptons"

•  Charged Higgs"
–  Look for H± in top decays"

Mar-2-12	
 Sridhara Dasu (Wisconsin)	
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MSSM ϕ(h, H, A)"
•  Enhanced coupling to b-quarks and τ-leptons"

•  Production rate enhanced × tan2β"
•  Gluon fusion with b,t loops + associated b quark production"

•  Decays to b-quark and τ-lepton pairs enhanced at all masses"

Mar-2-12	
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Mass of ττ : 2011 Data "
arXiv:1202.4083	


Tau pairs reconstructed in decays to leptons (e or μ) + hadrons (1 or 3 prong) or two leptons (eμ)	

Kinematic fit to obtain tau pair mass – used to search for H to ττ contribution	


Two categories: non-b-tagged and b-tagged to enhance bbϕ	
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Limit in mA-tanβ Plane"
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Charged Higgs Selection"
Look for H± in top decays: τ+jets, eτ, μτ and eμ modes considered"
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Event with 	

τ + MET from H±	


2 b-jets, ���
2 jets from W or���

e/μ + MET from W	


Cut progression includes 
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Charged Higgs Limits"
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ATLAS Result���
τj, eτ, μτ	

4.6 fb–1	


CMS Result ���
τj, eτ, μτ, eμ	


2.2 fb–1	
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March 2, 2012 – 17 : 16 DRAFT 19
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Figure 7: Expected and observed 95% CL exclusion limits on B(t → H+b) for charged Higgs boson

production from top quark decays as a function of mH+ , assuming B(H+ → τν) = 100%. Shown are the

results for: (a) lepton+jets channel; (b) τ+lepton channel; (c) τ+jets channel; (d) combination.
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MSSM Higgs Summary"
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NMSSM: a1→μ+μ–"

•  Next-to-Minimal Supersymmetric Standard Model (NMSSM):  
Adds singlet scalar field, thereby expanding the Higgs sector  
to three CP-even (h1, h2 and h3), two CP-odd (a1, a2)  
and two charged scalars (H+, H–)"

•  A light (~10 GeV) boson produced"
•  Search for a1 in its decays to opposite sign di-muon pairs"

–  Di-tau BR is higher but is deemed impossible"
•  Analysis strategy"

–  Chose isolated opposite sign  
dimuons with  
pTμ > 4 GeV  &  pTμμ > 6 GeV"

–  Search above/below the upsilon  
peaks in dimuon invariant mass"

•  5.5 < Mμμ < 9 GeV "
•  11.5 < Mμμ <  14 GeV"
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NMSSM: a1→μ+μ– Limits"
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Three parameters
ma , tanβ, cosθA
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Doubly Charged Φ± ±→l±l±"
•  Models with triplet of higgs fields, predict doubly charged bosons"

–  Interestingly triplet models can include fermiophobic neutral higgs"
•  Search for like-sign dilepton production"
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Trilepton & Quadlepton Modes"
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Doubly Charged Φ± ±→l±l± Limits"
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Summary"
•  ATLAS and CMS made searches sensitive to 

beyond the minimal higgs of the Standard Model"
•  No evidence for non-standard higgs production or 

decay is found in several models"
•  The small excess seen in γγ channel does not look 

like it is due to fermiophobic higgs"
•  MSSM higgs parameter space is being constrained 

using modes with τ-leptons"
•  The expected 15+ fb–1 sample at 8 TeV is likely to 

resolve the situation at the end of 2012"
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SM4 Model Expectation"
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SM4 Details"
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