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Outline

• Higgs searches at the LHC

• Non SM Higgs Sectors: 

• BMSSM (Beyond MSSM)

• Higgs Portal

• Conclusions
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SM Higgs @ LHC
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• 99% C.L exclusion: 130-486 GeV (ATLAS) and 129-525 GeV (CMS)

• Hints for a Higgs boson at 125 GeV (compatible with SM).

• Data suggests enhanced rate in the diphoton channel.

ATLAS-CONF-2012-019 arXiv: 1202.1488
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Non-SM Higgs sector

• What is measured is XS x BR.

• SM is taken as the reference model.

• Non-SM Higgs sectors:

• a) H couplings to SM particles.

• b) new (non-SM) decay channels.

• Parametrized by effective couplings: ghV V , ghff̄ , . . .

ghXX =
ΓBMSSM (h → XX)

ΓSM (h → XX)
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BMSSM Higgs sectors

Wednesday, March 21, 2012



tanβ = vu/vd mATree level: ,
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Higgs in the MSSM

MSSM: λ1 = λ2 = (g2
1 + g2

2)/4, λ3 = (g2
2 − g2

1)/4, λ4 = −g2
2/4, λ5 = λ6 = λ7 = 0

2-loops:Tree level: m(0)
h ≤ mZ |cos(2β)|

mS , At, Ab

mh < 135 GeV
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Higgs in the MSSM

m(0)
h ≈ 0, tanβ ≈ 1
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h ≈ mZ , tanβ > 10

mS , At, Ab
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MSUSY=1 TeV
M2=200 GeV
µ=-200 GeV
mgluino=800 GeV
Stop mix: Xt=2MSUSY

m(0)
h ≤ mZ |cos(2β)|

mh < 135 GeV

Brignole, Carena, 
de Grassi, Diaz, 

Ellis, Haber, 
Hempfling, 

Heinemeyer, 
Hollik, Espinosa, 
Martin, Quiros, 
Ridolfi, Slavich, 

Wagner, Weiglein, 
Zhang, Zwirner,...

Wednesday, March 21, 2012



Why to go Beyond the MSSM?
• MSSM Higgs sector is strongly constrained:

• LEP search:

• MSSM 2 loops:

• Tension can be relaxed with new degrees of freedom 
like singlet(s), triplets, extra gauge symmetries.

• Effective Field Theory (EFT): capture the features of 
MSSM extensions where supersymmetry breaking is 
treated as a perturbation and the extra physics 
“lives” at a scale M. B(eyond)MSSM.

Brignole, Casas, Espinosa, Navarro (2003), Dine, Seiberg, Thomas (2007).

mh < 135 GeV

mh > 90− 114 GeV
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BMSSM

M. Dine, N. Seiberg, S. 
Thomas (2007)

Starting point: Effective theory (valid below scale M)

O(1/M) ≡ Dim5∆λ5 = α1ω1
mS

M
∆λ6 = ∆λ7 = ω1

µ

M

Only 2 parameters: ω1, α1 ∼ O(1) X = mS θ2Spurion:

W = µHuHd +
ω1

2M
(1 + α1X)(HuHd)2

Our choices: µ = mS = 200 GeV M = 1 TeV

tanβ = 2 (20) : Low (large)         regime.tanβ

•  

•  

and
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Combining with radiative corrections

A. Djouadi, J. Kalinowski, M. Spira (1996)• BRs: Modifying HDECAY v 3.4

• Experimental Bounds: HiggsBounds v2.1.0  (LEP and Tevatron)
P. Bechtle, O. Brein, S. Heinemeyer, G. Weiglein, K. E. Williams

• Obtain masses and couplings of the Higgs sector 

+ Electroweak precision data + LHC data from HCP 2011 (pre D-13).

λi = λ(4)
i +∆λ(5)

i +∆λ(6)
i +∆λ(1−loop−MSSM)

i
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BMSSM @ LHC: 
phenomenology
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SM-like Higgs searches @ LHC

E. Weihs, J.Z (2011)

• Extrapolation of LHC data presented in summer 2011. 

• Naive combination of CMS and ATLAS data channel by channel.

• Comparison to official combination (HCP): accuracy better than 10%.
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Charged Higgs reach

• NLO QCD corrections included

• SUSY QCD corrections depend 
non trivially on SUSY spectrum (not 
shown, but included in our analysis).

• They can have a large impact 
on the bottom Yukawa coupling

• Exclusion is stronger for 
extreme values of tan beta.

M. Carena, E. Pontón, J. Z (2011)

t → H
+
b, H

+ → τ+ντSearch channel: CMS-PAS-HIG-11-008
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MSSM Higgs searches

• Important for large tangent beta.

• Low tangent beta: SM-like channels.

In between: 
the “wedge region”.

MSSM Higgs Summary!

Mar-6-12!17! Sridhara Dasu 
(Wisconsin)!

arXiv:1202.4083!

ATLAS CONF 2012-11!

CMS PAS HIG-11-019!
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Low tan beta

Most important channels: di-bosons.

Charged Higgs and tau tau important for low mh values.
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Low tan beta

 Diphoton and ZZ channel highly correlated, rates > 1 not achievable.
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Large tan beta
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#

tan Β ( 20, M ( 1 TeV, Μ ( mS ( 200 GeV, MSUSY ( 300 GeV, At ( Ab ( 0

H and or A can only be tested via taus (as in the MSSM).

BMSSM effects less relevant than for low tangent beta.
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Large tan beta

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

Σ�pp�h��ZZ��SM
Σ
�pp�h

��
ΓΓ
��SM

tan Β � 20, M � 1 TeV, Μ � mS � 200 GeV, MSUSY � 300 GeV, At � Ab � 0

 Diphoton and ZZ: rates up to 1.5 are achievable, due to reduction of hbb.
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Diphoton points require H > 200 GeV: MSSM-like scenario .
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Higgs Portal Models
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Higgs Portal Models
Barbieri, Gregoire, Hall; Schabinger, Wells;  Patt, Wilczek...

• Extra U(1) broken gauge symmetry: Z’ and a “dark” Higgs.

• GeV-ish Z’ motivation:

• 

• 

• 

• 

• No constraints on    .
 

L = LSM + LDark + Lmix

LDark = (DµHD)†(DµHD) + µDHDH
†
D − λD(HDH

†
D)2 − 1

4
XµνX

µν + . . .

Lmix =
�A
2
BµνX

µν + �H(HH
†)(HDH

†
D
)

�A < 10−2 − 10−6 M. Ahlers, J. Jaeckel, J. Redondo and A. Ringwald (2008); A. Hook, E. Izaguirre and J. G. Wacker (2011). 

Arkani-Hamed, Finkbeiner, Slatyer and Weiner (2008), Pospelov and Ritz (2008).

�H

All rates < SM.gh1XX ≈ cos(α) , gh2XX ≈ sin(α)
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E. Weihs, J. Z (2011)

Higgs Portal @ LHC

Unless mostly decoupled from the SM,                       .

125 GeV hint for the SM-like Higgs boson (either             .)

m1 < 130 GeV

h2 or h1

Wednesday, March 21, 2012



Conclusions

• We have studied the LHC reach on two non-SM Higgs sectors.

• BMSSM:

• ZZ and diphoton channel are highly correlated.

• No need for large radiative corrections to       from sparticles. 

• H does not have to be heavy (> 150 GeV).

• Higgs Portal:

• ,                        (or     is mostly decoupled from the SM).

• 125 GeV Higgs could be either              , with SM-like couplings.

m1 < 130 GeV h1

h2 or h1

mh
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Thanks!
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Backup slides
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Are dim 6 operators necessary?

Therefore: Dimension 6 analysis is needed !

∆λ(5)
5,7 �= 0∆λ(5)

1,4 = 0

Recall: in the MSSM (dimension 4 operators only)

Turning on dimension 5 operators

λ(4)
1,4 ∼ g2 λ(4)

5,7 = 0

• Antoniadis, Dudas, Ghilencea, Tziveloglou (2009)

• Carena, Kong, Pontón, J.Z (2009)
For the Higgs sector, see:

Dimension 6: first corrections to all quartic couplings
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List of channels
Channel

Lum. (fb
−1
) Mass range

Ref.
ATLAS CMS (GeV)

pp → Φ → WW 1.7 1.55 115-600 [8–10]

pp → Φ → ZZ 1.04 –2.28 1.1 –1.7 120-600 [11–14]

pp → Φ → γγ 1.08 1.7 110-150 [15,16]

pp → Φ → τ+τ− 1.06 1.6 90-600 [17,18]

V Φ,Φ → bb̄ − 1.1 110-135 [19]

qqΦ,Φ → τ+τ− 1 − 110-130 [28]

t → H
+
b,H

+ → τ+ντ − 1.1 80 - 160 [20]

Table 1: List of LHC channels used in this study, indicating the luminosity used by the collabora-

tions in the analysis. The “−” indicates that no data for that particular channel has been presented

by the corresponding collaboration. Here, Φ stands for any neutral Higgs boson. The production

mechanisms considered are gluon-fusion, vector-boson fusion, associated production with Z,W, tt̄

and also bb̄ → Φ (only relevant for large tanβ).

In the channels where both CMS and ATLAS have presented data, we combine their results

following the simple prescription described in Refs. [35,36]. Although this procedure may be overly

simplistic, and a careful combination by the experimental collaborations would be most welcome, it

allows us to get an idea of the present exclusion bounds with the information available. Therefore,

when applied to our scan over BMSSM scenarios, our current exclusion statements will refer to such

a combination of the observed limits by both experiment. For channels where only one collaboration

has presented an analysis, we will base our current exclusion on that analysis. The projections of

the LHC reach for a given luminosity, on the other hand, are computed using the method described

in Appendix B. For channels where only one collaboration has presented data, we assume that

the expected limit of the other collaboration will be similar, and “double” the expected projected

dataset (we call it CMS × 2 or ATLAS × 2).
2
Thus, our projections should always be interpreted

as what would be expected from a combination of both experiments. A summary of the various

datasets used in this work is presented in Table 1.

We present in Fig. 1 (taken from Ref. [24]) the expected 95 % C.L. exclusion limit on Higgs

production cross sections (including the corresponding decay rates) normalized to their SM values

as a function of the Higgs mass for a total integrated luminosity of 15 fb
−1
. We also show the sta-

2Given that, as explained above, the expected ATLAS sensitivity in the V Φ,Φ → bb̄ channel after improving
their analysis should be similar to the expected CMS exclusion limit, we employ the CMS x 2 prescription for the
projections in this channel.
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Production cross sections

• VBF, HS: scale by 

• Gluon fusion:
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Figure 48: K factors of the cross sections σ(pp → h/H+X) with [solid lines] and without
[dashed lines] squark loops as a function of the corresponding scalar Higgs mass for two
values of tgβ = 1.5, 30. The common squark mass has been chosen as M

Q̃
= 200 GeV.

The top and bottom masses have been set to Mt = 175 GeV, Mb = 5 GeV, and the NLO
cross sections are convoluted with CTEQ4M parton densities using αs(MZ) = 0.116 as the
normalization of the NLO strong coupling constant. The LO cross sections are evaluated
with CTEQ4L parton densities with the LO strong coupling αs(MZ) = 0.132.

Soft gluon resummation. Recently soft and collinear gluon radiation effects for the
total gluon-fusion cross section have been resummed [91]. In complete analogy to the SM
case, the perturbative expansion of the resummed result leads to a quantitative approxi-
mation of the three-loop NNLO corrections of the partonic cross section in the heavy top
mass limit, which approximates the full massive NLO result with a reliable precision for
small and medium values of tgβ [see Fig. 46]. Owing to the low-energy theorems discussed
before [see the gluonic decay modes Φ → gg], the unrenormalized partonic cross section
factorizes in the same way as the SM cross section. The scalar factors κh/H coincide with
the SM values of eq. (66) and the pseudoscalar factor is equal to unity, because of the
non-renormalization of the ABJ anomaly [105],

κA = 1 . (165)

The resummation of soft and collinear gluon effects proceeds along the same lines as in
the SM case. The final results for the scalar correction factors ρh/H are identical to the
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