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ATLAS and CMS excess around 125 GeV

ATLAS-CONF-2011-163, CMS PAS HIG-11-032

Excess around 125 GeV seen by both ATLAS and CMS

No evidence however...

ATLAS exclusion at 95% C.L.: 112.7�115.5 ; 131�237 ; 251�468 GeV

CMS exclusion at 95% C.L.: 127�600 GeV
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Two possible scenarios

We consider two scenarios:

The light Higgs boson is discovered with a mass of about 125 GeV.

No Higgs is discovered by the end of 2012.
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Consequences of a 125 GeV Higgs boson on constrained MSSM scenarios

Case 1: the light Higgs is discovered at 125 GeV.

In the SM, the Higgs mass is essentially a free parameter

In the MSSM, the lightest CP-even Higgs particle is bounded from above:
M

max

h ≈ MZ | cos 2β|+ radiative corrections . 110− 135 GeV

Imposing Mh places very strong constraints on the MSSM parameters through their
contributions to the radiative corrections

→ Calculation of Mmax

h in di�erent constrained scenarios
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Consequences of a 125 GeV Higgs boson on constrained MSSM scenarios

Important parameters for MSSM Higgs mass:

tanβ and MA

the SUSY breaking scale MS =
√
mt̃1

mt̃2

the mixing parameter in the stop sector Xt = At − µ cotβ

M
max

h is obtained for:
a decoupling regime with a heavy pseudoscalar Higgs boson, MA ∼ O(TeV)
large tanβ, i.e. tanβ & 10

heavy stops, i.e. large MS

maximal mixing scenario, i.e. Xt =
√
6MS

In contrast, much smaller Mmax

h values for the no-mixing scenario, i.e. Xt ≈ 0.
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Consequences of a 125 GeV Higgs boson on constrained MSSM scenarios

Maximal Higgs masses
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A. Arbey, M. Battaglia, A. Djouadi, F.M., J. Quevillon, Phys.Lett. B708 (2012) 162

End of AMSB and GMSB in their minimal versions
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Consequences of a 125 GeV Higgs boson on constrained MSSM scenarios

Higgs mass between 123 and 127 GeV in the CMSSM

A. Arbey, M. Battaglia, A. Djouadi, F.M., J. Quevillon, Phys.Lett. B708 (2012) 162

mSUGRA/CMSSM still survives, but only for negative values of A0
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Consequences of a 125 GeV Higgs boson on high scale SUSY scenarios
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A. Arbey, M. Battaglia, A. Djouadi, F.M., J. Quevillon, Phys.Lett. B708 (2012) 162

Very strong constraints on Split-SUSY and High-scale SUSY
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Consequences of a 125 GeV Higgs boson on pMSSM

A. Arbey, M. Battaglia, A. Djouadi, F.M., J. Quevillon, Phys.Lett. B708 (2012) 162

A large part of the pMSSM still survives

No mixing cases (Xt ≈ 0) excluded for MS < 1 TeV

Small stop masses still allowed
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No Higgs discovery

Case 2: no Higgs is discovered by the end of 2012

Constraining the pMSSM through the Higgs sector

Previous studies addressed constraints on SUSY through squark and
gluino searches.

Viable solutions for masses well above sensitivity of 7 TeV run

Not su�cient, approach the question from other directions

→ interplay between �avour, dark matter and direct searches in the
Higgs sector
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Further constraints on the pMSSM

Constraints on MSSM in the Higgs sector

From BR(Bs → µ+µ−)

very sensitive to MA and tanβ

very promising experimental situation

From dark matter direct detection

also sensitive to MA

many results from independent experiments

From Higgs searches
direct constraints on MA from A→ ττ

and h0 → γγ and h0 →WW searches.
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Sensitivity to MA from BR(Bs → µ+µ−)

Considering 2 scenarios:

Current bound from LHCb+CMS + estimated th syst:

BR(Bs → µ+µ−) < 1.26× 10−8

SM like branching ratio with estimated 20% total uncertainty

A. Arbey, M. Battaglia, F.M., arXiv:1112.3032

Light MA strongly constrained!
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Dark matter direct detection

Considering 2 scenarios:

Current Xenon 100 limit

Projected 2012 90% C.L. upper limit

A. Arbey, M. Battaglia, F.M., arXiv:1112.3032

Again light MA strongly constrained!
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Higgs searches

Direct searches for A→ ττ CMS-PAS-HIG-11-009

Allowed region of (MA, tanβ) from full pMSSM scans for 1.1 and 15 fb−1 compared to published

CMS expected limit
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A. Arbey, M. Battaglia, F.M., arXiv:1112.3032

Low MA region below 350 GeV can be explored and excluded if no signal except a

narrow strip around tanβ =5.
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Higgs coupling suppression

- Study of σ× BR suppression wrt SM with pMSSM scans (with Mχ01
> 46 GeV) for γγ and

WW �nal states

- Present suppression factor vs MA for all accepted pMSSM points compatible with 1 fb−1 LHC
data (g̃ , q̃ and BR(Bs → µ+µ−)) and XENON 100 results;

- And projected 2012 data assuming SM value for BR(Bs → µ+µ−).

A. Arbey, M. Battaglia, F.M., Eur.Phys.J. C72 (2012) 1847

Similar behaviour for h→WW but larger experimental systematics in the 120 GeV region
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Higgs coupling suppression

MSSM - light neutralinos
• Invisible decays of the Higgs can lead to large reduction 

in ggɣɣ
• MCMC fit to MSSM (11 parameters) including DM 
constraints (WMAP+Xenon100+FermiLAT)

1

Furthermore astroparticle constraints from dark matter direct detection (XENON100) and the photon flux
from dwarf spheroidal galaxies (Fermi-LAT) are added a posteriori. In this analysis we explore carefully
the parameter space which allows for light neutralinos, thus we expect to have some large suppressions
of the Higgs signal.

As for the SM Higgs, searches for the light Higgs in the MSSM rely mainly on gg → h → γγ.
By computing the signal strength as compared to the SM we find that the MSSM Higgs signal can be
at most as large as that of the SM Higgs and is suppressed when MA < 400GeV due to shifts in the
Higgs couplings as mentioned above. The predictions for Rggγγ as a function of the pseudoscalar mass
are displayed in Fig. 7, left panel. Note that many of the points with a light pseudoscalar are constrained
by either Fermi-LAT, XENON100 (points in red), latest Higgs searches at the LHC and/or the new upper
limit on BR(Bs → µ+µ−) (points in yellow), nevertheless there are still allowed points where the
Higgs signal is less than 10% of its SM value. Since these are associated with a light MA, they can be
probed further in searches for the neutral and charged component of the heavy Higgs doublet in CMS
and ATLAS and/or a more precise measurement of BR(Bs → µ+µ−). When MA > 400 GeV and
one is in the decoupling limit the suppression in Rggγγ is usually more modest. Nevertheless it is still
possible to have Rggγγ as low as 0.2 even when MA is at the TeV scale. This occurs when the LSP is
lighter than Mh/2 and the invisible width of the Higgs is large. Note that there are a few points at large
values of MA where Rggγγ ≈ 0.01, these all correspond to points where the LH soft mass for sleptons is
below 100 GeV, the charged sleptons are just above the LEP exclusion and the sneutrino is light enough
that the dominant decay of the Higgs is into sneutrinos. Other suppression of Rggγγ arises from the stop
sector. The effect is usually below 30%, although for stop masses below 500 GeV we found points where
Rggγγ can drop as low as 0.4.

The predictions for Rggγγ as a function of the light Higgs mass show that Rggγγ has little de-
pendence on the scalar mass provided it lies in the 110 − 130 GeV range. However it is important to
note that for a Higgs of 126 GeV we find Rggγγ > 0.4, which means that the signal strength would be
compatible with the excess of events reported by ATLAS. Also note that for a Higgs in the narrow mass
range 110 − 114 GeV, we always find Rggγγ < 0.8, because these values of Mh are found only in the
non-decoupling limit.

Fig. 7: Rggγγ as a function of the pseudoscalar mass (left) and light scalar mass (right) for allowed points (green). In yellow,

points excluded by collider constraints (Higgs and BR(Bs → µ+µ−)), in red those excluded by astrophysical constraints

(XENON100 and Fermi-LAT).

The Higgs signal can be more strongly suppressed than found in other studies [48, 47]. This is
due to the large fraction of light neutralinos in our sample allowing for a large branching fraction of the
Higgs into invisible particles, see Fig. 8. A large invisible partial width involves special conditions on

Green : 
allowed

Albornoz Vasquez et al, 1112.2200
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Conclusion

The Higgs sector can play an important role in constraining

SUSY

Several constrained MSSM scenarios can be ruled out by a

Higgs discovery at 125 GeV

The CMSSM still provides viable solutions with A0 < 0

General MSSM: A lot of viable model points survive, but

combining with �avour and dark matter sector information, one

can squeeze the parameter space
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