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Motivation

• Both ATLAS and CMS report tantalizing 
excesses in the 𝛾𝛾 channel hinting at a 
Higgs with mass of 123-127 GeV

Talks by J. Schaarschmidt and M. Klute

• Many studies of implications for MSSM, 
NMSSM and constrained versions 
thereof

c.f. talks by H. Baer, M. Battaglia, P. Bechtle

• Typically need heavy stops and maximal 
mixing — i.e. large A-terms!                   
In constrained models this gives quite 
heavy spectra; GMSB, AMSB disfavored 

• Howie: Should we be alarmed?             
→ Effective SUSY,  Yukawa-unified SO(10), etc

• Interpretation in RS: see talk by J. Gunion
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MSSM, CMSSM, NUHM, ...

3

mSUGRA: µ >0, mt =173.3 GeV
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Phenomenological (weak-scale) MSSM
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based on results from 1109.5119 & LH PhysTeV 2011 proceedings

Probability distributions after 1fb-1 LHC SUSY searches
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Next-to-minimal MSSM

• NMSSM-specific couplings and mixing effects can give SM-like CP-even Higgs 
with mass near 125 GeV.

• U. Ellwanger, 1112.3548, finds mh2=124-127 GeV with enhanced gg→h2→𝛾𝛾 
rate for λ~0.5—0.6 and tanβ<2 (unconstrained NMSSM with weak-scale 
parameters)

• We take GUT-scale parameters as inputs and study the following model 
variants, performing random and MCMC scans using NMSSMTools:

• Model I: CNMSSM with 

• Model II: NUHM-relaxed CNMSSM with 

• Model III: NUHM-relaxed CNMSSM with general 
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J. Gunion, Y. Jiang, SK

WMSSM = µHuHd + . . . ! WNMSSM = �SHuHd +
1

3
S3 + . . .

A� = A = 0

A� = A = 0

A�, A

Rhi(X) ⌘ �(gg!hi) BR(hi!X)
�(gg!hSM) BR(hSM!X)

Parameters: λ, tanβ, plus
m0, m1/2, A0, mHu, mHd, 
Aλ, Aκ at MGUT
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Constrained NMSSM variants
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J. Gunion, Y. Jiang, SK

Green: B-physics OK
Blue: relic density < 0.136
Magenta: δaµ >5.77e-10 but arbitratry Ωh2

Golden: δaµ >5.77e-10 and Ωh2<0.136

Open triangles:  “perfect points”, 
0.094<Ωh2<0.136 and δaµ>5.77e-10

White diamonds:  “almost perfect points”         
with δaµ relaxed to δaµ>4.27e-10
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Consequences for SUSY searches

• The regions of parameter space that 
are consistent with a Higgs of mass 
close to 125 GeV while observing 
other existing constraints have 
squark and gluino masses >1 TeV.

• Current limits from LHC are 
automatically evaded.

• LSP mass typically 300-450 GeV,   
(DM constraints)

• Scrutinizing SUSY particles may have 
to wait for 14 TeV LHC and/or CLIC
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NMSSM sample points
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J. Gunion, Y. Jiang, SK
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NMSSM sample points
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← low µ

← fairly light stops

← ~light staus

← LSP ~300—450 GeV

sizable gaugino-higgsino 
mixing

heavy squarks 
and gluinos

J. Gunion, Y. Jiang, SK

Small neutralino-chargino mass splitting makes EW-ino detection at LHC difficult. 
Interesting for a LC, but would want √s>1TeV
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NMSSM sample points
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J. Gunion, Y. Jiang, SK

Dark matter related quantities
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Weak-scale NMSSM and R𝛾𝛾>1

• In the unconstrained NMSSM with weak-scale parameters, U. Ellwanger finds 
the 2nd CP-even scalar h2 can give enhanced 𝛾𝛾 signal in the124-127 GeV mass 
range if λ~0.5—0.7 and tanβ<2

• Fixes M1=175 GeV, M2=350 GeV and M3=1000 GeV, squark masses 1200 GeV, 
(800 GeV for 3rd generation), slepton masses 300 GeV,  At = Ab = −1000 GeV, 
µeff=140 GeV, mA=300 GeV.

• “The density of viable points is particularly large for tanβ~1.7−2, λ~0.5−0.6, 
κ~0.3−0.4 and −250 GeV < Aκ < −200 GeV. ”
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U. Ellwanger, 1112.3548
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GUT-scale perspective of large λ, small tanβ scenarios

• Focus scan on λ=0.5­0.7, tanβ=1­2,     
plus m0, m1/2, A0, mHu, mHd, Aλ, Aκ at MGUT 
(model III)

• Lots of points with h1 in interesting mass 
range but not h2

• No significant enhancement in 𝛾𝛾 channel

12

J. Gunion et al, in progress
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Tension with 

• Satisfying muon (g-2) constraint 
requires light charginos and smuons 
(c.f. talk by D. Stockinger)       

• Higgs in the 123-127 GeV range 
prefers heavy sparticles

• Tension somewhat less severe in 
NMSSM than in MSSM ?
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Conclusions

• A SM-like Higgs in the 123-127 GeV mass range poses a severe 
constraint on SUSY models.

• Typically points towards heavy SUSY → need 14 TeV LHC. 

• Detailed measurements may be difficult at LHC because of large 
gaugino-higgsino mixing, at least in constrained NMSSM models.  
(Good prospects however for direct dark matter detection!)

• Consequences for linear collider: want √s > 1 TeV                       
for precision measurements of EW-inos, sleptons, stops, ...

• We still need to better understand regions of parameter space,      
in both MSSM & NMSSM, that can give enhanced 𝛾𝛾 signal (R𝛾𝛾>1)         
→ work in progress

• Of course we want precise “profiling” of the Higgs(es) !
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ps: interesting complementary work by King, Muhlleitner and Nevzorov,1201:2671


