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MSSM interpretations of the Higgs signal
• The Higgs at 125 GeV looks very SM-like 

• Different interpretations of the Higgs signal in the MSSM possible: 
 
 
Light CP-even MSSM Higgs h at 125 GeV 

Decoupling limit (MA          )  
Naturally explains SM-like couplings MA 

Alignment limit (independent of MA) 
Accidental cancellation between tree-level and  
loop contributions leads to SM-like behaviour 

!

!

All MSSM Higgs are light, h below 125 GeV  
with reduced couplings to gauge bosons

2

1: Light Higgs case

MA � MZ

MA

2: Heavy Higgs case
Heavy CP-even MSSM Higgs H at 125 GeV

H±

Mh < MZ

MSSM Higgs sector

tan� = v2/v1,MA

• 2 CP-even Higgs h and H,  
1 CP-odd Higgs A,  
charged Higgs pair  

• At tree level only two 
parameters 
!

• At tree level              , 
large radiative corrections 
possible, particular from 
tops and stops
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Motivation
• Can the MSSM provide a better description of the experimental data than 

the SM? 

!

!

!

!

• How does this result change if the full LHC run-1 data is included? 

No enhancement in the gg channel anymore 

Heavy Higgs case much more restricted from light charged Higgs searches 

Updated values of flavour observables, e.g.                  measurement 

…
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Bechtle, Heinemeyer, Stål, Stefaniak, Weiglein, LZ, 1211.1955: 

��

Bs ! µ+µ�
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• In the Higgs basis, the Higgs potential of a 2HDM is 

!

• Mass matrix for CP-even Higgs bosons:c  

• Different cases: 

M            : h becomes SM-like (Light Higgs case, decoupling) 

Z        : If Z                        h becomes SM-like (Light Higgs case, alignment) 
            If Z                        H becomes SM-like (Heavy Higgs case)  

• In the MSSM the alignment condition Z        is realised approximately for 

M2 =

 
Z1v2 Z6v2

Z6v2 M 2
A + Z5v2

!

Alignment limit
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(MS is the stop mass scale)M S

Gunion, Haber, 0207010; 
Carena, Low, Shah, Wagner, 1310.2248;  

Carena, Haber, Low, Shah, Wagner, 1410.4969 
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Parameter scan
• We scan over 8 pMSSM parameters most relevant for Higgs 

phenomenology and low-energy observables (LEOs) 

!

!

!

!

!

!

• Other parameters fixed, particularly M                    GeV, consistent with 
direct SUSY limits

5

Mq̃ = mg̃ = 1500

Light Higgs case Heavy Higgs case
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Observables and parameter fit
• For every parameter point we evaluate 

!

!

• Higgs boson mass: 

• Combined mass measurement 

!

• In MSSM 3 GeV theory uncertainty is added
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�2 =
(Mh,H � M̂H)2

�2
M̂H

+ �2
HS +

nLEOX

i=1

(Oi � Ôi)2

�2
i

� 2 lnLlimits

M̂H = (125.09� 0.21 (stat.)� 0.11 (syst.)) GeV

Higgs boson mass: 
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Observables and parameter fit
• For every parameter point we evaluate 

!

!

• Higgs boson mass: 

• Evaluated with HiggsSignals-1.4.0 

• 85 Higgs signal channels from ATLAS, CMS and Tevatron 

• Correlations among systematic uncertainties included 

• Overlap of signals from nearby Higgs bosons taken into account
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�2 =
(Mh,H � M̂H)2

�2
M̂H

+ �2
HS +

nLEOX

i=1

(Oi � Ôi)2

�2
i

� 2 lnLlimits

Higgs signal rates: 
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Observables and parameter fit
• For every parameter point we evaluate 

!

!

• Higgs boson mass: 

• Flavour observables evaluated with SuperIso-3.5 

• MW evaluation includes the most advanced SM calculation, the full SUSY 
1-loop contributions and leading SUSY 2-loop contributions
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�2 =
(Mh,H � M̂H)2

�2
M̂H

+ �2
HS +

nLEOX

i=1

(Oi � Ôi)2

�2
i

� 2 lnLlimits

Low energy observables: 

MW

Heinemeyer, Hollik,  
Weiglein, LZ, 1311.1663
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Observables and parameter fit
• For every parameter point we evaluate 

!

!

• Higgs boson mass: 

• For LEP and CMS Higgs -> tt     searches not only the 95% CL exclusion 
but the full likelihood information is available 

• Evaluated with HiggsBounds-4.2.1 

• Likelihood approximately resembles x2  
contribution and is included in our fit
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�2 =
(Mh,H � M̂H)2

�2
M̂H

+ �2
HS +

nLEOX

i=1

(Oi � Ôi)2

�2
i

� 2 lnLlimits

Exclusion likelihood 

! ⌧+⌧�

�2

Bechtle, Heinemeyer, Stål,  
Stefaniak, Weiglein, 1507.06706
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Fit results

• SM and MSSM (both Higgs interpretations) provide a good fit to the data 

• Including LEO SM fit becomes somewhat worse 
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⌫ = n
obs

� n
param

Degrees of freedom:

Best fit points: 



Light Higgs case
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Higgs rates

• The best fit Higgs rates lie very close to the SM value
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All points 
HiggsBounds and CheckMate  
allowed points 
d 
d 
Best fit point

��2 < 2.30

��2 < 5.99

RP (h)
XX =

P
P (h) �(P (h))⇥ BR(h ! XX)

P
P (h) �SM(P (h))⇥ BRSM(h ! XX)

Rh
V V = 0.99+0.09

�0.08 Rh
�� = 1.02+0.16

�0.10 RV h
bb = 1.00+0.02

�0.05 Rh
⌧⌧ = 1.00+0.06

�0.20
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Favoured regions in parameter space

• Large        (moderate      ) disfavoured by CMS Higgs             likelihood 

• Most favoured points have large Ma (decoupling limit) 
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Favoured regions in parameter space

• Large        (moderate      ) disfavoured by CMS Higgs             likelihood 

• Some favoured points with MMdown to 200 GeV (alignment limit)    

• Alignment condition together with small         constraint,  
requires large  

14

tan� MA ! ⌧+⌧�

MA

tan�

µAt/M
2
S
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• 20  tan�
• 15  tan�  20
• 10  tan�  15
• 5  tan�  10
• tan�  5

Higgs mass � Higgs rates � h/H/A ! ⌧⌧ exclusion

Alignment without decoupling
• Alignment condition 

together with Higgs 
rates and         
likelihood favours 
same sign n and A 
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• 20  tan�
• 15  tan�  20
• 10  tan�  15
• 5  tan�  10
• tan�  5

Higgs mass � Higgs rates

All favoured points  
with               GeV     MA < 350

⌧+⌧�

µ At

Carena, Low, Shah, Wagner, 1310.2248 
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• 20  tan�
• 15  tan�  20

• 10  tan�  15

• 5  tan�  10

• tan�  5

all observables

• 20  tan�
• 15  tan�  20
• 10  tan�  15
• 5  tan�  10
• tan�  5

Higgs mass � Higgs rates � h/H/A ! ⌧⌧ exclusion

Alignment without decoupling
• Alignment condition 

together with Higgs 
rates and         
likelihood favours 
same sign n and A  

• Flavour observables 
and           
disfavour negative

16

• 20  tan�
• 15  tan�  20
• 10  tan�  15
• 5  tan�  10
• tan�  5

Higgs mass � Higgs rates

• 20  tan�
• 15  tan�  20

• 10  tan�  15

• 5  tan�  10

• tan�  5

all observables except (g � 2)µ

All favoured points  
with               GeV     MA < 350

⌧+⌧�

µ At

(g ! 2)
µ
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Stop sector

• Favoured points with stop masses down to 300 GeV 

• Consistent with direct SUSY searches?

17

All points
Low Ma section  
(alignment w/o decoupling)

MA
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Direct SUSY limits

18

CheckMate allowed points 
+ 
+
��2 < 2.30

��2 < 5.99

CheckMate excluded points 
+ 
+
��2 < 2.30

��2 < 5.99

Points tested with CheckMate against 8 TeV 
limits (global k-factor of 1.5 applied) 
!
Constraints from direct SUSY limits decrease 
point density but do not rule out a certain 
parameter region. 
!
Which analysis is excluding the parameter 
points? 
!
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Points tested with CheckMate against 8 TeV 
limits (global k-factor of 1.5 applied) 
!
Constraints from direct SUSY limits decrease 
point density but do not rule out a certain 
parameter region. 
!
Which analysis is excluding the parameter 
points? 
! Stop search:  

1 lepton + N jets + ETmiss 
 
Hadronic stop search with b jets 

Direct SUSY limits
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Heavy Higgs case
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• Heavy Higgs interpretation only possible in very small  
parameter region 

!

!

• Without LEOs also favoured points at positive A

Favoured regions in parameter space

21

MA = 140 � 180 GeV, tan � = 6 � 12,

µ/MS = 6 � 9, At /MS = ( �1) � 0

At

Vacuum stability? 
All favoured points 
clearly beyond the 
approximate cut of 
n/Ms < 3  µ/MS < 3
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• 10  tan�  15
• 5  tan�  10

Higgs mass � Higgs rates � h/H/A ! ⌧⌧ exclusion

• 10  tan�  15
• 5  tan�  10

Higgs mass � Higgs rates � h/H/A ! ⌧⌧ exclusion

• 10  tan�  15
• 5  tan�  10

Higgs mass � Higgs rates � h/H/A ! ⌧⌧ exclusion

Low energy observables

22

• Light charged Higgs leads to (slightly too) 
high           prediction 

• Prediction for            slightly below SM 
value (no large SUSY contribution due to 
small         value)

b! s�

B ! ⌧⌫

tan !

All favoured points
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Other Higgs states

• Most favoured points have                , few favoured points  
with Mb           have very suppressed 
Competing decay mode:  

• Light CP-even Higgs has reduced couplings to gauge bosons 

Not LEP excluded, LHC               search not yet sensitive

23

MH± > mt

MH± < mt BR(t ! H± b ! ⌧⌫b)

h ! ��

H± ! hW±
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Summary
• The possible Higgs signal interpretations in the MSSM, as 

light CP-even Higgs in decoupling limit 

light CP-even Higgs in alignment (without decoupling) limit 

heavy CP-even Higgs  

• all provide good fits to the Higgs mass and Higgs rate measurements as 
well as to low energy observables. 

• However the allowed parameter space for the low Ma interpretations, 
2. and 3.., is very small. 

• Light Higgs interpretation in the decoupling  
provides the best fit to all data with most favoured 
region featuring light stops (and EWkinos/sleptons), 
still allowed by (8TeV) SUSY searches.

24

MA

1.

2.

3.

2. 3.

full fit

�2/⌫ �2
⌫ p

SM 85.0/91 0.93 0.66

h 68.5/84 0.82 0.89

H 73.7/85 0.87 0.80
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Anomalous magnetic moment

26

Light Higgs case: all Light Higgs case: low MA

Heavy Higgs case
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Parameter scan
• We scan over 8 pMSSM parameters most relevant for Higgs 

phenomenology and low-energy observables (LEOs) 

!

!

!

!

!

!

• Other parameters fixed, particularly M                    GeV, consistent with 
direct SUSY limits

27

M q̃ = mg̃ = 1500

Light Higgs case Heavy Higgs case

Heavy Higgs interpretation 
only possible in small 
parameter region. Scan 
range restricted for better 
sampling.
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Parameter scan
• We scan over 8 pMSSM parameters most relevant for Higgs 

phenomenology and low-energy observables (LEOs) 

!

!

!

!

!

!

• Other parameters fixed, particularly M                    GeV, consistent with 
direct SUSY limits

28

M q̃ = mg̃ = 1500

Light Higgs case Heavy Higgs case

Higher stop masses in 
light Higgs case to lift 
Higgs mass to 125 GeV 
(w/o large stop splitting)
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Parameter scan
• We scan over 8 pMSSM parameters most relevant for Higgs 

phenomenology and low-energy observables (LEOs) 

!

!

!

!

!

!

• Other parameters fixed, particularly M                    GeV, consistent with 
direct SUSY limits
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M q̃ = mg̃ = 1500

Light Higgs case Heavy Higgs case

In light Higgs case n 
range restricted for 
vacuum stability. In heavy 
Higgs case we allow for 
more extreme n values.

µ

µ
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Parameter scan
• We scan over 8 pMSSM parameters most relevant for Higgs 

phenomenology and low-energy observables (LEOs) 

!

!

!

!

!

!

• Other parameters fixed, particularly M                    GeV, consistent with 
direct SUSY limits
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M q̃ = mg̃ = 1500

Light Higgs case Heavy Higgs case

1st and 2nd generation 
sleptons independent from 
3rd generation to decouple 
Higgs and LEO effects.


