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Higgs sector in SUSY 
● SUSY requires @ least 2 Higgs doublets (2HDM type-II) → five Higgs bosons: 

● Strict mass requirements imposed by 
symmetry

● At tree level two free parameters:      , 
                     .

NB: w/o CP-violation in the SUSY Higgs 
sector.
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      and          in the MSSM 

● +30% of       due to higher order corrections.

● Large values of       for                       help to 
increase       .

MSSM HO

NB: w/o CP-violation in the SUSY Higgs 
sector.
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Down-type fermions in the MSSM

Production modes:

For                  :                      (coupling         to down-type fermions enhanced by         ).

(“       ”)

(“       ”)

Decay channels:

LH
C

H
X

S
W

G
-3

X

Relative to SM couplings.

NB: w/o CP-violation in the SUSY Higgs 
sector.
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Harvest of LHC Run-2 (so far)
● Huge parameter space in MSSM systematically explored.

● Large values of          constrained 
by          searches in down type 
fermion final states.

● Summary plot (status 03/2020) only 
exploits only ¼ of Run-2 dataset. 
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Reach & challenges

● Take              into account when compa-
ring to benchmark models.

● Models have to cope with the properties 
we observe for    .

● Sensitivity reach up to                      for 
LHC@13TeV.

● Will become especially challenging for 
                  .

Projection of simple                    analysis 
to 3000/fb.

● In addition dedicated analyses explicitly 
target low          .

http://ekpwww.physik.uni-karlsruhe.de/~rwolf/


Priv. Doz. Dr. Roger Wolf 
http://ekpwww.physik.uni-karlsruhe.de/~rwolf/

INSTITUTE OF EXPERIMENTAL PARTICLE PHYSICS (IEKP) – PHYSICS FACULTY

10/13

Low          and 
● Already after Run-1 LHC Higgs WG addressed low          region taking knowledge of       into 

account with two dedicated benchmark models: “hMSSM” and “low-tb-high”.

LHCHXSWG-INT-2015-004

● “low-tb-high”:

● Benchmark parameters adapted to 
match                         for each value of    
         .

● Required values of      up to 100 TeV. 

●       estimate required consideration of 
large log’s of                    .

● In the meantime a model exploiting an EFT 
approach to resum such log’s has been 
provided by EPJ C (2019) 79 (             ).
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Translation tables MSSM ↔ EFT
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● LHC Higgs WG-2 has also provided translation tables between MSSM parame-ters and 
EFT Wilson coefficients (in the SILH basis) in LHC-HXSWG-2019-006.

● Here an example is shown for the marginalisation of large degenerate “stop” masses.
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● MSSM searches (as an important example of UV theories) → integral part of CMS search 
programme.

● Experimental results challenge MSSM models and will even more with full Run-2 and Run-3 
data.

● Kinematic reach at LHC is up to 2 TeV. Low values of          require large values of      to 
match                        , which will be one of the strongest challenges to the MSSM.

● EFT based models have been developed to address low          region. Translation tables 
between MSSM parameters and Wilson coefficients have been provided by LHC Higgs 
WG.

http://ekpwww.physik.uni-karlsruhe.de/~rwolf/


Priv. Doz. Dr. Roger Wolf 
http://ekpwww.physik.uni-karlsruhe.de/~rwolf/

Backup
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Signal modeling Test MSSM vs SM hypothesis: allows for 
well defined statistical problem, even when 
reaching sensitivity to the 125 GeV Higgs 
boson.

● Typical scan to determine exclusion contours 
in specific models.

● Determine CLs in each point in parameter 
space to obtain limit at significance level    .
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Signal modeling 

●                   @ NLO QCD + PS → multiscale problem.

● Plus: b contribution varies as a function of         .
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Signal modeling 

●                   @ NLO QCD + PS → multiscale problem.

● Plus: b contribution varies as a function of         .
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Signal modeling 

●                   @ NLO QCD + PS → multiscale problem.

● Plus: b contribution varies as a function of         .

Change in                   
implies change in 
signal acceptance.
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Signal modeling 

●                   @ NLO QCD + PS → multiscale problem.

● Plus: b contribution varies as a function of         .

● Taking into account all          enhanced SUSY 
corrections and non-trivial          dependency for        .

● Developed with S. Liebler (KIT) and E. Bagnashi (DESY).

Check ETP-KA/2018-07 
for more details.
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