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

INSTITUTE OF EXPERIMENTAL PARTICLE PHYSICS (IEKP) – PHYSICS FACULTY

Roger Wolf
23. Mai 2019

From the analysis of the observed Higgs boson 
coupling structure to the search for more 

Higgs bosons
 

– Higgs boson analyses in the di-τ final state – 
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SM              analysis

● Undoubted that what we observe at 125 GeV is a Higgs boson.

● Investigate coupling structure. 

● Measurement scope:

Coupling to third fermion 
generation est’d in 2018.

● Check for deviations from the SM 
expectation.
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Simplified template cross section (STXS)

● Define common phasespace regions based on pseudo-observable objects and quantities:

● Convention to allow for combination of final states and across experiments.

● Kinematic bins help to reduce influence of theory uncertainties (e.g. in      or        ) on 
measurement.
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Simplified template cross section (STXS)

● Define common phasespace regions based on pseudo-observable objects and quantities:

● Convention to allow for combination of final states and across experiments.

● Kinematic bins help to reduce influence of theory uncertainties (e.g. in      or        ) on 
measurement.

Efficiency larger 
for larger 

Bin

central

Bin

Data point

Unfolding w/ central

Unfolding w/ 

Unfolding w/ 

– before unfolding – 

– after unfolding – 
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Simplified template cross section (STXS) 

● Defined for analysis of LHC Run-2 data by LHC HXSWG:
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGFiducialAndSTXS#Stage_1
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Template vs. fiducial cross section

Fiducial cross section:

● Obey detector acceptance 
and stick to measurable 
quantities.

● E.g. Higgs production in 
association w/ two jets w/   
                        .

Simplified template cross 
section (STXS):

● E.g. Higgs production in 
VBF & gluon fusion.
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“Unboxing” the NN

● Decipher what the NN is doing using a Taylor expansion of the full NN output function. 
Impact analysis like on LEP likelihood, but here on NN output function.

Comput. Softw. Big Sci. 2 (2018) 5

Relative size of number indicates how sensitive the NN 
output is on the given input.

N
o

te
 t

h
a

t 
a

ll 
va

lu
e

s 
>

0
 a

re
 a

llo
w

e
d

. 

http://ekpwww.physik.uni-karlsruhe.de/~rwolf/
https://arxiv.org/abs/1803.08782


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

INSTITUTE OF EXPERIMENTAL PARTICLE PHYSICS (IEKP) – PHYSICS FACULTY

19/35

“Unboxing” the NN

● Decipher what the NN is doing using a Taylor expansion of the full NN output function. 
Impact analysis like on LEP likelihood, but here on NN output function.

Comput. Softw. Big Sci. 2 (2018) 5

Relative size of number indicates how sensitive the NN 
output is on the given input.

N
o

te
 t

h
a

t 
a

ll 
va

lu
e

s 
>

0
 a

re
 a

llo
w

e
d

. 

Also this can be done in 2d. 
And that way one can learn a 
lot about the NN task and how 
it is solved.
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STXS classification

● After classification of ggH and qqH events are split into STXS bins, based on selection 
requirements on theory-related quantities after reconstruction:

CMS-PAS-HIG-18-032
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MSSM              analysis (*)

(*) as proxy for a well motivated Two Higgs Doublet Model (2HDM) extension of the SM.
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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.

● Following factors help to increase      : large     , 
large      , large      , large         .

MSSM HO

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

125
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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 corres-
ponding couplings 
to a SM Higgs 
boson.

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

CP-odd part 
of coupling.
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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         .

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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Backup
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A2/A3

Reminder of CMS

Stable particles:

tracker

collision

calorimeters

solenoid

muon system

What we want to know:

                      + particle type (   ) from 
each particle that emerges the 
collision.
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