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The case of matter

● All matter we know is made up of 
six quark flavors and six lepton 
flavors:

● Four fundamental forces (three of importance for particle physics).
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The case of matter

● All matter we know is made up of 
six quark flavors and six lepton 
flavors:

● Formalize nature by Lagrangian density function.
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The case of matter

● All matter we know is made up of 
six quark flavors and six lepton 
flavors:

● “Simple” (local) symmetry requirements on     enforce complex interactions.
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A wealth of structures

● “Simple” (local) symmetry requirements on     enforce complex interactions.
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The standard model        (SM)
N

ature (2
01

5) 1
4 47

4

E
P

JC
 74

 (20
14

) 30
53

E
P

JC
 75

 (20
15) 18

6

P
hys. R

e
pt 4

27
 (20

06)

Precision observables:

Striking features & 
global characteristics:

of particle 
physics

http://dx.doi.org/10.1038/nature14474
http://dx.doi.org/10.1038/nature14474
http://dx.doi.org/10.1140/epjc/s10052-014-3053-6
http://dx.doi.org/10.1140/epjc/s10052-015-3376-y
http://arxiv.org/ct?url=http://dx.doi.org/10%2E1016/j%2Ephysrep%2E2005%2E12%2E006&v=f5ffcfde
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Symmetries strictly forbid 
force mediators to have 
mass       (e.g.                 ).

Problem-1:

Weak force distinguishes 
between left- and right- 
handed matter → breaks         
             for ALL weakly 
interacting particles with 
mass       .

Problem-2:

http://dx.doi.org/10.1038/nature14474
http://dx.doi.org/10.1038/nature14474
http://dx.doi.org/10.1140/epjc/s10052-014-3053-6
http://dx.doi.org/10.1140/epjc/s10052-015-3376-y
http://arxiv.org/ct?url=http://dx.doi.org/10%2E1016/j%2Ephysrep%2E2005%2E12%2E006&v=f5ffcfde
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How can              symmetry be the source of weak interactions while at the same time 
all interacting particles with            explicitly break this symmetry?!?

Spontaneous symmetry breaking: ● Symmetry inherent to the system but not to 
its energy ground state (→ quantum vacuum).

● Excitation of vacuum ground state leads to 
existence of a new particle, characterized by 
very peculiar coupling structure, needed to 
preserve the symmetry of the system:

Postulate new field    with 
symmetry breaking vacuum:

Particle masses created 
dynamically by coupling 
to non-zero vacuum.
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● 8.3 T

● 11.8 kA

● 160 cyc

Silicon Tracker:

CMS
● Length : 21 m
● Diameter : 16 m
● Weight : 12'500 t

Last beam in 
LEP 11/2000

First beam in 
LHC 11/2009

● Energy density 
500 kJ/m.

● Tension 
200'000 t/m.

● up to 4 TeV 
beam energy 
in 2012.  

●  

LHC

Electromagnetic Calo:

3.8T superconducting 
solenoid magnet:

● Tracker: Si (                       
 for a 10 GeV track).

● ECAL: PbWO (                      
for a 30 GeV        ).

4

The Higgs finder...
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                                     The challenge
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The discovery…  

Production: Decay:

4th July 2012
PLB 716 (2012) 30

https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
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                                     … and beyond
“untagged”

Decay / Prod

Part of discovery After LHC run-1 Not covered

(CMS   )
(ATLAS)

Significance:

(CMS   )
(ATLAS)

Significance:
Significance:

(CMS   )
(ATLAS)

(CMS   )
(ATLAS)

Significance:

(CMS   )
(ATLAS)

Significance:

Impressive consolidation of 
discovery. Major LHC run-1 
result!

44 (peer reviewed) 
publications since 
discovery 
announcement
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https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1103/PhysRevD.89.092007
http://dx.doi.org/10.1007/JHEP01(2014)096
http://dx.doi.org/10.1007/JHEP05(2014)104
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.012003
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Significance:
(CMS   )
(ATLAS)
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                                     … the case of fermions

● Still lacking: convincing single channel observation of coupling to fermions.

● Branching ratios much higher but 
signature less distinct from SM 
backgrounds.

(→ experimentally interesting)

● Coupling to vector bosons w/o 
d.o.f. in SM (and protected):

● Coupling to fermions introduced 
by hand as Yukawa couplings, 
thus theoretically least motivated.

(→ theoretically interesting)
(CMS   )
(ATLAS)

Significance:

bb

WW

gg

tautau

cc

ZZ

Values in braces correp. To final states of experimental interest.

http://dx.doi.org/10.1007/JHEP05(2014)104
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.012003
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The              decay channel

Six decay modes:

● Search for 2 isolated high 
     leptons (   ,    ,    ).

● Reduce obvious backgrounds (e.g. 
use      ) & reconstruct       .

● Inputs: visible leptons, x-, y-component of      .
● Free parameters:    ,     , (       ) per   .
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Control remaining backgrounds

● In              events 
replace    by sim    ).

● Norm from               .

● From simulation.
● Normalization from 

sideband.

● Normalization & 
shape from data.

● From simulation
● Corrected for           

or                miss-Id.

● From simulation
● Normalization from 

sidebands.

JHEP 05 (2014) 104

http://dx.doi.org/10.1007/JHEP05(2014)104
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Further Event Categorization
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Further Event Categorization

● Nearly 100 exclusive event 
categories (on 7+8 TeV dataset    
                single measurements,     
              nuisance parameters). 

● 6 inclusive decay channels. 

● Exclusive decay channels 
for production in association 
with    ,     bosons. 
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Body of evidence

(CMS   )
(ATLAS)

Significance:
Consistent build-up of signal

Single channel sensitivity

p-value plot

Homework left for LHC run-2: 

● Convincingly establish 
observation of coupling to 
fermions.

● Turn observation into a 
measurement (→ cross 
section, fiducial/differential).

● Theoretically cleanest 
channel to measure CP of 
the Higgs.

JHEP 05 (2014) 104

NP 10 (2014) 557-560

http://dx.doi.org/10.1007/JHEP05(2014)104
http://dx.doi.org/10.1038/nphys3005
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Extended Higgs sectors

● The MSSM, like any other Two Higgs Doublet Model (THDM) predicts five Higgs 
bosons: 

● Strict mass requirements at tree level:

two free parameters:       , 

(angle btw.      &      in isospace)
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The role of down-type fermions

Interesting production modes:

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

Interesting decay channels:

(“       ”)(“       ”)

L
H

C
H

X
S

W
G

-3

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMNeutral
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The role of down-type fermions

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

EPJC 75 (2014) 212 IEKP-KA/2014-07
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Modify SM               analysis to scan for an additional CP-
odd Higgs boson between               and              .

http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
https://ekp-invenio.physik.uni-karlsruhe.de/record/48590/files/EKP-2014-00101.pdf
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The search

b-tag category: No b-tag category:

JHEP 10 (2014) 160

● Search for additional peak(s) in        distribution.

http://dx.doi.org/10.1007/JHEP10(2014)160
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Presentation of outcome …  

“Model independent” limits: single narrow 
resonance search in       &       mode.

Full exclusion (here in            scenario).

JHEP 10 (2014) 160

PLB 713 (2012) 88-90

PRL 106 (2011) 231801

http://dx.doi.org/10.1007/JHEP10(2014)160
http://dx.doi.org/10.1016/j.physletb.2012.05.028
http://dx.doi.org/10.1103/PhysRevLett.106.231801
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Latest greatest … 
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CMS-HIG-PAS-16-007

CMS-HIG-PAS-16-007

http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
https://cds.cern.ch/record/2142432
https://cds.cern.ch/record/2142432


Institute of Experimental Particle Physics (IEKP)25  

The Higgs pincer

BSM              search:

CP from       
final state.

CP from jets in 
final state.Flagship 

Extension to 
NMSSM/2HDM 

Stat. inference model 
(in-)dependent representations.

SM              search:Exploration of production 
modes/couplings

BSM 

combination

2016/20 17

2017

2015

2016/2017

2017

2018+
+

Direct search for new Higgs bosons:

Deviations from SM expectation:
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Closing in … 

What we have found and 
measured for       .

Different levels of fine 
tuning in the SM.

~
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The SM in the stress field 
of vacuum stability.
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Conclusion

● The Higgs (and more general electroweak) sector of the SM is mot exciting in HEP 
at the moment.

● Guaranteed new physics in reach (→ well motivated program of measurements & 
searches).

● In the SM Higgs sector fermion couplings are theoretically least understood and at 
the same time experimentally most difficult to study.

● This program can be linked up with several interesting corners of HEP (including 
the unexpected … ).
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Backup
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Historical context 1961:

Spontaneous symmetry breaking 
in super conductivity.

1962:

Higgs mechanism in particle 
physics.

1964:

Formulation of electroweak SM.1967:

Proof of renormalizability.1971:

Discovery of charm,    and bottom.1974-77:

1983:

1995:

2000:

2012:

Nobel prize to Peter Higgs and 
Francois Englert.

2013:

First formulation of a unification of 
electromagnetic and weak force. 

Discovery of W and Z.

Discovery of top.

Discovery of      .

Discovery of Higgs boson.
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Historical context

Indirect constraints from LEP

1961:

Spontaneous symmetry breaking 
in super conductivity.
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Nobel prize to Peter Higgs and 
Francois Englert.

2013:

First formulation of a unification of 
electromagnetic and weak force. 
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Discovery of      .

Discovery of Higgs boson.
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Historical context

Indirect constraints from LEP

Final word from LEP

Final word from Tevatron

1961:

Spontaneous symmetry breaking 
in super conductivity.

1962:

Higgs mechanism in particle 
physics.

1964:

Formulation of electroweak SM.1967:

Proof of renormalizability.1971:

Discovery of charm,    and bottom.1974-77:

1983:

1995:

2000:

2012:

Nobel prize to Peter Higgs and 
Francois Englert.

2013:

First formulation of a unification of 
electromagnetic and weak force. 

Discovery of W and Z.

Discovery of top.

Discovery of      .

Discovery of Higgs boson.
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Event Estimates for LHC run-2

Rough estimates of event yields before reconstruction and selection.
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Performance of hadronic   reconstruction

● Efficiency            (         fakerate), flat for  
                          & independent from 
pileup events.
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● Control     energy scale within          from fits to    
          :

● Control efficiency within        
using tag & probe methods:

● Uncertainties further constrained by maximum 
likelihood fit in the statistical inference for signal 
extraction.

Performance of hadronic   reconstruction
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Analysis Strategy

● Analyze all six inclusive decay channels (                                          ) & many more 
exclusive decay channels for        production (            ,               ).

● Select two isolated leptons (             ).

● Restrict        to reduce background from 
               events.

● Use fully reconstructed         as discrimi-
nating variable:

● Inputs: visible leptons, x-, y-component of      .

● Free parameters:    ,     , (       ) per   .

Resolution:
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Distribution of 
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Spin & CP

● Golden decay channel:

PRD 89 (2014) 092007

Test of pure spin hypotheses (based on          evts):

http://dx.doi.org/10.1103/PhysRevD.89.092007
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CP admixtures

● General phenomenology of non-CP conserving          couplings:

LO-amplitude 
formalism( )

(vector boson mass)

(polarization vector )

SM CP-even

CP-even “higher 
dimension”

CP-odd 
admixture. a

d
m
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tu

re
 o
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to
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PRD 92 (2015) 012004Applied to:           ,          ,         ,         . 

http://dx.doi.org/10.1103/PhysRevD.92.012004
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● Obtain     from an angular momentum analysis of the QM system:

Higgs: CP properties (from               )

Orbital momentum: Intrinsic parity of fermions:

● Obtain     from                for permutations of objects (→spin statistics):

● For two fermion system:

under permutations.

under permutations.

    of parent particle 
translates into spin 
configuration of two 
fermion system.
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Higgs: CP properties (from               )

● For two fermion system:     of parent particle 
translates into spin 
configuration of two 
fermion system.

-odd:-even:



Institute of Experimental Particle Physics (IEKP)41  

Higgs: CP properties (from               )

● For two fermion system:     of parent particle 
translates into spin 
configuration of two 
fermion system.

-odd:-even:

makes spin confi-
guration detect-
able!

E.g.

Decay width:

-even -odd
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Different admixtures of      
      -even and       -odd

      -even compared to 
main background

Pure       - 
even

Pure      - 
odd

CP-even

● Angle between spins 
↔ angle between 
decay planes:  

arXiv:1108.0607

arXiv:0812.1910

Transverse spin polarization in the di-   system

arXiv:1408.0798

http://arxiv.org/abs/1108.0670
http://arxiv.org/abs/0812.1910
http://arxiv.org/abs/1408.0798
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              Decay Channel

Status March 2013: Status Summer 2014:Status July 2012:

Treating contributions from                  as background.



Institute of Experimental Particle Physics (IEKP)44  

Spin & CP

● Golden decay channel:

PRD 89 (2014) 092007

Test of pure spin hypotheses (based on          evts):

http://dx.doi.org/10.1103/PhysRevD.89.092007
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Mass & decay width

● From high resolution channels:
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From “naive” line shape analysis

From “naive” line shape analysis

compatible 
within       .

Expectation from SM:

https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1103/PhysRevD.92.012004
http://dx.doi.org/10.1103/PhysRevD.89.092007
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Mass & decay width
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From offshell cross section:

Expectation from SM:

http://dx.doi.org/10.1016/j.physletb.2014.06.077
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Compatibility

E
P

J 
C

 7
4 

(2
0

14
) 

30
76

JH
E

P
 0

1 
(2

0
14

) 
09

6

E
P

J 
C

 7
4 

(2
01

4)
 3

07
6

Second close-by resonance in              ? 

JH
E

P
 0

5 
(2

01
4)

 1
04

P
R

D
 8

9 
(2

01
4

) 
0

92
0

07

E
P

J 
C

 7
5 

(2
01

5)
 2

12

Coupling across production 
modes or decay channels:

● Event categories       :

● Nuisance parameters:

● 16 MB binary file of stat. model 
(~145 MB in human readable form).

Overall coupling consistency:
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https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1007/JHEP01(2014)096
https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1007/JHEP05(2014)104
http://dx.doi.org/10.1103/PhysRevD.89.092007
http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
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Mass 

● ATLAS+CMS LHC run-1 combination:

PRL 114 (2015) 191803

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803
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Coupling structure

● Event categories       :

● Nuisance parameters:

● ATLAS+CMS LHC run-1 combination:

Considered production modes: Considered decay channels:

Main production modes:
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Amplitudes

https://cds.cern.ch/record/2053103/files/HIG-15-002-pas.pdf
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The     model

● Dress each coup-
ling at tree-level 
with a scaling fac-
tor     .

● Loops are resolved 
according to SM or 
treated as effective 
couplings.

Non measurable couplings tied to measurable ones:             ,               ,              .

● Comprise       to 
obtain simplified 
models.
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      -      model

● Resolve loops according to SM.

● Combine tree-level couplings into      (coupling to W & Z boson) and      (couping to 
fermions).
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https://cds.cern.ch/record/2053103/files/HIG-15-002-pas.pdf
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“Money plot”

● Six all tree level couplings.
● All loops resolved.
●                .
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Within measurement accuracy 
unique scaling as expected within 
the SM.

CMS-PAS-HIG-15-002

https://cds.cern.ch/record/2053103/files/HIG-15-002-pas.pdf
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Limits in dedicated MSSM Benchmark Scenarios

● Explicit prediction for three neutral Higgs bosons:

● Note: h(125) has been observed!

● With increasing sensitivity new 
statistical interpretation is 
needed: “1 Higgs vs 3 Higgses”.

● Old method: h(125) ignored in 
statistical inference:

arXiv:1408.3316

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13021PaperTwiki
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Limits in dedicated MSSM Benchmark Scenarios

● Explicit prediction for three neutral Higgs bosons:

● Note: h(125) has been observed!

● With increasing sensitivity new 
statistical interpretation is 
needed: “1 Higgs vs 3 Higgses”.

● New method: h(125) taken into account 
in test statistic:

arXiv:1408.3316

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13021PaperTwiki
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More benchmark scenarios (as defined by                    )

enhanced

reduced

reduced

arXiv:1302.7033

http://arxiv.org/abs/arXiv:1302.7033
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More benchmark scenarios... (old method)
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Yukawa couplings for    and   vary with 

● With increasing                  
dominates over       .

● Also   dominates over   in        
loop.

arXiv:hep-ph/0604156

● Has impact on the analysis 
sensitivity (unless explicitly 
designed otherwise).

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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Mitigation of           dependence in              analyses

● MSSM        (MG5_aMC@NLO):

● MSSM        (Powheg NLO):

Technically requires generation of 
2 MC samples per mass point.

Technically requires generation of 
five MC samples @ three different 
scales per mass point.

● In the process of thorough validation campaign to set up corresponding workflows.

● General procedures will be documented in YR4.

Sasha Nikitenko, Yuta Takahashi, Rene Caspart (on CMS side)
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… picked up by theory

arXiv:1507.06706

● First application to new models 
(using HiggsBounds):

3D database:                             points for 31 
masses between                                    .

arXiv:1408.3316

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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Recall: limit construction algorithms

Direct limit on full benchmark: Re-interpretation from LH:
● For fixed values in                    

 build templates composed of   
                 according to model.

Typical grid in                .

● for fixed value of       find value of           
where                               .

● vary whole template (scaling factor   ).

● Cluster Higgs bosons if they are close to 
each other (within exp. Resolution).

● Determine cluster with highest expected 
exclusion sensitivity (i.e. largest                 
from DB based on BG-only Asimov dataset).

● Read off               for each given point of 
                 from DB based on data.
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LH components
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Direct limit:

Global 
minimum.

● Fix template according to exact 
model point.

Re-interpretation:
● Obtain             from minimum 

of scan for given      .

● NB: does not vary as function 
of         .

Minimum for      
                      .

BG +

Pseudo-dataset (30/fb):

● Find best fit point. Allow for floating 
overall normalization (   ).

NB: plots do not corresp. to pseudo-
dataset, but to CMS publication.
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BG +

LH components
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“                               for 
exact model point (with    
         ) w.r.t. floating    “.

Exp.              for:

Direct limit:

Re-interpretation:
● Read off             and apply to   

                 plot.

Fit to (pseudo-)data

Fit to BG-only Asimov dataset

Pseudo-dataset (30/fb):

NB: plots do not corresp. to pseudo-
dataset, but to CMS publication.
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Method comparison (exclusion contour)
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Method comparison (exclusion contour)

How does the re-interpretation method 
differ from the full limit?
●                   remarkably well reproduced.

● Catches long-range effects of    only coarsely 
(supposed to be small).

● By construction        and       uncorrelated.
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● Inject signal for decreasing values of       :

● Investigate behavior of signal templates & 
likelihood.
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Charged Higgs boson search (                    )

● Most sensitive decay channel (cf neutral Higgs searches).

● Concentrate on hadronic decay of W → 
well defined use of        for sig extraction.

● Extending mass range of search by       
                                               .

CMS-HIG-14-020

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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Combined MSSM              &                 Limits

● Coherent search for all 5 MSSM Higgs bosons: 

● Infrastructure already set up.

● Setting path for any kind of other 
combined model searches.

● Extension by further 
channels straight 
forward (e.g.              ,     
                          ,             
                          ).
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             MSSM limits re-interpreted in Type-II 2HDM

● Infrastructure in place. Incorporation in existing framework nearly trivial:

● Usually 7 free parameters on 
general 2HDM scenarios.

● Much more 
studies/understanding required.

same data

Ph.D. thesis F. Frensch 
05/2015
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                arXiv:1404.1344Direct searches for                        (                )

q q

s-channel

t-channel

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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● “Update of SM limits (for HCP)” 
(11/2012,           ) (HIG-12-043)

Higgs Discovery Period (2011 –  2013)

● Personal contributions to Higgs discovery (& beyond):     [   : 9 PASes, 5 papers!]
● “First MSSM limits (for Moriond)” 

(03/2011,            ) (HIG-10-002/arXiv:1104.1619)

● “Update of MSSM limits (for EPS)” 
(07/2011,            ) (HIG-11-009)

● “Update of MSSM limits (for SUSY)” 
(08/2011,            ) (HIG-11-020)

● “First SM & MSSM limits (for Jamboree)” 
(12/2011,            ) (HIG-11-029/arXiv:1202.4083)

● “Update of SM limits for ICHEP (Higgs observation)” 
(07/2012,           ) (HIG-12-018/arXiv:1207.7235)

● “Update of MSSM limits (for HCP)”
(11/2012,           ) (HIG-12-050)

● “SM evidence (for Moriond)” 
(03/2013,           ) (HIG-13-004/arXiv:1401.5041)

● “MSSM limits on full dataset (for SUSY)” 
(07/2013,           ) (HIG-13-021/arXiv:1408.3316)

● “SM4 searches (direct publication)” 
(02/2013,           ) (arXiv:1302.1764)

● Defining analysis in     ,      ,     .

● Author of main supporting documents 
(AN).

● Combination of all sub-decay 
channels & event categories.

● Statistical inference, post-fit plots, 
compatibility, NLL scans, limits, ...

● Combinations w/ other Higgs decay 
channels.

● Pre-approvals & approvals.

Mike Bachtis, Josh Swanson, Andrew Gilbert, Valentina Dutta, Aram Apyan, 
Riccardo Manzoni, Alexei Raspereza, Phil Harris, Markus Klute, RW...

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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Higgs Future Projections (2011/2012)

● ESG (CMS-NOTE-2012-006) & snowmass reports

● Basis for strategical decisions. 

● NB: Scenario for            
compares quite well with reality.

Marco Zanetti, Markus Klute, RW.

● Preparation of datacards in all 
decay channels + calculation of 
significances.

Projections for 30 / 300 / 3000 fb-1

as published

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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Tools for               Limit Calculation

Used for all statistical 
inference in                 
up to now!

Master thesis Rene Caspart 05/2014.
under my responsible supervision.

e.g.:

Andrew Gilbert, Felix 
Frensch, Rene Caspart, 
Artur Akhmetshin, RW

now:

file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
file:///home/roger/Data/Bewerbungen/Bristol/Seminar/
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Current Personal Situation

● Habilitation @ KIT/EKP (Leader of KIT Higgs group, since 11/2013):

Fellow of the Baden-Württemberg Stiftung 
(supported with budget of 90k Euro for own group, 

since 01/2014).

● Higgs Group @ KIT: Dr. A. Gilbert, Dr. S. Wayand, 3 Ph.D., 4 Master, 1 Bachelor.

● SM              (    ) and turning it into a CP measurement. 

Lectures on Higgs physics 
(3x evaluated) 

Convener of               sub-
group (2014/2015)

Convenor of LHCXSWG-3 
(MSSM & BSM).

Habilitation document 
published in Springer 
Tracts of Modern Physics 
(“The Higgs Boson Discovery 

at the Large Hadron Collider”)

● Continue/extend BSM searches in               decay channel & statistical interpretation. 

● Extend searches towards       .
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