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                                    H → ZZ*  llll→

● One of the “golden channel”
○ Very clear signature in the 

detector 
■ Low background 

contributions
■ Good mass resolution

● Analysis is based on finding two 
pairs of isolated leptons with 
same flavor and opposite electric 
charges 



                                    H   ZZ*  llll→ →



                                       H   yy→

● The inclusive fiducial cross section times the H→γγ branching γγ branching 
ratio is measured to be:

which is within one standard deviation of 
the SM prediction of 63.6 ± 3.3fb



                                    H  μμ→

● Probe Higgs couplings to 2nd 
generation fermions
○ Low BR 

● Here: Higgs production in VBF 
channel 



                                    H  μμ→



                     Differential measurements
● With large statistics of full Run-II dataset, we can 

explore differential distribution 
○ To isolate phase space regions that are particular 

sensitive to new physics effects  
● Measurement of differential cross sections

1. Measure number of Higgs signal events Nsignal in i-th pT
H  

bin (or of any other observable)
2. Background subtraction
3. Unfolding: Derive correction factor from MC information:

4.  Calculate differential cross section:



                     Differential measurements



                            Higgs boson mass



                            Higgs CP/Spin 
● Spin and CP state of Higgs-boson are determined 

probing angular distribution of decay products
○ Data hints very strongly to a Spin CP state of 0+
○ Alternative models are rejected with a CL of more 

than 99 .9 %
● Spin-1 hypothesis was theoretically excluded by 

observation of H->yy decay mode (Yang’s theorem):
○ A massive spin-1 particle cannot decay into a pair 

of identical massless spin-1 particles.



                 Di-Higgs and Higgs self-coupling

● Higgs-mechanism of electroweak symmetry breaking and mass generation 
does not only predict the existence of a scalar boson, but also its self-
coupling 

● Probing the self-coupling of the Higgs 
boson allows us to verify the form of the 
Higgs potential

● Di-Higgs production mode is very 
sensitive to contribution from BSM 
physics 



                 Di-Higgs and Higgs self-coupling

● So far, we can only set limits on the self-coupling 
strength and the Di-Higgs production cross 
section

● Will need the full data from HL-LHC phase until 
we can measure these observables 



                             Di-Higgs prospects 



Ongoing Searches for Beyond the Standard Model Physics 



           Search for Supersymmetry (SUSY)

● SUSY in a Nutshell: 
○ Symmetry between fermions and bosons

■ Each SM particle has a (heavy) SUSY partner particle with
○ Lightest SUSY particle (if neutral and stable) is Dark Matter 

candidate
○ Extension of scalar sector: 

■ 3 neutral and 2 charged Higgs-Bosons within the minimal supersymmetric 
extension of the SM (MSSM)

○ Predicts unification of gauge couplings
○ Local SUSY describes Gravitation 
○ Introduces R-parity:

conserved in many SUSY scenarios 



           Search for Supersymmetry (SUSY)



           Search for Supersymmetry (SUSY)

● Search for stop quark pair production

● Search for multi-jet final state 
incl. large amount of missing ET

Probe phase space regions sensitive 
to contributions from SUSY signal 



           Search for Supersymmetry (SUSY)

● Search for stop quark pair production

Exclude stop masses of ~ 1300 GeV 
for neutralino masses below 400 GeV



           Search for Supersymmetry (SUSY)

● Search for stau 
pair production



           Search for Supersymmetry (SUSY)

● Search for slepton 
pair production



            Other (more exotic) Direct Searches    

● Broad range of searches for BSM physics at ATLAS
○ Excited leptons [1]
○ Leptoquarks [2]
○ Dark matter (e.g. invisible Higgs)  [3]
○ Vector-like quarks [4]
○ Highly ionizing particles (i.e. monopoles) [5]
○ Heavy neutrinos [6]
○ Lepton-flavour violation [7]

https://arxiv.org/abs/1906.03204
http://pdg.lbl.gov/2018/reviews/rpp2018-rev-leptoquark-quantum-numbers.pdf
http://cdsweb.cern.ch/record/2715447/files/ATLAS-CONF-2020-008.pdf
http://cdsweb.cern.ch/record/2628759/files/ATLAS-CONF-2018-024.pdf
https://arxiv.org/abs/1905.10130
https://arxiv.org/abs/1809.11105
https://arxiv.org/pdf/1607.08079.pdf


                Direct Search for excited electrons   

● Excited leptons appear in composite models [1]
○ Introduce new constituent particles called presons 

■ Bind at high energy scales to form the SM 
fermions and their excited states 

○ Explain the existence of the three generations of 
quarks and leptons

https://arxiv.org/abs/1906.03204


                   Direct Search for leptoquarks   
● Leptoquarks appear in several SM extensions [1]

■ E.g: GUT or R-parity violating SUSY
○ Bosons (with spin 0 or 1):

■ Carry baryon (B) and lepton (L) numbers 
■ Carry colour and fractional electrical charge.

○ Decay into a lepton-quark pair

http://pdg.lbl.gov/2018/reviews/rpp2018-rev-leptoquark-quantum-numbers.pdf


                    Direct Search for Dark Matter  

● Search for invisible Higgs boson decays [1]
○ Motivated by e.g. Higgs-portal models, which 

allow BR ~10% for invisible Higgs boson decays
■ SM predicts BR(H  νν) = 0.12% →
■ Decays into WIMPs could explain the 

existence of dark matter 

● Not necessarily the 
mH=125 GeV Higgs 
boson of the SM

http://cdsweb.cern.ch/record/2715447/files/ATLAS-CONF-2020-008.pdf




      Direct Search for Diboson Resonances

● Most searches for diboson resonances in ATLAS follow the same principle:
○ Perform (quasi) model-independent search for a bump in a smoothly falling mass 

spectrum



      Direct Search for Diboson Resonances
● Heavy vector triplet (HVT) as an example 

for a simplified model:
○ Simply introduces an additional SU(2) field 

to the SM
■ Results in a Z’ and W’

■ Coupling to SM particles governed by 
model parameters  gV , gF , gH

○ Representative for:
■ Minimal Walking Technicolour
■ Little Higgs models
■ Composite Higgs models
■ Models with extra dimension

● Model A:
○ Prefer coupling to fermions

● Model B:
○ Prefer coupling to bosons

● Model C:
○ Fermiophobic



      Direct Search for Diboson Resonances
● Simultaneous search for:

○ Heavy vector triplets 
○ Gravitons
○ Heavy scalars  

Exclude masses 
up to 3.4TeV at 
the 95% CL



      Direct Search for Diboson Resonances
● Search for:

○ Heavy vector triplets 
○ Gravitons
○ Heavy scalars  



      Direct searches for an extended Higgs sector

● In the SM, the Higgs sector has been chosen to be as simple as possible to accomplish 
electroweak symmetry breaking

○ The Two Higgs Doublet Model (2HDM) is a particularly promising extension of the 
SM Higgs sector as it is used in several BSM theories (e.g. MSSM) [1]

○ Single extensions 
■ Higgs-field Portal model (Hidden Sector) [1], [2]

○ Scalar triplet Models 
■ Georgi-Machacek model [3], [4]

○ Composite Higgs

https://arxiv.org/pdf/1702.03776.pdf
https://arxiv.org/pdf/1702.03776.pdf
https://arxiv.org/pdf/hep-ph/0605188.pdf
https://lib-extopc.kek.jp/preprints/PDF/1985/8509/8509075.pdf
https://arxiv.org/pdf/1908.00396.pdf


      Direct searches for an extended Higgs sector

● Search for a charged Higgs boson 
○ Predicted by e.g. models containing 2HDMs

● Dominant decay/production 
mode for low mass charged 
Higgs bosons   



      Direct searches for an extended Higgs sector

● Search for a charged Higgs boson 
○ Predicted by e.g. models containing 2HDMs

● Dominant for mH+ > 180GeV 
at alignment limit 



      Direct searches for an extended Higgs sector

● Search for doubly-charged Higgs bosons 
○ Predicted in models that contains a Higgs triplet field.

■  Leading to same-sign dilepton events

    pp → H++ jj → W+ W+ jj   (VBF)



      Direct searches for an extended Higgs sector

● Search for doubly-charged Higgs bosons 
○ Predicted in models that contains a Higgs triplet field.

■  Leading to final states with 4 leptons 

    pp → H++ H-- → W+ W+ W- W- 



      Direct searches for an extended Higgs sector

● Search for a pseudoscalar boson 
   
○ Predicted by e.g. models containing 

2HDMs



                       Effective field theories
● So far no hints for new physics in direct searches
● What if scale of new physics is outside the reach of the LHC?

○ Search for smooth enhancements in the tails of our observables
■ E.g. from resonances with masses beyond our reach

○ Probing for shape modifications of our observables
■ E.g. from anomalous couplings

● Effective field theories (EFT) allow for model independent approaches to search 
for such new physics effects



                     Effective field theory (EFT)

● In EFTs, Lagrangian of the Standard Model of particle physics is 
supplemented with additional BSM terms:

●      are higher dimension operators
● ci are the so-called Wilson coefficients

○ Specify the strength of a new CP-even (or CP-odd) interaction (i.e. they describe 
deviation from SM)

● Λ is mass scale for new particle



                     Differential measurements
● Re-interpretation of differential cross section 

measurements are used to constrain EFT parameters
● Measurement of differential cross sections

1. Measure number of Higgs signal events Nsignal in i-th pT
H  bin 

(or of any other observable)
2. Background subtraction
3. Unfolding: Derive correction factor from MC information:

4.  Calculate differential cross section:



                     Effective field theory (EFT)
H→ yy is sensitive to: 



                     Effective field theory (EFT)
H→ yy is sensitive to: 



                     Effective field theory (EFT)

● Exclude large range of EFT parameter 
space 

● So far: No significant deviations from the 
SM expectations found

○ However, not yet sensitive to range  
really relevant for EFTs 
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