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Goals of the WG
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• Taking the optimistic perspective: our main goal is to make sure we find 
exotic Higgs decay

• For that we need
• Broad program for exotic Higgs decays
• Deep understanding of possible signatures
• Large variety of signal models

• Including MC tools for providing signal events and good description 
of Higgs production

•  Growing activity in the collaborations
• Adding more search channels

• Constructive relations between theorists and experimentalists
• Nature to cooperate
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From the kick-off meeting

3

• Introduction
• Two experimental talk

• ATLAS & CMS quick review of relevant results
• Two theory-oriented sessions

• SM Higgs rare decays
• Constraining the charm Yukawa                         (Gilad Perez)
• Rare Hadronic Higgs decays                               (Frank Petriello) 

• Higgs decays to exotic particles
• Uncovering light scalars H→bbµµ                     (Yiming Zhong)
• Hidden naturalness & non SM Higgs decays      (Matthew Strassler)

• Long discussion sessions 
• Main focus on experimentalist wish list from the group
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ATLAS BSM Higgs searches
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• Possible categorization (following a work shop on this topic)
• Higgs decays with displaced signatures or lepton-jets
• Exotic Higgs decay with leptons (hadrons)
• LFV & FCNC
• Higgs to invisible
• Rare decays

CMS BSM Higgs searches
}

Decays to non-
SM particles

Allowed 
in the SM

}
Decays to SM particles; forbidden in the SM

From the kick-off meeting
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CMS - One 2.5σ excess LFV H→τµ

5S. Bressler

• Best fit value BR(H→τµ) = 0.9 ± 0.4%  → 2.5σ
• Observed limit BR(H→τµ) < 1.57 %    (0.75 ± 0.38 % expected) 

From the kick-off meeting



H LFV in ATLAS
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• Hadronic channel
• H→τµ
• Analysis based on the lep-had H→ττ methodology 
• Passed unblinding approval last week

• Leptonic channel
• H→τµ & H→τe
• New methodology based on eµ/µe symmetry
• Unblinding approval next week

• Sensitivity similar to that of CMS

From the kick-off meeting
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  Decays to light quarksSM Higgs - rare decays

Slide from Gilad Perez

SM: BR(H→cc) ~ 4%
• Well below the current experimental sensitivity
• Enlarging charm Yukawa by few leads to dramatic changes

• Various (many) existing model
Experimental progress
• Charm tagging can improve a lot the sensitivity

From the kick-off meeting



  H→cc
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SM Higgs - rare decays

Slide from Gilad Perez

From the kick-off meeting
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  H→cc
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SM Higgs - rare decays

The global analysis results proves 
non universality of quark Yukawa

From the kick-off meeting
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Interesting for many reason, for example

  H to light quarks (cc)SM Higgs - rare decays

Slides from Frank Petriello

From the kick-off meeting
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Full 2012 data set:
[arXiv:1501.03276]

  Run I - ATLAS resultsSM Higgs - rare decays

Main analysis features: 
• Nonparametric data-driven 

approach using templates to model 
the dominant QCD background

From the kick-off meeting
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  H to light quarks (bb)SM Higgs - rare decays

Slides from Frank Petriello

Slide from Frank Petriello

Some discussion also on Hss
All measurements (if possible)  are only possible in HL-LHC 
too rare for e+e- collider

From the kick-off meeting
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  H to light quarks (bb)SM Higgs - rare decays

Followup discussion - trigger issue
• Need trigger for photon + meson - is it doable?
• Action for the WG: facilitate interaction with Pythia authors to implement 

angular distributions in these decays
• Expecting farther discussion in the next meeting

From the kick-off meeting
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 H→2s(a)→2µ2bHiggs decays to exotic particles

Strong motivation

Slides from Yi-Ming Zhong

From the kick-off meeting
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Followup discussion 
• Important to go to higher and lower pseudo scalars and not restrict to ma of a 

few GeV
• H→2s(a)→2b2b - also important (maybe search in WH associated 

production)

 H→2s(a)→2µ2bHiggs decays to exotic particles
From the kick-off meeting
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 Hidden naturalnessHiggs decays to exotic particles

Motivation
• Naturalness requires colored particles at the TeV scale

• For effective cancelation of top loop
• Where are these colored particles?

• Do not exist. Nature is fine tuned
• ‘Out there’ but decaying and missed by LHC searches
• They are heavy - moderate fine tuning
• Top partners and αs-strength gluon-partner aren’t colored

• Uncolored Naturalness (Folded SUSY 2009)
• Hidden Naturalness (Twin Higgs 2005)  

• detailed discussion of a new branches of these models
• Many possible final states (some hard and some easy to search for)

From the kick-off meeting
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 Hidden naturalnessHiggs decays to exotic particles

Slide from Matt Strassler

From the kick-off meeting

WG3: Exotic Higgs Decays @ Fermilab                                                                                                                  21-22 May, S. Bressler



Some other comments
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• Suggested to phrase WG recommendations in terms of set of fiducial observables
• The big exotic Higgs decay survey document (arXiv:1312.4992) provides 

benchmarks and prioritization for Higgs decays with up to 4 visible partons   
• But experimentalists are still asking for benchmarks and prioritization  
• What is lacking in the big document from an experimental point of view?

• Need for benchmark development at high multiplicity and with missing energy  
Currently the largest blind spot in coverage is partly-invisible decays

From the kick-off meeting
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New experimental resultsSince the kick-off meeting

[arXiv:1505.01609]
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New experimental resultsSince the kick-off meeting

[arXiv:1504.04324]
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New experimental resultsSince the kick-off meeting

[HIG-14-038-PAS]
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New experimental resultsSince the kick-off meeting
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This meeting
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Organized in 4 sessions
• Displaced vertex signatures
• Neutrinos, SUSY, and decays involving MET
• LFV and rare decays
• 4-parton signatures

Both theory and experimental talks
• Try to focus on the region in the barrier between the two 

Time for discussion
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This meeting - more points to consider
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• MVA Vs. Cut flows
• Missing MC tools
• Missing theoretical predictions

• Can predictions be made for possible studies with LHCb?

• Presentation and reinterpretation of results from displaced searches
• Development of a framework to guide semi-invisible/showering searches

• Other signatures ?
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