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Higgs Portal into New Physics 

  If new physics (NP) manifests itself as SM singlet operators, the 125 
GeV Higgs is one of the two fields in the SM which may couple with it via 
renormalizable couplings [Patt and Wilczek, arXiv:[hep-ph/0605188]]

  If NP serves as a mechanism for stabilizing the 125 GeV Higgs mass 
(e.g., SUSY), then the Higgs needs to couple with the NP directly

  Both types of couplings can have significant implications for Higgs 
collider phenomenology.
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Current Progress on the Report
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Exotic Decays of  the 125GeV Higgs Boson
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(1) Sensitive to NP

  A small non-standard Higgs coupling may lead to sizable effect.   

  So the exotic decays of the 125GeV Higgs are a natural and very efficient 
way for probing new physics 

  About three orders smaller than the Z or W widths (~ 4MeV only) !
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(2) Many Topologies

  If the initial exotic decay of the 125 GeV Higgs is 2-body, there are many 
possibilities 

  Collider signature can be classified into three cases: purely invisible, semi-
invisible and visible
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(3) Good Motivation in Theory

  SM+S, 2HDM+S

  gives h -> 2a -> 2f 2f’

  include R-symmetry limit of the NMSSM

  SM + one or two fermions

  gives h -> invisible or semi-visible

  included PQ-limit of the NMSSM

  SM + dark vector boson

[Dobrescu et al., Phys. Rev. D 63 (2001); 
Dermisek, Gunion, Phys. Rev. Lett. 95 (2005)] 

[Draper, TL, Wagner, Wang and Zhang, 
Phys. Rev. Lett. 106 (2011); 

J. Huang, TL, L.T.Wang and F. Yu, arXiv: 
1309.6633]
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(4) Potentially Large Number of  Events

  Exotic kinematics, dedicated analyses are generally required

  If we don’t look for them, we will not find them
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The Article

It is not a pure review, but contains many new inputs ! 
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• Search for h→ ZDZD → (�+�−)(�+�−) ......

• Search for h→ ZZD → (�+�−)(�+�−) ......

• Search for h→ �+�−+ MET ......

• Search for h→ �+�−�+�−+ MET ......

• Search for h→ aa→ (bb̄)(µ+µ−) ......

• Search for h→ aa→ (τ+τ−)(µ+µ−) ......

• Search for h→ aa→ (γγ)(γγ) ......

• Search for h→ γγ+ MET ......
13

Highly Motivated Searches at LHC7 + LHC8 + LHC14 
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• h→ 2→ 6 e.g. decays of the Higgs to neutralinos that decay via R-parity

violation to three jets, etc.

• h to > 4 leptons, τs, bs; decays such as h→ 6τ or 8b have been suggested

in the literature.

• h to complex lepton jets (i.e. with > 2 tracks), including both purely elec-

tronic, purely muonic, purely leptonic with a mix of muons and electrons,

and mixed leptonic/hadronic jets.

• Decays to one or more photonic jets (consisting of ≥ 2 collimated photons)

need more experimental study.

• h decaying to long-lived particles with decays in flight.

• It is urgent that further studies be done on the more difficult channels, such

as bb̄ττ , bb̄+ MET, ττ+ MET, jjγγ, in the context of VBF production. If

such studies reveal VBF can yield significant improvements in sensitivity,

then developing triggers for 2015 aimed at these final states may be crucial.

• ... ...
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Future Studies 
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SM decays 

Rare and non-standard decays

Z Boson Measurements (from PDG)
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Particle Data Group

Hopefully in the near future similar entries will 
be created for the 125GeV Higgs boson
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Perturbative Unitarity Bound 
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 Unitarity in VLVL Scattering

  In the SM, perturbative unitarity requires that s terms be cancelled 
exactly

  Such a cancellation is ensured by the SM Higgs boson

  However, Higgs couplings with gauge bosons might be modified due to 
new physics effects (e.g., in the MSSM). Such a modification can re-
introduce unitarity violation  
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Effects of  TeV-scale New Physics

Recall: TeV scale new physics typically indicates % 
level deviation
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 EW Symmetry Breaking

  WW have a cm energy ~ 10-30 TeV for 50-100 TeV pp collider, so we 
may expect a sensitivity to probe a coupling deviation as small as 

∆κ ∼ O(10−3)

Ren & He
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∆κ ∼ O(10−1)
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 EW Symmetry Breaking

  As a comparison, at 14 TeV with 300/fb, we can only probe  

He et.al 2003
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ff̄ → nVL (n ≥ 2)

Yf =
√

2
v

Mf (1 + ∆κf )
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 Origins of  Fermion Mass

  If new physics enters the generation of fermion mass, then 
Yukawa couplings will be modified  

  This is possible, since there is no fundamental principle which requires 
the Higgs and the SM fermions couple with each other in a standard way.

  Unitarity can be violated and be directly probed at high-energy scattering
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 Dependence of  Unitarity Bound on ``n’’

  Perturbative unitarity bound is dependent on the number of longitudinal gauge 
bosons in final state 

  Typically the strongest unitarity bounds are not from the case with ``n=2’’

Dicus & He, arXiv:hep-ph/0409131
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 Origins of  Fermion Mass

  2-> n scattering put upper bounds on scales of mass generations of the 
last two generation of quarks and leptons within 3.5-56 TeV and the 
third one within 77-107 TeV

  Given this fact, high-energy collider like the SPPC may play an 
important and even crucial role in probing the mass origin of the SM 
fermions. 

Dicus & He, arXiv:hep-ph/0409131
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  Relevant Processes at High-energy Machine  

  This can be tested via the topologies illustrated above

  The collider analysis is progress 
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Short Comments on Other Topics
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Snowmass-Higgs-Rept, arXiv:1310.8361

  Measurements of  Standard Higgs Couplings   
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  CP Properties of  the 125 GeV Higgs Boson   

  The measurements of CP-properties at the LHC have been suggested 
in a couple of channels: ZZ, di-photon, di-tau, tt, ...

  Typically challenging at the LHC. But at the e+e- collider, the story is 
relatively simple. For example, 

  Can the e+e- collider help probe CP-violating couplings in some difficult 
cases, e.g., hbb ?

Tuesday, February 25, 2014



30

  Nonstandard Higgs Search   

  Can be electrically neutral, singly charged, doubly charged. The SPPC 
can play a role in performing searches over larger possible mass range! 

  Using the MSSM as an example, the production cross section of the 
CP-odd Higgs boson is enhanced by roughly two orders at the SPPC, 
compared with the LHC.

Hajar, Liu
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  Nonstandard Higgs Search   

  tt channel may play a crucial role in searching for such a heavy non-
standard Higgs boson as well as probing its CP-properties

A. Djouadi, 2013

Tuesday, February 25, 2014



32

 Questions to Address 

  CP properties of the 125 GeV Higgs: systematic asses potential for 
their measuring at the ILC

  Exotic decay of 125 GeV Higgs: systematic assess potential for 
discovery at the ILC 

  Higgs unitarity: assess potential for probing it at the SPPC

  Nonstandard Higgs boson: new search strategies, CP-violation 

H

New Physics
(extra particles)
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