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Higgs mechanism in SM
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The Standard Model (SM) particles has mass but a mass term in the Lagrangian violates 
gauge symmetry. This problem is solved by the Higgs mechanism. The Lagrangian with 
the complex scalar field  is,Φ

For  and  :    

v= vacuum expectation value = 246 GeV

μ2 < 0 λ > 0 Φ†Φ = −
μ2

2λ
≡

v2

2

 ,    ,    ℒ = (DμΦ)†(DμΦ) − V(Φ) Dμ = ∂μ − ieAμ V(Φ) = μ2Φ†Φ + λ(Φ†Φ)2

The symmetry breaking pattern is, .SU(2)L × U(1)Y → U(1)e.m.

Masses:

Mass of W boson, .            mW± =
1
2

gv

Mass of Z boson, .            mZ =
1
2

v g2 + g′ 
2

Mass of Higgs boson, .              mh = 2λv2

Mass of fermions,               mf =
yf

2
v



Higgs boson production and decay
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Fig: Higgs boson production modes at hadron collider

•  TeV from CERN Twikis = 13

49 pbσ ∼ 4 pbσ ∼

2 pbσ ∼ 0.6 pbσ ∼

Br(h → bb̄) =
Γ(h → bb̄)

Γtotal

Higgs boson decay branching 
ratios for 125 GeV. [Ref. PDG]

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNHLHE2019


Signal Strength parameter
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Consider the process:  gg → h → γγ

Signal strength parameter : 

μ =
Observed
Expected

Overall

                               
CMS: Nature 607 (2022) 60-68 

                                
ATLAS: Nature 607 (2022) 52-59

μ = 1.002 ± 0.057

μ = 1.05 ± 0.06

Consistent with SM!

σ(gg → h) × Br(h → γγ)

σ(gg → h)SM × Br(h → γγ)SM
μSM = 1

Br = BrSM σ = σSM



Exotic Higgs decays
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• The SM Higgs decay width is extremely narrow. New 
light state with small coupling to Higgs  Sizable 
branching ratio.

→

yb

b

b̄

h
 MeVΓh ∼ 4

0.017 ∼

• New physics (NP) can easily couple to Higgs boson, e.g.

1312.4992

• Br(h  BSM)  20 - 50 % from current data.     
Br(h  BSM)  (5 -10) %  future projection.

→ ≲
→ ∼

  or  .Δℒ =
ζ
2

s2 |H |2 μ
Λ2

|H |2 ψ̄ ψ

Br(h ss)   / Br(h )  1 TeV ( )→ ∼ 10 % ⇒ ζ ∼ 0.01 →ψ̄ ψ ∼ 1 % ⇒ Λ ≳ μ ∼ mψ

Decay topologies

Curtin et. al.



Exotic Higgs decays - light scalars
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a

a

h
• ma ≲

mh

2

• Theoretically well-motivated.

• Dominant decay 
mode, .a → ττ

• Weaker limits on this 
channel.

-jetμ±μ± + SS τ

• Expected in single 
Higgs first, then di-
Higgs channels.

2211.07674, A.A et. al.



Selected channels for  analysish → 4τ
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a

a

h

• Single Higgs production : gluon fusion and vector boson fusion.

• Non-resonant di-Higgs process in the gluon fusion channel.

• Resonant di-Higgs production.

2211.07674τ

τ
τ̄

τ̄

(a)  ,  (b) gg → h → aa → 4τ pp → (h → aa → 4τ) jj

(a)  ,  (b) gg → hh → (h → bb̄)(h → aa → 4τ) pp → Zh → (Z → bb̄)(h → aa → 4τ)

pp → H → hh → (h → bb̄)(h → aa → 4τ)

• Good signal rate.

• Rich phenomenology.

• Absence of dedicated study.

Cut-based and XGBoost
 GeVma = [20 : 60]

 GeVmH = [200 : 1000]

A.A, S. Banerjee, R.K. Barman,  
B. Batell, B. Bhattacherjee, C. Bose,  
Z. Qian, M. Spannowsky



 final stategg → h → aa → 4τ
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• Backgrounds : Inclusive ,  (Major)4l h → ZZ* → 4l
, , , , ,  (Sub-dominant)4l2ν 4l2b tt̄Z tt̄h tt̄ZZ tt̄WW

• Kinematic observables for XGBoost analysis :

• ,  GeV4τh + 3τh1l + 2τh2l + 1τh3l pT,τh(l) > 20 (10)

ΔR(τh, τh) = ΔR(τh, l) = 0.4, ΔR(l, l) = 0.1
b-veto



 final stategg → h → aa → 4τ
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0.015% 
@ 95% CL

0.025% 
@ 95% CL

Upper limits

• Assuming Br( ) = 0.1%,h → aa → 4τ

 (10.3) for  (60) GeV.σs = 6.0 ma = 20
5.8 (9.0) for  (60) GeV with 5% systematic.ma = 20



 final stategg → hh → (h → bb̄)(h → aa → 4τ)
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~5% ~0.2%

• Backgrounds : , ,  (Major)tt̄h tt̄Z Zh → (Z → bb̄)(h → aa → 4τ)
, ,  (Sub-dominant)4l2b tt̄ZZ tt̄WW

• Kinematic observables for XGBoost analysis :

• Signal strength factor vs Br( ) :h → aa → 4τ

14 TeV 100 TeV



 final statepp → H → hh → (h → bb̄)(h → aa → 4τ)
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• Kinematic 
observables:

Upper limit on σ(pp → H → hh)



Summary and Outlook
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• Searches for exotic Higgs decays are interesting probe for new physics: new 
light scalar states/sensitivity to high energy scales. 

• Upper limits on resonant di-Higgs production are comparable to standard decay 
modes of Higgs boson.

Thank you

•  final state is well motivated and provide rich phenomenology, 
requires dedicated search strategies.
h → aa → 4τ

• Complimentary to single Higgs,  can offer competitive sensitivity. gg → hh

• The single Higgs production gives stringent constraint on Br( ).h → aa → 4τ


