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Higgs discovery
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CMS -1 = 8 TeV, L = 5.3 fbs  -1 = 7 TeV, L = 5.1 fbs
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Obs. 
Exp. 

!1 ±-1Ldt = 5.8-5.9 fb" = 8 TeV:  s

-1Ldt = 4.6-4.8 fb" = 7 TeV:  s
ATLAS 2011 - 2012
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LHC Run I

I mass: mh = 125 GeV ,

I spin ,

I party ,

I Yukawa coupling ,

I gauge coupling ,

LHC Run II/HL
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Higgs production and decay at the LHC
I gluon-gluon fusion h→ γγ J
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I vector boson fusion h→WW/ZZ J
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I associated production with W/Z h→ ff J
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I associated production with tt̄
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h→ γγ in the SM and beyond

If deviations of B(h → γγ) or σggF from the SM were observed at
the future LHC, where is the New Physics?

Scenario I: cf , cV 6= 1 and cγ , cg = 0
Hgg and Hγγ couplings are affected only through
the triangle diagrams in the SM.

Scenario II: cf , cV 6= 1 and cγ , cg 6= 0
New particles also enter the loop diagrams and affect
the Hgg or Hγγ coupling directly.

How to distinguish between these two scenarios?
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cb ct cτ cV cγ

I SM b t τ W + · · ·

I BSM b t τ W NP



Higgs with EFT

b t τ W NP

I effective Lagrangian
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I effective coupling
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I Higgs production and decay
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ggF : gg → h : Cg
V BF : qq → qqh : CV
V H : qq →W/Zh : CV
ttH : qq/gg → tth : Ct

h→ γγ : Cγ
h→WW/ZZ : CV
h→ bb/ττ : Cb, Cτ

S.I: Cγ = 0.23ct − 1.04cV

Cg = 1.04ct − (0.05− 0.07i)cb

S.II: Cγ = cγ + 0.23ct − 1.04cV

Cg = cg + 1.04ct − (0.05− 0.07i)cb

cb ct cτ cV cγ



Measurements of the Higgs boson at the LHC

I Higgs signal strength µi =
σi

σSMi
µj =

Bj
BSMj

µji = µi · µj

i→ h→ j
i = ggF, V BF,WH, ttH

j = ZZ,WW, γγ, ττ, bb

I ratios rj1,V =
µjggF

µjV
r2,i =

µγγi
µV Vi

rj3 =
µjggF

µjttH

I basic ratios r1 =
µggF
µV

r2 =
µγγ

µV V
r3 =

µggF
µttH

Scenario I Scenario II
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S. I: (cV , cF )
S.II: (cV , cF , cγ , cg)

S. I: (cV , cb, ct, cτ )
S.II: (cV , cb, ct, cτ , cγ , cg)

effects of light fermions

LHC Run I data



Correlations between ri

I dark: 68% CL

I light: 95% CL

I Scenario I: (cV , cF )

I Scenario II: (cV , cF , cγ , cg)
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Correlations between ri

I dark: 68% CL

I light: 95% CL

I Scenario I: (cV , cb, ct, cτ )

I Scenario II: (cV , cb, ct, cτ , cγ , cg)
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Summary

If deviations of B(h → γγ) or σggF from the SM were observed at
the future LHC, where is the New Physics?

Scenario I: cf , cV 6= 1 and cγ , cg = 0
Hgg and Hγγ couplings are affected only through
the triangle diagrams in the SM.

Scenario II: cf , cV 6= 1 and cγ , cg 6= 0
New particles also enter the loop diagrams and affect
the Hgg or Hγγ coupling directly.

correlation among r1 =
µggF
µV

r2 =
µγγ

µV V
r3 =

µggF
µttH
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Thank You !
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I Lilith pakcage

I LHC Run I measurements: σggF /σWH , Bγγ/BZZ , σggF /σttH

I associated production with Z
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