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Why measuring the Higgs potential?

 Higgs potential:

 Approximation around the v.e.v:

 λ known from v.e.v and Higgs mass:

 BSM effects could change λ  define deviation of tri-linear term:⇒ define deviation of tri-linear term:
– no quartic terms considered here
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SM and non-SM potentials:
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Why looking for HH production?

degeneracy
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 Main production mode: ggF
– destructive interference between triangle and box diagrams  σ(HH)/σ(H) =HH)/σ(HH)/σ(H) =H) =⇒ define deviation of tri-linear term:  0.1%

 Self-couplings through total HH cross section, and diff. cross section dσ/dm
HH

:

⊗
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Why looking for VBF HH production?

 SM at 13 TeV: σ
ggF

 = 31.05 fb , σ
VBF

 = 1.73 fb

 HH production via VBF has unique sensitivity for the so far unmeasured HHVV 
coupling κ

2V

– SM predicts κ
2V

 = κ
V
 = 1, cancellation of the first two diagrams, tiny cross section

 New physics can manifest as κ
2V

 ≠ κ
V

2

– enhanced production rate, especially at 
high m

HH
 

1611.03860

https://arxiv.org/pdf/1611.03860.pdf
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Why the HH→ bbγγ channel?

Branching ratios [%]

bbbb
Largest BR ☺

Large multijet and tt bkg ☹

bbττ
Sizeable BR ☺

Relatively small bkg ☺

bbγγ
Small BR ☹

Good diphoton resolution ☺
Relatively small bkg ☺

bbVV
(N)LO→lνlν)lνlν))LO

Large BR ☺
Large bkg ☹

bbZZ
(N)LO→4l)LO

Very small BR ☹
Very small bkg ☺

 First Run 2 paper published in Sep 2022
 Legacy Run 2 paper submitted last 

Wednesday (HH)/σ(H) =arxiv)
– new dedicated VBF selection

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001
https://arxiv.org/abs/2310.12301
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Analysis strategy

Preselection
Photons

● di-photon trigger
● well-isolated and identified
● ET/mγγ > 0.35/0.25

b-jets
● exactly 2 with 77% efficiency
● μ and lost energy corrections

ttH veto
● veto events with leptons
● veto events with > 5 central jets

Categories

Unbinned maximum 
likelihood fit of m

γγ

Interpretations

VBF jets tagger
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 dd

Mass categories

 Low-mass
– ggF κλ = 10 and 5.6
– non-SM VBF points

 High-mass
– SM ggF
– SM VBF
– 5 non-SM 

VBF points
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BDT selection
 Kinematics of photon and jets

 Extra HH related variables: m
bbγγ

*, ΔRR
γγ

, ΔRR
bb

 VBF related variables: 
– BDT to select the VBF jet
– kinematics and b-tag score of 3rd and 4th jet
– m

jj
, ΔRη

jj
, event-shape variables

 7 categories based of the maximum significance
– SM ggF+VBF at high-mass
– ggF κ

λ
=5.6 + VBF κ

λ
=10 at low-mass
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Fits

 Simultaneous unbinned maximum likelihood fit in all categories:

– no significant excess observed in data
 Upper limits on signal strength (HH)/σ(H) =μ):):

– 12% improvement wrt previous analysis

Observed median expected

≤ 96 ≤ 154

≤ 4.1 ≤ 5.3

≤ 4.0 ≤ 5.0

μ
VBF

μ
ggF

μ
ggF+VBF
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Constraints on κ
λ
 and κ

2VV

 Improvement wrt previous analysis:
– κ

λ
: 6%

– κ
2V

: 17%

best expected constraint so far!
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Limits on EFT models (1)

 No significant deviations from SM
 Best fit agrees with SM within 1σ

 HEFT: Higgs effective field theory
– parameterized lagrangian allowing for deviations from SM



02/23/12      12

Limits on EFT models (2V)

 HEFT: Additionally search for benchmarks
– represent distinct, representative kinematic shapes in 5D HEFT phase space

 Benchmarks 3, 4, 5, 7 excluded at a 95% CL
– partially due to harder m

HH
 spectrum 
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Limits on EFT models (3)

 No significant deviations from SM
 Best fit agrees with SM within 1σ

 SMEFT: Standard Model effective field theory
– expansion of SM lagrangian with dim-6 operators, includes 5 Wilson Coefficients

 Compared to HEFT:
– Less general. h is contained in SU(HH)/σ(H) =2) doublet (HH)/σ(H) =same as SM)
– More useful for global combination: many other LHC searches use SMEFT
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Conclusion

 New Legacy Run 2 analysis for the search for HH→ bbγγ
– now dedicated selection for VBF HH
– constraints on κ

λ
 and κ

2V
 but also EFT 

 Comparison of expected limits on κ
λ
 an κ

2V
 for different channels:

 Combined limit on μ):
HH

: ~3*SM/experiment
– evidence at reach at the end of Run 3??

ATLAS CMS ATLAS CMS
bbγγ [-2.8 ; 7.8] [-2.5 ; 8.2] [-1.1 ; 3.3] [-0.9 ; 3.1]
bbττ [-3.1 ; 10.2] [-2.9 ; 9.8] [-0.5 ; 2.7] [-0.9 ; 3.1]
bbbb (N)LOresolved)LO [-5.4 ; 11.4] [-0.5 ; 12.0] [-0.1 ; 2.1] [-0.4 ; 2.5]
bbbb (N)LOboosted)LO [-5.1 ; 12.2] [0.7 ; 1.4]

κ
λ

κ
2V

bb  best for γγ κλ

boosted bbbb best for κ2VV !
κ2VV=0 hypothesis excluded 
● at 6σ level when fixing other  level when fixing other σ level when fixing other 
couplings to SM values
● at 3  level when fitting σ level when fixing other κ2VV and 
κλ simultaneously
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Back-up
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Variables for BDT event selection
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VBF BDT selection
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Expected number of events
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Summary of EFT limits
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