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Why is the Higgs boson so light?

BSM ideas to solve the Hierarchy problem :

A new symmetry protects the higgs mass : SUSY

Higgs is a bound state of new strong interaction : Composite Higgs

Can significantly alter Higgs phenomenology
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SM picture observed so far
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Small coupling corrections expected
for many BSM models :
O(few %) for NP @ 1TeV
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Small coupling corrections expected
for many BSM models :
O(few %) for NP @ 1TeV

Approaching precision era

κ: Simple coupling modifier based
on inclusive measurements

→ Deeper study of coupling struc-

ture is possible...
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Anomalous couplings (AC) approach

Framework for general study of the Higgs coupling structure

V = W /Z/γ

For a given vertex, consider scattering amplitude with multiple
contributions (tree-level, loops/BSM)

Exploit full event kinematics to constrain contributions

AC have q2 dependance → Effects at production vertex dominate
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Higgs to Electroweak vector bosons

HVV scattering amplitude :

HVV couplings :

a1 : SM tree level coupling

k/Λ2 : CP-Even AC

a2 : CP-Even AC

a3 : CP-Odd AC

→ Target VBF, VH production + HWW/HZZ decay
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Higgs to gluons

Hgg scattering amplitude :

Hgg couplings :

a2 : SM loop

a3 : CP-Odd AC

→ Target ggH + 2 Jets process (VBF-like events)
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Higgs to gluons

Hgg scattering amplitude :

Hgg couplings :

a2 : SM loop

a3 : CP-Odd AC

→ Target ggH + 2 Jets process (VBF-like events)
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Convenient to measure fractional contribution of
AC to σ :

fai =
ai

2σi∑
j aj

2σj
sign

(
ai
a1

)

Signal model includes signal strength µ and fai



Equivalent to SM EFT

Assuming SU(2)xU(1) relationship between aWW
i and aZZi

EFT couplings (Higgs basis) map directly to amplitude couplings
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Dedicated discriminants

built using Machine learning (ML) techniques

and/or ME based tools (MELA)

With MELA can target AC
contribution to H signal :

Pure term ∝ a2i
e.g D0− for a3

Interference term ∝ ai

e.g DCP for a3
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HVV AC in Hγγ channel

STXS Hγγ but with VBF and VH (jj, 0-ℓ, 1-ℓ, 2-ℓ) categorisation based on
dedicated AC discriminants
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VBF Hγγ 3D categorisation

2 bins each for DVBF
0− and a

pair of DNN SM/BSM/bkg
classifier discriminants :

DVBF
0− DVBF

NNbsm

DVBF
NNbkg

5 categories (with sufficient
statistical power) included in

final HVV analysis
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HVV AC in Hγγ channel

Z(ℓℓ)H BDT (SM Vs BSM) :
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HVV fai scans

4 fai analyzed independently (µV and µF floating)

0.0008− 0.0006− 0.0004− 0.0002− 0 0.0002 0.0004 0.0006 0.0008

a3f

0

5

10

15

20

25

30

 ln
 L

∆
- 

2 

CMS
Preliminary

 = 0.96SMp-value

 (13 TeV)-1138 fb = 125.38 GeV
H

, mγγ →H 

 floated)
V

µ,
f

µExpected (

 floated)
V

µ,
f

µObserved (

0.004− 0.003− 0.002− 0.001− 0 0.001 0.002

a2f

0

5

10

15

20

25

30

 ln
 L

∆
- 

2 

CMS
Preliminary

 = 0.97SMp-value

 (13 TeV)-1138 fb = 125.38 GeV
H

, mγγ →H 

 floated)
V

µ,
f

µExpected (

 floated)
V

µ,
f

µObserved (

0.0006− 0.0004− 0.0002− 0 0.0002 0.0004 0.0006

1Λf

0

5

10

15

20

25

30

 ln
 L

∆
- 

2 

CMS
Preliminary

 = 0.97SMp-value

 (13 TeV)-1138 fb = 125.38 GeV
H

, mγγ →H 

 floated)
V

µ,
f

µExpected (

 floated)
V

µ,
f

µObserved (

0.006− 0.004− 0.002− 0 0.002 0.004 0.006

γZ
1Λf

0

5

10

15

20

25

30

 ln
 L

∆
- 

2 

CMS
Preliminary

 = 0.97SMp-value

 (13 TeV)-1138 fb = 125.38 GeV
H

, mγγ →H 

 floated)
V

µ,
f

µExpected (

 floated)
V

µ,
f

µObserved (

fai∼ 0 consistent with SM H (Constraints at the 10−4 level)
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HVV fai scans

4 fai analyzed simultaneously (µV floating)
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fai∼ 0 consistent with SM H (Constraints at the 10−4 level)
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HVV fai scans

HVV measurements consistent across several decay channels
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Hgg AC in Hγγ channel

ggH+2jets selection with BDT
signal/bkg classifiers

3D Categorisation :
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Hgg fai scans

f ggHa3 scanned with signal strengths floating
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CP-Odd effective fraction in Hgg consistent with SM
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VH(→bb) EFT study

merged- and resolved-jets

0-, 1- and 2-ℓ

BDT regression using full
event kinematics to construct
likelihood ratios between

SM/EFT hypotheses

→ Single discriminant with
sensitivity to multiple
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VH(→bb) EFT study

Fit considers several Warsaw basis coefficients simultaneously

gZZ
2 /gZZ

4 : rotate to mass eigenstate basis

[gZZ
2 ∼ cHW + cHWB + cHB ]
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HWW + 2 jets - ∆ϕjj

Differential σ measurement in the CP sensitivity variable ∆ϕjj

Discriminate signal from background but be agnostic about signal hypothesis

→ Adversarial Deep Neural Networks [ADNNs]
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HWW + 2 jets - ∆ϕjj

Likelihood-based unfolding to extract ggF and VBF σ

Parameterize diff σ & decay as functions of CP-even vs CP-odd ci
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Conclusions

Measurement of Higgs boson coupling structure
a crucial test of SM

Recent dedicated studies in multiple channels
with full Run 2 data presented

Covering Higgs to electroweak vector bosons
and gluons

To date measurements consistent with SM
Higgs boson

Many of these analyses are statistically limited

→ A lot to gain in the future so watch this space
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Backup
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Currently statistically limited

→ A lot to gain in the future..
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SU(2) x U(1) and Higgs basis relationships

aWW
1 = aZZ1 ,
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Fiducial differential Higgs measurements

Measure σ in bins of some observable [pHT , mjj ..]

Fiducial : restricted phase space that matches as closely as possible the
experimental selections

[Reduced model dependence]
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HWW + 2 jets ADNN

Two ADNNs have been trained within the inclusive SR :

Classifier: Binary NN trained on signal and background for S Vs B

Adversary: Multiclass NN trained only on signals, aims to infer the physics
model of signal events

→Penalize classifier if its data representation is sensitive to the signal hypothesis
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HWW + 2 jets ADNN inputs
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