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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

Dermot Moran (CIEMAT) May 30, 2024 2 / 33



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 for H to W/Z

κV : Simple coupling modifier based on inclusive measurements

→ Deeper study of coupling structure is possible...



Anomalous couplings (AC) approach

Ideal framework for general study of the HVV coupling structure

→ Consider tree-level, loops/BSM contributions to HVV

→ Exploit full event kinematics (production + decay information)

Will discuss Run 2 study of HVV coupling structure in HWW channel

HIG-22-008 (Accepted for publication by EPJC)
arXiv:2403.00657
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HVV anomalous coupling parametrization

HVV scattering amplitude (General Lorentz invariant form) :

Higgs to EWK vector boson couplings :

HWW,HZZ
Hγγ,HZγ

→ Assume Hγγ,HZγ constrained from direct decay measurements

→ SU(2) x U(1) sets relationship between HWW and HZZ
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HVV anomalous coupling parametrization

4 independent HVV couplings :

a1 : SM tree level coupling

k1/Λ2 : CP-Even AC

a2 : CP-Even AC

a3 : CP-Odd AC
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HVV anomalous coupling parametrization

4 independent HVV couplings :

a1 : SM tree level coupling

k1/Λ2 : CP-Even AC

a2 : CP-Even AC

a3 : CP-Odd AC

→ Convenient to measure fractional contribution of AC to σ :

fai = ai
2σi∑

j aj
2σj

sign
(

ai
a1

)
Signal model contains signal strength µ + 3 fai
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Equivalent to SM EFT

Amplitude couplings map directly to EFT couplings (Higgs basis)

Interpretation in terms of EFT couplings also considered.
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HVV Analysis strategy

Production : Categories :

0- & 1-jet ggF

2-jet VBF

2-jet &
boosted VH

Decay :

H →WW → µe + pmiss
T

Dramatic reduction of
background
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Dedicated Observables

Exploit kinematics of 2 associated jets with MELA based discriminants

At production vertex
can target :

→ Production mode
DVBF

→ For each AC,
the pure coupling

contribution (∝ a2) :
D0+,D0−

+ the interference
contribution (∝ a) :

DInt ,DCP

Example : D0− discriminates a1 and a3
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Kinematic Discriminants (KDs)

KDs combine multiple observables

Example : VBF(a3) KD using DCP and [DVBF , mll , D0−]
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Kinematic Discriminants (KDs)

KDs combine multiple observables

Example : VH(a3) KD using DCP and [mll , D0−]
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Kinematic Discriminants (KDs)

KDs combine multiple observables

Example : VH(a3) KD using DCP and [mll , D0−]
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KDs to constrain all AC simultaneously :



fai likelihood scans

signal strength µ + fai floated simultaneously

Signal strength µ ∼ 0.9± 20%

fai∼ 0 consistent with SM Higgs boson

(Best constraints at the per mille level)
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Coupling likelihood scans (Higgs basis)

0.6− 0.5− 0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4

z cδ

0

1

2

3

4

5

6

7

8

9

10

 ln
 L

∆
-2

CMS  (13 TeV)-1138 fb

68% CL

95% CL

Observed

Expected

0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15

zc

0

1

2

3

4

5

6

7

8

9

10

 ln
 L

∆
-2

CMS  (13 TeV)-1138 fb

68% CL

95% CL

Observed

Expected

1− 0.5− 0 0.5 1

zzc

0

1

2

3

4

5

6

7

8

9

10

 ln
 L

∆
-2

CMS  (13 TeV)-1138 fb

68% CL

95% CL

Observed

Expected

1− 0.5− 0 0.5 1

zzc~
0

1

2

3

4

5

6

7

8

9

10

 ln
 L

∆
-2

CMS  (13 TeV)-1138 fb

68% CL

95% CL

Observed

Expected

All couplings floated simultaneously

Dermot Moran (CIEMAT) May 30, 2024 17 / 33



Coupling constraints (Higgs basis)

0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8
Parameter value

zzc~

zzc

zc

zcδ

Expected

Observed

CMS  (13 TeV)-1138 fb

Best fit   68% CL

-0.06      [-0.22, 0.03]

0.01       [-0.05, 0.03]

0.03       [-0.49, 0.33]

-0.17      [-0.47, 0.25]

Possible to rotate from Higgs to Warsaw basis

(Mass → gauge eigenstate basis)
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Coupling constraints (Warsaw basis)

4− 3− 2− 1− 0 1 2 3 4 5
Parameter value

B
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H
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Best fit   68% CL

-0.76      [-4.19, 0.67]
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0.08       [-0.79, 0.51]

0.17       [-1.62, 1.05]

0.03       [-0.23, 0.16]

-0.26      [-0.76, 0.41]

-0.54      [-1.57, 0.83]

-0.08      [-0.23, 0.12]

Only one of [cHW , cHWB, cHB] and [cHW̃, cHW̃B,cHB̃] is independent

(Due to Hγγ,HZγ assumptions)
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Coupling constraints (Warsaw basis)
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Some of the tightest constraints yet on
related EFT couplings



Hgg anomalous coupling parametrization

2 independent Hgg couplings :

a2 : SM loop

a3 : CP-Odd AC

ggH + 2 jets process sensitive to Hgg AC at production vertex
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categorization and KDs :



Hgg AC analysis

signal strength µ + f ggHa3 floating
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fai∼ 0 consistent with SM Higgs boson
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Analysis is currently statistically limited

→ So a lot to gain in the future..
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Conclusions

Measurement of HVV coupling structure a
crucial test of SM

Dedicated study in HWW channel with full Run
2 data presented

Measurements Consistent with SM Higgs boson
(Best constraints on fai at the per mille level)

Some of the tightest constraints yet on related
EFT couplings
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Backup
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Selection + categorization

Variable Selection
Number of leptons 2 (eµ of opposite charge)
pℓ1

T >25 GeV
pℓ2

T >13 GeV (10 GeV for 2016 data)
mℓℓ 12–76.2 GeV or >106.2 GeV
pℓℓT >30 GeV
pmiss

T >20 GeV
mℓ2

T >30 GeV
mH

T 60–125 GeV
Njet (b jets) 0

Variable ggH VBF Resolved VH Boosted VH
Njet (V jets) 0 0 0 >0
Njet (AK4 jets) 0 & 1 2 2 —
mjj — >120 GeV 60–120 GeV —
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SU(2) x U(1) relationship between HWW and HZZ
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Higgs and Warsaw basis relationships
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Systematic breakdown

*From legacy HWW analysis (HIG-20-013)
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Timeline for vector boson couplings
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MELA at the production vertex
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Boosted VH
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Samples

Dermot Moran (CIEMAT) May 30, 2024 33 / 33


