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iggs boson so light?
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Anomalous couplings (AC) approach

Framework for general study of the Higgs coupling structure

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

Exploit full event kinematics to constrain contributions

(production + decay vertex)
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Higgs to Electroweak vector bosons

HVV scattering amplitude :
M €164, +@ "2 f "

HVV couplings :

178 a; : SM tree level coupling
_____ k/N? : CP-Even AC
H Vv a> : CP-Even AC
3 : CP-Odd AC

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

Hgg scattering amplitude :

2

KW LS ] * 0k *(1) rx v *(1) 2 v
AMHVV) ~ ﬂYV . qz} m%/1€V1€V2+ wg )f @ fwS )f @

(AYY)?

Hgg couplings :
a, : SM loop

H az : CP-Odd AC

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

Hgg scattering amplitude :

KW r K qz P #(1) r2(2) v #(1) Fue
A =~ [ e }’” A e (Y5
1

Juv

Convenient to measure fractional contribution of AC
] (a;) to o :
H 220 . o
P = GO Eli
fai > 39 sign <a1>
Signal model includes signal strength ; and f,;
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Equivalent to SM EFT

i

Assuming SU(2)xU(1) relationship between a/""V and a#*
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EFT couplings (Higgs basis) map directly to amplitude couplings
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Dedicated observables

built using Machine learning (ML) techniques
and/or ME based discriminants (MELA)
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With MELA can target : Pesm ({D)+Psu(©2)
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HVV AC

arXiv:2403.00657
Accepted by EPJC

HVV studies in HWW, HZZ and H77 decay channels

Example discriminant from VBF HWW using MELA:
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HVV f,; scans in HWW channel

Assume SU(2)xU(1) relationship between a

CMs

3 f.; analyzed simultaneously

arXiv:2403.00657
Accepted by EPJC
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Phys.Rev.D 104,052004(2021)

HVV f,; scans in HZZ channel

Assume SU(2)xU(1) relationship between /""" and a#*

i

3 f,; analyzed simultaneously
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f,i ~ 0 with constraints at the 1073 — 10~* level

What about constraints in terms of EFT couplings?
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arXiv:2403.00657 Phys.Rev.D 104,052004(2021)
Accepted by EPJC

Higgs basis EFT couplings
4 couplings analyzed simultaneously
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Phys.Rev.D 108(2023)032013

HVV f,; scans in Hr7 channel

Target VBF production (assuming a/V"V = a#%)
f.; analyzed independently
Combination with HZZ channel
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Hgg AC Phys.Rev.D 108(2023)032013

Hgg studies in HWW, HZZ and H77 decay channels

Example discriminant from ggH + 2 jets Hr7 :
Neural Networks (separate H77 from bkg)
+ MELA (target a;)
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Phys.Rev.D 108(2023)032013 arXiv:2403.00657
A ted by EPJC
Hgg f,; scans ceepted by
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Higgs yukawa couplings

Hff scattering amplitude :
m
_ f 7
A(Hff) = - Ll @ @5) ¥

Hff yukawa modifiers :
k¢ : CP-Even (SM)
Kr : CP-Odd

— Target ttH/tH production and H77 decay
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Higgs top yukawa

JHEP 07(2023)092

ttH/tH studies in HWW, H77, HZZ, Hy~ and Hbb decay channels

Example from ttH Multilepton (HWW /H77) :
Neural Networks (separate ttH from bkg)
+ BDT (target CP)
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JHEP 07(2023)092 CMS-PAS-HIG-19-011

Higgs top yukawa

ttH/tH results in Multilepton+HZZ+H~~ and Hbb channels
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Higgs 7 yukawa JHEP 06(2022)012

H77 decay : study angle ¢cp between 7 decay planes
+ MVA discriminants to separate signal from background

Measure mixing angle o™ between ¥, k, [tan(a/77) = =

oM™ = 0(90)° corresponds to CP-Even(CP-Odd) state
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Conclusions

W,y

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,
gluons and fermion couplings

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

A S
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Currently statistically limited
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— A lot to gain in the future..
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SU(2) x U(1) and Higgs basis relationships

wWw _ 77
9 as
WW_ 2 .77
= Cyar ",
WW_ 2 .77
as = Cyaz",
\l/vw _ 1 ZZ —252£
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z
52’7 _ 25wa( _ E)
(Alz"r)z (AZZ m%
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ttH Multilepton categorizaion strategy

Maximum Likelihood Fit

* bl (bt): <2 (2 2) tight b-jets T I

31-CR 41-CR
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