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Introduction

In 2012, both ATLAS and CMS at LHC discovered the Higgs boson.
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Higgs width measurement 3

arXiv: 2207.00320
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https://arxiv.org/abs/2207.00320

Higgs width measurement

The SM prediction arXiv: 2207.00320
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https://arxiv.org/abs/2207.00320

Higgs width measurement -

O Indirect method
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Higgs width measurement -
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O Indirect method
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Higgs width measurement
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Higgs width measurement -

. 2 2

Q Indirect method sonshell o YggHYHZZ

A i 2
aonshell

offshell

OCFH

-A

anrervad
A

L

£S
=4

fr
ks

P

AMw '

|

|

: offshell 2 2

: o X Ggon9Hzz
|

|

Produchion rate
ma
GeV

|
9 425 200 56D Tase wacs -2
Hafnn fs: GeV.C

yingjie.wei@cern.ch off-shell Higgs and I'y University of Oxford



Higgs width measurement -
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Higgs width measurement -
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Higgs width measurement -
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Higgs width measurement -

2 2
: Yoo Y9Hzz
d Indirect method gonshell o 88F goffshell
H
; %‘f ﬁ o-onshell X FH
A <
£ 5, “ i
2o ! ffshell 2
5 i3 : O & ggenGhzz
3y |
AN /

- 4"
9 415 207\ 56D H”;bason gV "
MmN S 2

— 4¢ or 2£2v

 Paper (April 2023):
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https://arxiv.org/abs/2304.01532

Signal-background interference

d The existence of the SM off-shell Higgs will reduce the yield due to a large
negative interference (to preserve unitarity), i.e., Sig+Bkg+intf < Bkg only
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https://en.wikipedia.org/wiki/Unitarity_(physics)

BSM/EFT analysis of the off-shell Higgs !

 Motivations:

» Off-shell Higgs can be used to probe EFT operators at ~ TeV level.
» The degeneracy of Higgs-gluon and Higgs-top can break in the off-shell region.
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H* - ZZ - 4¢f channel

d Final state decay objects (e and u) can
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H* - ZZ - 2¢2v channel

 Six times larger branching ratio (compared
with the 4¢ decay channel)

 Signal regions (jet-binned SRS):
> ggF, EW (VBF+VH) and Mixed

] Observable: transverse mass of ZZ

P_)TN 4 Emlss

_ \/ \\/m & (PL0) 4 + (B r _

 More and complicated backgrounds:

» qQZZ, ggZZ, WZ, tt, WW, Zjets, efc.
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Off-shell H* — ZZ analysis results 10

 Evidence of off-shell Higgs: 3.20

VNLL( fofgshen = 0) = 3.2
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“off-shell
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Off-shell H* — ZZ analysis results

 Evidence of off-shell Higgs: 3.20

VNLL( fofgshen = 0) = 3.2
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Off-shell H* — ZZ analysis results 1

 Evidence of off-shell Higgs: 3.20

VNLL( fofgshen = 0) = 3.2
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Off-shell H* — ZZ analysis results
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Off-shell H* — ZZ EFT interpretation 14
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Off-shell H* - ZZ EFT interpretation 15
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Full results can be found: ATL-PHYS-PUB-2023-012
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-012

Summary 16

1 We present measurements on off-shell Higgs to ZZ and Higgs decay width.

1 We find evidence of the off-shell Higgs at 3.2¢. arXiv:2304.01532

 The measurement of the Higgs total decay width is

[y = 4.6758 MeV@68% CL.

A Consistent with CMS Ty = 3.2147 MeV@68% CL. Nature. Phys. 18 (2022) 1329

 The EFT interpretation is also provided. No significant derivation from SM is
observed within uncertainties.
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https://arxiv.org/abs/2304.01532
https://www.nature.com/articles/s41567-022-01682-0
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Higgs to ZZ and WW 18

d Higgs to ZZ and WW decay modes

Ideal to study Higgs properties! g _3
> H—ZZ: Large S/B ratio and high resolution ?g
(from e/y), but small BR once Z = eeluu (6%), :
therefore stats limited. °
> H—WW: High sensitivity from large BR, but ~ 'w
poor mass resolution due to undetectable v's §’10 - E
QAWith the full Run 2 data (139 fb~1) — )
window to precision measurements! 1079 E
» Higgs to ggF and VBF couplings

W\

> Higgs mass, Higgs decay width, Higgs XSec 10%g5 200 300 400
» EFT coupling measurements
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EW signal, background and interference 19

1" £
(a) (b) (c) (d)

VBF s-channel VBF t-channel VH VBS

Non-negligible interference among all the components
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Event categories 20

Jets are selected with p, > 30 GeV and |n| < 4.5

ggF Signal region 1 jet mixed signal region EW signal region

Njos = 0 Njers = 1 and|7b| > 2.2 Njers > 2 and IAnJJIZ 4.0
Niys = 1and n; < 2.2
> 2 and|An;;| < 4.0

n

jets

Fractions in 4€ channel

EW

EW
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Event categories 2l

Jets are selected with p, > 30 GeV and |n| < 4.5

ggF Signal region 1 jet mixed signal region EW signal region

njets =0 njets =1 a"d|7lj| Z 2.2 njcls Z 2 and IAnjjlz 4.0
N, = land n; < 2.2

Njgs 2 2 and|An;;{ < 4.0 Fractions in 2€2v channel

EW EW

ggF EW

yingjie.wei@cern.ch off-shell Higgs and I'y University of Oxford



TLAS

)

EXPERIMENT

~
\‘Q" ! & \
~ .
“-l.
S 2
% 2
1

Run: 280862
53564866
2015-10-02 16:24:44 CEST

Event:




N
W

H* - ZZ - 4¢f channel

4 Final state decay objects (e and u) can be
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H* - ZZ - 2¢2v channel

 Six times larger branching ratio (compared
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» qQZZ, ggZZ, WZ, tt, WW, Zjets, efc.
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Systematic uncertainties 25
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ggF: F.Caola et al. JHEP 07 (2016) 087
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Off-shell H* — ZZ analysis results 26

d Total Higgs decay width constraints:  g°ffshell
gonshell X FH
0.53 MeV < TI'y(at95% CL.) < 9.7 MeV
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Off-shell H* — ZZ EFT distribution

Events
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