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Evidence of off-shell Higgs boson production

Introduction

O It is essential to measure the Higgs boson properties precisely—think of its decay width.

O However, a direct measurement of the Higgs boson total width is probably inconceivable.

[0 Due to the following reasons:

o The width predicted by the SM is 4.1 MeV—very small;
o but the experimental resolution is ~ 0.2 GeV—experimental limitation.

O Why the H* — ZZ off-shell is a good idea to measure the Higgs total width?
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O Assuming the on-shell (my ~ Mzz) and off-shell case (my is an arbitrary)
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[0 Notice that the off-shell cross-section does not depend on the Higgs boson width.
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Evidence of off-shell Higgs boson production

Motivation

[0 Motivation:
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o The ggF cross-section extends by O(15%); % E s mama TDm e
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o The Higgs total width can indirectly measured. 5 F
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o Constrain the Higgs couplings in BSM scenarios. ~ “E i -
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OO0 Off-shell Higgs measurements:
o H* - ZZ — 44
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O HZZ combined results:
o The ZZ — 4¢ and ZZ — 2{2v off-shell results ) 9 v

o Eur. Phys. J. C 80 (2020) 957 on-shell results

O Previous round was published using 36.1 fb—1 [1].
O This round uses the 139 fb~! full Run-Il datasets.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/

Evidence of off-shell Higgs boson production

Off-shell signal strength

A simultaneous fit is performed on the Signal and
Control regions:

o Signal regions:
ggF: O-jet; 1-jet & m; < 2.2; 2-jets& An; < 4.0
VBF: 0-jet; 1-jet & n; < 2.2; 2-jets& Amnj; < 4.0
o A control region to constrain the qg — ZZ in
80 < myy < 220 with 0-, 1-, 2-jets

The qg — ZZ normalisation is extracted from the data.

The background-only hypothesis is rejected with an
observed (expected) significance of 3.2 (2.4) o

The central observed value with 1 o confidence:
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Evidence of off-shell Higgs boson production

Total Higgs width
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[0 The central observed value with 1 ¢ confidence:
o My/MSM =1.10752% = Iy = 4.675% MeV
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Evidence of of

Couplings ratio

shell Higgs boson production
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Summary

O Measure the Higgs boson total width by exploiting @ B
TLA

H H Version 1.0
the ratio between on-shell and off-shell production. ATLA: Target journal: Phys. Lett. B

Comments are due by: 31 October 2022
O We measured the off-shell Higgs boson production in | superng iemairotes
the ZZ to 4[e and ZZ to 2[2// final states. Offshell main analysis note: https://cds. cern. ch/record/ 2789650/
267

4¢ channel cominon nole: ittps: //<ds . cexn.ch/record/2651
£evy channel common note: https://cds.cern. ch/record/2646262
Theaory uncertainty note: https://cds. cern. ch/record/2232040

[0 The total Higgs width is measured to be:
o Iy =4.6%28 Mev

Evidence of off-shell Higgs boson production and constraints on
the total width of the Higgs boson in the ZZ — 4f and ZZ — 2(2v
decay channels with the ATLAS detector

This note reports a search for of-shell production of the Higgs boson using 138 fo-" of pp collsion
data st |3 — 1 TaV collacted by the ATLAS Setector atthe Largs Hadron Colider, The ot shell signsl
procass is characterised by a pair of on-shal Z bosons originatad from the virual Higgs boson and th
two decay final states. 77 — 4¢ and ZZ — 202y with{ = e or .. The background-only hypothesisis
12 (24) r, which
o o shall Higgs producton e obsened (espactac) upper nmn on s signalstrengen, safned a2
the event yield normalisec L which
e e v ki ot g soson 1 o s a7 105 MY ot s b v

[0 Results will be shown in the HIGGS 2022 Pisa,
November 9th, 2022 e e 1 250 o 202 g ATLAS T Ve 130,
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analysis

OO0 444+MET analysis: @ ATLAS Note y

. ATLAS ANA-HDBS-2019-08-INT1 ~7_A
ExPERTMENT
Glance link 0 Octber 2022 o 0

o

o TWiki '

o Supporting note in the CDS =

o Recent communication through the CDS . Search for heavy resonances in final states with 4¢
. and missing transverse energy or jetsin pp

. collisions at vs = 13 TeV with the ATLAS detector

[0 We had a pre-approval talk October 27, 2022.

. Abdualazem Fadol*, Yaquan Fang*®, Theodota Lagouri®, Bruce Mellado®,

. . " " d i d d
O Expect to give a closure-talk in the HBSM asap. : Onestmo Ninsilana®, Xifeng Ruan’, Humphey Tlow
. ety of st Aeasbop o Seences
: RN

B A search for 2 new heavy boson produced via gluon-fusion in the four-lepton channel with

M 2y orjets i presented. collsion data
vy ji b v . equivalent o an integrated luminosity of 139 ™) at a centre-of-mass energy of 13 TV
. collected by the ATLAS detector between 015 and 2018 at the Large Hadron Collider. The
I T 15 heavy boson. R (). decaysto an § (Zyboson and another lighter Higes-like boson. H, which
s i subsequently decays o 4C. The § boson is suppose 1o decay to dark mater, and the Z boson
v 1 390- 2160 (320- 2 R(A)
q - R S . boson and 220 - 1000GeV for the Hboson. The S boson mass s fixed o 160GeV. Upper limits
v  >-------- <\ i onthe o xBR(R(A) — SH(ZH))xBR(H — ZZyxB(ZZ(ZZZ) — 4{) a1 95% confidence
\ o level are set. For the R — SH —40 + E™ cxpected (obscrved) upper limits arcin the range of
0 4 = 0.030-0.305 (xx -xx) fb for (m g myg ) = (390, 220) GeV 10 (mg. oy = (1300, 1000) GeV.
9 9990888 N = And expected (observed) upper limits for A— ZH —4 + X are in the range of 0.028-0.293
9 - (xx-xx) b for (m,myg) = (320, 220) GeV o {m 4, myg} = {1300, 1000) GeV. The results
P n arcinterpretedin terms of the two-Higgs-doublet model scemarios where exclusion limitsare
= performed

= ©2022 CERN for the bencfit of the ATLAS Collsboration.
=& Reproduction of this anicle or parts of i is llowed as spesified inthe CC-BY-4.0 license.
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https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?id=2846
https://twiki.cern.ch/twiki/bin/view/AtlasProtected/H4LMET
https://cds.cern.ch/record/2788797
https://cds.cern.ch/record/2788797/comments?ln=en

46 + Ems

Control region

Events

DataMC

Events

DataMC

[0 Control region definitio
[0 Checking the compatibility of the data to the SM backgrounds on the control region.
O w(qq — Z2Z, g9 — ZZ) = 0.97 &+ 0.04; similar method used in the H — ZZ — 44 (High mass) note.

analysis

80 < mygy < 170 GeV
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https://cds.cern.ch/record/2650983

4¢ + EM analysis

Data/MC comparison for mg, > 200 GeV

O Data/MC comparison for non-discriminative distributions at mas, > 200 GeV—suggested by the EB.
O w(9g— Z2Z, g9 — ZZ) = 1.13 £ 0.03.
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4¢ + Es analysis

Data/MC comparison for my, > 200 GeV

O Data/MC comparison for non-discriminative distributions at mas, > 200 GeV—suggested by the EB.
O w(9g— Z2Z, g9 — ZZ) = 1.13 £ 0.03.
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4¢ + EM analysis

Systematic on the signal shape

> L T 12
8 ATLAS Work in Progress — Nominal 3 ATLAS Work in Progress — Nominal
0 Q=13 Tev.ILdt:isg ' — Resoup 0 =13 Tevl-[Lm:lgg i — Scale up
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0 Resolution: the o is modified by 1.4% (up/down)
[ Scale: the w is modified by 0.23% (up/down)
0 EG_RESOLUTION ALL(RMS) & EG_SCALE _ALL(MEAN)
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4¢ + EM analysis

The impact of NPs parameter on

Pre-fit impact on o(gg - / Ao(gg — A) x BR
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Pre-fit impact on o(gg - /
[16=0+A8 6="0-00

Ao(gg ~ A) X BR
-002 001 0 001 002

Post-fit impact on a(gg —
mo=0+A0 mo=0-A0

—e— Nuis. Param. Pull

JES_Flavor_Composition
JES_Pileup_RhoTopology
Luminosity
JES_Flavor_Response
JET_JER_EffectiveNP_2
PDF_Signal
MET_SoftTrk_Scale
MET_SoftTrk_ResoPerp
JES_EffectiveNP_Modellingl
:S_Etalntercalibration_Modelling
MUON_EFF_RECO_SYS
MUON_EFF_ISO_SYS
JTAL_INPCOR_PLUS_UNCOR
FT_EFF_Eigen_Light_0
/AS00H400_Shape_Scale

R R B R
ATLAS  Internal
s =13TeV, 139 fo*

it

JET_JER | 3
MUON_ID
JET_JER_| 6

AS00H400_Shape_Reso
JET_JER_EffectiveNP_4

s

-2 -15 -1 -05

(0-6,)/00

A500H400



4¢ + EM analysis

The impact of NPs parameter on the POI: the asymmetry behaviour

Pre-fit |mpact on c(gg

[16=8+18 Ao(gg -~ A) xBR
-0.0150.030.005 0 _0.0050.010.015

Post-fit |mpact on c(gg -

mo=0+A0 ATLAS Internal

—e— Nuis. Param. Pull fs=13TeV, 139 fb*

Luminosy | ——

JET_JER_EffectiveNP_1 e

-2 C15 1705 0 05 1 15 2
(6-6,)/00

O The JET JER_EffectiveNP 1 is estimated: +0.015364/-0.003235;
O This results on asymmetry behaviour seen in previous slides;

[0 When th NP is symmetrised this asymmetry effect disappeared.
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44 + EMS analysis

Upper limits on the (my, mp) plane for the A — ZH — 44+ X model

ifb
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ATLAS Internal 0.10
Vs =13 TeV, 139 f5*
Expected 95% CL. upper limits on 0.05
0xB(A - ZH)xBH - ZZ - 4l) 0.4

O Upper limits at 95% CL between [0.028 - 0.293] fb on (320, 1300) - (220, 1000) GeV.
O The A — Z(— X)H(— 4£) signal only (left) and A — ZH — 44 + X (right).
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Summary

[0 Working on the questions asked during the approval meeting.

[0 However, the organisers preferred to be in-person.

66 Measurements of the Higgs boson properties and their interpretations with the ATLAS experiment PRE-ACCEPTED
. PRE-ACCEPTED
) Miami 2022 (Miami 2022)

hitps:/icge. physics.miami.edu/MiamiOriginal2022 htmi
December 14th, 2022
December 20th, 2022
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