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Introduction

The Higgs boson plays a unique role in
the standard model (SM) giving masses
to other particles via electroweak
spontaneous symmetry breaking.

Since its discovery in 2012, efforts have
been made to determine its properties.

This talk will focus on the latest ATLAS
measurements of the Higgs boson
mass my and width I'y .
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Higgs boson mass measurement

The Higgs mass my is a free parameter of the standard model that must be determined experimentally
Measurements are made inthe H - ZZ* — 4l and H — yy channels due to their excellent mass resolution

= Previous ATLAS results with partial Run 2 + Run 1 data gave a mass of my = 124.97 £ 0.24 GeV

L L L L L L LR I AL I
~-Total [ Stat. on |
| ﬂntlfzﬂ-sSTev,zsfb", Run 2: is = 13 TeV, 36.1 fb' % NOW 25 + 140 fb-1
Run 1 H—41 —_ 124,51+ 0.52 ( = 0.52) GeV
Run 1H—yy ‘ H———e——11 126.02 + 0.51 (= 0.43) GeV .
fun 2 12470057 (- 058 oV Results are now updated with full Run 2 datatset
Run2 H—yy -—ol—- 124.93 = 0.40 ( = 0.21) GeV . . . .
CRumtezHoa e T 124712030 (030 GeV with luminosity increased by a factor of ~ 3
Run 142 H—yy ——— 125.32 + 0.35 (= 0.19) GeV
Run1Combined  b—e——u 12538 +0.41 (+037)GeV
Run 2 Combined —— 124.86 = 0.27 ( = 0.18) GeV
Runte2Combined e 12497 2024 (~0.16) GeV
CATAs+oMsRun1 e 125,00 +024 (021)GeV

i@ 124 iz 126 127 128
m,, [GeV]
Phys. Lett. B 784 (2018) 345
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H - Z7Z7Z" — 4l channel

The signal is a narrow resonant peak above a continuum background in the m,; distribution
Main background from non-resonant ZZ* production (~89% of the total background yield)

Select events containing at least four isolated leptons emerging from a common vertex
Phys. Lett. B 843 (2023) 137880
rrrrTrTrTrTpTTT rrrprrTrr T

Four final states considered: 4y, 4e, 2u2e, 2e2u
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H - Z7Z7Z" — 4l channel

Signal-background discriminant D,,: neural network (NN) classifier against the ZZ* background

Per-event resolution o;: quantile regression neural network (QRNN) to predict event-level m,; resolution

- Output is the predicted quantile of the difference between the reconstructed m,; and the true my;

o 100 _ll TT I TTTT I TTTT I |||||||||||| I.l T IDI I TTTT I TTTT I TT ll_ % : T T T I T I T T T T I‘ T D| T T I T T T T :
AR ata - ata ]
o i ﬂ.’_-)l'ézs* 4 [ Higgs boson (125 GeV) | O 70 _—ﬂlLézs* — 4 I Higgs boson (125 GeV)
@ b ls=13TeV, 139 fo" W - S (s-13Tev, 139 1" W -
qc) 80 _—115 < m, <130 GeV B Zejots, f 7 < 60 :_115 <m, ;130 GeV B Zejots, f -
L|>J | 77 Uncertainty i _.g : 77 Uncertainty .
. i o C 7
so. DNN to _ = S0 QRNN-based per- -
| separate S/B ] 40F event resolution -
40 — — 30F -
I ] 20 =
20 - C .
2 10 =
9 O: ]

0 0102030405060.70809 1 1 1.5 2 25 3 35

Phys. Lett. B 843 (2023) 137880

DNN

o, [GeV]
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H - Z7Z7Z" — 4l channel

Higgs mass extraction: maximum-likelihood fit in the four decay channels across three variables: my, Dyy, ;

« Signal model: Double-sided Crystal-Ball, capturing dependencies on my, Dyy and o;

« Background model: 2D probability density function (my, Dyy) smoothed using kernel estimation

Phys. Lett. B 843 (2023) 137880
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H - 77" = 4l channel Phys. Lett. B 843 (2023) 137880
ATLAS —e— Total

* Stat. Onl

Run 2: my =124.99 * 0.18 (stat.) * 0.04 (syst.) GeV Hozz -4l 0 Sys. Only
_4 - .- | 12451+ 0.73 (+0738tat;
Phys. Lett. B 843 (2023) 137880 } | T T |
Systematic Uncertainty | Contribution [MeV] 2 | B
Muon momentum scale +28 e '_T_' 12501029 (0,25 St
Electron energy scale +19 4 l—EI|—| 124.93 +0.29 | (+ 0.28 Stat)
Slgnal—process theory :l:14 _Combined e 124.99 + 0.19 | (+ 0.18 Stat.)
[ fun 2H.r """"""" 12494 £ 018 (2 017 Stat)
Sources of improvements 123 124 125 126 12; o]

* Neural-network-based signal-background discriminant Dy, (precision improved by 2%)
 Event-by-event my; resolution g; in the analytic model (uncertainty reduced by 1%)

* New high-precision muon momentum calibration

2023/11/29 Higgs boson mass
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H — yy channel

The signal is a narrow peak over a large non-resonant background in the m,,, distribution

Main background from non-resonant pp — yy+partons production

Select events with two good quality photons with p%/mw > 0.35 (0.25)

Phys. Lett. B 847 (2023) 138315

> _| T I T T T T I I T T T T I T T T T I _]
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H — yy channel

To increase the sensitivity of the measurement

Phys. Lett. B 847 (2023) 138315

I I I T T T I T T T I T T T I T T T I T T T I T
ATLAS Simulation U-type, Central Barrel, High pg
{s =13 TeV

H—yy, m, = 125 GeV

O MC = Signal Model

C-type, Endcap

14 mutually exclusive categories based on

/A MC == Signal Model

 The number of converted photons

1/N dN/dm,, / 0.5 GeV

« Pseudorapidity of photon pairs 882
« Diphoton transverse momentum Sjg;‘ y
Phys. Lett. B 847 (2023) 138315 e
righ p. righ p. m,, [GeV]
Cype | et « Signal model: Double-sided Crystal-Ball function with peak
>0 Vo) ’ : position and resolution parameterized as functions of my
oo . « Background model: chosen among exponential, power-law or
" P P an exponentiated 2"9-order polynomial functions empirically for
(gvtype) medum Py, | medkm Py each category based on goodness-of-fit
low py, low by, my is evaluated by signal+background maximum-likelihood fit
Central-barrel  Outer-barrel Endcap
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E/;\I!T:ﬁ‘é Now statistical uncertainty dominated again,

unlike the intermediate Run 2 publication

H — yy Chan nel Phys. Lett. B 847 (2023) 138315

\l\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\\
Run 2: my = 125.17 £ 0.11 (stat.) £ 0.09 (syst.) GeV ATLAS total [lstat. [syst
Source Impact [MeV] | Total Stat. Syst.
| PhOtOH energy Scale {3 | Run1H—yy 3 ——&— 126.02 = 0.51 (+ 0.43 = 0.27) GeV
Z — ete” calibration 59
Er-dependent electron energy scale 44 i
JEN v extrapolation 30 :‘E;\ys :/ iMzSz iqir; /1 . 125.09 + 0.24 (= 0.21= 0.11) GeV
Conversion modelling 24
Signal-background interference 26 ‘
ReSOlution 15 Run2 H—yy —q'— 125.17 £ 0.14 (= 0.11+ 0.09) GeV
Background model 14
Selection of the diphoton production vertex 5
Signal model 1 Run1+Run2 H—yy —é— 125.22 + 0.14 (= 0.11+ 0.09) GeV
TOtal Phys. Lett. B 847 <2O23) 13831 5 90 | | I I ‘ I I ‘ \‘ L1 1 ‘ I I ‘ L 11 | ‘ I I | L1
123 124 125 126 127 128 129
Sources of improvements: my, [GeV]

Improved estimation of the photon energy scale with reduced uncertainties

New photon reconstruction algorithm with better energy resolution

Optimised event classification strategy ATLAS Run 2 Calibration paper

2023/11/29 Higgs boson mass
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Combined measurement

Combination of the ATLAS Run 1 + Run 2 m; measurement in H - ZZ* — 4l and H — yy final states

+ 0.11 GeV

=125.11 * 0.09 (stat.)

+ 0.06 (syst.) = 125.11

arXiv:2308.04775
. | I I | I I I I | I I I | |
Partial Run 2 .
artial Ru ATLAS e Total Stat. only | Combination
Phys Lett B 784 (201 8) 345 Run1: /s =7-8TeV,25fb~!, Run 2: \/s = 13 TeV, 140 fo—!
T T | T T T T I T T T T I T T T T I T T T T T T T T T T T TOta| (Stat Only)
~-Total || Stat. onl
ATLAS y Run1 H — vy k . | 126.02 + 0.51 (+ 0.43) GeV
Run 1: s =7-8 TeV, 25 fb™, Run 2: Vs = 13 TeV, 36.1 fb”' Total  (Stat. only)
Runi1H—4 ——e— 5 124,51+ 0.52 ( = 0.52) GeV Run1 H — 4 I ® i 124.51 + 0.52 (+ 0.52) GeV
Run 1H—yy | H——e——— 126,02 051 (=043) GeV Run2 H — vy e 125.17 + 0.14 (+ 0.11) GeV
| Run2 H—4/ = 124.79 = 0.37 ( = 0.36) GeV |—74 Run 2 H — 47 - 124.90 2 0.10 (< 0.18) GoV |
| Run2 H—yy ————— 124.93 + 0.40 (= 0.21) GeV |
Run 142 H—41 = 124.712 0.30 ( = 0.30) GeV Run 142 17 — 7y o= 125.22 + 0.14 (£ 0.11) GeV
Run 142 H—yy L e Y 125.32 = 0.35 ( + 0.19) GeV Run1+2 H — 4¢ —e—] 124.94 + 0.18 (+ 0.17) GeV
Run 1Combined — 125.38 = 0.41 (£ 037) GeV Run 1 Combined —e— 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined —— 124.86 + 0.27 (= 0.18) GeV . I
fffffffffffffffffffffffffffffffff B - Run 2 Combined e 125.10 + 0.11 (+ 0.09) GeV
| Run1+2Combined | == 124.97£0.24 (£ 016) GeV |
ATLAS + CMS Run 1 —— 125.00 + 0.24 ( + 0.21) GeV Run 1+2 Combined e 125.11 £ 0.11 ( 0.09) GeV
1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 | | | | | | | | | | | | | | | | | |
123 124 125 126 127 128 123 124 125 126 127 128
m,, [GeV] my [GeV]

- Current most precise my measurement reaching a precision of 0.09%
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Higgs boson width measurement

The Higgs width [; contains information about the Higgs interactions with all other fundamental particles

Direct measurement: limited by detector resolution (predicted 4.1 MeV compared with 1-2 GeV)

Indirect measurement: rely on both on-shell and off-shell Higgs boson production . JHEP 08 (2012) 116

L wwi

Hoff—shell g -2Z
Hon—shell 107 | - WW

Assuming that the on-shell and off-shell Higgs production follow SM prediction

'y <
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02 [l o
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2023/11/29 Higgs boson width 14

5 daasndhpnais
e s


https://inspirehep.net/literature/1119059

ATLAS

EXPERIMENT

H* - ZZ channel

Negative interference between the off-shell Higgs boson process and the continuum background

The signal is a deficit in gluon fusion (ggF) or electroweak (EW VBF+VH) production

> Three signal regions (SRs) targeting both production modes:  Phys. Lett. B 846 (2023) 138223
EW SR: > 2 jets with p; > 30 GeV, well-separated leading jets (|An;;| > 4) g . o Z
Mixed SR: Failing EW SR but with exactly 1 forward jet (|An ;| > 2.2) \j;}{
ggF SR: All other events passing event selection ’ q q £ q q ’

Distributions of discriminating variables are fitted simultaneously in all SRs :{{: z \Ag z

Control Regions also included in the fit to constrain the background normalisation 4 q—Z p q—Z

2023/11/29 Higgs boson width 15
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H* - ZZ channel

» Two final states are separately analysed and then combined to obtain the final results

ZZ - 4l
Fully reconstructible final state
Clean signature, main background qqZZ

Observable: Neural network (NN) output

Phys Lett B 846 (2023) 138223

Six times higher branching ratio

Larger background contamination

Observable: Transverse ZZ mass mZ

Z

ths Lett B 846 (2023) 138223
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ggF Signal Region B g () 22 E  EW Signal Region W g () 22 E  ggF Signal Region Cwz E 105" L signal Region a2z =
10* [ Other Backgrounds 10* E [CJag— (H—) Zz+2 10* L g H )2z 7 " E [ qq— (H*—) Zz+2j 3
[ qq— (H—) 2242 E [ Other Backgrounds E Il tww E 10" S (H =) ZZ =
k. ggF SR Bz k. EW SR Dgmee ¢ ggF SR = : = EWSR mou-wo= 7
—aqH 2242 E — o H 222 100 [_] Other Backgrounds = 1% [ Other Backgrounds =
102 102E E Caa—H—-)zz+3) 3 E ] z+ets 3
o 10° £ etz g 102 —gg—H -2z -
10 10 E —— qq— H*— ZZ+2j 3 E —— qq— H* — ZZ+2j 3
L F 10 - E 3
= L — 5 E E 10E g
107 - 107 E e E 1E =
107 = 102 = 10'e = 10
. F } - : E ; ; = : E f = E | |
% 1.5 e Data/Exp. ] % 2 ; o Data/Exp. E % E e Data/Exp. E S ‘ ‘ ‘
i n 15E E n 15: E X 15 o Data/Exp. =
- E Y Y . $ | | ~ . | | - 1 E E f =|=
5 1 R A T W 5T = 1 i ] s g L ol VT E < 1;:::::::::::-1'-.___
s F -~ 1+ggF 1/Exp. -~ 1+EW I/Exp. T ] S 0.5F--1+9gF 1/Exp. - 14EW 1/Exp. FER S 05F_ 1igF 1/Exp. <~ 1+EW TExpr-|--nn E T 0.5F - 1400F |/t W TS ST T 3
——1+ggFS/Exp —1+EWS/Exp4 oo 14 E —1+0gF S/Exp. — 1+EW S/Exp. ' 3 F —1+ggFS/Exp —1+EWS/Exp ! (=) F +99 Xp. P-
0.5 . . . 0 i . X . _ 0 \ L E Z1%ggF S/Exp. — 1+EWS/Exp.
-1 -0.5 0 0.5 1 1.5 -1.5 -1 -0.5 0 0.5 1 1.5 0 500 1000 1500 2000 2500 3000 0
0 200 400 600 800 1000 1200 1400 1600
F EW z
Ot O mé [GeV] mZ [GeV]
2023/11/29 Higgs boson width 16



https://authors.elsevier.com/sd/article/S0370269323005579
https://authors.elsevier.com/sd/article/S0370269323005579

ATLAS

EXPERIMENT

Combined with on-shell 41 channel measurement

* h I (Eur. Phys. J. C 80 (2020) 942)
H - ZZ channe
» Direct measurement of off-shell H production » Higgs width determination
Hoff-shett = 1.1*%7 g6 'y =4.533_,;MeV
Background-only hypothesis rejected at 3.3 o Compatible with the SM prediction at 4.1 MeV
S 205 a11as | —-ObeSutony - S 20 a1 as | —-OmeSatomy
N C —— Obs-Sys N C —— Obs-Sys
v 180K - 77 - akdivy — - Exp-Stat. only Y 18-0n + Off-shell combined — - Exp-Stat. only
1613 TeV, 139fb‘ —EXPSVS 16,13Tev 139fb‘ —EXPSVS
- Obs-Stat. onIy 1 1 o5 Exp-Stat. only 1 0" o9  Obs-Stat. only: 1. 1 05 Exp-Stat. only 10 09
14 Obs-Sys: 1.1" A Exp-Sys: 10 ' o7 Exp-Sys: 10 )

ce b Lo b b Lo baaa Lo by
—_
N
[ ]
J @) .
: o i
7] i
(2]
<
7]

0 05 1 15 2 25 3 35 4 %05 115 2 25 3 35 4
Phys. Lett. B 846 (2023) 138223~ cfshe! Phys. Lett. B 846 (2023) 138223 '+
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https://authors.elsevier.com/sd/article/S0370269323005579
https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0

Conclusion my = 125.11 £ 0.09 (stat.) * 0.06 (syst.) = 125.11 * 0.11 GeV

Run 1 + Run 2 Higgs mass measurement by combining H - ZZ* —» 4l and H — yy final states

: : : o
Current most precise my measurement with an uncertainty of 0.09% Phys. Lett. B 843 (2023) 137880

Benefit from excellent Run 2 calibration of e, y, u Phys. Lett. B 847 (2023) 138315
arXiv:2308.04775 (accepted by PRL)

Statistical uncertainty remains dominant (as in Run 1)

Run 2 indirect Higgs width measurement from off-shell Higgs production in ZZ channel

Phys. Lett. B 846 (2023) 138223

First evidence of off-shell Higgs production with a significance of 3.30

Off-shell yields are still limited by statistics

Room for improvements in the systematic uncertainties (e.g. theoretical modeling)

Stay tuned for more Run 2 measurements and for Run 3!
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Thank you for your attention!
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Higgs boson mass

The Higgs mass my is a free parameter of the standard model that must be determined experimentally

« It governs the coupling strengths of the Higgs boson with the other SM particles

« ltis also the value assumed by the experimental collaborations when estimating the acceptances, efficiencies
and signal models used in their analyses and to report their measured rates

« ltis one of the inputs in global fits to the measurements of electroweak observables
« |t determines the shape of the Higgs potential and thus the stability of the electroweak vacuum

1 2172 3 1 4
< C V(¢) = V0+5mHH + AvH +Z/1H
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ATLAS

EXPERIMENT

ATLAS m; measurementin H - ZZ* — 4l channel

FSR recovery and the Z mass constraint

FSR recovery (resolution improved by 1%):From simulation, it is estimated that ~ 3% of signal events are

affected by FSR, recovery algorithm is used to target and recover these FSR particles.

Z mass constraint (resolution improved by 17%): The leading lepton pair is predominantly produced from the
decay of an on-shell Z-boson. ZMC allows for an improvement in the 4-lepton mass resolution by constraining

the m,, to the Z line shape using the lepton momentum and its uncertainties.
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ATLAS m; measurementin H - ZZ* — 4l channel

Likelihood S
In general the model we want is: L(mu|x) = L(mpg|mae, D, o) = 1_[ P(my,, D", 0 |mpy)

However, we do not have infinite MC statistics and computing so we must simplity

For signal we can decompose as: Ps(mae, D,o|my) = Ps(mae|D,0,my) - Ps(D,0|lmy) = Ps(m4g|D,;J', mp) - Ps(D|o-,myg) - Ps(o|mp)
For the CONF, we fitted a DCB in 4 bins of D and in each channel, ignoring the last term

Ps(mae|D, 0, my) = Z DCB(u = f(mp),w = fl(0), @, 1], Cpyis g |07)
jEDbins

This round, we want to make the signal continuous on D to simplify the implementation of
systematics on the Discriminant side

For background we can decompose as: Py = Pp(mae, D) - Pp(0)

Where in the last round we smoothed  Po(maz, D)= D’ Pp(mac)’

jEDbins
Now aim to use P(ma, D) to take into account the full dependance on discriminant -
For binned setup, had to assign large sys to account variation of resolution vs D

e 3 vaasndhpinaik 2023/11/29
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ATLAS m; measurementin H - ZZ* — 4l channel

The improvement of muon scale systematics

Partial Run 2 Run 2
Phys. Lett. B 784 (2018) 345 Phys. Lett. B 843 (2023) 137880
Systematic effect Uncertainty on mz” [MeV] Systematic Uncertainty | Contribution [MeV]
Muon momentum scale 40
Electron energy scale 26 ‘ Muon momentum scale +28
Pile-up simulation 10 Electron energy scale +19
Signal-process theory +14

Simulation statistics 8

el \'5 FBHRL kUL f 2023/11/29
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vas
T thrust axis

ATLAS my measurement in H —» yy channel

Categorization scheme

arXiv:2308.04775

Gains on total my uncertainty based solely on the categorization

m -17% compared to inclusive measurement (1 category)

m -6% compared with 36 fb™ " analysis (31 categories)
m -3% compared to full Run2 STXS/coupling (101 categories)

0.8

Central-barrel

0 0.8 1.371.52 2.37

:
T
nSZ
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ATLAS my measurement in H —» yy channel

Signal modeling

m Model my dependency of the DSCB parameters using
signal MC samples at different my

> 0.22 1 LR L LI IS HUL L B
) 0.2 ATLAS Simulation U-type, Central Barrel, High p}, 3 » Linear dependence for peak and resolution
Q) 0.18 f_ Vs=13 TeV O MC = Signal Model _f
g 0.16E. Hvv. m, =125GeV Caype, Endosp E pep(my) = my + B, + A, (my — 125 GeV)
\> 0_14;_ A MC == Signal Model _; ocglmy) = B‘TCB + AUCB (my — 125 GeV)
E>— 0;215_ _E aLOW(mH) = O1ow nLow(mH) - nLow|125GeV
3 E 0 gioh (M) = Qo Migh (M) = Mgioh l128Gev
Z 008__ - ig ig g 1gl 5Ge
O = = ) ) .o ) ) )
= 0.061 E m Signal yield variation with my parameterized with
- 0.041 = nd ;
= = 2" _order polynominal, per category and prod-mode
0.02F = Y gory
0 Bttt Sl Bt m Signal model extensively cross-checked internally
(global vs 125 GeV) and on the final workspace: most
m,, [GeV] extreme impact on my always < 15 MeV
2023/11/29 27
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ATLAS my measurement in H —» yy channel

Background modeling

« x2 probability > 1% when fitted to the background template
« the fitted signal yield (the ‘spurious signal’) < 10% of the expected signal yield

» the fewest degrees of freedom

2023/11/29
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SPATLAS

ATLAS my measurement in H —» yy channel

The improvement of photon energy scale systematics

Only n-dependent energy scale factors were derived

from 2015-2016 data
electron energy scale correction was accounted for

The possible Ey-dependence of the data-to-MC
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EXPERIMENT

ATLAS my measurement in H —» yy channel

SyStematiC u ncertainties Source Systematic uncertainty on m}; [MeV]
EM calorimeter cell non-linearity +180
. . L. . . 1. EM calorimeter layer calibration +170
Additional and secondary systematic uncertainties are included in the likelihood model Non-ID material Partial Run 2 1120
m Signal and background modeling: effect on my of a wrong functional form modelling ID material £110
» Evaluated injecting sig (bkg) MC sample over a bkg (sig) Asimov and computing the my shift Lateral sho'wer s.hape PhVS Lett B 784 (201 8) 345 +110
> Ef lated S £ . 7 — ee calibration +80
ect uncorrelated among categories, impact of 5 (18) MeV for signal (background) ; )

) i Conversion reconstruction +50
m Interference between pp — vy and pp — H — 7y processes: causing a shift of the my Background model +50
» Evaluated by injecting interference MC sample over a S+B Asimov and computing the myy shift Selection of the diphoton production vertex +40
> Expected impact of 24 MeV. Decided not to correct for this Resolution +20
m Photon energy resolution uncertainties Signal model +20

» Evaluated as interquantile difference of m.,., distribution per category, applied on width of DSCB
m Photon conversion reconstruction affecting category migrations Source Systematic uncertainty in mg [MeV]
» Estimated with data/MC comparison in Z — €€~ events, correlated to corresponding scale effect Photon energy scale 183
m NN vertex selection effect on my (5 MeV) Z — eTe” calibration +59
» Estimated with Z — ee data/MC comparision where e are treated as unconverted photons E;r—dependent electron energy scale +44
m Lumi/ BR v/ QCD scale / PDF+a / Parton shower / Spurious signal e — 1 extrapolation Run 2 +30
> All incuded and with null i Conversion modelling . +24
included and with null impact on my Signal-background interference arXiv:2308.04775 +26
Resolution +15
Background model +14
Selection of the diphoton production vertex +5
Signal model +1
Total 90

Impact extracted by fixing group of NPs and taking the difference with total uncertainty

YRHEHD kB UL f
‘Tnstitute of 7igh Tnergy Physics

Chinese Academy of Sciences

2023/11/29 30



https://www.sciencedirect.com/science/article/pii/S0370269318305884
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ATLAS Run 2 I'y measurement

The observed and expected yields together with their uncertainties

Z7Z - 4l Z7 - 212v
Process ggF SR Mixed SR EW SR Process ggF SR Mixed SR EW SR
gg —» (H* -)ZZ 341+ 117 42.5+14.9 11.8+4.3 gg —» (H* —»)ZZ 210+ 53 19.7+4.9 429+1.10
gg > H" — 77 32.6+9.07 3.68+1.03 1.58 £0.47 gg > H" — 77 111+26 109+2.5 3.26+0.82
gg > 727 345+ 119 43.0+15.2 11.9+4.4 gg > 727 251 £ 66 23.4+6.2 5.31+1.46
qq — (H* =)ZZ +2j 23.2+1.0 2.03+0.16 9.89+0.96 qq — (H" =)ZZ +2j 14.0+£3.0 1.63+0.17 4.46 +0.50
qq — ZZ 1878 + 151 135+23 22.0+8.3 qq — ZZ 1422 £112 80.4+11.9 7.74+2.99
Other backgrounds 50.6 2.5 1.79+0.16 1.65+0.16 wZz 678 +£54 51.9+6.9 7.89 +2.50
Total expected (SM) 2293 +209 181 +29 45.3+10.0 Z+jets 62.3+24.3 7.51+6.94 0.62+0.54
Observed 2327 178 50 Non-resonant-££ 106 + 39 9.17+£2.73 1.55+0.42
Other backgrounds 22.6+5.2 1.62+0.25 1.40+0.10
Total expected (SM) 2515+ 165 172+ 17 28.0+4.1
Observed 2496 181 27
2023/11/29 31
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ATLAS Run 2 I'y measurement

Interference effects The expected curve is flatter than the observed due to
the effect of a downward fluctuation in the data and
the parabolic shape of the yield versus p curve, which
arises due to the /u dependence of the interference

* Yield dependence on py¢s_sherp 1S NOt linear
« Asymptotic approximation does not hold
« Confidence intervals have to be derived

using the Neyman construction S g T T T
. E’ C ATLAS — - Obs-Stat. only i
* 5-10% more conservative = .of — Obs-Sys ]
v 181 - 2Z - akdivy — - ExpStatonly ]
W 2.2F ATLAS Simulation 1613 TeV, 139 fo” — ExpSys =
= 2:_ - Obs-Stat. only: 1.1ig'2 Exp-Stat. only: 1.0 tg'z .
N “f 14 oObs-sys: 11707 Exp-Sys: 10700 -
M1.8F ' -0 -0 .
I o ]
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ATLAS Run 2 I'y measurement

The likelihood profile as a function of two off-shell The likelihood profile as a function of the ratio of on-shell and

signal strength parameters for the ggF and EW off-shell coupling modifiers

production modes

2 2
. Kg,off—shell KV,off—shell

Rgg =3 Ryy = —
3 L L L L L L L L L O L LB L BB Kg,on—Shell KV,On—Shell
=2 T ATI AS = Obs Stat. -2InA=2.30
“Ji% 5 ;ATLAS —— Obs Stat. -2InA=5.99
| * == Al . mema- Obs. -2In\=2.30 - LA L L L L L L  L L LL ILL LL LB L ) LML L L L L L L L L L L L L L L
i H* — ZZ — 4l+llvv o 8gs-é2lnt7\;f~99 \(g’ QO?ATLAS — - Obs-Stat. only - \é’ ZOTATLAS — - Obs-Stat. only ]
- 13 TeV, 139 fb e oo & c — Obs-Sys 1 5 c —— Obs-Sys ]
7 v 18{-0n + Off-shell combined — - Exp-Stat.ony |+ 18[-0n + Off-shell combined — - Exp-Stat.only
1613 TeV, 139 fb™ — Exp-Sys = 1613 TeV, 139 fb™ — Exp-Sys =

‘ )-J._L::L.J T T T~
R

IBPUPEES

E Obs-Stat. only: 1.4tg'§
14 obs-sys: 1.47]

Exp-Stat. only: 1.0t°'8
Exp-Sys: 1.01';

E Obs-Stat. only: 0.9" gg
14 obs-sys: 09722

Exp-Stat. only: 1.0 tg'i
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ATLAS Run 2 I'y measurement

Systematic uncertainties

Systematic Uncertainty Fixed Uofi-shell Value at which —2 In A(uof_shenn) = 4
Parton shower uncertainty for gg — ZZ (normalisation) 2.26
Parton shower uncertainty for gg — ZZ (shape) 2.29 « Constraints are statistically limited
NLO EW tainty fi z7Z 2.27 . . .
O EW uncertainty for 44 = « Leading uncertainties from theoretical
NLO QCD uncertainty for gg — ZZ 2.29
Parton shower uncertainty for gg — ZZ (shape) 2.29 modelling, mainly missing higher order
Jet energy scale and resolution uncertainty 2.26
None 530 for background and Parton shower

Phys. Lett. B 846 (2023) 138223
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Higgs production and decay modes
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Higgs production and decay modes
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