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The Standard Model of particle physics
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The Standard Model has been extensively
validated.

» Fermions constitute matter.

» Bosons mediate interactions.

» The Higgs field endows matter with mass.

The Higgs boson was discovered by ATLAS
and CMS 1n 2012.
» Mass: 125.09 + 0.21(stat)
+ 0.11(syst) GeV
> Width: 4.5%33 MeV (ATLAS)
» Spin: 0
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Higgs boson production and decay

Run2:fs=13TeV, 36.1 - 140fb™" Run 3: Vs =13.6 TeV, 165 fb™

T T T | T T T T | T T T T | T T T T | T T T T | T T T T T
ATLAS Preliminary ——iTotal Stat.
my, =125.09 GeV, ly | <2.5 == Syst. | SM
Observed
Total Stat.  Syst.
bb 0.89 *01% (xo007, 1319)
ww = 114 010 (.o05, -008)
TT IEFI 099 o1l (xo07, 1339
zz Hlay 1.01 w010 (1399, 1008,
T | T T T | T .I I. | T T T | T T T | T T T | T T T | T T T | T T T T y]/ "E' 105 +0.09 ( 10.06, tggg)
ATLAS Prellmlnary l-e Total Stat Zy 12.06 +8.gg ( +g.gg’ +8.§g)
Vs=13TeV, 36.1 - 140 fb" coe0
’ [ Syst. SM Zy (Run 2 + Run 3) —===—H1 1.30 ‘g5 (2050, =020)
m,, =125.00 GeV, ly | <2.5 ” : 120 % (som. )
p. =97% ' == ' < - = -0
M Total ~ Stat. ~ Syst. SM unc. uu (Run2 +Run3) p—s=— 140 :040 ( =040, =0.10)
: 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
ggF+bbH ==H 1.05 0% (-004, =005) i x0.058 0 1 > 3 4 5
Branching ratio normalized to SM value
VBF H=—H 1.04 0% (.o08, 200) +0.020
WH = 0.96 =015 (=011, 1010 +0.020 . . . .
| » Higgs production cross section agrees with SM.
ZH o 1.00 3% (.01, 012 +0.037
st HE=—— 0.7 1030 (oo, 13F) i =0.087 » Measured branching ratios match SM.
| | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | |
06 08 1 12 14 16 18 22 » The H — Zy decay has not yet been observed.

ATLAS-CONF-2025-006
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Cross-section normalized to SM value
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Motivation for the H—Zy search
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» The H — Zy decay is a potential channel to explore
physics Beyond the Standard Model.

e H — Zy is arare decay, Brgy(H — Zy) = 1.5x1073.

* H - Zy proceeds only via loop diagrams in the SM.

Examples of BSM:

» Minimal fermion extension model (vector-like
fermions: two singlets and one doublet) [JHEP 10
(2024) 135].

» Light axionlike particle via H - Za, a = yy [Phys.
Rev. D 110, 055016 (2024)] .

<4 >


https://link.springer.com/article/10.1007/JHEP10(2024)135
https://link.springer.com/article/10.1007/JHEP10(2024)135
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.055016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.055016
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H — Zy decay search status

» Neither the ATLAS nor the CMS experiment has independently observation.

» Evidence for H = Zy in combination of ATLAS and CMS results
* Run2 ATLAS-only (Physics Letters B 809 (2020) 135754): Obs.(Exp.) Significance of 2.20(1.20)
* Run2 ATLAS+CMS(Phys. Rev. Lett. 132 (2024) 021803): Obs.(Exp.) Significance of 3.40(1.60)

* The excess of Obs. over the Exp. need further explore.
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Phys. Rev. Lett. 132 (2024) 021803
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The Large Hadron Collider (LHC)

The CERN accelerator complex
Complexe des accélérateurs du CERN
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //

n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform

The LHC is the world’s largest and most powerful particle collider, collision v/s = 13.6 TeV.
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The ATLAS Detector
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barrel
muon chambers

New Small Wheel (NSW)

barrel toroid magnet
muon chambers &

endcap
muon chambers

Inner Detector

» charged-particle tracks.

> ‘Z’J = 0.05%p(GeV) ® 1%
T

Electromagnetic Calorimeter

» electrons and photons energy.

inner detectors [

> ‘;—E= 10%/+/E(GeV) @ 0.7% ]

endcap toroid
magnet

endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet
barrel hadronic calorimeter

ATLAS is one of the two large general-purpose particle physics
detectors.

Hadronic Calorimeter

» Hadrons (1, kaons, jets) energy.

> UE—E = 50%// E(GeV) ® 3%(Barrel & Cap)
> ‘;—E = 100%/+/E (GeV) @® 10%(Forward)

Muon Spectrometer

> Muons momentum.

> ‘Z’J = 10% at p; = 1TeV
T

Particle and Nuclear Physics Division
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Strategy of H — Zy analysis

» Using H —» Zy,Z — lly (I = e or u) final state.
* Strong background rejection, Excellent invariant mass resolution.
e Full kinematic reconstruction.

» Efficient triggering through a logical OR of electron and muon triggers.

» Using event-by-event likelihood with signal and background

modeling.
» H — Zy is arare process, signal yield is quite low. = Need parametric
signal PDF

* Large background with a smooth continuum distribution. — Describe by

analytic PDFs to separate weak signals.

> Benefit from ATLAS Run3 dataset.
« +/s:13TeV - 13.6 TeV, ~7.7% higher Higgs Boson production o.
» Higher statistics: Integrated luminosity 165 fb-! (2022-2024).

* Large simulated background samples, corresponding to about 81 times the data.

Event display of H = Zy = uuy

Particle and Nuclear Physics Division
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Objects and Event selection

> Signal objects: H - Zy, Z —» ¥y, ({ = eor u)
» Background objects: Jets misidentified as photons.
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Cut Electrons Photons Mouns Jets
Pr >10 GeV >10 GeV >5 GeV >25 GeV
In| <2.47(exclude [1.37,1.52]) | <2.37(exclude [1.37,1.52]) <2.5 <44
Identification Loose Tight Medium Loose
Isolation Loose FixedCutLoose Loose FixedEffPt

> Event selection

« At least two leptons (same-flavor, opposite-charge) to select Z candidate.
* Z mass requirement: [m;; — m,| < 10 GeV'.
* Z candidate plus one photon with high p to built Higgs candidate.

e Overlap removal is applied between leptons, photons and jets.

e Photon relative py requirement: p)f /mz,> 0.09.

Particle and Nuclear Physics Division
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Event categorization

Yes
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Njet > 2 and

BDTygr > 0.87

Pre-Selected

[Lepton Category ]

[VBF Category ] T => Tight

M => Medium
[HighReIpT Category | L => Loose

HRelpT => High Relative pT
[LowReIpT Category } LRelpT => Low Relative pT

Particle and Nuclear Physics Division
R SZERRE

e » Events are classified into 13 categories.

g

Yes » BDT classifications for VBF, HRelpT and LRelpT
’

categories.

Yes > Lepton category:

HRelpT-eeT

« Additional leptons
> VBF category:

HRelpT-eeL

&
(2]

HRelpT-ppuT

Zz
o

* Train the events and categorize to two region: Tight
HRelpT-ppL

and Loose

> High Relative py category:

LRelpT-eel e Train the events, split them by channel, and

categorize to Tight and Loose for each channel
LRelpT-puT

&
(]

» Low Relative pt category:

S
LRelpT-puM

i

No * Train the events, split by channel, categorize to
(e Pty ;

LRelpT-ppl
Tight, Medium and Loose for each channel.

Py
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Boosted Decision Tree training
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Input variable VBF relative photon pt
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> Boosted decision trees are used to maximize

the combined significance in the mass

window of [120, 130] GeV.

» BDT inputs are selected to minimize

correlation with 1m,,,,.

» At least two background events in the signal

region [120, 130] GeV.
» VBF category BDT

* Requirement: at least 2 jets.

* Signal: VBF H - Zy.

* Bkg.: ggF, non-resonant Zy, EW Zy + jj.

» High/Low Rel-pr category BDT
* Separation between eey /uuy final states.

» Signal: ggF H — Zy.

* Bkg.: non-resonant Zy, Z + jets.



Event decomposition and expected yields

» Signal composition in each category
includes contributions from ggF,
VBF, VH, ttH, and bbH.

» The lepton category is dominant by
VH and ttH.

» The VBF and High/Low Rel-py
categories are dominated by ggF

and VBF.

Lepton
VBFT 1

VBFL 1
HRelpT-eeT A
HRelpT-eel -
HRelpT-uuT A
HRelpT-uuL
LRelpT-eeT
LRelpT-eeM -
LRelpT-eel
LRelpT-uuT -
LRelpT-uuM -
LRelpT-uuL 1

ATLAS Simulation e ggF  mmm WH e tH

VS =13.6 TeV, 165 fb~? o VBF JH  mmm bBH
I
- S 4 é 0o9@( -0
I ———
I @ N
. W =
. @ 7
B W W=
I @]
e 1]
I
. @ h
e 1]
0.0 0.2 0.4 0.6 0.8 1.
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Signal modeling

. . . . -12/2 : . t=A
» Low signal yield — need a differentiable peak- e i if —aro <7 < anj ™/ Ocs
e—O.S(rE() . Amo = m —u
. . = lft < _aLO H ll]/ CB
Shape PDF for Precise modehng. I"Lo (eroo S(YzL t) I N: normalization parameter
: : el : : T T if 1 > ay;, Ucg: the peak of the
» The three-body invariant mass distribution is | ot (24— gy ) [ A
"Hi \ @Hi Gaussian distribution
fitted independently in each category using the S AT e e 1 T
= CE (s=136TeV Y =
. . g - akg = 1.150 = 0.036 -
Double-Sided Crystal Ball (DSCB) function. 2 16 LowRelpT_eeM h, = 12516820013
o — |
Lﬁ 14:_ 098= 1.637 + 0.023 _:
. .. = nil = 65.7 = 9.3 -
» The £y mass resolution is improved by 17% 125 s = 382+ 033 =
1 =
(11%) 1n the electron (muon) channel: 08 =
) : : : 0.6F- =
* Z-mass constraint: kinematic fit applied to oaf E
0.2:— =
correct lepton four-momentum. - 3
O =
= =
L3 . E E
* FSR photon correction (AR<0.15) applied to g - I
the corresponding muons. 05He 118 120 122 124 126 128 130 182 134
mZY
Particle and Nuclear Physics Divisi . e e s o
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Background template study

>

YV VY

The dominant background components:

Non-resonant Zy, irreducible

Z. +jets, reducible

Di-boson process, 35% in lepton category, 0.2%
inclusively

Zy fraction is 0.4975:92 in mass window [110, 160] GeV,
central value from ABCD method.

Low-statistics data-driven Zjets — large error bars.

High Rel-p category: scale Zy sample to the data yield.

Low Rel-pt category: reweight Zy sample to match Zy
+ Zjets yield.

Lepton category: normalized Zy and di-boson by cross-
section and scaled to data.

VBF categories: reweight VBS to match Zy +VBS.

Particle and Nuclear Physics Division
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Background template in each category
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Background modeling and Spurious signal study

Background-only fit - ExpPoly4 (nPar = 4)

> Background functions: g 4 Template
= — PDF E
* Exponential: f = e®*, ExpPoly2~4: e* fp,1,(ag, a1, a3, a3), Fk0~2, £ ¢ :
Bern2~6, Power, Pow2: x%° + a,x%2 o - —
> Selection criteria: S/AS <20%, P .2y > 0.01, S+ 1{/AS <20% R LRelpTomuml E
. o o % AR }

» Fit range optimization: & [h4, .H1.1.|.+.“.11.1+| { |.+.&1.+| mm& ..1.1+
| | | SSRGS
* Tested in the mass range 110-160 GeV, with mass window > 35 GeV. * ‘ i

* Selection priority: lowest DOF — lowest spurious signal (for same
DOF).

» Reduce spurious signal uncertainties by GPR smoothing:
» Sufficient statistics for the background template.

* No change in the background function choice, but the spurious

signal is reduced.

-08 [ N R B

120 122 124 126 128 13l
nfeev)
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Gaussian Process Regression smoothing

» Spurious signal may arise solely from statistical fluctuations in the background template.

» Mitigated with GPR smoothing (scikit-learn, Gibbs kernel).

Optimized kernel parameters:

’ 21(x)1(x") (x—x")? -
K(x,x') = _ — 27.7%%2 x RBF(length_scale=11)
(x, %) 1(x)2+1(x")? cxp 1(x)2+1(x")? [(x) = byx + Chi-squared: 515.05

Degrees of freedom: 498
Chi-squared per degree of freedom: 1.03

Background Scale mc,, * purity + Original yield: 21948.59
template Scale Zjets * (1 — purity) GPR yield: 21943.96

Gaussian Process Regression with Original X Bins

70

Q - 95% Confidence Interval

_Create hIStog ram 73 =- mmmm GPR Prediction
N 0_1 Gev per b|n o7 isinsRE .-_ | _I_ Data with error bars

l

[Gaussian Process Regression

60 1

RBF Kernel Function 50 1

Y values

40 -

x?/ndof in
range [0.8, 1.2]

30 1

201

[ Output smoothing templatej o 120 130 140 150 160

X values
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Gaussian Process Regression smoothing

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute
> The background template becomes Category | fitrange /GeV | PDF | SSvalue | S/4S | SS value (GPR) | S/4S (GPR)
Lepton 110-160 Exponential 3.25 -24.1% 2.16 15.4%
VBFT 110-155 FKO 0.070 3.4% -0.0123 -0.651%
smoother and ShOWS gOOd agreement VBFL 110-155 FKO 0.813 10.1% 0.255 3.16%
. th th ioinal t 1 t HRelpT-eeT 115-160 ExpPoly3 0.412 9.3% -0.068 -1.58%
Wi € original t€mplatc. HRelpT-eeL 110-155 | ExpPoly2 (Waldtest) | 098 | 7.48% 2.18 17.6%
. . . . ] HRelpT-puT 115-160 ExpPoly3 1.07 14.3% -0.392 -4.88%
» The spurious signal is significantly HRelpT-puL 110-155 ExpPoly3 185 | -13.6% -0.356 -3.13%
) LRelpT-eeT 115-150 Bern5 6.82 20.1% -1.18 -3.5%
reduced after GPR Smoothlng. LRelpT-eeM 110-145 Bern5 78.8 68.9% 48.4 41.7%
LRelpT-eeL 115-150 Bern4 (Wald test) -216 -77.8% 154 -53.8%
: LRelpT-uuT 115-160 ExpPoly3 3.66 24.0% 7/l 10.8%
> DOCS not Change the SeleCted funCtlon' LRelpT-uuM 110-145 Bern5 31 27.2% 30.6 26.9%
LRelpT-uuL 110-145 ExpPoly4 -112 -43.8% -117 -36.1%
Background-only fit - ExpPoly3 (nPar = 3) Background-only fit - ExpPoly3 (nPar = 3) \
35 > 12 & T T T T T T T T — % [ T T T T T T T T ]
E - ATLAS in progress —{ Original § : —— Template ] o =P —+— Template 7
T g Vs=13.6TeV, 165 fb" ; S op S — PDF ] S Wb 3 e — PDF E
§ [ LRelpT-uuT —t~ GPR Smooth 5 b E s E E
. 25} o E E - ]
ettt ey °F E °F .
20 Se,, s - W ]
C e - ] - 1
15 *"’* 2 LRelpT-mumuT - 2 LRelpT-mumuT -
C ‘o c C
C L. L ] '_....|....|....|....|....|....|....|....!...._'
10 } '.".'-o-* 1.05 . h
- Core,, gl )
Pro e 20 et a0 i3 T iad i4e e se " Teo R TR TR THE R R R
muv [GeV] x_sig [GeV] x_sig [GeV]
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Events / GeV

Events / GeV

° ° ° ° ° TN /)-"A % j'—\ll« 2 2
Invariant mass distribution for low stats categorie ; é"‘“‘ "“”"”

I I
600r—mm————7 7 71— > o e e e B T B e R > L L B L B B B B B > LI B B B AL ELRLELELE BN
r ATLAS = L r ATLAS = ° - ATLAS . L [ ATLAS -
E e 4 ¢ Data B 0} E e 4 ¢ Data B G 250" 4 ¢ Data — 0} 14k - ; ¢ Data 3
50— s =13.6TeV, 165 fb S|gna|+background m & 5; Vs =13.6 TeV, 165 fb Slgnal+background m @ C Vs =13.6 TeV, 165 fb Slgnal+background ] & 10~ Vs =13.6 TeV, 165 b’ — Signal + background -
E H—Zy, Lepton —_ Signal 3 £ F H—Zy, VBFT —_Signal 3 T 20 H— Zy, VBFL —_ Signal 3 £ £ H—Zy, HRelpt-eeT —_Signal E
40 * ----- Background = K e I Background = a FE 0 e Background ] 5 o= | e Background -
£ T = 5 £ T T T T T T T T 3 5 T T T —
10F H 1 £ . 1 F 'oF # 3
E E oF . i) E E
O:J.l.l 11l L+ JUR) + + $oed 4 1+1+11: - F H H i + { IR { + ] © o of . t t e
E“TI++*T TTIT* |*+T i) +*+*” T ¢‘|'Y'r‘rz % o—— 1= ! ! H . g E Wt TTe0 4 40, E
~10E& . = [a} E. . . . . . . . . ] o -10g . . . . . . . . = - . . . . . . . . 3
110 120 130 140 150 16C 110 115 120 125 130 135 140 145 150 155 110 115 120 125 130 135 140 145 150 155 115 120 125 130 135 140 145 150 155 160
my, [GeV] my, [GeV] my, [GeV] my, [GeV]
90:'"'x""x""x""x""x L B B = >QOV""x""x""x""x'"'x""x""x""x""a > LB L B B B L L L B |
E ATLAS E L F ATLAS = o [ ATLAS ;
80F- 4 ¢ Data = o 18 » ¢ Data = ¢ 100 4 ¢ Data
E Vs = 13.6 TeV, 165 fb — Signal + background 3 @ 16 /s = 13.6 TeV, 165 fb — Signal + background 3 @ Vs =13.6 TeV, 165 fb — Signal + background
70 -
E H— Zy, HRelpt-eeL — Signal 3 “g’ 14i H— Zy, HRelpt-uuT — Signal E ‘GE) 80— H— Zy, HRelpt-uulL — Signal 1
6og- L Background E @ 1o E | e Background E @ F e Background ]
0 ,
20F ' + + ' E 2 F E 2 20F +' ' ' + T
0F e ..o.,*,,+;+¢;+¢+++++ PRI AN WU I SOOIV LT Y O ++++++++++- ELE
: [T LY + + g 5 1 £ ot i ; g
-20k A A A A [a] E. A A A A A A A A 3 0 _ook A A A A A A A A =
110 115 120 125 130 135 140 145 150 155 115 120 125 130 135 140 145 150 155 160 110 115 120 125 130 135 140 145 150 155
my, [GeV] my, [GeV] my, [GeV]

Particle and Nuclear Physics Division

57 SRS LIKZIE BYZziE




AT

Tsung-Dao Lee Institute

Invariant mass distribution for high stats categoriess

I I
> T T T T T T T 1 > T T T T T T T ] > =T T T T T T T ™
3 1°0E" aTLAS + Data E S 1200 ATLAS + Data 3 & 10000F- ATLAS + Data =

C Vs = -1 = C _ -1 ] C _ -1 ]
= 140F Vs =13.6 TeV, 165 fb — Signal + background " > 1000~ /s = 13.6 TeV, 165 fb — Signal + background - - - (s=13.6TeV, 1651b — Signal + background |
*OC-)‘ 120 H— Zy, LRelpt-eeT — Signal 3 *qc-; - H— Zy, LRelpt-eeM — Signal E *qc-; 8000 H— Zy, LRelpt-eeL — Signal 7
o 1005_ ..... Background _E o 800:— ..... Background _: o - e Background ]

E 7] C ] 6000 —

80F- = 600 — = - ]
60 — C 3 . ]

- E 4007 : 4000 -

40— — - E L ]

c 3 __ _' 2000— —

20E- s 200F - = .

] fo]= : : : : : : :_ 58 1 ! ! ! ! ! ! 1 0 [ : ! : ! : ! :_
o C ] (o) C = > 100F -
B 20F - Foa r ] & E + + + E
" of H H + ' ¢ $ [P . " o 3 " ozl'|.+.- IJT|++ +++++++ 4 +++ $++++:
< - S ] © s ] < E E
8 ot t 4 b ] S _sof + + : 8 100:—|+T HT T } ety -
_o0k . . . . . . = -50E. . . . . . . = - 100, . . . . . 3

115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 115 120 125 130 135 140 145 150

my, [GeV] my, [GeV] my, [GeV]
> 60 y T T T T T T T T ] > T T T T T T T ] > =T T T T T T T 1
& F ATLAS + Data 3 & 1200 ATLAS + Data 4 & fggggf ATLAS + Data E

- - -1 — - _ -1 - — - -1 —
% 20 /s =13.6 TeV, 165 fb — Signal + background P - (s=13.6TeV, 1651 — Signal + background P = (s=136TeV, 1651 — Signal + background _J

- 4 16000 —
"qc'; - H— Zy, LRelpt-uuT — Signal ] "g 1000— H— Zy, LRelpt-uuM — Signal — "g E H— Zy, LRelpt-uulL — Signal E
a3 % e Background = & ot Background ] g14000E- Background =

- 7 - - 12000 —

30F = 600F- (1 3 10000 —
ol E F E 8000F- =

= ] 400 * = 6000 =

10— — 200 :_ _: 4000 ;_ _;

o ] C 7 2000 ]

0 C1 (W 0 1 1 1 1 1 1 1 1 0 E. PP B | 1 L 1 1 1 =

S . F ] o L F ] o 200F 7
X c = X 50F = X r ]
@ ok E @ 3 E @ of ++|$+1++ .t +++++¢+¢ L E
© E E < 0 3 E © E T e + ¢ + trr Y Yoo T ]
E _1oE 3 B -s0 4 & -200-4 .
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° ° ° ° ( o \ ; % jl—xll« " A ue
Invariant mass distribution for H - Zy —» {fy &) I.000 e

180 ATLAS + Data ATLAS ¢+ Data
— -1 —_— -1
160F- Vs=13TeV, 140" " 0 ound 60 /s=136TeV, 165" _ gjgna| 4 background
(s =13.6 TeV, 165 fb! 9 J H— Zy all cat
140F- '8 =13.6 TV, 165 — Signal so | £y ancaedones - Signal
H— Zy all categories Background In(1+S_,/Bgg) weighted sum ... Background

In(1 +868/B68) weighted sum

Weighted events / GeV
N
o

Weighted events / GeV

—

o

o
III|III|III|III|II |III|III|III|III|II

80
60
40
20 10
D= ' oD =
& 38 &3
L 1
g2 0 g o 0
© g 2 I g—‘l
0 4 ; ; , , , n=-2 , ,
115 120 125 130 135 140 145 115 120 125 130 135 140 145
my, [GeV] my, [GeV]

» Statistical results from the un-binned likelihood fit:
* Run 3 observed (expected) significance with respect to the background-only hypothesis: 1.40 (1.50).
* Run 2 + Run 3 combined observed (expected) significance: 2.50 (1.90).
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Combination of Run 2 and Run 3 results

> Run 3 results:
measured signal strength u = 0.970-Z (stat) ¥4 (syst)

> Run 2 + Run 3 combination:
signal strength u = 1.3 + 0.5(stat.) + 0.2(sys.)

» Compatibility between Run 2 and Run 3 results: p-value = 0.33

» Opverall sensitivity improvement of 61% with respect to the ATLAS
Run-2 analysis. Driven by:

» Increased statistics in Run 3, 165 fb!

Lower photon p threshold — +8% signal efficiency

Event selection and categorization — +15% performance
» 19% improvement with respect to the ATLAS+CMS Run-2

combination.

Particle and Nuclear Physics Division
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I
< 8 N T T T | T T T T | I T T I T N T ]
< - ATLAS .
Al - 1 -~ Run2 ]

v 7F Vs=13TeV, 140 b —

C 4 .

C Vs=13.6TeV, 165 b Run3 ]

6F H — Zy, observed — Combination ]

_ ’ ]

4 ! :

7 —

C , 207

C p .

= 1o

O _ P ]

MZ«{

ATLAS Stat. error ~ —@— Total error

I Syst.error —— SM
V5=13TeV, 140 b1, \/5 = 13.6 TeV, 165 fo~! Y

Total  Stat. Syst.
Run3 Lepton ——e——1 I -6.083 8¢ iR
Run3 VBFT 12598 48 8%
Run3 VBFL [——— =374 H43 83
Run3 HRelpT-eeT e 2533 B9 R
Run3 HRelpT-eel —p— 1238 3% 83
Run3 HRelpT-upT Free—i 2638 38 48
Run3 HRelpT-puL e 06545 45 433
Run3 LRelpT-eeT e 0933 B 1%
Run3 LRelpT-eeM i 15:3% 38 43
Run3 LRelpT-eel ~— ; -0.8:33 85 &%
Run3 LRelpT-upT . —| 2335 3% 3]
Run3 LRelpT-puM —eo—i 35125 3% 9
Run3 LRelpT-puL —e—— 11.5:83 3 2
Run2 Comb. o 20158 B8 B3
Run3 Comb. L a 0947 87 4%
Run2+3 Comb. te1 1388 88 8%

1 A
-30 =0 10 0 10 20
Signal strength
I
s
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Thanks
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