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Introduction

Large amount of data available for Physics in Run 3 at sgrt(s)=13.6 TeV
e 2024 record data taking year
e from 2022 to 2024, the collected luminosity has already surpassed that of Run 2
® almost 90% of luminosity delivered by LHC is ready for ATLAS data analysis
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Introduction: open question from Run 2, a new quest in Run 3
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Rare decay loop suppressed BR= 1.5 x 107° Rare decay BR= 2.1 »x 107" and direct probe of
-> potentially sensitive to BSM Higgs coupling to second fermion generation

New analysis based on 2022-2024 data and combined with Run 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-19/
https://arxiv.org/abs/2507.03595
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Phys. Rev. Lett. 132 (2024) 021803

e The H—Zy — £2y( £=¢,1) final state, additional rate reductio BR(Z — €8)= 7%

o Fully reconstructable with excellent mass resolution
o High trigger efficiency using electron and muon triggers
e Main background continuous Zy and Z+jets production

Full Run 2 H—Z7vy

—2InA

e Based on 5 categories (VBF, High/LowRelPt)
® Obs (Exp.) significance 2.2 (1.2) o
e pn=2.0%10 09 (1.010.9)

Combination with CMS -> Evidence!

e Obs (Exp.) significance 3.4 (1.6) ©
® Hn=2.2+0.7(1.0+0.6)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-42/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-22/
https://link.aps.org/doi/10.1103/PhysRevLett.132.021803

Run 3 H—Zy: Event selection and categorization

Event selection:
e Events selected using single and di-electron/muon triggers

e At least 2 opposite charged leptons + one photon, with pT > 5(u)/10(e,y) GeV
e Overlap removal between leptons, photon and jets
e Zmass requirement: [mll-mZ|< 10 GeV
e Photon relative pT cut: pTy/mZy > 0.09 Niepton > 3 Yes > Lepton )
No Yes
After event selection S/B~0.4% Njew > 2 and Yes _
BDTygr > 0.95 ” e
< SRR REEEI EERRNRRRRN RAEES LLLRE RARRE LLLED EEALE LAY
e | ATLAS R N No electron channel Yes e
% 105 s = 13.6 TeV, 165 b 3%11__)2 - ves - £het No
EJ' - Hear VBTF r.eg|lon — Total background y @
o i : ¢ Data sideband i Y
° 1= e i = kS " -muon channel
s k. § = 25 No
107 =" : ' . . i 'gl—f & electron channel BDT| RelpT-ce=> 0-8 ves -
E ‘e SR elpT-ce= Y- LRelpT-eeT
i e, —— ™ Yes Ne
------ --__-—:;'!-'-u"""“ P
102k . P o B
_IIII|IIII|I\Illl\lllIIII|IIII|III\lllllllllllll:i.:_ i
0 01 02 03 04 05 06 07 08 09 1 muon channel 5T, o ., > 0.00 e S LRelp Tt
LRelpT-pp P
BDT, g T => Tight Yes
— M => Medium No
E lassified i 13 ies: L. o0
VentS are ciassirtie IntO CategorIeS. : HRelpT => High relative pT No
e 1 VH+ttH lepton category b

e 2 VBF categories
e 10 ggF categories (separated by ee/uu final states )
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Run 3 H—Zy: Event selection and categorization

Lepton
VBFT

VBFL
HRelpT-eeT
HRelpT-eeL
HRelpT-puT
HRelpT-puL
LRelpT-eeT
LRelpT-eeM
LRelpT-eeL
LRelpT-puT
LRelpT-uuM

LRelpT-puL

o

ATLAS Simulation e ggF = WH e tiH
Vs =13.6 TeV, 165 fb~?! = VBF ZH = bbH
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Category Sea" Bgg” Ngs wes [GeV]  Sgs”/+/Ses” + Beg”
Lepton 15 76.3 78 4.4 0.17
| VBET 15 12 3 3.8 0.91
VBFL 2.8 27.6 23 4.0 0.51
HRelpT-eeT ) 6.6 11 31 0.43
HRelpT-eeL 3.0 54.1 77 4.0 0.40
HRelpT-puT 2.4 20.3 33 3.9 0.50
HRelpT-puL 2.4 56.5 7 4.1 0.31
LRelpT-eeT 8.9 233.6 251 3.8 0.57
LRelpT-eeM 287 25909 3 806 4.1 0.56
LRelpT-eeL  23.9 13 261.0 17435 45 0.21
LRelpT-ppuT 4.9 95.7 127 3.9 0.49
[TRelpT-puM 341 25446 3133 i1 0.67
LRelpT-ppl.  36.5 16 961.3 19 331 4.4 0.28

Best sensitivity from VBF categories and low relative pT categories
The categorization enhances the overall sensitivity of the analysis by a factor of 2

compared to the inclusive selection.
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Run 3 H—Zy: Signal and Background modeling

e Signal m,, invariant mass is modeled by a double-sided Crystal Ball (DSCB) function in
each category using MC simulation
® Mass resolution improved by 17% (11%) for e (i) channel
O Z-mass constraint: kinematic fit to correct lepton 4-momentum
©  FSR photon correction (dR<0.15) for corresponding muons
e Residual H—ppu(y) contamination (up to 3.8%) is modeled with another DSCB

Main Backgrounds: Non-resonant Zy, Z+jets, and diboson processes
Background Modeling: select analytical functions tested on high-statistics
background-only templates. Function Selection Criteria:
o Minimal induced signal bias (i.e. Spurious Signal) and simpler function
o X?p-value > 0.01 on bkg template
o Wald test on data m, in [110,120 GeV] and [130,160 GeV] to avoid overfitting
e Fit Range: optimized within 110-160 GeV to minimize the spurious signal

After the choice of the function-range the spurious signal is re-evaluated on smoothed
template through Gaussian Process Regression to further reduce the final bkg modeling
uncertainty
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Run 3 H—Zy: Fit on data
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Run 3 H—Zy: Results

® Observedyu =0.9 £ 0.6(stat.) > __ (syst.)=0.9%"7 _
® Expectedu=1.0+0.7(stat.) **? _  (syst.)=1.0%0.7

O Dominant systematic uncertainties: background modelling (11%) and theory unc (12%)
e Obs (Exp.) significance 1.4 (1.5) o

0.6

ATLAS [ Stat. error —@— Total error
— — — ——— ——r— ——r— I Syst. error — SM
> . ' ' ' ' = V5 =13TeV, 140 fo~!, \/s = 13.6 TeV, 165 fo— 4
8 = ATLAS ¢ Data 3 Total  Stat. Syst.
c e 1 =
; 60_ s=13.6 TeV, 165fb Signal+backgr0und . Run3 Lepton ! —o— | -6.0:84 82 10
= 50: H— Zy all categories Signal - Run3 VBFT 12598 48 83
S = , =
= - In(1+S_,/Bgg) Weighted sum ___.. Background ] Run3 VBFL —eo—1 -3.743 43 103
B 40k = Run3 HRelpT-eeT 25:3) 39 838
2 K 3 Run3 HRelpT-eelL 1.2:33 3% 63
> 30F- 3 Run3 HRelpT-uuT 26738 38 8
= - - Run3 HRelpT-uul 06745 45 32
20 — Run3 LRelpT-eeT 0933 3% 1%
= - Run3 LRelpT-eeM ——o——1 1.5:3F B8 13
10; L Run3 LRelpT-eel I s | -0.8:33 B9 4%
95 ol — — . = : Run3 LRelpT-puT ——e— 2333 38 37
8 7 Run3 LRelpT-yuM —o—I 3535 3% 149
s 0 Run3 LRelpT-yulL — | -11.5:33 42 21
g e —21 Run2 Comb. o 20:48 %3 B3
S— = L N L N L Run3 Comb. 0_9:047 :047 +0.2
115 120 125 130 135 140 145 TR TR
Run2+ 3 Comb. 1.3%55 205 o3
my, [GeV] id
-30 20 10 0 10 20

Signal strength

Run 3 significance improves by 28% wrt Run2: The measurement of signal strengths across individual
e 15% event selection and categorization categories is consistent with the overall signal strength

e 11% increased integrated luminosity and cross result, corresponding to a p-value of 0.37.

section scaling
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Run 2 + Run 3 H—Zy: Results based on 305 fb™

-> Most precise measurements to date

® Observedp =1.3%0.5(stat.) £ 0.2 (syst.) =1.3%%° _ |
e Expectedu =1.0%0.5(stat.) % _(syst.)=1.0"°_ _
® BR(H-Zy)=2.0"7 %107 (1.5"7_  x107°) compareto SM=1.5"%°_  x107°
® Obs (Exp.) significance 2.5 (1.9) o
E - ATLAS | | | | | 'R ) | ] E - ATLAS | - '2 .
N 7E Vs=13Tev, 140 10" un = N 7E Vs=13Tev, 140 b un =
C Vs=13.6Tev,165f0" 7 Run3 ] - Vs=13.6Tev,165f" 7 Run3 ]
6:_ H — Zy, expected —— Combination | 6:_ H — Zy, observed —— Combination
TR . 5 .
e \\\ 267 4L ¥ 267
3:_ \\\\ _: 3:_ 'I/ _:
o E o E
3 ’ / o 1 o
| ST R N .- S P T e oC te 1wl oo ¢ e
-1 -05 0 05 i 15 2 25 3 35 - 5
Zy HZY
e Combination improves Run 2 by 61% The Run 2 and Run 3 measurements are compatible,
® ATLAS results 19% better than ATLAS+CMS with a p-value of 0.33.

S.Manzoni (CERN)

ATLAS Higgs rare decays

17/07/2025




H—up
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H—pu Run 2 results

- > T T T T T T T T
e Fully reconstructable signal 8 00 p ATLAS N v Da
. . E 10° s=13.6TeV, 165 fb oz
e Huge background contribution from Drell-Yan 5 L E Hom B Diboson
) ] ] o 10 Preselection Bl o
o ~0.2% signal-to-background ratio 107 — Higgs (<100)
10°
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10°
o 11r I ' I I I I I I .
= et A NS
o WM """"""""""""""""""" ]
8 09+ Muon experimental uncertainties —
80 90 100 110 120 _ 130 _ 140 _ 150 _ 160
m,, [GeV]
Full Run 2 H—puu
e Based on 20 categories targeting main production modes
@ ObS (EXp.) Significance 2-0 (1-7) o e — ; 49107 (7 TeV) + 19.7 b™ (8 TeV) +137 fo" (13 TeV)
PY u=12+06 ATLAS Vs=13TeV, 139 b H - % Ty
R e Total Stat. ESyst. | sm Total Stat. Syst. _Z_
VH and ttH categories —=— 5.0 +35 ( £33, +1.1) 8
CMS Run 1_ + Run L ggF O-jet categories —@— 04 £16 (15, £03)
ggF 1-jet categories ‘I—H 24 £12 (£12, +£03)
. .. ggF 2-jet categories @ -06 £1.2 (£1.2, +0.3)
¢ Obs (EXpE))lelgnlflcance 03:[50 (2'5) o VBF categories ||—|—| 18 £1.0 (£1.0, £02)
_ +0. +0. .
® lJ' - 1-19 _039(Stat) _0.14(Sy5t) lCombined | ]"-H | 1i2 £06 ( 1?‘6‘ *gf) | r oms . Expected m, = 125.38 GeV
L First Single experiment eVidence -10 -5 0 5 10 15 20 10061~ T2e 128 e izs i26 i iz 128 ia0
Signal strength m,, (GeV)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://link.springer.com/article/10.1007/JHEP01(2021)148

H—pu: Event selection and categorization

o o 0g———7 L B e e A
election s E =
% C ATLAS P ¢ Data, sidebands —1H 7
Primary vertex a 1 Vs = 13.6 TeV, 165 fb S NG, S 4
Common preselection Two opposite-charge muons 5 = H-um 8. %% 3
Muons: |77| < 25’ p!Fad > 27 GCV, p'sl'Ublead > 15GeV § C ¢ Bkg. MC, sidebands ]
r 107 -
Fit region My =110 = 160 GeV “ T E i
Jets pr > 25GeV and |n| < 2.4 102 ;_ _;
or with pt > 30GeV and 2.4 < || < 4.5 S ¢ g
pr > 25GeV and |n| < 2.4 1073 i E_
b-tagged jets or with pr > 30GeV and 2.4 < |p| < 2.5 o ‘e 3
Tagging efficiency working point of 85% ® oD mop BN o B ]
7 107 : :

ttH categories At least one b-jet : a

V H 4-lepton category Exactly two additional e or u with pt > 8 GeV,5GeV (u) / 7GeV (e), no b-jets e b b b Ly iy
V H 3-lepton categories Exactly one additional e or u with pt > 15 GeV, no b-jets 0573 e 0:985 0 fia2a !
V H 2-lepton categories No additional lepton, no b-jets, Ef"* > 120 GeV ttH neural-network output

VBF and ggF categories No additional lepton, no b-jets, Ef"* < 120 GeV

Events with a neural-network output below ~0.98
are not included in the tTH categories

e Events are categorized in 23 categories:

o Defined sequentially ttH->VH->VBF->ggH § opamas '+ e ssarts —agr o
o Within each topology NN/BDT trained to : énfiffmv'm [pawen —VBFé
separate sig vs bkg (and other production : 10-1;_'“%.“_ L E
modes) 10_2; a
o 2 ttH categories, 3 ZH categories, 2 WH ms; E
categories, 4 VBF categories, and 12 ggF 104; *3
categories L ettt
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H—pu: Event selection and categorization

ATLAS Vs=136TeV,165f" H— uu

Category Data S B S/NB  S/B[%] —s/B
tfH-High 12 1.9+07 155£2.3  0.49 12.5 - z/f; 09
tfH-Medium 117 39x14 115+7 0.36 3.4
VH4L 11 0.78+0.29 122418 022 6.4
VH3L-High 25 1.4+05 17.4£29  0.33 8.0
VH3L-Medium 143 37+14 136+ 10  0.31 2.7
VH2L-High 19 1.0+0.4 18.3£29  0.23 5.3
VH2L-Medium 30 0.38+0.14 31.7+£3.1  0.07 1.2
VBF High 9  43+1.6 105+1.8 1.34 412 5 ~| I ggF +bbH
VBF Medium 28  5.3+2.0 25.8+2.7 1.04 20.5 (7 _|mvBF
VBF Low 69 7.2+2.7 62+4 0.91 11.6 g VH
VBF Very Low 217 114 225+8 0.76 5.1 8 ffH + tH
2-jet High 1399 3112 1367+25  0.84 2.3 g
2-jet Medium 5657  69+26 5560+£50  0.92 1.2 )
2-jet Low 17684  110+40 17300£70  0.87 0.7
2-jet Very Low 35147 110+40 35160+ 140  0.59 0.3 s T T T T T T T T T T
1-jet High 708  17+6 710£16  0.65 2.4 2 = =
1-jet Medium 7166  80+30 7140+70  0.95 1.1 é’
1-jet Low 31761  180+70 31510120  1.00 0.6 S
1-jet Very Low 73578 200+ 80 73330+200 0.75 0.3 2
0-jet High 19445  120+50 19260+90  0.89 0.6 8
0-jet Medium 50742 200+80 50830+ 190  0.90 0.4 2
0-jet Low 94032  240+90 93770+210  0.78 0.3 @ ey ey Ty
0-jet Very Low 136762  170+60 136510290 0.47 0.1 £39883858385235533F32383
L 2252825285528 28228
PETLVEY ST 87287 a3 &
=g N s ne o E L

Analysis categories
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H—pu: Signal modeling

e Signal mup invariant mass is modeled by a DSCB function in each category using MC

o Fitting decay vertex of dimuon system: 2% improvement on resolution
o  FSR recovery (5% of total events): 3% improvement on resolution

S.Manzoni (CERN)
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H—pu: Background modeling

10°

E 100:7 A'll'LAS Slimulation l I¢ Sirlnulation B

M R o s=13.6Te —— Total pdf -

e Background modeling: I e ol

H ° o . I [, O-jet Very Low Category —— Signal pdf :

Core function ® empirical function o enar o7

e Core function: wp S :
20

o  LO Drell-Yan line-shape smeared with a

Gaussian distribution B = TS
©  No free parameters and same for all the g(,g;%w:mmw
¢ SR 145 g

0.96 =
category 2l
e Empirical functions: o

o account for distortions of the mass shape and 7098 G s S ;i5[6e3%°
different background contribution
e Function Selection Criteria: § Bf ATAsSmain | © S
o X2 p-value > 0.01 on bkg template and data : jj%j“"v-.@i?catego,y X/_d%g1ﬁ’§3f :

p(?) = 5%

o SS/8S<20%
o Smallest degree of freedom and smallest SS _
e Spurious Signal ranging 5-40% of 6statsign

I A o S N T

al §

Improved SS treatment thanks to DY
full-simulation MC sample with 5 billions of : -
events K B R v 7T - R
m,, [GeV]
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H—pu: Fit on data
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H—pp: Run 3 results

Data - Bkg.

Weighted events / 2 GeV
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1200
1000
800
600
400
200

(weighted)

oMo O

©)

Dominant systematic uncertainties: background modelling (9%) and theory unc (9%)
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m,, [GeV]

ATLAS

H— pp —e— Total

Run 3 ttH categories
Run 3 VH categories
Run 3 VBF categories
Run 3 2-jet categories
Run 3 1-jet categories
Run 3 0-jet categories

Combined Run 2

Combined Run 3

Run 2: s = 13 TeV, 140 fb"
Stat. = Syst.

T T T T T T T | T T T T

Run 3: {s = 13.6 TeV, 165 o'
Total Stat. Syst.
13 +35 (+34,+1.1)

| SM

31+43 (+4.1,+13)

0.3+09 (+£0.9, +
33+13 (+£1.2, +
13+12 (+12,

20+13 (£1.2, +

12+06 (06,

+0.6

16£0.6 (ge

5 10
Signal strength

The measurement of signal strengths across individual
categories is consistent with the overall signal strength
result, corresponding to a p-value of 0.68 (0.54 if

considering six groups) .
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H—puu: Run 2 + Run 3

e Observedy=1.4+0.4
e BR(H—Zy)=3.0£0.9x10™
® Obs (Exp.) significance 3.4 (2.5) 0 —Evidence from ATLAS experiment

£~ 7 [ " 7 1 [ T [ T T T T [ T T T T [ T T 11 L I B e L AL LN B R

S 20 Run 2 — S 20F Run 2 —
NI - ATLAS un - NI - ATLAS un -
18 Run 2: {s = 13 TeV, 140 fb™ Run3 - 18 Run 2: {s = 13 TeV, 140 b — Run3 -
C Run3:Ys=13.6TeV, 165 fb" Combination = Run3:Vs=13.6 TeV, 165 fb™ —— Combination 1
16 --- Stat.Only 16~ --- Stat.Only
E H-pu at.Only C Hopp tat. Only
14— 8w Y . . =] 14— oy
= / H . = A
12— ! ' =] 12— -
C J 7 . C .
10 o = 10 =
SN W U T —————— st e E 80 ) o N ) A A e
8r— o S — 8 —
o v - - -
61— g — 61— —
- ) ’ - - -
4 20 NN WA S— = g 20 =
°2F o P, Expected J o2 =
T N e ——— S R —
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Combination improves Run 2 results by 50% The Run 2 and Run 3 measurements are compatible,

with a p-value greater than 0.68.
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Conclusion

ATLAS-CONEF-2025-006

® ATLAS reported two new searches for rare Higgs boson decays using Run 3 data
(2022-2024), corresponding to an integrated luminosity of 165 fb™'

o Significant effort enabled the analysis of a new dataset under updated
experimental conditions, including improved reconstruction, updated object
calibration, and Monte Carlo simulation

e After combining the new results with the analyses performed in Run 2 we obtained:

o Single experiment evidence for H—ppu: Obs (Exp.) significance 3.4 (2.5) o

o The most sensitive measurement of H—Zy to date: = 1.3"%°___(1.0"%°_ )
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HL-LHC projections

ATL-PHYS-PUB-2025-014

New projections based on Run 2 - 139fb™! analyses
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HL-LHC projections

ATL-PHYS-PUB-2025-014

New projections based on Run 2 - 139fb™! analyses
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-> projection/results on stat-dominated process can be significantly improve over time
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Back-up
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Run 3 H—Zy: Background modeling

Category Function Type Fit range [GeV]
Lepton Exponential 110-160
VBEFT FKO 110-155
VBFL FKO 110-155
HRelpT-eeT  Third-order exponential polynomial 115-160
HRelpT-eel. ~ Second-order exponential polynomial 110-155
HRelpT-pupuT  Third-order exponential polynomial 115-160
HRelpT-ppul.  Third-order exponential polynomial 110-155
LRelpT-eeT  Fifth-order Bernstein polynomial 115-150
LRelpT-eeM  Fifth-order Bernstein polynomial 110-145
LRelpT-eeL Fourth-order Bernstein polynomial 115-150
LRelpT-ppT  Third-order exponential polynomial 115-160
LRelpT-puM  Fifth-order Bernstein polynomial 110-145

LRelpT-ppl,. Fourth-order exponential polynomial 110-145
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Run 3 H—>ZV data fit
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H—Zy: Uncertainty break down

: A
Uncertainty source Toenied  Obeerd
Statistical uncertainty 0.70 0.64
Systematic uncertainty 0.1.7 0.17

Spurious signal (background modelling) 0.11 0.10
QCD scale, PDF+ag, parton shower 0.09 0.06
Branching ratio (H — Zv) 0.08 0.05
Luminosity 0.05 0.03
Photon efficiency 0.05 0.03
Jet 0.04 0.07
Electron and photon energy scale and resolution 0.02 0.02
Electron efficiency 0.02 0.02
Muon 0.02 = .01
Trigger 0.02 < 0.01

Total 0.72 0.67
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H—u: category composition

Category ggF+bbH  VBF WH ZH ttH +tH
ttH-High 0.1% 0.0% 0.5%  0.5% 98.9%
ttH-Medium 14% 0.1% 12% 1.3% 96.0%
VH4L 0.0% 0.0% 0.0% 99.3% 0.7%
VH3L-High 0.1% 0.0% 95.1%  3.3% 1.5%
VH3L-Medium 0.5% 0.2% 83.7%  8.3% 7.3%
VH2L-High 0.4% 0.1% 26.1% 72.0% 1:3%
VH2L-Medium 3.1% 1.01% 29.7% 62,5% 3.5%
VBF High 39% 96.1% 0.0%  0.0% 0.0%
VBF Medium 7.7% 922% 0.0%  0.0% 0.0%
VBF Low 13.4% 86.4%  0.0%  0.1% 0.1%
VBF Very Low 23.4% 76.2% 0.1%  0.1% 0.2%
2-jet High 67.8% 30.7%  0.7%  0.6% 0.2%
2-jet Medium 79.2% 16.9% 2.2%  1.5% 0.2%
2-jet Low 83.2% 9.4% 4.4% 2.7% 0.3%
2-jet Very Low 789% 6.7% 8.4%  5.2% 0.8%
1-jet High 67.1% 32.5% 02% 0.2% 0.0%
1-jet Medium 85.8% 13.0% 0.7%  0.5% 0.0%
1-jet Low 91.3% 6.5% 1.4%  0.8% 0.0%
1-jet Very Low 92.4%  42% 2.2% 1.1% 0.0%
0-jet High 95.9% 2.5% 0.7%  0.9% 0.0%
0-jet Medium 98.3% 1.1% 0.3%  0.3% 0.0%
0-jet Low 98.8% 0.7% 0.2%  0.3% 0.0%
0-jet Very Low 99.5% 03% 0.1% 0.1% 0.0%

S.Manzoni (CERN) ATLAS Higgs rare decays 17/07/2025



H—pu: DY lineshape

Phys. Lett. B 812 (2021) 135980

A Expression for the leading-order Drell-Yan lineshape

The core component of the background function is based on a LO DY line-shape (see e.g. Ref. [116]):
New ccbar and bbar
contribution in Run-3

DY (myy) = ZLQ(?(’"##) oqq(Muy) » q=u, s, d.
q

The parton luminosity contribution £ is derived from the PDFALHCI15 PDF set as a function of § = mi &

using APFEL [140] interfaced to LHAPDF [141] and parameterised using a 6th order polynomial. The
matrix element component o5 (8) = 04g5(my,)/(2my,,) can be expressed as

. 4ma? "] "
43 (8) = 33704 —204VeVaxzy(5) + (A7 + V7Y (A +V)xz(3)],

where
A 5(5 —m
Xy ) G Ty e T,
e 5 §*
X G P T
.= \/iGpm%
dra

Here Q,V, A denote the electric charges, vector and axial-vector couplings of the fermions, @, Gr the
electroweak couplings, mz, 'z the mass and width of the Z-boson using values from Ref. [142] and N = 3
the number of QCD colour charges. The DY function described above is then convolved with a Gaussian
function with a mass-dependent resolution derived from the simulation.
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H—pu: Uncertainty break down

Uncertainty source Au

Statistical uncertainty -0.55 +0.55
Systematic uncertainty  -0.18 +0.24

Spurious signal -0.14 +0.15
Theory -0.08 +0.13
Luminosity -0.04 +0.08
Muon -0.03  +0.07
Jets, flavor tagging -0.02  +0.03
Other -0.04  +0.07

Total -0.57 +0.60
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BDT/NN output for categorization
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Muon calibration and identification

MUON-2023-02

® Muons energy calibration: muons from Z—pupu process with 29 fb-1, < 5% uncertainty vs mupu
® Muons from Z—pup process, > 95% reconstructing+identifying muon with Medium working point
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2023-02/

Electron/photon calibration and identification

e Photon and electron energy calibration using electrons from Z—ee process, < 3% uncertainty vs mee
e Photons from radiative Z decays, ~ 50-95% efficiency and pT down to 10 GeV
e Electrons from Z—ee process, Medium working point of 75-95% efficiency and pT down to 15 GeV
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