


Introduction

0 Standard Model being tested by ATLAS in a ATL-PHYS-PUB-2023-039
Wlde range Of processes and energies Standard Model Total Production Cross Section Measurements Status: October 2023
0 Cross-section spanning several orders of T i0nfess - ey
magnitude F - % 10° - Azl:z,;,);,:“;n:;ynv
0 Ideal tools for QCD and EWK studies thanks | o, _f
the abundant production and clear Tt LHG b Vi =8 Tev
signatures o R
0 Test of state-of-the-art predictions 10 T ) - be
0 Extraction of PDFs 10° T e B e el R
0 Determination of SM parameters 10 gl .,- T -8,
0 Important backgrounds to Higgs, BSM, etc 1 V‘V'u - o
0 Today’s menu: 107 g ‘m
0 invisible width 10 TR
0 ag via recoil
0 Improved measurement of J VS S WA IOV (i R e

0 e/u LFU using Ws from top quarks
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-039/

Measurement of the Z boson invisible width

Phys. Lett. B 854 (2024) 138705
Vs=13TeV, L =37fb?!
Dilepton



https://www.sciencedirect.com/science/article/pii/S0370269324002636?via=ihub

Measurement of the Z boson invisible width

Introduction Phys. Lett. B 854 (2024) 138705
Js=13TeV, L =37 b1

0 Stringent test of SM
. . aras’
0 Assumption of 3 v generations ARt ot Total B Syst | SM
0 Sensitive to new physics effects | LEPLiesnape I fon0 15 eV |
L3 —e—q 498 + 17 MeV
do(Z(=inv)+jets))
] p do Z OPAL p—s===a===—1 539+ 31 MeV
= . miss — T
0 PFOXY Varlable- R (pT) — dO'(Z(—>ll)+]etS)) ALEPH ————— | 450 + 48 MeV
Z ____________________________________________________________________________
de LEP Combination, Photon-tagged ~ +——p— 503 + 16 MeV
0 Flat assuming the Standard model Cows — 525 16 Moy |
A~ I'(Z-inv
OleSS:I(‘Z—ll) T R T SR T S S | T S S RS T N
. ( = ) 1L 350 400 450 500 550 600
[(Z - inV)pmeqs = RineasXT(Z - W) gp [1] [(Z—inv) [MeV]

[1]: Phys. Rep., 427 (2006), 257

Marino Romano - Precision SM parameters 4



https://www.sciencedirect.com/science/article/abs/pii/S0370157305005119

Measurement of the Z boson invisible width

| do(Z(> ;r;vg + jets)) Analysis strategy Phys. Lett. B 854 (2024) 138705
RS (pf) = —rre ”)Zﬂets)) Vs =13TeV, L =37 fb™1
g > 1P
¢ Common phase space definition for Z(— inv) + jets SOk B =
and Z(— ee/uu) + jets g =
0 One energetic jet pr > 110 GeV ) S s
0 Tnvisible: p7 = EMiss e .
T 10°°

0 Visible (ee/uu): p% = ‘pllT + pla + EJUSS AN

Data/Pred.
o
[o0]

500 1000 1500 2000 2500
0 Reco level: 66 < m;; < 116 GeV o lGeV]
T2
= 10° . . . .
o ATLAS ® Data
9 10* 1s=13 TeV, 37 fb" CJ Z(->vv)+jets
f2) 3 Z(—inv)+jets = m:;vv))vjzté
§ 10 | m(ﬁelvz:iets
w102 . QD multiet
I Non-collision
10 [ Di-/trib
[ Others
7/, Syst. @ stat. uncertainty
1 Signal theo. uncertainty
107"
102
8 1.2 ce ® °
% 18 ///////////?////////////////////////)////////////////////
I 08
8 500 1000 1500 2000 2500
P, [GeV]
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Measurement of the Z boson invisible width

| do(Z(> ;;V; + jets)) Analysis strategy Phys. Lett. B 854 (2024) 138705
RMisS (pF) = LT F5e) Vs =13TeV, L =37 fb~?!
pr
= 1:' D e -
; 0.9F ATLAS Simulation E
:8 0.8F Vs=13 TeV E
S 07 et *
S 06F &% s 2 .
miss (p#) at reco level ted to particle level § osit T -
0 R pr ) altreco ievel corrected to particie ieve oab o+ b U shepazaii E
. Ngg4tq(inv)—B(inv) ;é‘ A U, MG5_aMC+PYBFxFx 3
0 leSS Z — a 0'35 ¢ U_Sherpa22.11 3
data (pT) Ngata(ID)—B(1) 0.2 A U: MG5?aMC+PY8 FxFx 3
- 0.1F 3
oU = (Ni(Z(—>inv)+jets))reCO (Nl-(Z(—>inv)+jets))partlcle N S I R R
il = \ "N, (Z(=1D)+ets) N, (Z(>1D)+ets) 500 1000 1500 2000 [(235(\)/?
e . ! P e
0 Additional correction applied to Z — [l to account for — i

my; requirements and Z/y " interference
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Measurement of the Z boson invisible width

Results Phys. Lett. B 854 (2024) 138705

--------- MGSiaMC+PY8 FxFx

] : _ L -1
0 RTUsSS (pTZ«) measured separately in ee/uu e Vs =13TeV, L =37 fb
Channels o ‘0 [ Vs=13Tev, 37" /////:///A Ey:t @ t t: SmE f/l%sp l\ig 1F:Y8F F_:

¢ Flat and compatible with Standard model
predictions

:\\\\IIIIII|I

y
» ]
6 A : ;
- : .
40—
% :)E ;% O L 2 2. % //A///A’/%//%// %//
8 200 500 1 000 2000
b, 1GeV]
@ 12 " T
'ED:$ C yIA; TLAS } 4 Data corrected with Sherpa 2.2.11 i
L 13 TeV, 37 fb A Data corrected with MG5_aMGC+PY8 FxFx
10— vy, Syst. @ stat. uncertainty —
- f/lrgéﬁzl\zllgjllw FxFx ]
sl 4 -
B 7. 4 ]
6 .‘ / 4%5
. 4 ; +
o E
i) 2)21 G ////‘///////////%%//////////////
s 08F -
8 200 500 1000 2000
b, , [GeV]
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Measurement of the Z boson invisible width

Results Phys. Lett. B 854 (2024) 138705
Js=13TeV, L =37 fb~1

E‘ = T T | T T T T | T T J T T T T I T T F“II T T T h T T L
o, ~ —e— Jet energy scale —&— Pile-up reweighting =
- 35~ ATLAS ET®® —e— Electron efficiency .
< - . 1 Muon efficiency Jet energy resolution -
‘S C Vs=13 TeV, 37 fo —4— QCD multijet —— Non-collision background _|
‘a—: 30 [ R™S® Particle-level —— Mis. id. leptons ~ —54— Detector correction -
o - e —4— W normalisation Scale -
5 C —%— PDF + 0_s —— v -correction 7
o 25— —#— Statistical —== Total systematic —
> C —— Total stat. + syst. ]
8 " .
o) — —]
o C 7
' d byl inties (1 °E :
0 Dominated by lepton uncertainties (low pr) : = i
10 —
L] n L] — =
and stat. uncertainties (high p7) 5 : =
2 B e s b
O ’ et = = .
500 1000 1500 2000 250
P, , [GeV]
'\_o' - T T | T T T T I T T T T T T T T T T T T T T L
o, - —— Jet energy scale —&— Pile-up reweighting —
- 3B/ A TLAS ET™® —e— Electron efficiency ]
< - _ 1 Muon efficiency Jet energy resolution -
‘S C Vs=13 TeV, 371 —— QCD multijet —%— Non-collision background ]
‘g 30 — Rmiss Particle-level —4— Mis. id. leptons  —54— Detector correction -
o E e —— W normalisation Scale -
5 C —%— PDF + o._s —— v -correction 7
@ 25— —s— Statistical ——== Total systematic —
> C —— Total stat. + syst. ]
S 20 - =
© — - —
o C 7
15f —
10— _,_,_‘ ]
5 =

2500
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Measurement of the Z boson invisible width

Results Phys. Lett. B 854 (2024) 138705
Js=13TeV, L =37 fb1

lAITLIAISI I I I I I I I I I I | I I
Vs=13 TeV, 37 fo-! l—e— Total WM Syst. | SM
LEP Lineshape ol 499.0 1.5 MeV
L3 ——— 498 + 17 MeV
7, leSS Obtained Via XZ flt OPAL —s==—w=———{ 539 + 31 MeV
. ALEPH ] 450 + 48 MeV
0 Constant assumption (SM) L]
2 miss.i Ll . T 1 misst A, LEP Combination, Photon-tagged =~ ——e— 503 + 16 MeV
. L _ pmiss — i _ pmiss\ L]
X = (Rdata R ) 4 (Rdata R ) CMS e 523 + 16 MeV
0 Separate fit compatible with combination ATLAS —— ot s 13 ey
P - 1 1 1 1 I 1 1 1 1 | | 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1
OT(Z — inv) = RS XT(Z - 1) gp = 350 400 450 500 550 600

[(Z—inv) [MeV]

506 + 2(stat.) + 12(syst.)
0 Most precise recoil-based measurement
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Measurement of a. from recoil of Z bosons

Eur. Phys. ]. C 84 (2024) 315

arXiv:2309.12986 [hep-ex], submitted to Nature Phys
Vs =8TeV, L =202fb?!
Dilepton
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https://link.springer.com/article/10.1140/epjc/s10052-024-12438-w
https://arxiv.org/abs/2309.12986

Measurement of a. from recoil of Z bosons

Eur. Phys. ). C 84 (2024) 315

arXiv:2309.12986 [hep-ex]
Vs =8TeV, L =20.2fb1

Introduction

0 Strong coupling constant; the free parameter
unique to the strong interaction

[ I [
-@- Hadron Colliders

-@- Category Averages PDG 2022
-@- Lattice Average FLAG 2021
-@- World Average PDG 2022

0 The least precisely determined of the four ATLAS

fundamental couplings

0 World average a;(m;) = 0.1179 + 0.0009 (£0.8%) arasareec e 01185 0.0021

] I CMS jets 0.1170+0.0019

0 Exploit a precise measurement of the Z Hjets —e— 0.1147:£0.0025
HERA jets — 0.1178 £ 0.0026

kinematics
0 Take advantage of leptonic signatures
0 Full phase-space differential cross section as a

. _ 1 PDF fits —o— 0.1162+ 0.0020

function of DT and rapldlty of the Z e'e jets and shapes ® 0.1171+ 0.0031
Electroweak fit | ________._ N 0.1208£0.0028__
0 No need for predictions to model the polarization and ‘atee _____________| ________ L | o 0.1184£00008 _
Worldaverage | ________] . - D 0.1179:£0.0009__

decay of the Z boson
0 Availability of accurate pQCD predictions e
Marino Romano - Precision SM parameters 11

CMS ttinclusive
Tevatron+LHC tf inclusive
CDF Zp,
Tevatron+LHG W, Z inclusive _

7 decays and low Q?
QQ bound states

0.1145+0.0034
0.1177 +0.0034
0.1191+£0.0015
0.1188+0.0016

0.1178+0.0019
0.1181+£0.0037




Measurement of a. from recoil of Z bosons

Eur. Phys. ). C 84 (2024) 315

Introduction arXiv:2309.12986 [hep-ex]
Vs=8TeV, L =20.2fb"?

0 Z bosons produced in hadron collisions recoil q
against QCD initial state radiation = boost in the
transverse plane

0 Focus in the low momentum Sudakov region

0 Gluon emission with vanishingly small momenta
described by the Sudakov form factor

T

0 Responsible for a peak in at low p#

do/dp_ [pb/GeV]

0 Sensitive to a;(my)




Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis strategy

Js=8TeV, L =20.2fb?

0 Exploit the factorization of Drell-Yan cross section by the production dynamic and the
of the dilepton system

dor 3 [ doUH
dpZ dy4 dm# dcos 6 d¢ - 16”@[’% dyZ dm#

7 ] 7 . i
/{/(I+COS“H)+§AO(1—3COS“H)+A1 sin 26 cos</)\

I .2, . A
+§ As sin® 6 cos2¢ + Az siné cos ¢ + Ay cos b

@5 sin” @ Sin2¢ + Ag sin26 sin¢ + A7 sin6 sinqb/}/
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Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis strategy

Js=8TeV, L =202fb?
0 Expected yield defined with templates of the and

0 Parametrized wrt the unpolarized cross section and angular coefficients
bkgs
[NQXP](EA, a”*L} p.y) = {Z o "X Lx } xy"+ ) T5(B),
J B

ATLAS ATLAS Simulation
=TT 0

7
th.(B)+ > Ay x115(B)
i=0

86! y2-integrated
\s=8TeV, pi =5-8 GeV

Truth-level 4 Reco-level

), 1 S .
-1 -08-06-04-02 0 02 04 06 08 1 1

COS 04

COS B¢
Marino Romano - Precision SM parameters




Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis strategy

Js=8TeV, L =20.2fb?
0 Profile likelihood fit
0 simultaneously extracts 8 angular coefficients and unpolarized cross section in each bin in
pr Xy space
Nbins M
L(A,0,00Nobs) = | | {POVEINEG(A 0. DP(NIgly" Nip} x [ | Gois™, 1.
ATLAS ATLAS Simulation
%8 6 X

86! y2-integrated
\s=8TeV, pi =5-8 GeV

Truth-level 4 Reco-level

LI L
-1 -08-06-04-02 0 02 04 06 08 1 1

COS 04

COS B¢
Marino Romano - Precision SM parameters




Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results

Vs =8TeV, L =20.2 fb™?
0 Per-mille level precision in the central region

0 Sub-percent up to |y| < 3.6, thanks to dedicate

> SN L L T
£ FATLAS
forward electron selection and calibration 5 g oo in 9o R ooy 2021
S —o— Tota
ER . e
© —a— Central electron
e 102 A Muon

—4— Forward electron

Background
—4— PDFs ?ZZ.

—_
<
w

| | IIIIIII| | IIIIIII| | IIIIIII| L 111

1074

o IIIII| I IIIIIIII T T TTTTI T TTTTI

o
(@) ]
—
—
(@) ]
N
rof
[(6)]
w
w
O 1)

<
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Measurement of a. from recoil of Z bosons
Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results

1]: arXiv:2303.12781 [hep-ph
{2}:Phys. Rev. Lett.116[,115)2%0]1 (2016) Js=8TeV, L =20.2fb71
§12'_ | y<04 ] §12'_ 04<yl<os ] ATLAS
_‘S i | ‘S i ] -z
g r 1 B | . , ] s=8Tev, 202"
1% S X 1 ! STG
08:‘ | | | ' 0.8 | | ‘ == DYTurbo
0 Compared to state of the art to state-of-the-art ' Mz g e S
L] SN NI R S
predictions : ; ) P
0 QCD perturbative calculations based on g T ] X S
resummation at N3LO+aN4LL accuracy i IR IR DA
0 DYTurbo [1] matched to MCFM [2] F K [N G ==*
0 CuTe+MCFM, Nangaparbat, SCETIib, SEUSSEEUIEE: RSSO
Radish+NNLOJET, Artemide R I TR
1% = A
osf 1 o
1- 1|0 162 163 - 1 1|0 162 163
p, [GeV] p, [GeV]
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Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results

Js=8TeV, L =20.2fb?

PP —

I Scale variations

[ PDF uncertainty

0 Fixed order N3LO (pr-integrated spectra) S e e e e e

2 [am Z :
> F ATLAS Vs=8TeV,20.2fb"

8 4001 ]

0 Compared to state of the art to state-of-the-art .. ;
predictions 3001 —o— Data ——— =

_ I stat. @ syst. — _

- stat. @ syst. @ lumi 7

200~ — N’LO QCD + NLO EW —

|

0 Not affected by gt resummation

Ratio to data
—I T J I_LI

0 First comparison of this kind
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Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results

Js=8TeV, L =202fb?

Lo S L L B B I B LR
5 1T aTLAS PP — Z }
% - Vs =8TeV, 20.2 fo ]
1051 R :
0 Compared to state of the art to state-of-the-art 1 et i
redictions * * * Eh * T o -
3 st ¢ TP TETY o, Y
[ —— Data NNLO QCD + NLO EW -
- CT18A ABMP16 .
0.0 Ml stat. © syst. S WSHT20 () HERAPDF2.0
- stat. ® syst. ® lumi , NNPDF4.0 A ATLASpdf21 -
I T T
¢ Enhanced sensitivity to PDF with reduction of scale v
. . . PDF set Total y?/d.o.f. y? p-value Pull on luminosity
uncertalntles at hlgh pQCD Order MSHTZOaN3LO[58] 13/8 0.11 1.2+0.6
CTI18A [59] 12/8 0.17 0.9+0.7
MSHT20 [60] 10/8 0.26 09+0.6
NNPDF4.0 [61] 30/8 0.0002 0.0+0.2
ABMPI6 [62, 63] 30/8 0.0002 1.8+04
HERAPDEF2.0 [64] 22/8 0.005 -1.3+0.8
ATLASpdf21 [65] 20/8 0.01 -1.1+£0.8
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Measurement of a. from recoil of Z bosons

a; measurement strategy arXiv:2309.12986 [hep-ex]
Js=8TeV, L =20.2fb1

0 x*(a) minimization with xFitter
0 Inputs

0 Measured differential cross sections 2
0 Experimental uncertainties parametrized with Gaussian X Pexp: Pu) =

NPs s Tl Ty erise)

0 DYTurbo predictions (N3LO+aN4LL)
INEEamEE 5350
0 MSHT20 PDF (only PDF Set which was* available at aN3LO order) 7

0 Uncertainties parametrized in jexp

*:aN3LO0 now implemented also in NNPDF40
0 a, variations as provided in LHAPDF

0 Scale uncertainties: independent ug,r/Q variations

0 Uncertainty from the envelope of the 14 variations

Marino Romano - Precision SM parameters 20




Measurement of a. from recoil of Z bosons

Results

0 Most sensitivity to a; in the very low pt regions

arXiv:2309.12986 [hep-ex]
Vs =8TeV, L =20.2fb"1

ATLAS

4<|y<0.8

pp—>Z

-3 Ys=8TeV,20.2fb"
"77] -eData
i Post-fit

Ratio to post-fit theory

1 I PDF unc.
i 7] PDF @ Theory unc.
- - o, (M) +0.002

0
p, [GeV]




Measurement of a. from recoil of Z bosons

Results arXiv:2309.12986 [hep-ex]
Vs =8TeV, L =202fb 1!

. . . . N L I l I ]
0 Scale uncertainties cross checked with fits at £ 0.122-ATLAS PP —Z =
. S C Vs=8TeV,20.2fb" 7
different pQCD orders 0.120f- =
0 gradual convergence gives confidence on the 01181 ‘ ¢ 4 E
robustness of the fit 01161 4 E
0.114F =
0.1 12;_ MSHT20 PDF E
0.110F .-Zp -
C Scale variations ]
0.108% : .

NLL NNLL N°LL N*LLa
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Measurement of a. from recoil of Z bosons

Results

I +0.00084
oas(myz) = 0.11828% 510088
0 Most precise measurement, comparable with the

PDG and Lattice world averages

0 Leptonic signature (highest experimental
sensitivity)

0 First determination using N3LO+aN4LL predictions

ATLAS ATEEC

CMS jets

H1 jets

HERA jets

CMS tiinclusive
Tevatron+LHC ti inclusive
CDF Zp_
Tevatron+LHC W, Z inclusive _
7 decays and low Q?

QQ bound states

PDF fits

e*e’ jets and shapes
Electroweak fit

ATLAS Z P, 8 TeV

Marino Romano - Precision SM parameters

arXiv:2309.12986 [hep-ex]
Vs =8TeV, L =20.2fb"1

[
ATLAS -® Hadron Colliders
-@- Category Averages PDG 2022

-@- Lattice Average FLAG 2021
-@- World Average PDG 2022

@~ ATLAS Zp_8 TeV
+0— 0.1185 + 0.0021
—e— 0.1170+ 0.0019
——— 0.1147 + 0.0025
_ 0.1178 + 0.0026
o 0.1145+ 0.0034
0.1177 + 0.0034
1-o— 0.1191+0.0015
—o— 0.1188+0.0016

— 0.1178+0.0019
0.1181+0.0037

@ 0.1162+0.0020

— T 0.1171£0.0031
] T "% _01208+00028
o] iy 0.1184+0.0008_ _
e 0.1179+0.0009_ _

0.1183+0.0009

| | | |

0.115 0.120 0.125 0.130

ocs(mz)
23



Measurement of my, and [y,

arXiv:2403.15085 [hep-ex], submitted to EP]C
Vs=7TeV, L =4.6/41fb7 1
Lepton+jets
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https://arxiv.org/abs/2403.15085

Measurement of my, and I,

Introduction arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1

0 Important EWK parameter in the SM
0 Constrained by theory by measuring other parameters

2
M?2 _& 14+ |1 — \/E_%na Tree-level
GpM;
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Measurement of my, and I,

Introduction arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1

0 Important EWK parameter in the SM
0 Constrained by theory by measuring other parameters H/Z)y

2
2 M2 HA V81« et WW%AM
W= 2
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Measurement of my, and I,
[1]: Eur. Phys.J. C 78 (2018) 110

Introduction arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1

0 Important EWK parameter in the SM
0 Constrained by theory by measuring other parameters H/Z/y

Mﬁ/ = M_% 1+ \[1 T V81« Tree-level + WWV%M

2 GrM%

0 Already measured by ATLAS in 2018 with 7 TeV data [1] 2

0 This result: re-analysis of same data
0 Better understanding of PDF dependence
0 New statistics model
0 Provides new measurement of [y (first at LHC)
0 Focus on updates wrt the legacy measurement
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https://doi.org/10.1140/epjc/s10052-017-5475-4

Measurement of my, and I,

Analysis strategy arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1

0 Exploit the dependence of the leptonic transverse momentum (pt) and the
transverse mass (mr) to determine my,

(070 20 === A R A M — 12T - T T T T T T

N [2] ]

g -~ ATLAS Simulation £ Nominal ] S - ATLAS Simulation & Nominal ]

> - Am,,=+60 MeV ] > - Am,=+60 MeV

01— =_ + w — 01— Ve + w -

g F Vs=7 TeV, pp—> W+X —AmL—60MeV ] g = Vs=7 TeV, pp—> W +X —AmL—60MeV ]

c  0.08— -+ AT =+200 MeV ] c  0.08 - AT ,=+200 MeV ]

2 = - AT, =-200 MeV ] 2 = --+AT},=-200 MeV ]

S 0.06 - S 0.06 -

0.021- - =

£ ' ' ' ' ' ' ) £ i ) ' ) ' ' ' L

S QT | ] S T RO e —
Z } zZ :

0.0 s ! tnd 0.99 _-"".--._

65 70 75 80 85 90 95 100 32 34 36 38 40 42 44 46 48 B0
my [GeV] ps [GeV]

Marino Romano - Precision SM parameters 28




Measurement of my, and I,

Analysis strategy arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1
0 Event selection in the e/u+jets channel  ,
0 D > 30 GeV e
7 < 30 GeV
O‘uT +p T‘ = > 30 GeV

omy = \/ZplTp}T‘iss(l — cosAp) > 30 GeV

0 pt and my fits in several categories
0 Lepton flavor
0 Lepton n (3/4 regions for e/u channels)
0 W charge
0 Extended p% and my fit ranges
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[1]: arXiv:2404.06204 Measurement of My, and FW

Signal modelling arXiv:2403.15085 [hep-ex]
Js=7TeV, L=46/41fb1
0 QCD baseline model: Powheg+Pythia8+ N o
o py¥ corrected to Pythia 8 (AZ tune, based on Z boson data) ?’iE}‘Q ; i
0 Propagated to W-boson and validated against 5.02 _4\//:' S|
and 13 TeV measurements [1] Gk )
0 : mostly unchanged and subdominant o
€ "°F ATLAS Simulation

© 1.02F Vs=7 TeV, pp— WX, pp—> Z+X

0.98 — Pythia8 AZ — Light quarks>W,Z — cE—Z

bb—Z — cd,cs—>W — Total
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 11 1| | | I | 11 1 1 | 1 1 1 1 | 1 1 1 1
097 "5""90 15 20 25 30 35 40
p"? [GeV]
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http://arxiv.org/abs/arXiv:2404.06204
https://cds.cern.ch/record/2894925

[1]: arXiv:2404.06204 Measurement of My, and FW

Signal modelling

0 Parton distribution functions
0 One of the largest source of uncertainties for my,,

MW M_We_yW

+
0x1~f8 YW’ x2~ \/E

0 ~anti-correlated between W+ and W-

0 Studied extended set of available PDF Sets at NNLO:
CT10,CT14, CT18, MMHT2014, MSHT20, NNPDF3.1,

NNPDF4.0, ATLASpdf21
0 CT18 used as new baseline Marino Romano - Precision SM parameters

arXiv:2403.15085 [hep-ex]
Js=7TeV, L=46/41fb1

'T QCD .
m* () = W (1
N -
- \Qq v
NP
m‘g - “
I | : l :
ATLAS Cons
{s=7TeV, 4.6/4.1fb" ]
! T! )
; l—i—[}—i—i
1 B
Gppr X — e
= ATLASpdf21 —
o~ MSHT20 -
~CT18 G X 2 -
+ CT18A e
“= NNPDF3.1 P
e NNPDF4.0 - - .
Oppr X 3 ﬂ |
'—:—0—:—1 E
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https://cds.cern.ch/record/2894925
http://arxiv.org/abs/arXiv:2404.06204

[1]: arXiv:2112.07274 Measurement Ome and FW

Statistics model arXiv:2403.15085 [hep-ex]
Vs =7TeV, L =46/41fb1

0 p% and my templates via my, and Iy, polynominal morphing
0 Morphing tested to 0.1 MeV precision
0 Templates for two-side uncertainties obtained with +1¢ and 20 variations of the
corresponding parameters (NPs)

0 Uncertainties estimated independently in many kinematic bins reduced to two-side uncertainties via
Principal Component Analysis (PCA)

0Ty, (my,) added as NPs for the my,, (Iy) fits (values and uncertainties from the Global EW fit [1])
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[1]: arXiv:2112.07274 Measurement Ome and FW

Statistics model arXiv:2403.15085 [hep-ex]
5 o . Js=7TeV, L =4.6/4.1fb~1
L(n|lu,0) = 1—[ l_[ Poisson (”ljilei (u, 9)) - Gauss (0) :
i ,

J
Vi (i, 8) = @ x | S50 4 g (85— s50m) |+ " 6, x (85, - 559)
nom b nom
b

0 Profile likelihood fit incorporating all NPs

0 Instead of repeating the stat-only fit separately for each uncertainty template (offset method)

0 ® and u allowed to free-float

0 Separately for pt and m; and then combined
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[1]: arXiv:2112.07274 Measurement Ome and FW

Statistics model arXiv:2403.15085 [hep-ex]
— — -1
Vs=7TeV, L =4.6/4.1fb
3 3 3
> i<1 I() T T T I T T T T T T T T | T T T T > X1 I0 T T T | T T T T T T T T I T T T T ] > i<1 I() T T T I T T T T T | T T T T _]
B 500F ATLAS ~- Data =% Postit ratio 7 © 400 aTLAS -e- Data =%~ Post-it ratio— [ - ATLAS - Data == Postfitratio
((5 - V§—7TeV 41fb’1 [ ] W*%,u 4~ Pre-fit ratio - (5 \E—7TeV 46fb'1 m wWoet Ve —4— Pre-fitratio 7 (D r \/§=7TeV 41fb" W op vV, Pre-fit ratio
ol coo o " ] W*—n+ 7/, Stat @ Syst ] ~ *-_h ’I X it [ ] W*a‘r’v 7/, Stat @ Syst | ~ 300-_ ~eh ’I . it B W ooV, // Stat@Syst |
Ny 400__,u -channel, post-fit Backgro d = 2 e*-channel, post-fi Backgrounds h 0 N p~—channel, post-fi Backgrounds
[22] [ c -
2 S 2
0 w m
L

T I : : : : | I\ : T T | T T T 1.027 : - I

1031.021— ) A gmozgr"'AA'nAA'A'A'AI"“44++ = B 102 E
E 1%! }4‘ oy CAI SN o, 1—/-»1 S "-/-»y ?. 2 Ar =2 4/4‘ /,41; & 1Y yy//m////J///(,A/}///Y//ry-//!/xf///{74/}//}//;/%/5}’//}//4//)% & 124/’5?‘}/’#1 G 2 ' AN on g M /ﬁ%"/ﬁ/&%‘ ////‘//H’ (it
g g F g F AL f’
S 0 98__ L I 1 1 1 L | 1 1 1 L I 1 1 1 1 . (D“ 0 98__ L L 1 1 | 1 L 1 1 I 1 1 1 1 I 1 1 1 ] 8 0'98__ 1 1 1 1 | L 1 L 1 | L L 1 1 | L L 1 —
60 70 80 90 100 30 35 40 45 50 30 35 40 45 50
my [GeV] pf [GeV] p? [GeV]
From my, fit From Iy fit

0 Profile likelihood fit incorporating all NPs
0 Instead of repeating the stat-only fit separately for each uncertainty template (offset method)
0 ® and u allowed to free-float

0 Separately for pt and m; and then combined
0 Very good post-fit agreement with data
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Measurement of my, and I,

Results arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1
= 80366.5 + 9.8(stat.) + 12.5(syst.) MeV

0 One of the most precise SM parameter measurement at LHC (6 = 0.02%)

Overview of m,, measurements

""""""" 1 T
LEP
LEP Combinatin | ATLAS - e m
m,, = 80376 £ 33 MeV 1 o
Vs=7TeV,46fb
DO (Run 2
ys(Rev ) [t [ ]
= 8037!
CDF (Run 2 i
ccccccc (376 (202)2', 6589 e 1@
m,, = 80434 9 MeV o
LHCb 2021 ]
JHEP 01 (2022) 036 - ‘. -
ATLAS 2017 e
Eur. Phys. J. G 78 (2018) 110 @ Measurement - mm
[stat. Unc. o
ATLAS 2024 W Total Unc. b
e e 23 SM Prediction e
80200 80300 80400

Marino Romano - Precision SM parameters 35




Measurement of my, and I,

Results arXiv:2403.15085 [hep-ex]
Vs =7TeV, L =46/41fb1
= 80366.5 + 9.8(stat.) + 12.5(syst.) MeV

0 One of the most precise SM parameter measurement at LHC (6 = 0.02%)
Iy = 2202 + 32(stat.) + 34(syst.) MeV
0 Most precise measurement (6 = 2%), within 2 sigma from the SM

Overview of m,, measurements Overview of I, measurements
_________________________ [T [ B e o T - [
LEP Combination I DELPHI
Phy Rep. 532 (2013) 119 ATLAS -. ; (] - Eur. Phys. J. C 47 (2006) 309 Al LAS - ° -
= 80376 £ 33 MeV 1 p : Iy, =2404£173 MeV 1
s=7TeV,46fb H | oraL (s=7TeV,46fb
m 7[’)6’(’#&6’2’) 777777777777777777777777777777777777777777777 E’ 1 7777777777777777777777777777 Eur. Phys. J. C 47 (2006) 309 - . —
Phys. Rev. Lett. 108 (2012) 151804 :"‘ ® m= Ty = 1996 + 140 MeV :
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E r. Phys. J. G 47 (2006) 309 - [ ) =
=2180 + 142 Me
CDF (Run 2) o
s cccccc 376 (2022) 6589 o 101 ALEPH
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Measurement of my, and I,

Results arXiv:2403.15085 [hep-ex]
Vs =7TeV, L =46/41fb1
= 80366.5 + 9.8(stat.) + 12.5(syst.) MeV

0 One of the most precise SM parameter measurement at LHC (6 = 0.02%)
Iy = 2202 + 32(stat.) + 34(syst.) MeV
0 Most precise measurement (§ = 2%), within 2 sigma from the SM

0 Simultaneous fit performed by allowing my;, and Iy,
0 Removal of constraints = increased uncertainties

Overview of m,, measurements Overview of I, measurements

----------------------- T T Rl ey = | = T | T

LEP Combination ATLAS ] — DELPHI ATLAS - ° - > .
I Phys. Fep 532 (2013) 119 7oV 46 g lg:r.:PZhAyosﬁ. © 47 (2006) 309 7oV 46 1 é) ATLAS A Best fit p=-0.30

s=7Te . o s=7Te .6 o’ g -

T ] OPAL ’ S — = Vs=7TeV, 46" ¥ SM prediction

DO (Run 2) :l" ° Eurfw}%&sﬁ $437AA(2806> 309 ’ >

Phys. Rev. Lett. 108 (2012) 151804 ! _— W - © H [—4

m, = 80375 = 23 MeV , 3 2300 — ]

E r. Phys. J. C 47 (2006) 309 - L] -
=2180 + 142 Me
CDF (Run 2) v
Scionce 376 (2022) 6589 o e ALEPH
= 8043429 MeV : Eur. Phys. J. C 47 (2006) 309 e =
r,, = 2140 108 MeV
IJT-EEB (2222221) 036 = e m &?{”n@??glggmaa 119 : = e = 2200 ]
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E E PDhO Rev. Lett. 103 (2009 231802 . e .
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Measurement of my, and I,

Results arXiv:2403.15085 [hep-ex]
Vs =7TeV, L =4.6/4.1fb1
= 80366.5 + 15.9(stat. +syst) MeV

Latest world (LEP+Tevatron+LHC) combination (2308.09417 [hep-ex])

All experiments (4 d.o.f.)

Overview of m,, measurements

P e e o 22"7‘1?\/’ o "[ —= PDF set mw OPDF X2 p(Xza n)
TP B e T ABMP16 80392.7+7.5 3.2 29 0.0008%
- CT14 80393.0 +10.9 7.1 16 0.3%
SN | — (CT18 80394.6 £ 11.5] 7.7 15 0.5%
o | MMHT2014 80398.0+9.2 5.8 17 0.2%
SR . MSHT20 80395.1 £9.3 5.8 16 0.3%
- NNPDF3.1  80403.0 +8.7 5.3 23 0.1%
********************* O NNPDF4.0  80403.1+8.9 5.3 28  0.001%
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e/u lepton flavour universality in W
decays

arXiv:2403.02133 [hep-ex], submitted to EP]C
Vs =13 TeV, L = 140 fb~!
Dilepton



https://arxiv.org/abs/2403.02133

e/u lepton flavour universality in W decays

0 LHCis a tt factory: o(tt) ~830pb at+/s = 13TeV

Introduction

Vs =13 TeV, L = 140 fb~?

Decays
0t—- Wb(~100%)
+
+ l ’ q
Sl
b

W - lv; ~33%
W - qq’ ~66%

1‘\'6

.

¥ 20"\%/0

"dileptons™

Top pair final states

"alljets"” 44%

t+jets 15%

%l L + jets 15%

o€

e + jets 15%

“Lepton + jets”
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e/u lepton flavour universality in W decays

Introduction arXiv:2403.02133 [hep-ex]
Vs =13TeV, L = 140 fb~1

0 LHCis a tt factory: o(tt) ~830pb at+/s = 13TeV b
0 Can use the Ws from tops for the measurement of

ule _ BR(W - uv)
W BR(W - ev)

0 SM predicts Rﬁ,/e~1

¢ Dilepton channel
0 small background and small systematic uncertainties
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e/u lepton flavour universality in W decays

[1]: Phys.Rept.427:257-454.2006 Introduction arXiv:2403.02133 [hep-ex]
Vs =13 TeV, L = 140 fb1

0 LHCis a tt factory: o(tt) ~830pb at+/s = 13TeV b
0 Can use the Ws from tops for the measurement of

I t

ule _ BR(W - uv)
W BR(W - ev)

0 SM predicts R"A‘,/e~1
¢ Dilepton channel

0 small background and small systematic uncertainties

/e RH/e
0 UseR,/, =—=%—as POl in the fits

RpHu/ee
1+Aw) Average SM-predicted BR

- wa{ay)

0 R,f‘,,/e

o RHHee _ BR(Z-up) _ Z(1+Az)
Z "~ BR(Z-ee) Z(1-Ay)

¢ Simulatenous measurement of R{fv/e and R‘Z‘”/ee
0 Reduced dependency on lepton-related uncertainties

~

q

o Employ the precise LEP+SLD RE*/°° = 1.0009 £0.0028 measurement [1] = RE/® = R’#;(ATLAS)\/R%L/;;”LD)
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e/u lepton flavour universality in W decays

Analysis strategy arXiv:2403.02133 [hep-ex]
Vs =13TeV, L =140 fb~1!

0 Event selection
0eefuu/eu + 1b/2b (tt-focused)
0 ee/uu (Z-focused)
0 Corrections to reduce sensitivity to lepton reconstruction bias and mismodelling
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e/u lepton flavour universality in W decays

Analysis strategy arXiv:2403.02133 [hep-ex]
Vs =13TeV, L =140 fb~1!

||||| NG L L B L L L L L L L B

% 14000/~ ATLAS Simulati n.. ‘\/§=13 TeV, 140|fb'1—:

S 12000 ey E

= 10000 -

8000} =

0 Muon reweighting to reduce electron vs muon 00 i E

kinematic differences A |

2000 — tt - up (weighted)

0 Reduces impact of modelling uncertainties B s s s e e s

Leptonn

0 Parametrized in p; and 1
0 Applied to both MC and data
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e/u lepton flavour universality in W decays

Analysis strategy arXiv:2403.02133 [hep-ex]
Vs =13TeV, L =140 fb~1!

105 T T T T T T T [ T T T T —
S | ATLAS : ¢ Data .
£ 100 Ys=13TeV, 140 fo” i 1t Powheg+PY8]
= 95[- —-—|_.:
g s A
0 In-situ precise measurement of lepton efficiencies s ¥ - E
: . . = 80 |° Te =
0 Isolation not well modelled, expecially in tt events - | ]
. Ea ni<1.5 n>15
0 Separate tag-and-probe measurement in tt and Z events ————
0-25 253 %0-49%0-59 %069 %0-257570 700 20-2525-3%0-49%0-69 >60
0 As a function of lepton pT and n of the leptons Muon p_ [GeV]
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e/u lepton flavour universality in W decays

Fit strategy arXiv:2403.02133 [hep-ex]
Js =13 TeV, L = 140 b1

0 Simultaneous maximum likelihood fit in all tt and Z . 500?10”“‘3 ' o _
. 3 °VYE (s=13Tev, 140 0" = Wt E
regions P R St
0 yields in 1b/2b eu regions and in the inclusive Il regions 2 ook Sysematcur.
0 my; spectrum in/l + 1b/2b regions 200~ .
¢ BR deviations correlated for signal and prompt-lepton 100 1
N :
backgrounds Lo . . -
0 tW and diboson effectively treated as signal in the tt regions g | — — M
. . pp/ee 7 1 2 7
0 Az in 1b/2b regions corrected by an R, ', fit parameter Ny g
g [amas T ¢oma ]
> ot Vs=13TeV, 14010 = :/tvr_ -
% E uu,2b m Zﬂets
E - mm Mis-ID lepton
Q Systematic unc.
:
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e/u lepton flavour universality in W decays

Fit strategy arXiv:2403.02133 [hep-ex]
Js =13 TeV, L = 140 b1

0 Simultaneous maximum likelihood fit in all tt and Z g 500?_12,1?% Vol E
regions N L = E
0 yieldsin 1b/2b eu regions and in the inclusive Il regions £ b = S,
0 my spectrum in Il + 1b/2b regions 200/ .
0 BR deviations correlated for signal and prompt-lepton 100~ E
backgrounds _ o S . -
0 tW and diboson effectively treated as signal in the tt regions ;Zg 0‘9815: ----------------  — o
0 A, in 1b/2b regions corrected by an Rgi‘éee fit parameter | D
0 Extract 10 parameters in total § [ams P ]
0 Cross-sections g, 0 : B S =i . E
o Ratios RY/¢ and R4/ : S
0 b-jet efficiencies ! -
0 Z+HF normalisations in the 1 and 2 bjets regions
0 Z+b isolation efficiency parameter R’Z‘i‘éee g
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e/u lepton flavour universality in W decays

e Results Xiv:2403.02133 [hep-
Rﬁ//ilTLAS = Rﬁ/ze ATLAS R'z“i/lfzf SLD ALV 1 [ cp eX]
VLA AT AN TALEP D) Vs =13TeV, L = 140 fb~1

7 R%e = 0.9995 + 0.0022(stat.) + 0.0036(syst.) + ——T 7T
0.0014(LEP + SLD) = 0.9995 + 0.0046 ATLAS i
¢ Compatible with lepton flavour universality LEP2 : - :
1 e*e >WW, \s=183-207 GeV E
0 Better precision than the current world average ATLAS :
0 Results for cross-sections: pp—W, Vs=7 TeV, 4.6 fbo | §. |
= LHCb ; .E
o O-tt — 8095 i 216 pb pp—>W, v§=8 TeV, 2fb-1 ’ & ' E
0 0,5, = 7747 £+ 6.7 pb :
ki i [():pl\i?f Vs=13 TeV, 36 fb" :
0 In agreement with previous results ’ ’ :
0 Measurement dominated by systematic || | e N
uneertamtes: ATLAS (this result) e
0 PDFs, tt and Z modelling, uncertainties related to Fp—m, ‘/§=1|3 TeV, 140 flb‘ | i |
lepton identification and scale/resolution 0.92 0.94 0.96 0.98 1 1.02
B(W—-uv)/B(W—ev)
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Summary and outlook

0A lot of interesting results produced by ATLAS thanks to the combined
performance of LHC & detectors
¢ Both Run 1 and Run 2
0 Presented today only a small selection of recent results
0 Many more can be found in the ATLAS Public results page*

oVery high precision reached in the measurement of many SM
parameters

0 Precision on ag, my, and I}, comparable or better than world averages
0Ty, measured for the first time at LHC

0 Important SM assumptions on number of generations and LFU tested and

confirmed
*: https: //twiki.cern.ch /twiki/bin/view /AtlasPublic
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Backup
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Measurement of a. from recoil of Z bosons
Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results

Vs =8TeV, L =20.2fb*

§12'_ I I|y|<o.4 I ] %112'_ Io.4<|y| <‘0.8 ] ATLAS
s 1 20 1 o2
& ———rT g | e 1 Vs=8Tev, 202"
[ = ] IR | g
- T = - *
0.8- | | | 1 08 . . . ] —— CuTe-MCFM
0 Compared to state of the art to state-of-the-art 4 B et
predictions EEitee mehilee e
0 QCD perturbative calculations based on gy T ] e ]
. - 1.6<lyl<2.0 A - 20<lyl<24 1
resummation at aN4LL+N3LO accuracy 12 T e T
0-83— 4 osF I .
1.55_ ;2.4<|y| <;2.8 _ - i . i2.8<|y| <i3.6 _
0.55— — 0.5F L
1- 1lo 162 10° - 1Io 152 10°
p, [GeV] p, [GeV]
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Measurement of a. from recoil of Z bosons
Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results

Vs =8TeV, L =20.2fb*

§1.2'_ vl <04 ] §112'_ 04<yl <08 | ATHAS
s | 1 2 | ] oz
& | 5 | | Vs=8Tev, 202"
. — 3 —
L L ] de
0.8:— 7 0-8:- 7 = Artemide
0 Compared to state of the art to state-of-the-art ' AL I & e S
predictions e = ~
0 QCD perturbative calculations based on g "1 R R ]
. - 1.6<ly|<2.0 A X 20<ly] <24 A
resummation at aN4LL+N3LO accuracy 12 B RS T
ogf 1 o -
1.55_ 2.4<‘|y|<2.8 _ - 2.8<I|y|<3.6 _
0-55‘ — 0.5F
1- 10 - 1 10
P, [GeV] P, [GeV]
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Measurement of a. from recoil of Z bosons

Eur. Phys. ]J. C 84 (2024) 315
Differential cross-section analysis results
Vs =8TeV, L =20.2fbL

%1.2:— | I|y|<0-4 I . %1_2:_ '0.4<|y| <08 _ ATLAS
g ) ] % 1.- ) R Fv)gzazTev, 202 fo
R e | TR =
0.8 1 odf 1 == RadiSH+MCFM
- , , , ' : .| ==RadISHsNNLOJET
0 Compared to state of the art to state-of-the-art R R
predictions [ —— .'-—*‘-Wﬁ
| 1 1I0 10 12)3 : | 1 1lo 12)2 10° )
P, [GeV] p, [GeV]

Ratio to data
<
A
o
:b-

Ratio to dat:
N

© . . .

1 8 0.4<ly| <08 | ATLAS

] ; 1 -2z
= |

= 1 Ys=8TeV, 20.2fb"

o

il .

e . ! |
1 44—+ 1 -+
[ S AI—— ' A o
L . L ] de

T 1T 1 B wverm
1.2I. 08<lyl<12 ] 1_2.- 12<ly|<16 ] T NNLOJET
i | 4- P | i
| W

0.8 — 0.8
10 10?

0 Effects of resummation
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Measurement of my, and I,

Analysis strategy arXiv:2403.15085 [hep-ex]
Js=7TeV, L =4.6/4.1 b1

0 Event selection in the e/u+jets channel
0 Isolated leptons, p;r > 30 GeV

0 ur < 30 GeV: vector sum of the transverse energy et B P
of all clusters reconstructed in the calorimeters, W‘< | Lepon
-2 Lapton — Iﬁ
not associated with the decay leptons ur = Y; El i i Lepion
. '~ PN
¢ does not involve the explicit reconstruction of jets fbﬁ&a\ NLO™ Giluon / TN
T [ ] Vector Boson | |
|I:w-?: L;.Iu-.-n- .,"‘ I:'u".",n'll"_l
Measured ’,,f":s - .'-. ""F::._,I- )
Hadronic A y
Recoi (’;xf o7
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Measurement of my, and I,

More on signal modelling arXiv:2403.15085 [hep-ex]
Vs=7TeV, L =4.6/4.1fb"1
Main MC Powhegr (v1/r1556) + Py8 (AZNLO tune) + PHOTOS for FSR
EWK Uncertainties:
¢ Dominant EW correction from QED FSR simulated with PHOTOS
0 Same missing higher order EWK uncertainties as the previous analysis
QCD Uncertainties:
0 Reweighted to highest possible prediction

¢ Transverse momentum spectrum is modelled with retuned Pythia8 to fit measured p; of the Z at 7 TeV, validate for W at
5.02 and 13 TeV

0 NNLO predictions for A0-A7 validated
PDF uncertainties
¢ using hessian method

0 Constrained based on the Z measurement such that they leave the pTZ distribution unchanged, propagating only uncorrelated ones
to W

PS uncertainties

¢ taken from Z measurement, propagated through the AZ tune

0 1S charm and bottom quark masses varied and propagated (+-0.5-0.8 GeV)
0 Factorisation scale variation 0.5,2.

0 Differences between generators (pythia herwig negligible)
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Measurement of my, and I,

T
Calibration arXiv:2403.15085 [hep-ex]

[1]: Eur. Phys.). C 78 (2018) 110 JS=7TeV, L =4.6/41 fb1

0 Unchanged wrt legacy measurement [1]
0 Recoil response calibrated with the hadronic recoil in Z+jets events

0 Scale and resolution using u; and u
0 Closure tests performed by using a PWG+Herwig6 sample as pseudo data

_é" 0'12_' L T '_ T T T T .' T T > 00’ ——"wm—F—r""—7—— T
S - ATLAS Simulation $OWEeg + ;'etrr:\{IgsG - = ~ ATLAS Simulation Powheg + Herwig 6 -
T e " —Y¥— Powheg + Pythia ] S i . —¥— Powheg + Pythia 8 4
g 0.1 o teeT TeV, Wiowy —4— Powheg + Pythia 8 (corr.) e 0'065 \s=7TeV, Wopv o Powheg . Pzthia 8 (corr)
@ - - 9 il 7
2 0.08— X, X ] & 0.05 = JrE~X~X-x ]
T - r Vi . = - T Txey. -
£ L Xs -X- — = 0.04— X: X x- =
S 0.06— - — S - X - =
§ — D @ K 1 O — =*=‘ .
- - ] Z  0.03F T Wy =
0.04— & * — - # '*"""-t-.,. =
- N X *‘ . 0.02— x- o
0.02— e — - ]
- " Ya, 1 0.01—% =
Exx®E® hal? :‘lj L . L =
© 1.1g ' 1.1g : : : : 5
'g 8 0L SN ' ....... XXXXA_xI.I_V_AI _‘CE 1 055 T _5
& U ;;Wj_j ________________________________ i il > ITRE AL LR PSR E 20 86 &8 a6 -'-_'-XEX:XEE
S  0.95 L S X = 0T T 40O SO eo SO onowoepeliess
2 0.9E ) : E
2 %30 20 =T 0 10 20 30 s 09 2 15 T 55 55 20
T uII [GeV] £ u, [GeV]
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Events /0.2 rad

Data / Pred.

Measurement of my, and I,

T
Calibration arXiv:2403.15085 [hep-ex]

[1]: Eur. Phys.). C 78 (2018) 110 J5=7TeV. L 4.6/4.1 b1

0 Unchanged wrt legacy measurement [1]
0 Recoil response calibrated with the hadronic recoil in Z+jets events
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Measurement of my, and I,

Constency of the results arXiv:2403.15085 [hep-ex]

Js=7TeV, L=46/41fb1

0 Test 1: reproduce the legacy results T

| T T
ATLAS

. Vs=7TeV, 4.6/4.1fb™", e-/u-channel, single- and multi-p -fits
0 Stat-only flt + Offset methOd == PLH, total unc. === x?2, total unc.
. 1, l<0.8, g=—1 L 80431 804277
0 Good closure (shifts ~12.5 MeV) B 03095 803263
i, 0.8<[n|<1.4, g=—1 'T___. 80378"! 80398"%
i, 0.8<m|<1.4, g=+1 —ir, 80341* 80357*40
o, 1.4<in<2.0, g=—1 ._f_,'“"".:.' 803947 80378
1, 1.4<n|<2.0, q=+1 504634 80447'
1, 2.0<m|<2.4, g=—1 80334*12° 80313*130
1, 2.0<[<2.4, q=+1 / 8031212 80332+12!
e, N|<0.6, g=—1 —,_f:—._, 80353%; 80360742
_ ;-";ll +41 +42
e, ml<0.6, q=+1 ,_4}_, 80300% 80336%%2
e, 0.6<m|<1.2, g=—1 —_— 80306%1 80323*4
S
e, 0.6<|<1.2, g=+1 o 80375%% 80359%4
e, 1.8<n|<2.4, g=—1 ‘:_—'_:. 804075 80417*%
i
e, 1.8<|<2.4, g=+1 'i_ 80331%7 8034573
Combination| | = j‘.:i.. o 80?,57?]12 8|037§T113
80200 80400 80600

m,, [MeV]
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Measurement of my, and I,

Constency of the results arXiv:2403.15085 [hep-ex]

Js=7TeV, L=46/41fb1

T T T T T T T T T T T T T T T T T T T T

% 140:_ATLAS —— Pseudo—experiments_:

E 100k /5 =7 TeV, 4.6/4.1 o —— Gaussian fit B

(O] - il

g RMS =16 MeV -

0 Test 2: pseudo experiments with central values of NPs § "¢ E
: 3 80 -
varied randomly 2 r E
Z 200 3
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Measurement of my, and I,

Constency of the results arXiv:2403.15085 [hep-ex]

Js=7TeV, L=46/41fb1

50 T I

ATLAS ~Data
Vs=7TeV,4.6/41f" e-/u-channel, combined my-fit

Amy, [MeV]
I
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[60, 100] | [64, 100] | [68, 100] | [60, 96] | [60, 92]

0 Test 3: partial fits and different fit ranges . my fiting range [GeV]

ATLAS =+Data
Vs=7TeV, 4.6/4.1 fb", e-/u-channel, combined pf—fit

Amy, [MeV]
w
o
I‘I\IIlIIH

IllllllIIH
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~40™130, 50] | [32, 50] | [34, 50] | [30, 48] | [30, 46]

p; fitting range [GeV]
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e/u lepton flavour universality in W decays

Fit equations

0 tt selection, different flavors

N* = Loy eeze H(l-CoHety + Z S'N‘f""

k=bkg

N;“ = Loy ee e’“’( ”)2 + Z sNgy’k,
Ott selection same flavors
N = Log 6{ €L6(1 - CLlelty fltt?,rt Z sk lé’(’ kNEEK o
,m - ,m = bkg m
N o PRy TR A@

k=bkg
0 Z selection
NEe = Loz_yer EZ—>ee(l — Az) + Z S% N;e’k and
k=bkg
Ng” = L(Tz_,(?(’ €Z_,“#(1 +Az) + Z Sé Ng“’k s
k=bkg

arXiv:2403.02133 [hep-ex]
Vs =13TeV, L = 140 fb1

Factors accouting for deviations in Ry,

gee = fg(1-Aw)? (L= Aw)  +f5
ghy = Lt (I=Aw)(1+Aw) +ff B
gy = for(1+Aw)? L+ Aw)  +f3

For tW and diboson backgrounds
kK _ _tt
gu' = 9u’
For Z+jets background
o™ = (1-Az)(1-Azs)
Z+jets 1

eu
g = (14 A2)(1+Az4p)

With A, being related to R, to account for
isolation differences in Z+jets wrt Z inclusive
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