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Introduction

- Electroweak theory extremely successful over vast scales

- SOMme paramet

ers are fTundamentally experimenta

- pbut precise relationships predicted by SM
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- Huge samples of W and Z boson production at LHC enable studies 804 [
of SM self consistency, tests of pQCD: O(billion) event data sets ;
- Building percent-level measurements takes time - ' e
- Stilla lot to learn from Run 2 (or 1) data B B A NN C [
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- New measurements In Run 3 are arriving sin?(6),,)
- Huge value in special runs (low pileup) s ppme—— e I8TeY
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EXPERIM

ATLAS

ENT

W and Z cross section measurements: 13.6 TeV (New) III

Cornerstone of experimental program. New opportunities at 13.6 TeV ar><iv:4®8.1 2902
, , | | ) ..% 1011; [ | ] |
- Test of perturbative calculations, important input for PDFs i L z‘{‘j‘imv 20 1 &,S’ft:‘.v — -
= Pre-fit mz- I |:\|vv |
- Experimentally challenging! e.g., estimation of non-prompt backgrounds for W °F et teeray
New measurement of ow and oz and ratio at 13.6 TeV from ATLAS
- Prod. ratios directly extracted from simultaneous fit to VW/Z/tt
- Nonprompt estimated by extrapolating track isolation in mr and prmiss "ERE E
- Lumi dominates apsolute o, nonprompt and lepton reco. for ratio T —
’ £ AL AN
- Dedicated talk by M. Marinescu tomorrow \\i\&@%\\\\\@\\\\%\\\\&&
- Measurement of oz at 13.6 TeV also performed at CMS (CIVIS-SVIP-22-017) e W e ““*“b b
ok 4 ATLAS ] - A'TlLAS B | Channel o £ 0T stat @ syst [PD] ‘
"28 1 15:_ (s=13.6TeV, 20fo! MMM Total uncertainty (w/o luminosity) E s =13.6 TeV, 29 fb" | 7 — ete™ 740 + 22 |
2a T E Total uncertainty E . Z - [ _l_’u_ 747 + 23 ATLAS
- —~ Data (stat.® syst.) |
e = Z — " 744 + 20 ‘
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0_95;_ uncert; PDF on.y)_; 22;:/'/:;81;;&1 (aﬁ aB) measured = (0.7635 = 0.0004(stat) 4= 0.0069(syst) & 0.0176(lumi)) nb, ;i
oo N IR |13” tiaB) predicted = (0.7666i0.0065(PDF)1L8;38§;(scale))nb, S
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http://cds.cern.ch/record/2868001
https://arxiv.org/abs/2403.12902

‘% ATLAS W and Z measurement in special LHC runs: 5 and 13 TeV

“Special” LHC runs have strong value for W/Z measurements
Lower pileup allows lower trigger and reco thresholds and lower
degradation of pileup-impacted variables (especially W recoil, mtW)
- Measurements performed by ATLAS and CMS using ~2-350 pb-T of
ow PU 13 TeV data + ~300 pb-1 of 5 TeV data (HI reference runs)
- Precise measurements of g, ratios, and energy scaling
- Differential measurements validate ptW modeling (for mw)
Could play important role in LHC precision SM program in future
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https://link.springer.com/article/10.1140/epjc/s10052-023-12268-2
http://www.apple.com/uk
https://cds.cern.ch/record/2861057
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EXPERIMENT

Drell-Ya
different Z/y* vector/axia
- SIN°Oter = KF</|

N angular propert

23, NON-Zero Ar

couplings, intert
- M2w/M2z)

do
d cos 6*

3 arse from

erence

- Modification impacts Arg, angular distributions

Electroweak precision: Measurement of sinBt.r at CMS (NEW)

= [% 1 + cos? 6"

) -+ A cos 6|

Axial vector/
vector intertf.

0.23221 + 0.00029
0.23098 + 0.00026
0.23221 = 0.00046

0.23095 + 0.00040
0.23080 = 0.00120
0.23142 + 0.00106
0.23101 = 0.00053
0.23140 = 0.00036
0.23146 = 0.00039
0.23192 + 0.00042
0.23252 + 0.00060
0.23126 + 0.00046
0.23157 = 0.00031

___ OfF—0B
New CMS measurement: reconstructed Arg, cosE™ unfolded As AFB ortop
—xtreme experimental challenge S MO Som(2018,13TeY)
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wildcard talk by A. Khukhunaishvili

ater today
Kenneth Long

sin? % = 0.23157 -
| - 0.00004

0.23155 -

EW flt expectatlon

)

CMS-SMP-22-010

5




- H N
ATLAS Electroweak precision: mw and I'w at ATLAS (New) III

Measuring mw is a major challenge at hadron colliders ovaowat my massromens. 2L OIVI=2019-24
- . . o pg oy ] S Comonaion | ATLAS T Al e -
Most precise measurement from CDF Is In strong tension with EVV fit l__rf»_v_'_efsf_sffy_ef _________ =7 Tev, 461" 1
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and other experimental results T ; T
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O : : . ATLAS 2024 .Tota.l Unc..
Impact of PDF protfiling demonstrated by inflating pre-fit unc. T Mswprcion o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/

ATLAS

EXPERIMENT

- I'w (mw) measurement with mw (I'w) constrained and simultaneously

Joer . |ATLAS - . -
- Measurement w/ mw constrained: most precise from single experiment |, |s-rteviase |
- Modeling (shower tune variations) and recoil unc. dominate - —
- m7 significantly more sensitive channel (opposite of mw) T
I'w = 2202 + 32 (stat.) + 34 (syst.) MeV = 2202 + 47 MeV | I B g |
- — —_— Fre B S
. . . . . , o 1500 5000 3500
- Central value iIn myy differs by -12 MeV In simultaneous fit vs. fixed Iy Tit T, [MeV

Electroweak precision: mw and I'w at ATLAS (New)

I H
U
STDM-2019-24

Overview of I' , measurements

mw with constrained I'w

- Uncertainty ~1% increase E ATLAS | 1 A Bestfitp=-0.30
- Width unc. increases by ~4% in simultaneous measurement with very = - Is=7TeV, 461 ¥ SM prediction
small shift in central value
Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e 7, ur Lumi myw PS 2900 |— _
p% 71.8 27.3 664 | 21.2 139 10.4 49 132 115 120 9.6 6.3 55.2
mr 475 355 316 | 49 6.6 9.6 33 132 92 176 9.1 55 12.1 o oL
Combined 46.8 32.0 34.1 | 6.7 7.5 94 33 131 94 16.7 9.1 56 17.7 : i
2100 x (80355, 2088) N
I | I I I
80320 80340 80360 80380 80400
m,, [MeV] -
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‘% ATLAS

- New ATLAS studies of W/Z production wit

- Backgrounds for searches (e.g., mono-je
- Sensitivity to high prv spectrum wrt Z(£2) channe

- Sensitive to BSM (limits in ER

- Very comprehensive result, with VW, Z, y dominatec

selections and unfolded results

- Nonprompt background estimated by smearing
selected data events to produce pseudodata wit

-
o
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N v decays

Differential study of prmiss+jets (NEW)

arxiv:2403.02 793

), VBF H(w)

Final-state event selection

2000
sts [GeV]

Production process p?iss+jets 2e+jets  2u+tjets e+jets  u+jets  y+jets
and specific models) Z = vy + jets 55% - - - - -
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https://arxiv.org/abs/2403.02793

o . . o 1THw=
ATLAS Differential study of prmiss+jets (NEW) I I 'i
anxiv:2403.02 793

- Incredibly comprehensive study, impossible to do justice to the breadth

L[ e =
:Z’; - ATLAS p —e— Data (Stat.) //// Data (Stat. + Syst.) .
Of results presenteo T [ SRR esen :
. . 2 ] / )
- Unfolded results for combined EW processes and single-process only ;7 e A 4
a- F -
- /=W measurement directly comparable to CMS: JHEP 05 (20271) 205 I :
- Interesting for validation of predictions up to high ptY . SRR =
_.(_U, 1-4 e ¢ ¢« o] MEPS@NLO (Stat'_'_Syst) ................................................................... ———
- Rmiss = ratio of prtmiss/prtt also measured :
- |Important for data-driven NP searches
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https://link.springer.com/article/10.1007/JHEP05(2021)205
https://arxiv.org/abs/2403.02793

ATLAS

EXPERIMENT

- Study of Z(w) can be recast as partial width measurement
- Partial width Is tundamental, independent of production mechanism

- In practice,
- Indirect Z(w) measurement

Electroweak precision: ['z-yw at ATLAS

oroduce at collider, correct (hopetully small) assumptions

- At LEP (ete’): tot. width from energy scan. subtract visible

= \/ery accurate, th

- Direct measurement

- At LEP: Z(w)

- At

> New ATLAS result most precise
iIndirect measurement

- Measure Z in ee/pu/vw channel

- Ut > 130 GeV

- pp > 110 GeaV,

- Recently measured at CMS

- PLB 842 (2023) 137563
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https://www.sciencedirect.com/science/article/pii/S0370269322006979?via=ihub
https://arxiv.org/abs/2312.02789

A&TLAS) Electroweak precision: I'z-w results I I I | |

EXPERIMENT

- W(2v) estimated from simulation corrected in single-lepton CRs e Iar><|v8l12027|89
. . . . . . ATLAS
- [rue observable is ratio of Z(w)//({{) In fiducial (high pt4) region (513 Tev, 37 1 et Total B Syst. | S
, , , , , . , LEP Lineshape o 499.0 = 1.5 MeV
- Rely on theory prediction for inclusive ratio (from fiducial) e
| L3 === 498 + 17 MeV
- Correct reco to gen level per bin
OPAL F——====e===—+ 539 + 31 MeV
- Denve Smgle value for R = vv/uu — vv/ee from COrrecteol data AEPH e .
| LEP Combination, Photontagged —p— -
' . ows |y — o232 16Ma
- Jet uncertalntles strongly reduced n ratio.
ATLAS o ._I = 5I()6I:t1:|3MIeVI

- Dominant unc from lepton efficiency unc. (~1.5%) 350 400 450 500 550 600

- Improvement wrt CMS driven by lepton eff. and jet scale i | - IF(H"V) [MeV]

= - —

| ATLAS ' Data corrected with Sherpa 2.2.11
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https://arxiv.org/abs/2312.02789

‘% ATLAS

ATLAS Z+heavy flavour (New)

-/ boson production in association with b and ¢ quarks

- Important input to PDF fits

- Important background for Higgs measurements and searches
- Extensively studied in new ATLAS measurement

- Categorize events into =1b, =1c¢c, =20 jets, based on particle-level b/c-

nadron matching in d=

- Purty 34/28/46%, other Z+b/c contributions and Z+{ majority of bkg

- lagging of heavy flavour with DL1r algorthm, 85% WP

- Top bkg from opposite flavour CRs

- Unfolding results with iterative
Baysian (d’Agostini)

- Signal model an important unc.

- Jet tagging dominant exp unc.
- Comparable CMS analyses:

- W+c: ERPJC 84 (2024) 27

- /+0b: PRD 105 (2022) 092014

Kenneth Long
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- ATLAS Simulation - = light-flavour jets -

— VS =13TeV, ttevents, fc =0.018 —- cC-jets .
- Anti-kt R = 0.4 PFlow jets —— b-ets :
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-005/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092014
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-43/
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Summary and conclusions I I i

- The LHC and its experiments have proven to be precision tools, competitive with

measurements of fundamental parameters at purpose-designed colliders such as L

= [ NaNks

P and SLD

to years of collecting very high quality data, developing understanding of detector, and

iIncredible performance of theoretical tools

- The Run Il (and Run ) data has proven rich environment for precise measurements. Run lll and
special runs are also providing new avenues of exploration

- lechnig
especia
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Ues built for precision physics become increasingly relevant with huge data sets,
v towards HL-LHC
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W/Z cross sections
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Width unc.

Result with
various PDFs
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Electroweak precision: mw and I'w at ATLAS

Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e u ur Lumi myw PS
ps 71.8 273 664 | 212 139 104 49 132 115 120 96 55.2
mr 475 355 316 | 49 6.6 96 33 132 92 176 9.1 12.1
Combined 46.8 320 341 | 6.7 175 94 33 131 94 167 9.1 17.7
Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e u ur Lumi I'w PS
s 162 11.1 118 | 49 35 17 56 59 54 09 1 1.
mr 244 114 216 | 11.7 47 4.1 49 67 60 114 02 7.0
Combined 159 98 125 | 57 37 2.0 54 60 54 2.3
p& fit mr fit

PDF set mw Ot OPDF )(2/n.d.f. mwy Otot OPDFE )(Z/n.d.f.

CT14 80358.3 *%! 4.6 543.3/558 | 80401.3 *2% 11.6 557.4/558

CT18 80362.0 *1%2 49 529.7/558 | 80394.9 *3.1 11.7 549.2/558

CT18A 803532 *2% 4.8 5253/558 | 80384.8 333 109 548.4/558

MMHT2014 | 80361.6 *1%0 45 539.8/558 | 80399.1 *23% 10.0 561.5/558

MSHT20 80359.0 *38 43 550.2/558 | 80391.4 *5% 10.0 557.3/558

ATLASpdf21 | 80362.1 *'%3 42  526.9/558 | 80405.5 *22 132 544.9/558

NNPDF3.1 | 80347.5 *2%2 48 523.1/558 | 80368.9 *221 9.7 556.6/558

NNPDF4.0 | 80343.7 *20 42 539.2/558 | 80363.1 *57 7.7 558.8/558




PS charm modelling

CT18 PDF EV 1

Muon extrapolation
1.4<m|<2.0

CT18 PDF EV 29

Electron scale
L2 gain

CT18 PDF EV 2

Muon extrapolation
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CT18 PDF EV 20

EW FSR lepton pairs

CT18 PDF EV 22
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Electroweak precision: mw and I'w at ATLAS
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PS charm modelling

Muon extrapolation
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Electron resolution
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Table 5: Best-fit value of I'w, total and PDF uncertainties, in MeV, and goodness-of-fit for the p% and mt distributions
and the PDF sets described in the text. Each fit uses 14 event categories with 40 bins, for 558 degrees of freedom.

p% fit mr fit
PDF set I'w 0wt Oppr  x2/Mm.df. I'w 0w Oppr x*/m.df.
CT14 2228 *¢1 24 550.0/558 | 2202 *¥ 5  556.8/558
CT18 2221 *% 21 5345/558 | 2200 *i 5 548.8/558
CT18A 2207 *%% 18  533.0/558 | 2181 ML 5  550.6/558
MMHT2014 | 2155 *I. 19 546.0/558 | 2186 *% 5  562.2/558
MSHT20 2206 15 556.5/558 | 2179 *i. 4 559.4/558
ATLASpdf21 | 2213 *97 18 531.3/558 | 2190 *. 6  545.6/558
NNPDF31 | 2203 *% 20 531.7/558 | 2180 *I 6  560.4/558
NNPDF40 | 2182 *% 12 550.5/558 | 2184 *I 4  564.0/558

-y

B4 Shift

MJ backg. e* 1.8<[n|<2.4

Muon extrapolation
2.0<m|<2.4

MJ backg. e 1.8<n|<2.4

Electron scale
L2 gain

EW FSR lepton pairs
Luminosity

CT18 PDF EV 29
MJ backg. e m|<0.6

MJ backg. u* n|<0.8

Electron SF
IDEV 1

Shift in T, [MeV]
5 0

ATLAS

Vs=7TeV, 4.6/4.1fb™", e-/u-channel, combined my-fit
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Electroweak precision: ATLAS and CMS I'z-w I I Ii I-
ATLAS

Systematic Uncertainty Impacton I'(Z — inv) in[MeV ] in [%]

CMS

Muon efficiency 7.4 1.5

Source of systematic uncertainty Uncertainty (%) gf ;l ﬁiﬂﬁtﬁg factorisation scales i:g ig
Muon identification efficiency (syst.) 2.1 Detector correction 4.4 0.9
Jet energy scale 1.8-1.9 ESISDS multijet ;i g'g
Electron identification efficiency (syst.) 1.6 Z{_) L) +iets misid. lepton estimate 19 0.4
Electron identification efficiency (stat.) 1.0 Jet energy resolution 1.6 0.3
PileuP 0.9-1.0 W(— {v)+jets normalisation 1.5 0.3
Electron trigger efficiency 0.7 gle-uplrlévyeigll:tirf o ig 8.3

11 _ on-Col1s10n dbackgroun estimate . .

t’;ni‘gsem .e | JClenC_y. : miss _ 0.6-0.7 Jet energy scale 1.3 0.3
pr  trigger efficiency (Jets plus pr° region) 0.7 V*-correction 10 0.2
p7 > trigger efficiency (Z/y* — uu region) 0.6 Z(— ee)+jets misid. lepton estimate 1.0 0.2
Boson pt dependence of QCD corrections 0.5 Luminosity 1.0 0.2
Jet energy resolution 0.3-0.5 Parton distribution functions + a; 0.7 0.1
MiSS ¢r-; - - - ['(Z — ¢¢) [5, 9] 0.5 0.1
Pt t.rlggef efficiency (,l.L—i— jets region) 0.4 Tau energy scale 0.4 01
Muon identification efficiency (stat.) 0.3 Muon momentum scale 03 01
Electron reconstruction efficiency (syst.) 0.3 W(— £v)+jets misid. lepton estimate 0.3 0.1
Boson pt dependence of EW corrections 0.3 (Forward) jet vertex tagging 0.2 <0.1
PDFs 0.2 Top subtraction scheme 0.2 <0.1
Renormalization/factorization scale 0.2 Electron energy scale 0.1 <0.1
Electron reconstruction efficiency (stat.) 0.2 Systematic 12 2.4
Overall 3.2 Statistical 2 04

13 2.5

Total

Kenneth Long 19




