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Introduction

« The Drell-Yan mechanism was proposed and observed in 1970, then led
to the discovery of W and Z bosons in 1983, therefore confirming the
electroweak unification.

« Standard candle for precision measurements and theory at LHC.

* Precision measurements help check the consistency of the Standard
Model (SM) through the electroweak fit:

myy re-analysis at 7 TeV (ATLAS-CONF-2023-004)
 Differential measurements give information on perturbative and non-
perturbative QCD, which in turn reduces the modeling uncertainties in the
precision measurements:
Zprandy at 8 TeV (ATLAS-CONF-2023-013)
Extraction of ag from p% at 8 TeV (ATLAS-CONF-2023-015)

p¥ and p% with low pile-up data (ATLAS-CONF-2023-028)
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* Input to global EW fit.
* Indirect search of BSM physics.
 Independent check of the new CDF result.
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myy re-analysis at 7 TeV

New result:

my; = 80360 + 5 (stat.) + 15 (syst.) = 80360 + 16 MeV
 Detector calibration mostly reused from the previous measurement.
 Dominant uncertainties: lepton calibration and PDF.
« Update PDF set: CT10NNLO -> CT18NNLO

x? offset method -> profile likelihood fit:
 Total uncertainty reduced by 15%: 19 MeV -> 16 MeV.

« Central value closer to the SM prediction: 10 MeV shift.

Obs. Mean Elec. rPE)PT HMuon EW |_P§ S_a: I; Bkg. 'y, MC stat. Lumi  Recoil | Total Data | Total

[MeV] Unc. j Unc. I Unc. Unc. @; Unc. Unc. Unc. Unc. Unc. Unc. Sys. stat. Unc.

P 80360.1 | 80 | 7.7 , 7.0 6.0 | 47 , 24 20 1.9 1.2 0.6 155 4.9 | 16.3

me 80382.2 92 146 9.8 5.9 | 10.3 | 6.0 7.0 2.4 1.8 11.7 24.4 6.7 25.3
Improvements mainly ~15% ~40%

brought by profiling. ~30% ~10% 4



Acceptance x efficiency

Z pr and rapidity at 8 TeV

« Simultaneous measurement of cross-sections and angular coefficients in full
lepton phase space, double differential in pr and y near the Z pole.
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« Better probe of large rapidity/small parton momentum fraction thanks to the
Improved forward electrons calibration.

LA B B B

0.oF ATLAS Simulation Preliminary  —ee,, eecc. Two electrons with & e ATLASPreliminary ' 3OS

osE 2 TeY 20.2fb" — pr > 20 GeV and |n| <2.4 g 1 * o oo, v 12<bleteen’
OF — ] 1.6<ly|<2.0(x10*

0 75_ — eeCF %‘ 10_1 " : : :. .. § 2_{6J< iyi<2.3 Exﬂgi
I E . £ 5 Ay 2,4<\,'<2,8><WU_7

uitcc: Two muons with E L LTt

0.5F pr >20GeVand |n| <24 10 oo N

04; 10° v

T E ) 10° A S A

0.3 eecg. central electron with 107 Voo Lty 5 v
= —8 - V¥

0.25 pr>20GeVand |n| <24 ot -, _

01 forward electron with O BTeV. 202" _
= NN orward electron wi 107 8Tev202fb‘ S ——
%05 1 15 2 25 3 385 ppr>20GeVand25<|y<4.9 Y 10 10° 10°

Iyl 5



Z pr and rapidity at 8 TeV

« Stringent test of the state-of-the-art QCD theories.
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Extraction of ag from p% at 8 TeV

* o, Is the least well know coupling constant.

 Non-zero p% given by the QCD ISR -> The

Sudakov peak of pZ is linearly sensitive to a.
 Profiled x* template fit:
»Equivalent to including the new dataset in the

PDF without refitting
» The non-perturbative form factor is added
with unconstrained nuisance parameters.
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Extraction of ag from p% at 8 TeV

« Fitrange: p%4 < 29 GeV of the double differential Z pr, y measurement.

« The most precise experimental measurement of a.

* The first oy determination with N3LO+aN“LL prediction for pZ.
(Baseline PDF set: aN3L0O MSHT20)
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Recorded Luminosity [pb "70.1]
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pY and pZ% with low pile-up data

2017+2018 <u>~2 data: 255 pb~! at 5.02 TeV and 338 pb~! at 13 TeV.
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* Motivation: Reduce the p7’ modelling uncertainty in my, measurement by
replacing the Z->W extrapolation with a direct measurement.

* Probe of perturbative and non-perturbative QCD in W events thanks to
the improved missing Et resolution, as well as in Z events at 5.02 TeV.

« Dedicated efforts for both theory modelling and detector calibration.



Detector calibration

Calibration of recoil (ur) Is carried
out in-situ using Z events.

 Correction of mis-modelling of
underlying event.

 Corrections of the azimuthal
angle, response and resolution.

Lepton calibration uses high <u>
data extrapolated to low <u>
conditions wherever possible.
Otherwise the in-situ calibrations
are performed using standard
ATLAS techniques.

Figure taken

from M. Schott
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Analysis strategy

* lIterative Bayesian Unfolding:

W Ll Z
ur -> pp and pt -> pr.

»9 (25) iterations with 7 GeV bin width in the low
pY region for W channels at 5.02 (13) TeV.

> 2 iterations with 7 GeV bin width at low p% for Z.

« (Good compatibility in the combination of
electron and muon channels.
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Results at 5.02 TeV

« Good agreement with ATLAS tunes on 7 TeV Z data at low pr.
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Results at 13 TeV

 Parton showers tuned with ATLAS 7 TeV Z data fail to describe the data at
13 TeV.
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Summary

* New preliminary my, measurement by ATLAS at 7 TeV has improved the
precision by 15% thanks to the better fit method.

 The Z pr and y double differential cross-section has been measured in
the full lepton phase space for the first time and compared with theory
predictions. No significant tension to the state-of-the-art predictions with
QCD accuracy up to N3LO+aN*LL is observed.

« The most precise experimental determination of a; has been achieved by
ATLAS.

 New preliminary p¥ and p% measurement using low pile-up dataset is
reported. Its sensitivity to the Sudakov region will bring improvements in
future my, measurements.
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PLH fit; shift of the central value
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Comparison between PDF sets

PDF-Set
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Comparison between PDF sets

1, n}<0.8, g=—1
H, n|<0.8, g=+1

1, 0.8<n|<1.4, g=—1
1, 0.8<n|<1.4, g=+1
u, 1.4<n|<2.0, g=—1
U, 1.4<n|<2.0, g=+1
u, 2.0<n|<2.4, g=—1
U, 2.0<in|<2.4, g=+1
e, nj<0.6, g=—1

e, N|<0.6, g=+1

e, 0.6<n|<1.2, g=—1
e, 0.6<n|<1.2, g=+1
e, 1.8<n|<2.4, g=—1
e, 1.8<n|<2.4, q=+1
Combination

pr fit

ATLAS Preliminary

Y5=7TeV. 4.6/4.1fb"", e-/pu-channel, single- and multi-p!-fits

== CT10, total unc. = CT18, total unc.
—+— CT10, stat. unc. —=— CT18, stat. unc.

iilllliil Iilliillll

80200 80300 80400 80500
my, [MeV]

1, n}<0.8, g=—1
H, n|<0.8, g=+1

1, 0.8<n|<1.4, g=—1
1, 0.8<n|<1.4, g=+1
u, 1.4<n|<2.0, g=—1
U, 1.4<n|<2.0, g=+1
u, 2.0<n|<2.4, g=—1
U, 2.0<in|<2.4, g=+1
e, nj<0.6, g=—1

e, N|<0.6, g=+1

e, 0.6<n|<1.2, g=—1
e, 0.6<n|<1.2, g=+1
e, 1.8<n|<2.4, g=—1
e, 1.8<n|<2.4, q=+1
Combination

ATLAS Preliminary

V5=7TeV, 4.6/4.1fb "', e-/u-channel, single- and multi-m¥-fits

== CT10, total unc. = CT18, total unc.
—+— CT10, stat. unc. —=— CT18, stat. unc.

80200 80300 80400 80500
my, [MeV]

CT10NNLO vs CT18NNLO

CT10

arXiv:1302.6246

CT14

arXiv:1506.07443

CT18

arXiv:1908.11394

MMHT2014

arXiv:1412.3989

MSHT20

arXiv:2012.04684

NNPDF3.1

arXiv:2005.06477
NNPDF4.0
arXiv:2109.02653

CT10

arXiv:1302.6246

CT14

arXiv:1506.07443

CT18

arXiv:1908.11394

MMHT2014

arXiv:1412.3989

MSHT20

arXiv:2012.04684

NNPDF3.1

arXiv:2005.06477

NNPDF4.0

arXiv:2109.02653

Signal Normalization Factor (Combined p. Distributions)

ATLAS r
Preliminary
V5=7TeV, 4610 A
pt fit ———
i e
A— @® Central iVaiue (full fit)
[ uncertainty :
: _:_ A Central Value (w/o PDF prolfiling
i I i I
0.96 0.98 1 1.02 1.04

Signal Normalization

Signal Normalization Factor (Combined m_ Distributions)

ATLAS ry
Preliminary
V5 =7 TeV, 4.6 b 4
T
mr fit T
I
—‘ @® Central LVaiue (full fit)
[ uncertainty :
T : A Central Value (w/o F’DFiproiiIing
i I i i
0.96 0.98 1 1.02 1.04

Signal Normalization

19



c

uncertainty

ve

elati

o

Z pr and rapidity at 8 TeV

E T T 3 > E T T 3
107 Iyl <0.4 1 si0f 04<ly|<08 ]
; 15 F E
10’2r‘==:=""‘—’—.1 810‘2!-.:’:‘:"""—’.1
100 4 =210°F —i st =
e i S T Y e e S ——
1[)‘45_‘7‘_1_‘ E 00:310-45‘_1 e E
1075k 4 10k 4
10 08<lyl<12 ] 104; 12<lyl<16 ]
10_2;%,:,.-’—,.—/—.@ 10_2é--:==.=¢1’-"_—’—‘"
E i E ‘“"ﬁ.
10—3{‘-=s=-=m#‘==-'¥5—.‘ » 1 10°F : -
TR e BTV S *.,,,..:.;:mm E
10°) , . 105k . . s
: 16<ly| <20 ] 2 20<ly| <24 ]
10—15_ Iyl 3 1015_.:‘::"#&“_5
102 ]
1ok i ; - 107 : ; : N
F 24<ly|<28 } ' 28<ly| <36
107k ] 10_%!:‘:&:..1{#". 1
10°F e s S 3 10_2% ;EEM 1
" e, AR S {5; i k-~ X E
10 S - 107k 1
1074 4 104:5 1
1 10 10° 10° 1 10 107 10°
P, [GeV] p, [GeV]

ATLAS Preliminar

pp =2

] 8Tev,2021b"

do

3 Uncertainties on =—=

dp.

T

% —e— Total
4 —=— Data stat

MC stat
—— Central electron

§ —— Muon
4 —— Forward electror

«— Background

{ — PDFs

Breakdown of relative uncertainties in the
measured absolute double differential
Cross-sections.

Relative uncertainty

107

1078

-
S
.

L A
" ATLAS Preilmlnary
Uncertainties
—@— Total
—m- Data stat
MC stat
—a— Central electron
—&— Muon
—a— Forward electron
4 Background
—A— PDF:

pp—=Z
8 TeV, 20.2 fo'

1.1

Ratio to data

g
. ATLAS Preliminary

——
pp —Z
8 TeV, 20.2 b %]

oﬁ] #‘Q? *O? *AQT *Ao *‘Q .

NNLO QCD + NLO EW _

E E 0.9 —e— Data ® CTi8A _
. f [ Bl oy T WPDRLO
[ AT —a— i L stat. @ syst. & lumi O ABMP16 i
A A, 4 E i 0] HERAPDF2.0 |
B - R V- Y-S Sy~ 0-80* b L ‘A‘.EQ‘T".ASF’EW. -
Breakdown of relative " _ _ 4
o Comparison with
uncertainties in the measured
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PDF set Total y° / d.o.f. v p-value Pull on luminosity
MSHT20aN’LO [60] 13/8 0.11 1.240.6
CTI18A [61] 12/8 0.17 0.940.7
MSHT?20 [62] 10/8 0.26 0.9+0.6
NNPDF4.0 [63] 30/8 0.0002 0.040.2
ABMP16 [64] 30/8 0.0002 1.8+0.4
HERAPDF2.0 [65] 22/8 0.005 ~1.3+08
ATLASpdf21 [66] 20/8 0.01 ~1.140.8
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Extraction of ag from p% at 8 TeV

Uncertainties on the determination of ag(my)

Experimental uncertainty +0.00044  -0.00044
PDF uncertainty +0.00051 -0.00051
Scale variations uncertainties +0.00042 -0.00042
Matching to fixed order 0 -0.00008
Non-perturbative model +0.00012 -0.00020
Flavour model +0.00021  -0.00029

QED ISR +0.00014 -0.00014

N4LL approximation +0.00004 -0.00004
Total +0.00084  -0.00088

Cross-check of N3LL fits using NNLO PDF sets.

PDF set ag(myz) PDF uncertainty g [GeV?] ¢ [GeV']  x*/dof
MSHT20 [32]  0.11839 0.00040 0.44 -0.07  96.0 /69
NNPDF40 [78]  0.11779 0.00024 0.50 -0.08  116.0/69

CT18A [79] 0.11982 0.00050 0.36 0.03  97.7 /69
HERAPDF20 [63]  0.11890 0.00027 0.40 -0.04  132.3/69

\ATLAS Preliminary ~ 8Tev, 202"

HERA+Z p,

1265

Il[lll

1260

1255

IIIIIII

1250

1245

Ill\lll[

v e e by s by by
0.115 0.116 0.117 0.118 0.119 0.12 0.121
o(m )

Values of the x? function for the
determination of ag(my) from a
combined fit of PDFs and non-
perturbative parameters:
0.11777 £+ 0.00065

Variations of the upper end of the p% fit range have performed to test the stability of the
results with respect to missing higher order corrections in the matching to fixed order. 21
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pY and p%: reco-level control plots @ 13 TeV
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pY and p%: combination and x?

« Statistical procedure: BLUE prescription with 4 iterations
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