How to precisely'measure the
W boson properties:
The most recent ATLAS results

« Improved W boson Mass Measurement using /s = 7 TeV Proton-Proton Collisions with the ATLAS Detector
ATLAS-CONF-2023-004 (Briefing W-Mass-Measurement )

v« Precise measurements of W and Z transverse momentum spectra with the ATLAS detector at./s = 5.02 TeV and 13 TeV
ATLAS-CONFE-2023-028/ ( Briefing WZ-properties-milestone )
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The SM of particle physics @LHC

Standard Model Production Cross Section Measurements Status: February 2022
NNLO state-of-the-art, rising to N3LO
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Some (not so-obvious ) observations:
A. Theory agrees with measurements across wide range of processes and cross sections ...
B. Often data precision challenges the theory predictions...
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40 years from the W and Z discovery

d
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20 Jan 1983 UA1 seminar on W discovery; corresponding 4 July 2012 seminars: Higgs boson discovery by ATLAS an

UA2 seminar (similarly packed) on 21 Jan 1983 CMS

40 years after their discovery the W and Z bosons play still a central role in the LHC physic program:
« Their clean signatures allow to search for/discover new processes and particles
« They provide standard candles to calibrate the detector performance

« Their properties and couplings with other particles allows to test the Standard Model
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The EW sector: m. mw and m.

In SM, Ar reflects loop corrections

and depends on m¢ and In(my)
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» The myy relation together with sin?9¢f,, and g¥, g™V couplings represent a powerful test of SM:

» The global EW fit allowed to constrain the masses of the top quark and Higgs boson before their

discovery

> While my is sufficiently well known (dmy ~ 0.2 GeV), also improving the precision on m, has little

impact on precision of global EW fit (dm,~0.5/0.4 GeV fit precision 5-6 times worse than that of

direct measurement)

> Both my, and sin?8¢%,, are more precisely determined by SM fit then experimentally...
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The EW sector: m. mw and m.

In SM, Ar reflects loop corrections

and depends on m¢* and In(my,)

from SM BW-fit

S My
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A@S 40 years of measurements

EXPERIMENT
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ATLAS

EXPERIMENT

40 years of measurements

reading PDG live

credit to S. Camarda
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Figure 1: The transverse mass my of the first six candidate W events recorded by UA1 [6], labeled A-F, with the horizontal error bar
indicating the precision of the m; measurement for each event.

10 years later the best UA2 measurement using LEP
Zmass measurement

myy = 80.35 + 0.37 GeV [0.5% precision]
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&) 40 years of measurements

EXPERIMENT

reading PDG live

credit to S. Camarda
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ATLAS

EXPERIMENT

40 years of measurements

combined LEP W-mass
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&) 40 years of measurements

EXPERIMENT

reading PDG live

credit to S. Camarda
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W-mass 80’357 + 7 MeV [better than 0.1 per mille precision ]
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&) 40 years of measurements

EXPERIMENT
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ATLAS

EXPERIMENT

40 years of measurements

reading PDG live

to... the latest CDF result my, 80.433 + 0.009 GeV
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R.Kogler ICHEP2022

W-mass 80’357 + 7 MeV [better than 0.1 per mille precision ]
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A new and improved W boson mass measurement

The important ingredients of
the improved my,

measurement:
» consolidation of the
experimental analysis —

> solid and reliable physics
modelling

» benefit from recent progress
on statistical fitting
framework
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£ W boson signature

Incomplete kinematics ( missing neutrino ):

* NnoO Invariant mass

pr * measured quantities
. ., ., ° Prompt and isolated lepton (e or p)
- p_T___z " (iju_T) * Hadronic-Recoil (u): sum of “everything
" Underlying else” reconstructed in the calorimeters;
Event

* exploit momentum conservation in the
transverse plane to reconstruct p;y™* and

transverse mass (my)

-—

Hadronic ]?iecoil

ur = Z ET,i mr = \/Zp,fpguss(l — COS A¢]

B —
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£ W boson signature

Incomplete kinematics ( missing neutrino ):
* no invariant mass
* measured quantities
* Prompt and isolated lepton (e or p)
* Hadronic-Recoil (u): sum of “everything
else” reconstructed in the calorimeters:
* exploit momentum conservation in the
transverse plane to reconstruct p;y™* and
transverse mass (my)

+ Pileup ...

Hadronic i{ecoil
Ut = Z ET,i f )//%//?/ |
- e
% : A\ﬁ U
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&) W boson signature

EEEEEEEEEE

ATLAS m,ymeasurement done with

4.7 b at /s =7TeV with <u>~9

 ~14M candidates in W=y (= e,u)
(Background: 5% (6.5%) for u(e))

e ~2M of Z—=¢f for calibration




@ Observable sensitive to myy ‘

(A) Identity observables sensitive to m,,

« lepton transverse momenta (p'r) has a Jacobian peak at m,, /2

w transverse mass (my) has an endpoint at m,,

— Crenerator M2.1Gey pTW = © . : zev\era:or EZ.iie\\;’ P:::x = c;
— Gremerator M2.1GeV pTW # © . enerator M2.1Gev pTW *
== Dek. Resolution
Pec. Resolution + selecktion

= Debk. Resolution
Det. Resolution + selection

wur2 )

PLT [GeV]
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€ Building my, templates

(B) Produce models (“templates”) with different m,-hypotheses and compare to data in

28 categories (e/p, n regions, WrW-, p'rm7)
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&)  Experimental precision
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£ The physics modelling

EXPERIMENT

» W mass physics modelling is described using a composite model :
> Start Powheg+Pythia8 [ NLO+LL (PS) ] and apply corrections = NNLO pQCD accuracy

do ’ do(pr,y) (dcr(y) )"
dp1 dpa dpr dy dy

Breit-Wigner ; Parton Shovy

NNLO pQCD =

7
(1 + cos?0) + Z Ai(p1, y)Pi(cos 6, ¢)
i=0
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Key role of ancillary wmeasurements : used to validate (and tune) the model and assess
\ 4
sgs’cematw uwncertarnties.
T— ——
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The pW;
modelling

my, do/dpr modelling uses Pythia parton shower

> PS parameters tune on 7TeV p%r data (AZ tune)

> Fairly good modelling of the W-data, but hard
to improve on uncertainties (mostly related to
model limitations)

L. Aperio Bella 21

ATLAS Simulation
(s=7 TeV, pp— W +X, pp— Z+X

S L LO PDF W* — Total W*
My LO PDF W — Total W




£ Addressing the difficulties of p%; modelling ‘

ATLAS

EXPERIMENT

> pr¥ modelling is a challenge for QCD
theory ( resummation, heavy flavour,
multiple scale, no pQCD )

> Experimentally very precise p7*
measurement (W limited by recoil
resolution )

. . M. Boonekamp Strong2020
» Approach: adjust model parameters using

Z events — extrapolate to W production

1.2
< B L B i B . .
cDU 108 ATLAS N \;1 1 ATLAS Simulation
~ Is=7TeV, 4.1-46fo ] o = s=7 TeV, pp— W +X, pp— Z+X
8 W S v .
;v —- Pythia 8 AZ ] 1.05
1.04— —+— Powheg MiNLO + Pythia 8 ]
i B DYRes (W% _, 12 corr) ] -+
102 FEH QCD" " QCD __ 0.95:_
1 095_=Pythia8AZ
IL SR RS S e—— ""F — DyRes 1.0
ey 0.85 - —— Resbos
| s - — CuTe
0.983| PR SN AR A T S TN AN TSN S T T ST SO TN N NN TN T NN SN NN NN SO S [~
_0 _2 _1 1 2 b v v by v v b v by b by
0 0 0 0 0 30 0'80 5 10 15 20 25 30 35 40
U"' [GeV] W2 rRawn
@time of the first measurement: analytic resummed predictions @time of the first measurement: low pr W/Z ratio very different
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&) The pWr modelling validation ‘

EXPERIMENT

> pr"' modelling is a challenge for QCD
( resummation, heavy flavour, multiple scale,

no pQCD)

> Experimentally very precise p7*
measurement (W limited by recoil
resolution ) d

M. Boonekamp Strong2020

» Approach: adjust model parameters using
Z events — extrapolate to W production

A measurement able to resolve low p*"; spectra with 1% uncertainty would validate
the p*; modelling for the m,, analysis
— crucial experimental input to any future m,, measurement

N®B To resolve W prwith —O (5GeV) — in data hadronic recoll resolution need same order.

T— —
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» some basics concepts :

Underlying
Event

Hadr;);l{c_ R%zcoil

in W events the Hadronic recoll
(u;) is the measurement of

“everything else” reconstructed
in the calorimeters

ladronic recoil

Underlying
Event

Hisdronie: Recoil

The response of u; is measured in
data using the p?%; balance in Z
events

resolution

hadronic recoil

==
Uur

u; scale and resolution are characterise by the
I and L projection of the recoil into the p%; axis

» urresolution strongly depends on ZEr (~ total event activity )

> At low p7V, underlying event & pileup contribute to deterioration of the

recoil resolution

L. Aperio Bella
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Underlying event and Pileup contribtuion to the recoil

;‘ _I LI I L I L I L I L I L I L l L L l LI I_
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underlying events grows with Vs

9 additional reconstructed vertices

25

Status: February 2022
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€ | ow-u dataset

EXPERIMENT

5 arias Js| . 5.02Tev 13TeV

In Run-2 ATLAS collected ~ 500 pb-' at <p> ~ 2 25 jz:: """ £[pb1] 255+1%338+092% :

fantastic opportunity for W precision physics! ; o TERSIEmTIE S

B— mme B e YT R ETL
Ty s = 157y VA Zevens| 1k 366K

20 30 40 50 60 70 80
Mean Number of Interactions per Crossing

10

uT <u> = 20

—uTqr =2 » Unique recoil resolution
> Benefit from super precise luminosity uncertainty

» Dedicated set of detector calibration and performances
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E - - E 0.95ATLAS —
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‘0-015;_ Izllh o o (23 072 @B Stat only = Sys ® Stat._|
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acoumcg LLMLtCDl bg the Z _ . . . . . . . . . Number of interactions per crossing
sa VWPLC statistic 295 1 05 0 05 1 15 2 _ _
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— B— dedicated in-situ calibrations P P gn-H H
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https://atlas.cern/updates/briefing/run2-luminosity

&) Hadronic recoil performances ‘

EXPERIMENT

A) Particle flow objects (PFOs) s 12 AMAS OSSR S 12 e
) . O, 11 ATLAS Preliminary = O, _ ATLAS Preliminary ]
for recoil reconstruction wp to ~, 10E Vs f5=13TeV, 338 pb’! . - ~, 10 15 = 5.02 TeV, 255 pb” .
’ , ’ 2 E Lopu = 3 - Z-oup 1
5% Lmprovement tn resolution ° 9 = ° g 1
8F E - P — w—
7E = 6~ B
e ] 66 = - i
& CATLAS Simulation o  Particle Flow Jets ((u)~24)] sE E 45 —
0.3~ Ao Particle Flow Jets (u=0) — = ¢ Data E B ¢ Data ]
E v EM+JES Jets ((u)~24) E 4 ;_ —}— mc, no correction _; 2 - —}— Mc, no correction -
0.25 :_ " EM+JES Jets (u=0) _: 32— —|— MC, full correction _i B —|— MC, full correction i
0-22— s ml < 1.0 — 201020 3040 50 60 70 80 80 100 001020 3040 50 60 70 80 80 100
I, gl E Vs = 1zTev p! [GeV] Vs = 5.02Tev P! [GeV]
E _A_—A—.A. »a E — ————— — ————
t h-—i%tﬂh_
0.05F 3 B) in-situ in Z—#¢ events used to Calibrate the recoil response:
D P foefor 4 » Modelling of underlying activity from data
ot T . e 499 ] » Correcting response non-uniformity in the calorimeter ( beam
?UCE . E displacement, beam-crossing angle. azimuthal angle)
20 30 40 102 2x10° 10°
PERF-2015-09 Py [GeV] » Equalising response and resolution differences between data/MC
P

» Correcting for residual non-Gaussian tails in the response

Hadronie-recoll uncertainties have sub-percent Level timpact on pr¥ < 50 Gev
(@ 5Tev Limited stat of the Z samples is the dominant source )
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2015-09/fig_33.png

&) Detector level distributions ‘

EXPERIMENT
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L e role of Z sample
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ATLAS

EXPERIMENT

ur measurement: the challenge
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) The measurements

EXPERIMENT

lepton p7> 25 GeV
lepton n| <2.5
W:p'+>5 GeV ; m> 50 GeV
» Bayesian unfolding of ur (W) ; pf; (Z) , separately for e/p channels 7 :66 <my< 116 GeV

Detector level distributions unfolded at particle level in fiducial volume:

> Bin width/iterations optimise to reduce uncertainty of unfolding prior bias

> 9 (25) iterations, —7GeV— bin at low pt" at 5.02 (13) TeV

> 2 iterations, —2GeV— bin width at low pTZ

» electron and muon channels combined with BLUE, all giving good x2

Most precise integrated fiducial measurement of the W* and Z boson @ 5.02 and 13 TeV:

Process Cross section at /s = 5.02 TeV [pb] Cross section at /s = 13 TeV [pb]

W~ —/fv 1385+ 2 (stat.) = 5 (sys.) & 15 (lumi.) 3486 £ 3 (stat.) £ 18 (sys.) £ 34 (lumi.)

W™ v 2228 £ 3 (stat.) = 8 (sys.) &= 23 (lumi.) 4571 = 3 (stat.) & 21 (sys.) £ 44 (lumi.)
Z — 00 333.0 £ 1.2 (stat.) 4+ 2.2 (sys.) £ 3.3 (lumi.) 780.3 &+ 2.6 (stat.) 4+ 7.1 (sys.) & 7.1 (lumi.)

experimental accuracy 0.4 - 0.5 % with 1% Llumi
factor of 2 (2.5) better thew previous W X-section at 5.02 (13TeV)
good agreement with DY TURBO [NNLO+NNLLI prediction with = different PDF sets

— ——
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A@TLA)S W+ and W- transverse momentum measurement

EXPERIMENT
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ATLAS

EXPERIMENT

£ Validation of the m,, ohysic modelling ‘
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@3) W+ and W- transverse momentum measurement

ATLAS

EXPERIMENT

= 10— =1 T T T 11 T T T T T 11 3

3 - ATLAS Preliminary -

= - V/8=5.02 TeV, 255 pb~" -

E& 10_2 é-_ -+ _E

<) = w Ve = 5.02Tev 7

@) - _

-g 1073 & E

~ E =

- - Wt — ity ]

_, | —% Data |

107" =+ cT18 E

- —+— NNPDF3.1 .

10-5 __ —+— MSHT20 __

E DYTURBO NNLO+NNLL —

AR R :

1.1 & E

@ = 1=

= 1.05 B -

g [ = —¢ + - 5

S 0.95 B E

0.9 £ e

0.85 E | NI =
101 102

p¥ [GeV]

; E T T T 1T | T T TTT | T T T T §

3 - ATLAS Preliminary -

=102 = V§=13TeV,338 pb~! —

T i

° B Vs =13Tev -

51073 & =

o E 3

b — —

= - ]

T 10t e Wl —

-~ —¢— Data ]

10-5 :_ —+— CT18 _:

= —+— NNPDF3.1 3

- —+— MSHT20 ]

106 = DYTURBO NNLO+NNLL —

I R N I B | L] | o

E I 1 T T 11 | I I I T 1T T | I I 1 I E

1.1 = —

©1.05 & l =

8 1 = N d é & dEL L ?1 l l E

a = * ) ¢ * MRS =] | | E

= 095 F —

0.9 = =

0.85 E 1 [ | L1111 | 1 1 1 =

10 102
p¥ [GeV]

= 101 = T T T 171 T T T T T T =

8 - ATLAS Preliminary -

= B /s =5.02 TeV, 255 pb~"!

g 1072 — =

o = w -

~ - ]

5 B ]
©

£107° & =

- W — (v ]

_, | —t Data ]

10775 —— cT18 :

- —+— NNPDF3.1 .

jos L~ MSHT20 ]

g DYTURBO NNLO+NNLL =

1 | I I | | | | I N | 1

= R | T R =

1.1 =

£1.05 & =

o 1 E 1] l E

O = ™ | E

S 095 £ IRE

0.9 mESRE

0.85 E 1 Lo | I I B 3

101 102

p¥ [GeV]

;‘ = T T T 1T | T T I T TT | I T T T 3

R - ATLAS Preliminary 1

=102 = VS=13TeV, 338 pb~! "

) = 3

=) C ]

S 107 & E

b = 3

< C ]

104 W= v -

- —¢— Data -

jos L —+ CT18 B

= —+— NNPDF3.1 -

T —+— MSHT20 ]

1076 & DYTURBO NNLO+NNLL o =

=R | [ o | N =

T T — T T 13

1.1 —

<105 E | l =

- S A B ;

S ork ; e ;

=095 =

0.9 £ =

0.85 E [ | | [ B | =

%
[o)
)
=

> Data distributions are
compared with
DYTURBO
predictions [ NNLO +
NNLL ]

» Effect of PDF
estimate comparing

3 recent PDF sets

reasonable good agreement
L the whole spectra

—showing the
Lmprovements on analytic
resummation programs!

—

—



https://dyturbo.hepforge.org/
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A@TLA)S / transverse momentum differential measurement

EXPERIMENT
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&) The "new” my physics modelling

EXPERIMENT

» Recent Unique set of high-precision do/dp+" cross section at /s = 5.02 and 13TeV validate the “week
point” of the m,, physics modelling

do ’ do(pr,y) dcr(y) )‘
dp1 dpa dpr dy dy

Breit-‘vgr:er Parton ShOVM

NLO PQCD =

7
(1+cos®0) + Z Ai(p1, y)Pi(cos 6, ¢)
i=0

= - —— "§710—T T T T T T 1T T R —? S . . _ -
“E' 750:llllIll|lIlllllllllllllllllllll||| 3 ’§ ; 5_1-_L5A0§-|-P(/elér5nsln%r_¥§\ “ <O 1.2_' T T I T T T | T T T | T T T | T T T |_
.2 S00E ATLAS E 02 T, VETITE R EERT ;; - ATLAS —4— Data -
| g 6505_ \s=7TeV, 4.6 fo! E i § ! | 1H1s=8TeV,20.3f0" [ DYNNLO (CT10nnlo)
© = pp—WHX = 3 a3l | - pp—Z+X i
= - EWE -ty O

550 —% [ —+ Daa - -
5005 E 107 F —f— Powheg+Pythiag AZNLO 0.6F -
= 3 oo i Sherpa2.2.5 B _
450 3 .| i Powheg+Herwig7 o —
50 = 107° = Pythiag AZ 0.4~ i
350F- —#— Data (W") _==_, 0.2 -
- —— Data (W) = \ B ]
3005_= Predlctlon (CT10nnIo) E Olee: I

L ' IR A 1 L | 1 | L | 1 1 1 | 1 1 1 |
250562040608 1 12141618 2 2224 | 0 20 40 60 80 100
p! [GeV]

PTW tn data measured with 1% precision
— ———
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in 40 years of m,

measurements only LHCDb
results is done with PLH fit
(without profiling PDFs unc )

‘! 80

78

o ATLAS

[ | LHCb
Tevatron
[ CDF

[ | DO

LEP
OPAL
L3
ALEPH
DELPHI
SppS
UA1
UA2

I!II.I!IIII.!II_

+>He

76

74

107
10°
10°
10
10°

Pro Ced ure i R

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
year

Improved fitting

Ny [events]

Revisit ATLAS measurement with profile likelihood (PLH) fitting
» Advantage:
» (in situ) constrain experimental & modelling systematic uncertainties
» + adding modern PDF sets
» Disadvantage:
» Computational expensive

» Several 1000 Nuisance Parameter (NP) = robust systematic model
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&) The improvement of the analysis

EXPERIMENT

2 offset, fit Profiled Likelihood fit
Modlel assmmptiow Moch’ Model Assum:ptww
Assumption after Profiling Q
: Lt Realit S
Nc_?;t:/e Po:;tu\t/e Reality Y =
oTTSe OTTSE ’ o
o= mmmm y Shif =
wn
S-
=
f ~
> »
Observable Observable
(2] B ..
> 140 ATLAS Prel.lmlnary —e— My Toy Measurements %’, 140 ATLAS Preliminary _e— My, Toy Measurements
= - Fits based on p -distributions  Mean = 80358 MeV — [ Fits based on m -distributions ~ Mean = 80376 MeV
O 120 RMS =16 MeV | Is - RMS =23 MeV
o : PT O 120 e T
3 F 5
S - 5 -
< 8oL < 8ol
60— 60—
40— 401~
200 201
: 1 L L I . L L I L L L | . L L : -‘-I 1 1 | | | 1 | 1 1 1 | 1 1 1 | 1 | | |
80.32  80.34 8036 8038 804 8042 80.32 80.34 80.36 80.38 804  80.42
MC Toy study of sys. spread using CT10 PDFs my, [GeV]

PLH allows simultaneous determination of POl together with NP taking account
corvelation in each category

expected allowed shift myy =16 (£23) MeV for p'r (mq)

T— —
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https://indico.in2p3.fr/event/29681/contributions/122546/attachments/76643/111219/06-MSchott_Upload.pdf

A@ Rigorous review of the analysis

EXPERIMENT

» New data-driven multijet Background estimation
> Amy =1.9 MeV and reduction unc. by 2 MeV
» Better evaluation of EW uncertainties
» Increase of 1-2 MeV unc.
» Recovering data in the electron channel
> Increase statistics by 1.5%

» Add parametric uncertainty on (W)

overall fixes/improvements result tn only ~ 2 Mev
Lmpact on m.,,

TI— —
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&) Test consistency PLH fit

EXPERIMENT

PLH fit validation using CT10 PDFs

‘P T I I I I [ [ I | I I I | I [ I I I | | I
ATLAS Preliminary

Vs=7TeV, 4.6/4.1fo™", e-/u-channel, single- and muIti-p’T-fits

=== PLH, total unc. === y2, total unc.
== PLH, stat. unc. === y?2, stat. unc.

» PLH fit my = 80355.1 £ 15.6 MeV ( CT10nnlo
11, M|<0.8, q=—1

PDF ) U, m|<0.8, g=+1
> Am,, =-14.4 MeV (m,,?"7 = 80369.5 = 18.5 MeV) , 0.8<nj<1.4, g=—1
, 0.8<n|<1.4, g=+1
, 1.4<In|<2.0, g=—1
, 1.4<n|<2.0, gq=+1
, 2.0<n|<2.4, g=—1
, 2.0<n|<2.4, g=+1
e, m|<0.6, g=—1

A (myy) well within the CX’PCOtﬂtLOW 'fYOVW Toys e, n|<0.6, g=+1 —_—
studtes. e, 0.6<n|<1.2, q=—1 ————
— — e, 0.6<n|<1.2, g=+1
e, 1.8<n|<2.4, g=—1
e, 1.8<m|<2.4, q=+1
Combination

> Profiling of systematic uncertainties reduce
sm,, by 15%

T ®E T & v &

80200 80300 80400 80500
m,, [MeV]
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L Post tit PLH observable

Model Model Assumption a
Assuwmption after Profiling g
[ | | [ ] R.cal.itg g
. <
. . ] sh B
=¥ Post-fit ratie— * 0
, —* Pre-fitratio | &
. 7/~ Stat @ Syst - ’ »
aAde Observable
—————
post-fit value estimated with CT18 PDFs
x10° x10°
> - I T T T I T T T T T T T T | T T T T ] % 0-3__ I ! ! ! | ! ! ! I I 1 | I I I ! ! ! —]
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-~ E {s=7TeV, 4.1fb™" [ W:—m:vﬂ —& Prefit ratio N 025 Vs=7TeV,4.6fb" T €Ve & Frediiratio
@ (.4 #-channel, postit - crarounds 777 Stat & Syst 2 @ [ e-channel, post-fit - ;20;;;5 v 77 Stat® Syst ]
c [ ] c 02__ _
) - ] () - n
@ 0.3F = D ¢ 4ok :
E ] 015__ —
0.2 e 0.1E =
0.1 - 0.05F —
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https://indico.in2p3.fr/event/29681/contributions/122546/attachments/76643/111219/06-MSchott_Upload.pdf

)

EXPERIMENT

L PLH and NP constraint

NP Ranking with CT18 PDFs
Shitt my,, |[MeV]
— Pull
-Sﬁift I 0 5

T | T T T T I T T T T I T T T
ATLAS Preliminary
Vs=7TeV, 4.6/4.1tb™", e-/u-channel, combined pl it
PDF EV 1
Muon : ' i
Extrapolation 1.4<[n|<2.0 5
PDF EV 29 §
EW Pairs
pTW cxW
Electron Scales ' 5
L2 Gain i ] E
Muon : :
Extrapolation 2.0<n|<2.4 |
PDF EV 2 | |
Width constraint
PDFEV20| B
| D0
PT Pull = (6-6,)/A8

The largest NPs pulls are related to

> eigenvector of the PDF set

T

— Pull
B3 Shift

PDF EV 1

Muon
Extrapolation 2.0<n|<2.4

Width constraint

Electron Scales
L2 Gain

EW Pairs
PDF EV 2
PDF EV 6
Xs QCD e* 1.8<n|<2.4

Shitt m,, [MeV]
=10 0 10

ATLAS Preliminary

Vs=7TeV, 4.6/4.1fb™", e-/u-channel, combined m¥-fit

.

PDF EV 3
PDFEV29Hﬁ'I_%TI.’”H;I.I.|.|
2 -1 0 1
T Pull = (8-6,)/A0

> muon momentum scale extrapolation uncertainty

» modelling uncertainty of charm-induced production for p*+

> missing higher-order EW final state radiation corrections.

Number of Toys

50~ ATLAS Preliminary

- Vs=7TeV,46f"

40[~ Shown 92.6 % NPs

[ Mean=0.06

- Sigma=0.97

e Unblinded fit
— Gauss fit

201~

10F

Normal distribution for
nULSance parameter pulls:

overall correct estimation
of the pre-fit
wncertatnties.
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A@ W mass analysis and in situ PDF constraint

EXPERIMENT

‘--. ‘--.

@ (b),pp BurPhys.d.C69 (R010) 879-897 (g »

*
3.0 B W+ 0.8 — Wt
2.5 Y . o Z //F\LH oW
l \ ‘ = 2.0 HJ( 1&31 S / 1LL
‘ [ ] = 1.5 f =04 ./"__—" e
W+ Q Y \ £ _
- b N 5 oy DN
—; ol N ~ e
0.0 = — 0.0 =
“~ e “~ e .08 ? ; = et
e £ 0 e
ESN'Y) S ————— i 020 =
. . . §ooy R S e
In pp collision: different cross section for B B A AL S s v e
4 1€
W+ and W- and different dynamics.
T— —
2 Difference between u,d valence and the see distributions determine - o _ Simultaneousfit |
T CoL . . . 2 [ ] 1D unweighted
the W-boson rapidity distributions — affects acceptance and fiducial 2 UL 1D weighes
volume Y~ | 0 2D weighted S
& 12 P

2 kinematic distributions & signal yields in the different categories have
additional constraining power on the PDFs unc. (in sitw constraint)

2 With profiling of PDF uncertainty it is expected : °

—
(=)
IIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIII

2 reduction of Amy, PDFs envelope 15 20 25 30 35 40
Bur. Phys. J. 79 (R019) 497 p¥ range (GeVie)

2 reduction impact of PDF uncertainties

(previous measurement 8w, + 9-10 Mev) PDF in situ constraint the proof of
principle with LHCb kinematics

— ——
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http://dx.doi.org/10.1140/epjc/s10052-010-1417-0

@ PDFs constraint

EXPERIMENT

Profiling reduces the Am,, spread of PDFs:

odolooical .\ N PDF-Set pr [MeV] mt [MeV] | combined [MeV]
m . x — =+
ethodologieal PRF une. 14 Mev = ZjMev CT10 80355.6715%  80378.17214 | 80355.87157
CT18 PDF set new baseline: yields most _ CTi14 80358.0" 165 80388.8753% |  80358.4° ¢
- ‘o CT18 80360.17153 221253 41163
conservative uncertainties s, = > Mev (ST es BIBR2 s | STl
MMHT2014 | 80360.37125 80386.27511 | 80361.07 1279
e cover the central values of CT10, CT14, MSHT20 80358.97130  80379.47246 | g0356.37146
MMHT2014 and MSHT20, but not of NNPDF3.1 | 80344.7712'% 80354.3733°% 80345.0712°2
NNPDF4.0 | 80342.27153  g0354.37223 80342.9712%
NNPDF3.1 and NNPDF4.0 = =
______________________ Overview of m,, Measuremgnts (p, Distributions) . - Overiewof m, Measuremgnts (m_ Distributions) .
CT10 e ATLAS Preliminary = ™®= | RS- ATLAS Preliminary — : ™==rer==
— -1 E : P T _ q VM'T
(s=7TeV,46f" ] 5 (s=7TeV,46f" , ;
g;(li-\/‘l:féOG.OM% :*' g)I\J:éOG.O?MS :*
w20 i T —
NNPDF3.1 @ Measurement ' NNPDE3.1 @ Measurement [
arXiv:2005.06477 .Stat. Un. -'E arXiv:2005.06477 .Stat. Unc. -*.
NNPDFAO [l Total Unc. ' , NNPDE4.0 [l Total Unc. . ,
ariv:2109.02653 ' ISM Prediction : p—- arXiv:2109.02653 | ISM Prediction : *'
______________________ i Ak i i ] i
80200 80300 80400 80200 80300 80400
m,, [MeV] m,, [MeV]
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) The new W boson mass

ATLAS

EXPERIMENT

Overview of m,, Measurements (p_ Distributions)

CT18 ATLAS Preliminary  suems . Al
arXiv:1908.11394 5 | :
Vs=7TeV,4.6fb" : 5 f

Overview of m,, Measurements (m_ Distributions)

cTi8 ATLAS Preliminary ' peumm o
o s=7TeV, 461" | 1k
""""""""" 80200 80300 80400
S
22 MeV m,, [MeV]

> p'rand my measurement are compatible at 1.20 level

> correlation between the 2 measurements p = 0.63

Obs. Mean Elec. PDF  Muon EW PS & Bkg. I'w MC stat. Lumi  Recoil | Total Data | Total

[MeV] Unc. Unc. Unc. Unc. A; Unc. Unc. Unc. Unc. Unc. Unc. Sys. stat. Unc.
prﬁ- 80360.1 8.0 7.7 7.0 6.0 4.7 2.4 2.0 1.9 1.2 0.6 15.5 4.9 16.3
mr 80382.2 9.2 14.6 9.8 5.9 10.3 6.0 7.0 2.4 1.8 11.7 244 6.7 25.3

Ay (p'7) > Amy(mr) due to impact of PDF/pr’ sys profiling

—

—

BLUE Combination for p/y and myresults W, = 80360 * 5(stat.) = 15(ngSt-) = 0360 * 16 MeV

> The p'; fit largely dominates the final result ( 95% weight)
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M, [GeV]

N, [events]

Conclusion

credit to S. Camarda
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year

Tevatron
CDF
DO
LEP
OPAL
L3
ALEPH
DELPHI
SppS
UA1
UA2

47

New set of high-precision ATLAS results show

that it is possible to very precisely measure

W boson properties @LHC:

w Unique set of high-precision Wp+ spectra
measured at /s= 5.02 and 13TeV validate
modelling used my,

v Re-analysis of 7TeV data with new fitting
technique confirms previous ATLAS results
and improves precision by 3 MeV to
my, = 80360 = 16 MeV which is

compatible with the SM

T I T T T T | T T T T
=~ m,, =80.360 + 0.016 GeV
B m = 172.84 £ 0.70 GeV
----- m, = 125.09 + 0.24 GeV

= 68/95% CL of m,, and m,

- ATLAS -
.S~ Preliminary

my, [GeV]
&S
(@)]

III|III\I|IIII|II

80.453—

80.43—

W — ._:

80-3;_ e : GSigi;fngzgleCtroweak _;
- AR :

BoPB

m, [GeV]



) what next ?

EXPERIMENT

» ATLAS results reaches an outstanding
experimental precision

» significant progress has been made in the
statistical framework: PLH test statistics
adopt for m,, measurement

» The W boson physics modelling stays the
most difficult aspect to challenge the current
theoretical precision of 7MeV on the W-mass

» Recently make public an unique
measurement to validated the modelling of
low-pV

» data can be used to test and constrain
most recent state of the art prediction:

z PDF uncertainties

> p7¥ modelling

= 7 TeV <u> = 9
13 TeV <u» = 2
— & TeV ¢u» = 2

&0 100
mT [GreV]

And ... Prospect for a new and
orthogonal W mass measurement

T— —
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the EW Fit

@B Global EW fit

Bl Indirect determination

-® Measurement

— =
s £ =

N

M
I

0
had

0
I:{Iep
o,

Ars
A(LEP)
A(SLD)
-2 - lept

sin“®_ (QFB)

.2 . lept
sin“®_. (Tevt.)
A
A,
Ol
Ars

0b
AFB

o

c

-3 -2

(0

-1

L. Aperio Bella

indirect

2 3

tot

sz
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t
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. V8ma(l — Ar)
GrM2 H
W & & W
PUVR, VRUR, VFURAR
10 3 L 10 T T T T 3
9F T 1 S, T TTIrIC T 336
E 3 E DSM fit w/o m, measurements 3
8 3 E 8 £ SM fit w/o m, and M,, measurements 3
TE = TE -@- ATLAS [ATLAS-CONF-2017-071] A
6 f_ _f 6 f_ -l CMS [PRD 93, 072004 (2016)] _f
5 = 3 5 E =+ DO [PRD 95, 112004 (2017)] 3
= 3 = . -4+~ CDF [CDF 11080 (2014)] 3
4 220 A R RESRERREEEL, oLy 220
3IE E 3E :
2F E 2 =
1 ;— —i 1o 1 ;— ------------------------------------------------------------------- —; 1o
0 E . . 1 A T N P 4 0 S IR B e ol I B
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M,, [GeV] m, [GeV]
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)| S S— G e e H3c T asfE [lsmfe =
8 E_ DSM fit wio meas se"s"‘"e to s'”z(el ) i _E 4 E___  SMfitwlo M, measurement || _g 26
E | SMiitwio meas. ensitie to sin‘(d,) and M, me3s. - E = @ LHC combination [PRL 114, 191803 (2015)] E
7 = -@- LEP/SLD [Phys. Rep. 427 257 (2006)] = 3.5 E =
6 £ -@- Tevatron [arXiv:1804.06283] if = 3E =
s -. 1 2 3
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IE ; E 15F E
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e ST RO AT S 10 0.5F -
0: P B A - 0:....|....|‘.*.-..|....|....|....|........:
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sin®(6l) M, [GeV]
V7 — — T S 3 =
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B [ ]sMiitwio Aahad(Mz) measurement 3 E 3
8 R ®) : = = ELY
a SM fit wio Ao (M) and M, measurdnfients E E =
T E\. - M. Davier et al. [EPUC 77, 827 (2015' E 35E L Ohag d E
6 5_ X : = = -.-rdecays [PDGZO16] =
s 1 st ' 5
4F H20 2F =
3f 1 asE £
2f = A L
1 o esp A
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https://project-gfitter.web.cern.ch/project-gfitter/Standard_Model/

How to measure m,, ?

* The W-boson mass can be measured from:
 Kinematic properties of decay leptons in the final state in pp—=W—=1In processes (hadron

colliders)
e Direct reconstruction from the final state in ee >WW—qqqgqg/qgln (e+e- colliders)

» W-pair production at thresholds (e+e- colliders)

* Limited by statistics at LEP, but most precise prospect at future colliders.
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M,,[GeV]

N, [events]
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The SM of particle physics @LHC

Standard Model Production Cross Section Measurements

-y
10
5

1

Status: February 2022

inelastic
incl
pr>100 GeV
6 O
pr>70 GeV
10 E A

- AQ total (x2)

ATLAS Preliminary
\s=5,7,8,13 TeV

Theory

LHC pp Vs =13 TeV

v« In our days the LHC
experiments have in their

o E%
105 b Ty A - ] hands the richest hadron
E pr>100GeV A 3 o
: LHC pp V5 =8 Tev : collision data sample ever
10* F OO0 A Data 20.2 — 20.3fb? =
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10° F i S ay O O e e 3 “
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EXPERIMENT

&) Observable sensitive to my ‘

ATLAS m,, measurement done with 4.7 fb'@7TeV <u>~9
~14M candidates in W—ev and W—uv channels (Background: 5% (6.5%) for u(e)-channel)

Total of ~2M of Z— ¢ for calibration

T — T EEEE—————————=—=——=————_wwwmmmm

(A) Identity observables sensitive to m,, :

« lepton transverse momenta (p'y) has a Jacobian peak at m,, /2

w transverse mass (my) has an endpoint at m,,

= Crenerator M2.1GeV pTW = © . — Crenerator M2.1GeV pTW = ©
— Crenerator M2.1¢reV pTW = © : — Crenerabtor M2.1CGeV PTN # O
== Det. Resolution . == Det, Resolubtion

Pek. Resolution + selection . Pec, Resolubtion + selection

25 ) 50
/2 I

PLT [GeV]
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&) Building mW templates

EXPERIMENT

ATLAS m,, measurement done with 4.7 fb'@7TeV <u>~9
~14M candidates in W—ev and W—uv channels (Background: 5% (6.5%) for u(e)-channel)

Total of ~2M of Z— ¢ for calibration

= I —————————————————

(B) Produce models (“templates”) with different m,-hypotheses and compare to data in

28 categories (e/p, n regions, WW-, p'rm7)

> A L B B g D L e L L o
E  ,.09E. ATLAS Simulation | -3 € 0.12 ATLAS Simulation - g~ . .
; 0.08E- 's=7 TeV, pp— WX 7 Amy=-50 Mev_f“‘ § oib Is=7 TeV, pp— WX — Amy=-50 MeVE W plT and mT dIStrIbutIOHS
T 007 —amgessonevS Jooo Ay =+50 MeV ] .y )
2 o = & o008 z are sensitive to:
= (0] — —
£ 3 E o006 3 .
S ERE-R: ] = |eptons and Recoil
E 0.02F = calibration
g 101__ g 101E ERERRRRES RN IRRERRRRES R _ -Modelhng eﬁects:
A == =S5 Shina=—== 2 g
c>T; 0_992_ ....................................................................... R — 3 E 0.9 - —':z PDF .
30 32 34 36 38 40 42 44 46 48 50 > 60 65 70 75 8|0 85 90 95 100 { \ EW
ol [GeV] m; [GeV] 0 — 9Dy
_,_U\QQ:_ v "
o o P PV, AN\
A 15 MeV variation L myy corresponds to ~0.1-0.2% [\ /
’ d d d ’ ’ — /
variation it the kRinematies of the W production %‘ S \ 1
T— —
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£ mw ATLAS legacy

EXPERIMENT

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | x?/dof
categories [MeV] | Unc. Unc. Unec. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
pf;, W=, e-u 80369.4 7.2 6.3 6.7 2.5 4.6 8.3 5.7 9.0 18.7 19/13
mr, W, e-u 80375.7 | 9.6 78 55  13.0 83 9.6 34 102 251 | 11/13

16— ———————

g - ATLAS g
S 155F \s=7TeV, 4.1 fb" -
S'  gf —+-Dat E N 104 T :
— -~ Z—pp (before corr.) = . . . ATLAS Slmulatlon
°  45F - Zouu (after corr) E Combination  Weight T | oal 1= 7 7oV, ppoWerx
- ] c . ]
= 3 2, - Pythia 8 AZ
14:_ _,_=9=:83: Electr ons 0427 E - —— Powheg + Pythia 8 AZNLO i
- =8 —— c 1.02— DYRes ]
13:50 ——— o ——O— = Muons 0.573 -% C --- Powheg MiNLO + Pythia 8 ’
13_—! =8==B=_D_ _: ‘>% 1_01__
125 1 mr 0.144 -
| = ] p%\ 0.856 = g st -
+ i :
%% 0.519 0.991 -
— v v vy by by e by e by by
|4 0.481 60 65 70 75 80 8 90 95 100
m; [GeV]

Data / Pred.

0 B 70 15 20 25 30 35 40 45 50
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€ lepton calibration

> = L I T | T | L L B B e R L R T R IR (| BT (R A B PRy
0 - ATLAS -e-Data = () - ATLAS -o-Data m
< O s 27 Tev, 46 16 Wz-ee 3 Q 000 (s 7 Tev, 4.1 b e R
S 25000 [C1Background 5 S 50000 [CJBackground 3
@ 20000 = @ 40000 =
g g = ® = =
z 150005— E 3 300005— =
10000 — 20000 —
5000 - — 10000 =
go) 1 05:".' ...... .H_ ..................................................... e R + ......... 3 O 4 OS5 e e 3
o T : o i
B 0.95 - n e e i ; DasE . . . o e I I e 3
S 80 82 84 8 88 90 92 94 96 98 100 I 80 82 84 8 88 90 92 94 96 98 100
m, [GeV] m, [GeV]

* Leptons momentum scales are measured using Z->Il and events and
corrected in MC

* Scale known better than ~2x10" (except for muons at highest rapidity)
« Translates into an uncertainty on m,, of approx. 8-9 MeV

 Reconstruction, identification and trigger efficiency studied from Z sample,
small effects for muon, of similar size as the energy scale for electrons.
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) recoil calibration

= SVA'II'LASII """"""""""""" > >_<'1'(')3'|""|'"'l""I'"'I""I""I""I""I""_
[) £ ]
S 7E\s-7TeV, 4.1 o E 8 100 ATLAS ¢ Data ~
" -~ 4 Daa E © - —— Z—p*u- (before corr.)
=‘:-'_ 6 —- Z—uu (before corr.) =B=$ﬁ_: A - \s=7 TeV, 4.1 fb_1 ~ ‘U (af —
- 53_ —— Z—up (after corr.) —— _E —~ 80__ - d WY (a ter corr.) ]
v JF —.— E ..g - _
E —— 3 [} — _|
3 T > - —
E == 3 L — —
hadronic recoil 2 E_ _g _— ]
1= = - ]
17’1‘ O_l|1|||||||\l|||||||||||||||||||||||||||||||||||| I~ ]
0 5 10 15 20 25 30 35 40 45 50 — ]
pl [GeV] _
g P - 7 8 1_05 ................................................................................................................................. + ......
E ............ :$::g: ...... e : I : Dt _'_*,+++m:|=|==.,._ g . *I’:l:ll ,|,|=’__.'=++ # 4:#
. i ] — 0. 95 ............................................................................................................................................
E = © . .
o% 0 5 10 15 20 25 30 35 40 45 50 S -50 —40 —30 —20 3 0 0 10 20 30 40 50
()]

The reconstruction of the hadronic recoil depends strongly on the total 2E+ in the event,
three corrections are needed:
1. Pileup distribution: data/MC equalisation.
2. Correction of residual differences in the total ZE; distribution (activity mis-modeling)
3. Derive scale and resolution corrections from the pybalance in Z events [ precision at
% level]
Uncertainty on my, ~ 13 MeV for mT fits (smaller for p;'), dominated by the total ZE+
correction.
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ATLAS

EXPERIMENT

muon momentum calibration

Eur. Phys. J. C 78 (2018) 110

S 1.005
1.004
1.003
1.002
1.001

1

0.999

0.998

0.997

0.996

0.995

ATLAS
\s=7TeV, 4.1 fb

s -
. S m st
W -
e
o -t

—— 0.0<In|<0.8, slope = -0.031+ 0.023

--® - 0.8<n|<1.4, slope = -0.043 £+ 0.033
1.4<m|<2.0, slope = 0.086 + 0.041

-¥- 2.0<|<2.4, slope = 0.103 + 0.085

0.016 0.018 0.02 0.022 0.024 0.026 0.028
1/ <p_(1)> [GeV]

The systematic uncertainty in the muon
momentum scale due to the
extrapolation from the Z = pp
momentum range to the W = pv
momentum range is estimated by
evaluating momentum-scale corrections
as a function of 1/pT for muons in
various Inl ranges. The extrapolation
uncertainty da is parameterised as

P1
(piW))’

oa = Po +
follows:

If the momentum-scale corrections are
independent of 1/pT, the fitting
parameters are expected to be p0 = 1
and p1 = 0. Deviations of p1 from zero
indicate a possible momentum
dependence. The fitted values of da are
shown in Figure 5(a), and are consistent
with one, within two standard
deviations of the statistical error.
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A@)S multijet background in W precision analysis

EXPERIMENT

* General method:
* Define a background dominated fit region with relaxed kinematic cut(s)
« Signal distribution from MC
* mj templates from control region with inverted lepton isolation cut (large activity around leptons)
* The multijet background is normalized with fraction fit
* Variations:
* 3 observables(p,~,m,p/m); 2 fitting regions

* try different isolation criteria, M) / fakes Rinematic distribution

* extrapolate to the signal region are affected by the activity around
* Uncertainty: ~ 4 MeV (u); ~ 8 MeV (e) the “fake” Leptons
T— —
> 7%...|....|....l....l....|....|....|-|..|....|...% w T T T T T T T T T T T |_
3 10 ATLAS ——Data = € 40000— ATLAS ~
oF 4 —— Fit result n o

N 107g \s=7TeV,461fb EmW-ev+EW I > C \s=7TeV, 46fb"
[ Multijets = C : ]
% 10° B ff + singletop 5 ro 35000: ]
> 3 = C 7
Ty E S 30000} 7
10 : e e A
(o2 © 25000F ]
S C L Fittop™: (FR1) | Fittop™ (FR2) Y -
1 C E
0 % 20000: A Fittom; (FR1) ¥ Fittom, (FR2) -
Y E——— . Z _ ]
T ++ ....................... 10 .: 15000 :_ + Fit to p:/mT (FR1) * Fit to pj/mT (FR2) _:
% 1;_ ..... -0- *WWMW ot + ....... B * Nmulti'et to thod + Nmulti'et + Gt t N
S 0_95;_+:t- ...... e o e s R 0 C o ]. I "l‘e °I o J. . °| L i

0 10 20 30 40 50 60 70 80 90 100 1000075 2 4 6 8 10

meSS [GeV] l,cone
Eur. Phys. J. C 78 (2018) 110 ! P [GeV]
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Complexity of the physics modelling ‘

'9;_’_‘ 1,01_: o kg BT Gk RFES X FXF T LG & T 3

£  21.008f ~Tw=21GeV A -

3| =, [ T tISRFSR s : » 10 MeV precisions required ~0.1-0.2% control on

S %‘ T:\QOGT —  + Detector effects Py =

S = bk P 3 the kinematics of the W production

o EE1.002- P e e > sub-percent accuracy of predictions for PDF ; pAW

= = = ! e

S| 6 1= : - . . . " -

o : ; . modelling and W polarisation (Ai) is extrem

3 o P _{0.2%! odelling and W polarisation (Ai) is extreme -
I . . challenge for QCD theory! @

= | | \:1 ! E 2
25 30 3 40 45 50 S — ————— n
Pl [GeV]

> @LHC W mass physics modelling is described using a composite model :

> Start from the NLO generators + LL parton-shower (Powheg+Pythia8) and apply corrections to
reach the state of the art accuracy.

© Use ancillary measurements of Drell-Yan processes to validate (and tune) the model and

assess systematic uncertainties.
- 7
( ) N (1+cos”0) +ZAL'(PT,)’)P1‘(COSQ, )
i=0

»
Breit-Wigner { Parton ShOW

NNLO pQCD -w—

do(y)

The Drell-Yan cross-section can be decomposed by factorising the dynamic of the boson production and the
kinematic of the boson decay.



https://indico.in2p3.fr/event/27767/contributions/115139/attachments/73357/105272/Maarten%20B_Seminar_Strong2020.pdf

&) W mass: Angular coefficients ‘

EXPERIMENT

» The DY cross section can be reorganised by g 0-dr ey
. . . . _ ATLAS JHEP 16) 159 7
factorlsmg the dynamic of the boson production, and 0of 8TeV, 20.3 o E
the kinematic of the boson decay e e -
0.151 o POWHEGSMINLO Z:] =
do d3o - :
= Ai(y, pT, m)Pj(cos0, o E
dpdg  dprdydm Z iy, pr, m)Fi( ?) 0'1: - ]
I — ¢ EEE:F:Q::&.s |
0.05[~ w t -~
L -.-* |¢ _
» Current my, physics modelling has the angular N A -
coefficients (Ai) modelled with fixed order '1 I%lo — 1(')2
perturbative QCD at NNLO pZ [GeV]
» Al predictions are validated by comparisons to the Z S I B A B B A
= © Measurement + Uncertainty -
measurement 0.25 A3 ¥ POWHEG+PYTHIA
» Suboptimal for A4: fixed order prediction 02} o ;wiag, LHCb tune i
\/ urno
dOWh tO IOW pT ? 015 - + ResBos -
> Nowadays A4 can be predicted including 0.1k LHCb A
reswmmation effects ' Vs=13TeV, 5.1 fb’ I . o .
o He * -
» LHCb m,, measurement accounts for A3 data/ 0.05 . IR+ M * -
prediction discrepancy [ ¢f. Recent LHCb Y el N
measurement O‘fAL L ZJ—"K{I 0 — 2l0 — 4.0 — 6.0 E— 8.0 — 100

PRL 129 (2022) 091801 pT [GCV/C
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CMS approach: PDF constraint from Helicity X-section

> Idea: Lepton kinematic (pT:n) retain information on the W- 3 44
< .. ©)

boson rapidity and helicity states. = 42

T . 2 40

> From a multi-differential measurement of lepton pT:n S 3

extract the W boson rapidity and helicity cross-section S 36

» charge asymmetry are also measured as functions of the 34

32

charged lepton transverse momentum and 20

pseudorapidity. o8

» Large sensitivity (and constraints) on valence-quark 26

PDFs.

CMS 35.9 fb" (13 TeV) CMS 35.9 fb" (13 TeV)
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Future strategy for myy at CMS?

> Exploit fully available information
from lepton distribution ( pT:n)

> Minimal theoretical assumptions on
W vs Z uncertainties

> Reduction of uncertainties through
in-situ constraints

T—



https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-012/index.html

Exploit PDF constraint power of ancillary measurements

» Current my, physics modelling uses fixed order calculation for da/dy

> OK for lepton-inclusive phase space but has known problems for fiducial x-
section [arXiv:2006.11382]

> Recoil gr-subtraction scheme [arXiv:2102.08039] and resummation effects

affect the lepton pT distributions = the acceptance of fiducial cuts

> This leads to a small inconsistency when interpreting fiducial cross

section measurements in terms of PDFs fits, which typically use fixed-

order predictions

150

= =
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Pred./NNLO gr-subtr

... New tools are avatlable t
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Dataset NNLO NNLO NNLO+
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ATLAS W+ lepton rapidity 94 /11 8.8/11 8.8/11
ATLAS W- lepton rapidity 8.2/11 8.7 /11 82/11
ATLAS low mass Z rapidity 11/6 72/6 75/6
ATLAS peak CC Z rapidity 15/12 10/12 7.7]12
ATLAS peak CF Z rapidity 9.6/9 53/9 6.4/9
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https://indico.cern.ch/event/801961/overview
https://indico.cern.ch/event/1072533/contributions/4793108/attachments/2435968/4281704/DIS22_proceeding_Guida.pdf

&) W mass @LHC ( eg pp collision )

EXPERIMENT

A pp collider is the most challenging environment to measure my,, worse compared to e*e and pp

 In pp collisions W bosons are mostly produced in the same helicity state but in pp collision instead the W
polarisation is determined by the difference between the u,d valence and sea densities

* Large PDF-induced W-polarisation uncertainty affecting the p'Tdistribution

* W*/W-" production is asymmetric— charge-dependent analysis

« Second generation quark PDFs play a larger role at the LHC (25% of the W boson production is induced by at
least one second generation quark s or ¢ not the case for the Z boson). The amount of heavy-quark- initiated
production has implications for the W-boson transverse-momentum distribution and for the W polarisation.
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challenge of W production @LHC

anti-proton
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Eur. Phys. J. C 69 (2010) 379-397
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flavour decomposition of W cross sections

100 —r—v—v—vrrr —

. do
— st
E 10 | ) Jd;f—f";; |
= Va ;
ol r |
o :
// :
B / ;
2 / — ——4—- us
“— / / S
o / _f 5 de
3 1k // //‘// '//_’— s0
/// I/\\ - - - -Ca
s

: / PP PP
0.1 PR il a i PR | i

67

proton

o= " =L

proton

.= = =

o o W-
Pxo \@
).

.---' ..-_

.-’

flavour decomposition of Z° cross sections

100 prgppeyyry v L e R |

> -

]

«

|

- -
—

?\' 10 — -

-

S—r -

© ]

= 1

-

© ) 4
-
o
o~

o | «
2

1’ 1

» 4

. .

- -

L 4

» -

L 4

- -

01 M



http://dx.doi.org/10.1140/epjc/s10052-010-1417-0

challenge of W production @LHC
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do/dmn [nb]

Asym™)(m))

do /dpr; [nb/GeV]

Asym™ ) (pr))

0.0
0.8

0.4F

0.0
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/TeV w,, re-analysis

The idea is to revisit ATLAS
measurement with profile likelihood

(PLH) fitting
» Advantage:

> Rigorous review of the

analysis

z (in situ) constrain
experimental & modelling

LEP Comb.

Tevatron Comb.

ATLAS

systematic uncertainties GOF 1

Electroweak Fit

» + adding modern PDF sets

> Disadvantage:

» Computational expensive

» Several 1000 Nuisance
Parameter (NP) — robust

systematic model
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LEP+Tevatron

[
ATLAS ¢ my

=u Stat. Uncertainty
— Full Uncertainty

80376+33 MeV

80320

@
3038716 MeV
@-50385:15 MeV
©-50370+19 MeV
804339 MeV
_._
___¢.80356%8 MeV
| | | |
80340 80360 80380 80400 80420

m,, [MeV]



EXPERIMENT

&) The analysis improvements ‘

* Improvement of the analysis:

« Multijet Background Estimation ( Am, =1.9 MeV)

* Systematic shape variation using PCA
( principal component analysis )

* New transform function form CR to SR
» Reduction of 2 MeV uncertainty

 EW unc. are evaluated at detector level
* increase of 1-2 MeV uncertainty

* Recovering data in the electron channel

* Increase statistics by 1.5%
« Add 'W as NP parameter

The PLH fit result using all categories yields a value of
m, = 80355.1 = 15.6 MeV with the CT10nnlo PDF

overall w,,, 14.4 MeV lower compared to the legacy
(0269.5 £ 1.5 MeV )
Profiling of systematic uncertainties has an tmpact of
—16.3 MeV

T— —

T ®E T & v &

U, m|<0.8,

u, m|<0.8,
, 0.8<|<1.4,

, 0.8<|<1.4,
, 1.4<n|<2.0,
, 1.4<n|<2.0,
, 2.0<m|<2.4,
, 2.0<m|<2.4,

e, m|<0.6,

e, n|<0.6,
, 0.6<M|<1.2,
, 0.6<n|<1.2,
, 1.8<m|<2.4,
, 1.8<n|<2.4,

PLH fit validation using CT10 PDFs

q=—1
g=+1
q=—1
g=+1
q=—1
q=+1
gq=—T1
q=+1
q=—T1
q=+1
gq=—1
g=+1
q=-1
g=+1

Combination

ATLAS Preliminary

Vs=7TeV, 4.6/4.1fo™", e-/u-channel, single- and muIti-p’T-fits

=== PLH, total unc. === y2, total unc.
== PLH, stat. unc. === y?2, stat. unc.

80200 80300 80400 80500
m,, [MeV]
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N

ew Measurement

Overview of m,, Measurements

LEP Combination
PR. 532, p119-244, (2013)

DO (Run 2)
PRL 108, p151804 (2012)

CDF (Run 2)
Science 376, 6589, p170 (2022

LHCb 2022
JHEP 01, 036 (2022)

ATLAS 2017
EPJ-C 78-2, p110 (2018)

ATLAS 2023

this work

imir = o m
ATLAS Preliminary %
Vs=7Tev.46f0" 3 AT B
. e
| i 10
-lilill-
@® Measurement _
[]stat. Unc.
B Total Unc.
_

' 1SM Prediction

L. Aperio Bella

| |
80300 80400
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)

ATLAS

EXPERIMENT

ATLAS re-analysis PDF Normalisation factor

* Profiling reduces the spread of PDFs from 28 to 18 MeV

. . ¢ .
« CT18 PDF Set chosen as new baseline: yields most PDF-Set pr [MeV] — my [MeV] | combined [MeV]
) o +15.8 +24.4 +15.7
o CT14 80358.07165  80388.87322 | 80358.47 155
e CT18 PDF uncertainties of 7.7 MeV cover the central OT1S 80360.1716%  80382.27253 | 80360.47163
values of CT10, CT14, MMHT2014 and MSHT?20, but MMHT2014 | 80360.37150  80386.2729 |  80361.07139
not of NNPDF3.1 and NNPDF4.0 MSHT20 80358.97130  80379.4728% | 80356.37146
 Normalization of NNPDF4.0 far away from other PDFs NNPDF3.1 | 80344.70135 8035437557 | 80345.00133
. +15.3 +22.3 +15.3
sets (NNPDF4.0 and 3.1 are not overlapping even NNPDF4.0 | 80342.2",55 80354.3-5504 | 80342.9°:55%
. . . . ——
within their own systematics )
______________________ Signal Nprmalization Fagtor (Gombined p_ Distributions) . .
k S);li—\j:gozeﬂs A TLAS | A— |
Vi, ) = (DX[Sjinom"‘HX(Sji”_sjinom)] + Z(ekx(sji —S;™m) + Preliminary ; PT
CT14 | —— ——— :
t arXiv:1506.07443 /s = 7 TeV, 4.6 fb;’1 A
B+ (8, x (B; — B;") s |
arXiv:1908.11394 A :
T — EE—
MMHT2014 : o ————
arXiv:1412.3989 A
The signal normalisation factors (fitted in the MSHT20 |
T2 .
LH wodel) obtained from the combined PLH rora | |
ﬁts tndicate the qua Litg D‘f the dBSOYL‘PtLOV\I D'f aE00s 06T | We=== e Central Value (iull fit
’ Uncertaint :
the W—bDSDV\a Cross SCOtLDI/\zS at \/S = 7— TCV bg the m\.lvngggzgss * , CeziaTVa)I/ue (w/o PDFEprofiIing
different PDFcets. = | | | |
ff o 0.96 0.98 1 1.02 1.04

'

; Sy , ynal Normalization
~2% of Lumi wne missing i the plot !
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@ ( compatibility of NNPDF4.0 with other ATLAS
LAS measurement )

CERN-LPCC-R025-06 Compatibility test between 8TeV ATLAS full phacespace Z—#¢ do/dy

i._ 660 E_pp W {s=7TeV; J’ L=471fo" xFitter measurements and predictions obtained from DYTURBO using
> 640t o different PDF sets.
© 620 2 2 ..
o 600: PDF set Total x* / d.o.f. x” p-value Pull on luminosity
- MSHT20aN>LO [60] 13/8 0.11 1.24+0.6
580 CT18A [61] 12/8 0.17 0.9+0.7
560 , HF20-162] 10/8 0.26 0.9+0.6
5405 — 63] 30/8 0.0002 0.0£0.2
- —— ATLAS Data — NNPDF40 6 30/8 0.0002 1.8+ 0.4
520F ¢ Suncorrelated o0 HERAPDF2.0 [65] 22/8 0.005 ~1.34+0.8
500F O total —— CT18NNLO ATLASpdf21 [66] 20/8 0.01 —1.1+0.8
480 - = ==Theory + shifts — ABMP16 ,
L RS S — ATLAS-CONF-2023-013
E" 1% ______________________ Signal Normalization Factor (Combined P, Distributions)
§ 0-98:_ ———\/\/\/ 3)1\11%0246246 IP4TII.AS A : PlT
— ' . reliminar i :
= 0 1 2 CT14 ° nary —
y arXiv:1506.07443 /s = 7 TeV, 4.6 fbé’1 A
L — P cTi8 : :
arXiv:1908.11394 A :
MMHT2014 : : I E—
arXiv:1412.3989 A
MSHT20 ?
arXivi2012.04684 A—

m cent set Ls appea t NNPDF3.1 z e s
gl V'ﬂ < N '\,IPDF PP se PPC VCU[ 0 arXiv:2005.06477 FmEemm== @ Central Value (fullfit)
be slightly disfavour by ATLAS data * _ I Uncertainy :

NNPDF4.0 ; .

_ — arXiv:2109.02653 5 * A Central .Value (w/o PDF;proflhng

e i | i i
0.96 0.98 1 1.02 1.04

'

; Sy , ynal Normalization
~2% of Lumi wne missing in the plot !

L. Aperio Bella 73



low mu benefit

= 13 TeV <u>» = 2
7 TeV <u> = 9
— & TeV ¢u> = 2

=* pT(W) generated

wl <u» = 20

Transverse mass W = utl <ur = 2

Combination  Weight
Electrons 0.427

Muons 0.573
mr 0.144
L 0.856
W+ 0.519
- 0.481 Trawnsverse momeinka W
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L Underlying event

EXPERIMENT

In order to resolve p» at 5 GeV we need to achieve a hadronic recoil resolution of the same order. o
> The resolution of the hadronic recoil strongly depends on ZEr (the scalar sum of the transverse

energy deposited in the detector that represents the total event activity)

> At low p,*, two sources largely contribute to 2Et and to the deterioration of the recoil

resolution: A) underlying event and B) pileup

9
ur

%‘ 1 OO :l T T T | T T T | T T T T T T T T T T T T »
O] - Powheg+Pythia -
; . Al_ : "ﬂ““i
' 7{/ NG/ 0000 5T LLl 90_ ;"“O ]
e /o - N
S g ket g X - ]
wﬁfﬁj’l i:'. —— ‘ I~ -’ ’ l
soobTeu T 80— —]
= . -
» s 70 Y -
hadronization § * ¢ L 0. B & ]
fraomentation - ’o"’ —
;‘ _I LI | T T 11T | T T 17T I LI | L I T T 1T I L | IIIIIIII I LU I_ 60 :_ O""" _:
> . . - B
o] 14__ ATLAS Simulation Preliminary <u>=2 — - o + Full phase space ]
+ . —— 5TeV i 0 B R T
© - - 5 — . ]
— 183 TeV . j
12— ] B o -~ I |<4. |
- 14Tev . - ©- hi<4.9 .
10 __ — 27 TeV __ 40 L .I‘QI | | ] ] ] | ] I I | I 1 1 | 1 1 1 | I I 1 i
! ] 2 4 6 8 10 12 14

|

\s

The underlying event grows as expected with Vs as

IIIllIIlIIllIIIlIIIIIllIIIlIIlIIIIlIIllIIlIIIlII 1 1
b o] well as recoll resolution

Pl [GeV]

|

N
E

o




A@TLA?)S How to get 1% measurement of the p%W; spectrum?

EXPERIMENT

In order to resolve p» at 5 GeV we need to achieve a hadronic recoil resolution of the same order.

The resolution of the hadronic recoil strongly depends on ZEr (the scalar sum of the transverse
energy deposited in the detector that represents the total event activity)

At low p., two sources largely contribute to ZEr and to the deterioration of the recoil resolution:

A) underlying event and_B) pileup

> 30 B | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
o) - ATLAS Simulation Preliminary .
O [ {s=13TeVZ— uu =
/\l_ 25 __ _O__O_—O— 2
> - ATL-PHYS-PUB- 2017-021 PRS- -
© C 0@ ]
20 o
— _O_ —
N o0 ]
L -O- _
_O_
- _O_—O— _
15— PR -
- _O__O_ —
- o 1 24 additionall tructed verti
10 N ] aadituonally reconstructea vertices
o ]
- e . . . 7
5 _1_-0- —&— High-u Calorimeter settings 7
B —®— Low-u Calorimeter settings |
B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | a
0 5 10 15 20 25 30
<u>

<SE;>lncreases ~L£wearl,3 with pileup: about 20 Gev
per additional pileup interaction.
At Low <>, the resolution, our Lincreases by ~12%
per each additional pileup tnteraction




A@TLQS How to get 1% measurement of the p%; spectrum?

EXPERIMENT

In order to resolve p» at 5 GeV we need to achieve a hadronic recoil resolution of the same order.

The resolution of the hadronic recoil strongly depends on ZEr (the scalar sum of the transverse
energy deposited in the detector that represents the total event activity)

hadronic recoil

At low p., two sources largely contribute to ZEr and to the deterioration of the recoil resolution:

A) underlying event and_B) pileup

—>
ur

ATLAS
> 30 | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
o) - ATLAS Simulation Preliminary .
O _ [ {s=13TeVZ— uu -
/\l_ 25 __ _O__O_—O— 2
3 - ATL-PHYS-PUB- 2017-021 PRt -
© - o _
20 oty

— _O_ —
B 0O N
B e ]
- P ]
15— PR -
B o0& ]
10— o —]
R -
L _.__.__._ . . _
5 _1_-0- —&— High-u Calorimeter settings 7
B —®— Low-u Calorimeter settings ]

O_ S é S 1|O — 1|5 — 2|O — 2|5 — C;O 9 additionally reconstructed vertices
<u>

<SE;>lncreases ~L£wearl,3 with pileup: about 20 Gev
per additional pileup interaction.
At Low <>, the resolution, our Lincreases by ~12%
per each additional pileup tnteraction




A@TL‘?}S How to get 1% measurement of the p%W; spectrum?

EXPERIMENT

In order to resolve p» at 5 GeV we need to achieve a hadronic recoil resolution of the same order.

The resolution of the hadronic recoil strongly depends on ZEr (the scalar sum of the transverse
energy deposited in the detector that represents the total event activity)

hadronic recoil

At low p., two sources largely contribute to ZEr and to the deterioration of the recoil resolution:

A) underlying event and_B) pileup

—>
ur

ALLAS
> 30 | 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 Simulation Preliminary 5
O L5 Vs=13TeVZ— o
- = 0O 4
- ~  ATL-PHYS-PUB- 2017-021 60 5
— - o0 _
— _O_ —
- o0 ]
L o _
15— PR -
B o< _
10— o —
o ]
- _.__.__._ ]
5 _1_-0- —&— High-u Calorimeter settings 7
B —&— Low-u Calorimeter settings 7
: | | | | | | | | | | | | | | | | | | | | | | | | | | | | | H
0 | 5 10 15 20 25 3
<u>

<SE;>lncreases ~L£wearl,3 with pileup: about 20 Gev
per additional pileup interaction.
At Low <>, the resolution, our Lincreases by ~12%

D b P ) 2 additionally reconstructed vertices
per each additional ‘PLLCIA.‘P Lnteraction -




& eptons performances

> LA B S B L
S QL’-AS Preliminary 3 ATLAS Preliminary
‘% fo-502Tev, 255 Py é %5_; fs.eoz TeV, 255 pb’
i 0
xZ/dof =51/49 LUl
2/dof 68/49
Leptons performance
accuracy Limetted by the Z
o SRS I S 1 O O £ S N BN o sample statistic
% T— —
= ©)
S S
O ogosH- Ll LLIXIL. .. Jel¥ BT =
8
Ty R aar AN SN oo e 0 e A s o L
7 [GeV] poow Bopom .
70 75 80 85 90 95 100 105 110 115
Z
8_ 0.03:'"'|""|""| """""""""" [TTTTr T T T T |: m"[GeV]
0.0o50- ATLAS Dlowu = - _
TE (s=13Tev 1 [ high w extrapolated to p ~ 2 (>)‘ 1: ' ' ' ' ' ' '
0.02=- Highp (4.3 b, (W) ~ 37)  mg high —: c E—O0——0~0-0-0-0-0-0~0-0-0~-0-0-0~-0-0~0~0~0-0-O~0-0-0-0-0-0-0-0-, =
= Low u (147 pb™, (uy ~ 2) 3 o F—0——0000-00000000000000000000000a. . _ -
0.015-Z —ee _ . _ _ — (&) 3 A d —o—_
0.01E @ dedicated in-situ calibrations 3 *.o- E
- 3 wherever possible high-u data
= extrapolated to low-u conditions
E 0.95(ATLAS P i
- F Vs=13TeV, 1391t E
; Medium muons —e— Data
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A@TLA}S W, Z transverse momentum differential measurement

EXPERIMENT

Events / GeV

Data/MC

Events / GeV

Data/MC

""|""|"'.'l.""l""|'"'|""|""|""|"" 5—1.4_ |||||||| L B B B B L BB L LR B ]
10° A_TLA._S Preliminary +\[,)Vat3; Io_vxcu ; % - A+LAS Simulation Preliminary .
Wosuv -:'zi_,ri- 3 l-lc-» W v n
10° & VS =13 TeV, 338 pb” AR - £ 13 Vs=13Tev, 338 pb’ .
op = S NonReweightedMC 7
iboson — 2 I -]
x?/dof = 74/75 = % 12 eeneeT —

3 o Rl e

10°
10°
10*
10°
10°

10

. -
-
-

1.1

IIIIIIIIlIIII|II

. 2 T -1
. xX° = ZAi (C)ij 4y,
1 ~ ij
— W-ev ]
0.9F ---W - ev Unc. ] A; = (Di_Bi)_ZTikxwk
r — W v . k
- ---W — pv Unc. —
0‘8_I 111 I 1111 I 111 I 111 | 1111 | 1111 | | - I L1 11 I L1 11 | 111 I_ — —
0 10 20 30 40 50 60 70 80 90 100
pY [GeV]
o l2pr AL I LR I AL BRI I R B B
== A_+LAS Preliminary B =
T1q5 W > uv _1 R I R
O"""FE Vs=13TeV, 338 pb C ot bt .:;: .
L N UL N T T T T T C i1l VT - 20
__ ATLAS Preliminary —o- Dt low s 7 = NE Multijet backgrowno
E W Ssetvy  m— A E - I ] ’ ’ ’
= — VA 3 - .
= 4 W S I v BG = 1.05 - CSthated with data—drb\/ew
L Vs =5.02TeV, 255 pb [ _IMuIti_j)et v - 05¢ ]
- 1 1op = C ] ’
Dib —
. idof = 92/75 = 15 . WWPVOVCDI My methoa
= 0.95— - — —
E C ]
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0‘8:I 111 I 1111 I 111 I 111 | 111 | 1111 | | - I L1 11 I L1 11 | 111 I:

10 20 230 40 50 60 70 80 90 100
U, [GeV]

use experimental sensitivity to optimise
the agreement betweew data and McC for

0o TTe0 B0 a0 om0 B0 yo B0 90100 the reconstruceted uT distribution
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ATLAS

EXPERIMENT

6 low mu data results channel compatibility ‘

|

Channel X~ /dof 3 - -

o 107 ™ E

5.02TeV E - -l... -

b 10°E ™ -

W~ (v 14.6/15 T UE swoan o,

Wt — oty 14.5/15 00 T Wo e T

W — v 12.1/15 o - 13T, 5355 '

J =W 13.7/26 = 2/dof - 1617 -

Wt Sty W Sy 13.0/15 0°E —=

W —tv/Z — U 16.3/15 N . # I

I e N 2 2 HAE T

13 TeV 5§ 8.821: i Jr

W~ = 16.0/17 0 T viee
wt sty 17.6/17 gg 1_5§—A1I'LAS Prellrlnllr:arY . _E
W — Vv 22.1/17 %1% 1.4;\/—=5Tev 255 pb’ =+ _;
Z — % 214/27 %\% 13;¥V/d?fl qugl/glv _“-_E
WE =0T /W™ v 113/17 MWD e 1
W — EV/Z — [g 17]_/]_7 1.1;— A W= ev ratio :L_;
Ratio 13 TeV /5.02 TeV 0;: _’_H*-Q**ﬁ# -
W~ =/ v 11.5/15 08E- :
W — Ty 9.3/15 o8 1048 T
W — v 7.3/15 = -

Z — 14.2/25 IS 096} - :E):

Py [GeV]
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EXPERIMENT

&) Detector level distributions ‘

Ve = 5.02Tev

"""""""""" LI B L I BB LN > — T [ T T T T ' T T T
g 10° @TiAj VPrellmlnary %DVT_,,’J%W"H éz § 182 ZAl')LAS Preliminar): é gz)ad?wu
£ L sL \s=502TeV, 255 pb" }\’,l"i 3 2 g 02 Tev, 255 pb Z, e
2 = I_T>j 10* - ZoTT
= 10* = 10° -x2/dof=25/21
= 10°
10° E 10 Excellent data/MC
5 1 1
10 10 agreement
10 107
107
1074 : . . . .
o O OSSR IS » Multijet background
= . .
E estimated with data-
o e TR LR EEEEEEEEEEELEEEEEED . .
) . . 1 . driven improved
0 20 40 60 80 100
Pl [GeV] method
= 13TeV
> F oI I LIS B L BB BB LN R g ] T 1 T Tt T ' " T T T T |;N' — T ? . |
§ 10° VA;TiﬁS\)Prehmmary égvati’. Ew é: S 126 ?LL%‘: I?/re;;r:n:ry ég%aég 0 use experlmenta
- gy - 2] = e p i L.
2 ol E-13Tev.ssgp’  \a)” é%ﬁe{ vBG 4 5 Z, :;Agmf[g_ sensitivity to
T = . .
w x?/dof = 74/75 = - -xz/d0f=39/21 Optlmlse the
. agreement between
data and MC for the
reconstructed ur
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O 1.05 O A =
= = c -
= 1 3 (L PRSI, Son S s o L PR .
E ek g F :
0%5E 0 e, Wopoyes, 77T s "3
0 10 20 30 40 50 60 70 80 90 _ 100 0 20 40 60 80 100 3
u; [GeV] pﬂ [GeV]

Multijet background estimated with data-driven improved method
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) 0 to validate pW

> e L L LA N UL B T T L B L B > L L L S R T T T
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& compatibility check

The Measurements: fiducial differential measurement of the W* and Z boson transverse momenta at 13 and
5.02 TeV

» Bayesian unfolding of urin the W and p{f?) in the Z, separately

g - ATLAS Preliminary - .
CEN (=502 TeV255pbT, 51l in electron and muon channels
ig = Di—Iepton measurement 3
=F recoll messurement > Binning and number of iterations optimised to minimise
1= =
- - total uncertainty in the low p7" region
e E . . : :
: _._|_‘_§ > 9 (25) iterations, 7 GeV bin width at low p" for the W at
= A = 5.02 (13) TeV
o 1.1 ; ; ; ; : —— ; ;
5 108 . ) . :
=g ¢___+_f_+_++_+__+__} ____________ l ________ . _______________ > 2 iterations, 2 GeV bin width at low p;* for the Z
0.98 ¢
0.96 . . « .
N DR | » electron and muon channels combined with BLUE, all giving
~0 20 40 60 80 100 120 140 160 180 200 220
p, [GeV] good y2
; 102% """"""""""""""""" é
S = ATLAS Preliminary E
‘% 10— s= 13 TeV 338 pb™, Z— |l _
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3 — Recoil measurement ]
1_? ?: rd r'd rd rd
- ] excellent oompatubbu‘cg between the pTZ measured with the
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- - wror pr(ff) spectra
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o 1.1 2 _
g 1 * * x°/dof = &37/16 13 Tev
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0.9 L L
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A@TLJ)S W transverse momentum differential measurement

EXPERIMENT

;10_1:_1 S : : T _,E = ?I T T T T T T T I' |. T I%
S - ATLAS Preliminary 7 & - ATLAS Preliminary 7
= f VE=502TeV, 285pb~! | =102 V5=13TeV, 338 pb~!
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) The results

EXPERIMENT

The Measurements: integrated fiducial measurement for W* and for Z boson at 13,5.02 TeV and their ratios

PDFset ~ W~ =t W'—w  Z-U
Cross-section at 5.02 TeV [pb]

CT18 1364 2199 320.9
MSHT?20 1351 2185 324.3 ~2/3% PDF unc. expected
NNPDF3.1 1381 2232 329.8
Data 1384 + 16 2228 £ 25 333.0 &+ 4.1

Cross-section at 13 TeV [pb]
CT18 3410 4462 749.8
MSHT20 3397 4457 766.1 ~2/3% PDF unc. expecteot
NNPDF3.1 3452 4513 771.4
Data 3486 4+ 38 4571 4+ 49 780.3 & 10.4
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