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W	(and	Z)	bosons:	why?
Building	blocks	of	the	standard	model	(SM)	since	early	’60s	

discovered	at	CERN	in	1983	in	pp̅	collisions	

The	LHC	with	pp	collisions	is	prac=cally	a	W	and	Z	factory	

One	of	most	prominent	examples	of	hard	scaEering	processes	at	hadron	colliders		
valida=on	of	different	generators	to	model	hard	scaEering	and	parton	shower	
tests	of	perturba=ve	QCD	and	electroweak	(EW)	calcula=ons	

constraints	on	parton	distribu=on	func=ons	(PDFs)

2

Drell-Yan process

PRD 102 (2020) 092012
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Clean	experimental	signatures	thanks	to	leptonic	decay	into	e,	μ	

e/μ	efficiencies	with	≈1%	uncertainty,	E/pT	resolu=on	of	≈1%	and	scale	beEer	than	0.1%	
QCD	mul=jet	background	experimentally	challenging	for	W,	use	data-driven	methods	

W/Z	are	backgrounds	in	Higgs	boson	analyses	and	new	physics	(NP)	searches	
For	instance,	missing	transverse	momentum	(pTmiss)	from	decays	into	neutrinos	
indis=nguishable	from	dark	maEer	produc=on	topology	

Large	and	diverse	Run	2	LHC	data	sets	at	13	TeV,	produced	several	109	W→ℓν	
Mul=-differen=al	cross	sec=on	measurements	with	negligible	sta=s=cal	uncertainty	

Also	low	pileup	(PU)	data,	less	events	but	beEer	control	of	pTmiss	systema=c	uncertain=es	

More	data	keep	arriving	in	current	Run	3	at	13.6	TeV	
Validate	theory	at	different	center	of	mass	energies	

Breeding	ground	for	new	ideas	to	improve	reconstruc=on	or	event	selec=on	in	view	of	HL-LHC

Experimental	aspects	of	W	(and	Z)	bosons
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Differen]al	study	of	pTmiss+jets
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Wide	range	of	results	with	W(ℓν)/Z(νν)+jets,	in	>=1	jet	or	VFB	topology	
Very	comprehensive	study,	with	W,	Z,	ɣ	dominated	selec=ons	

Magnitude	of	hadronic	recoil	pTrecoil		a	proxy	for	boson	pT	for	decays	into	neutrinos	

Uncertainty	dominated	by	jet	energy	scale	and	resolu=on,	important	contribu=on	
from	QCD	background	(limited	size	of	data	samples)	at	low	(high)	pTrecoil	

Room	for	improvement	as	new	data	are	collected

arxiv:2403.02793

500 1000 1500 2000 2500
1−10

1

10

210

310
Total Exp. (Sym.) Data Stat. JES

Fake lep. JER Muon

Luminosity

ATLAS
-1fb TeV, 140  =13s

 1 jet≥+jets, µ1

 [GeV]recoil
T

p

R
el

at
iv

e 
U

nc
er

ta
in

ty
 [%

]

new

https://arxiv.org/abs/2403.02793


Differen]al	study	of	pTmiss+jets
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Results	unfolded	to	correct	for	detector	resolu=on	and	efficiency,	allowing	for	robust	
comparison	with	different	theore=cal	predic=ons			

Test	mul=ple	generators	and	calcula=ons	up	to	high	pTmiss	at	the	TeV	scale	

Measured	differen=al	cross	sec=ons	as	well	as	Rmiss	ra=o	of	pTmiss	and	pTℓ(ℓ/ν)	spectra	

predicted	Rmiss	a	key	ingredient	in	NP	searches	to	constrain	invisible	W/Z+jets	
background	shapes	from	appropriate	data-driven	control	regions	with	visible	leptons

arxiv:2403.02793
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W	boson	and	heavy	flavour
Associated	produc]on	of	W	and	charm	quark	sensi]ve	to	strange	quark	
content	of	protons	at	energy	scale	of	order	mW	

Probe	strange	quark	PDF	and	possible	s-s	̅asymmetry	

help	validate	MC	predic=ons	for	backgrounds	in	VH	
topologies	with	H→cc̅

s, d/s̄, d̄

g

W−/W+

c/c̄ g

s, d/s̄, d̄W−/W+

c/c̄
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W	boson	reconstructed	from	decay	into	e	or	μ	with	
opposite-sign	(OS)	charge	with	respect	to	c	quark	

Main	backgrounds	from	same-sign	(SS)	charge	

Different	c	quark	selec=on	for	ATLAS/CMS:	

CMS:	from	charm	jets	tagged	using	a	muon	or	
secondary	vertex	inside	the	jet	

ATLAS:	from	charmed	mesons	using	D+	→	K-π+π-	or	
D*+	→	D0π+	→	(K−π+)π+	and	charge	conjugate
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LHC seminar by ATLAS
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W	boson	and	heavy	flavour
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Measured	cross	sec=ons	inclusively	and	differen=al	

CMS:	in	bins	of	pT	or	|η|	of	lepton	from	W	decay,	xsec	
unfolded	to	par=cle	and	parton	levels	

ATLAS:	in	bins	of	D	meson	pT	and	lepton	|η|	

Charge	cross	sec=on	ra=o	sensi=ve	to	strangeness	
asymmetry	in	proton,	interes=ng	to	compare	different	
PDF	predic=ons	which	implement	or	not	s-s	̅asymmetry
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s-s	̅asymmetry	has	larger	effect	at	higher	pT	or	|η|,	but	no	sufficient	
precision	yet	to	dis=nguish	between	PDF	predic=ons	w	and	w/o	it

No asymmetry

Eur. Phys. J. C 84 (2024) 27
Phys. Rev. D 108 (2023) 032012

LHC seminar by ATLAS
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Special	runs	at	low	pileup
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Ideal	for	precise	cross	sec]on	measurements	
200-350	pb-1	at	13	TeV	+	~300	pb-1	at	5	TeV	(heavy	
ion	reference	runs)	collected	in	2017	

lower	lepton	pT	trigger	thresholds,	beEer	pTmiss		

resolu=on	(important	for	W	recoil	and	mTW),	more	
accurate	control	of	QCD	background	

Low	PU	runs	also	used	as	reference	for	luminosity		
monitoring	using	Z	boson	coun=ng
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Measurements	at	low	pileup
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Measured	W	cross	sec=ons	validate	theore=cal	calcula=ons	

Ra=os	(by	charge,	with	Z,	or	different	√s)	benefit	from	cancella=on	of	correlated	
systema=c	uncertain=es	(e.g.	luminosity),	more	stringent	tests	of	theory	predic=ons

 CMS-SMP-20-004 
arXiv:2404.06204

Processes Cross-section ratio at 5.02TeV Cross-section ratio at
p
s = 13TeV

W+/W� 1.611 ± 0.003 (stat.) ± 0.004 (sys.) 1.312 ± 0.001 (stat.) ± 0.003 (sys.)
W�/Z 4.16 ± 0.01 (stat.) ± 0.05 (sys.) 4.46 ± 0.01 (stat.) ± 0.07 (sys.)
W+/Z 6.69 ± 0.02 (stat.) ± 0.08 (sys.) 5.84 ± 0.01 (stat.) ± 0.09 (sys.)
W±/Z 10.85 ± 0.04 (stat.) ± 0.11 (sys.) 10.31 ± 0.02 (stat.) ± 0.15 (sys.)

Process Ratio �fid(13TeV)/�fid(5.02TeV)

W� ! `⌫ 2.517 ± 0.006 (stat.) ± 0.010 (sys.) ± 0.036 (lumi.)
W+ ! `⌫ 2.047 ± 0.004 (stat.) ± 0.009 (sys.) ± 0.029 (lumi.)
Z ! `` 2.340 ± 0.010 (stat.) ± 0.012 (sys.) ± 0.032 (lumi.)
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Measurements	at	low	pileup
arXiv:2404.06204
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Differen=al	cross	sec=ons	(e.g.	pTW)	vital	inputs	for	other	EW	precision	measurements	
Region	with	pTW	≲	10	GeV	the	most	relevant	for	mW,	but	also	the	hardest	to	predict	
(divergences	and	non	perturba=ve	effects)	and	measure	(≈	5	GeV	recoil	resolu=on)	

Uncertainty	dominated	by	luminosity	for	absolute	cross	sec=ons,	and	limited	data	
stat,	recoil	calibra=on,	and	MC	modelling	for	normalized	ones
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Tackling	high	precision:	the	mW	saga
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Higgs	boson	discovery	and	mass	measurement	allowed	for	precise	predic]ons	
of	mW,	sin2θW,	and	mt	from	global	EW	fit	of	standard	model	(SM)	parameters	

δmW	≈	6	MeV	from	the	global	fit	(<	10-4	precision)	

For	the	experimental	average	δmW	~13	MeV	(before	CDF	Run	2	and	ATLAS	2024)	

Pushing	experimental	precision	on	mW	below	10	MeV	crucial	to	test	internal	consistency	
of	SM	and	possibly	probe	new	physics	

CDF	Run	2	result	in	significant	tension	with	SM	and	all	other	measurements
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When evaluating sin2✓`
e↵

through the parametric formula from Ref. [69], an upward shift of 2 ·10�5

with respect to the fit result is observed, mostly due to the inclusion of MW in the fit. Using
the parametric formula the total uncertainty is larger by 0.6 · 10�5, as the global fit exploits the
additional constraint from MW . The fit also constrains the nuisance parameter associated with the
theoretical uncertainty in the calculation of sin2✓`

e↵
, resulting in a reduced theoretical uncertainty

of 4.0 · 10�5 compared to the 4.7 · 10�5 input uncertainty.

The mass of the top quark is indirectly determined to be

mt = 176.4± 2.1 GeV , (4)

with a theoretical uncertainty of 0.6 GeV induced by the theoretical uncertainty on the prediction of
MW . The largest potential to improve the precision of the indirect determination of mt is through
a more precise measurement of MW . Perfect knowledge of MW would result in an uncertainty on
mt of 0.9 GeV.

The strong coupling strength at the Z-boson mass scale is determined to be

↵S(M
2

Z) = 0.1194± 0.0029 , (5)

which corresponds to a determination at full next-to-next-to leading order (NNLO) for electroweak
and strong contributions, and partial strong next-to-NNLO (NNNLO) corrections. The theory
uncertainty of this result is 0.0009, which is shared in equal parts between missing higher orders
in the calculations of the radiator functions and the partial widths of the Z boson. The most
important constraints on ↵S(M2

Z
) come from the measurements of R0

`
, �Z and �

0

had
, also shown in

Fig. 6. The values of ↵S(M2

Z
) obtained from the individual measurements are 0.1237±0.0043 (R0

`
),

Eur. Phys. J. C78, 675 (2018)

https://arxiv.org/abs/2403.15085


Standard	technique:	fit	pTℓ	or	mTℓν	distribu]ons	in	data	
with	simulated	templates	(possibly	in	bins	of	ηℓ)	

Both	observables	require	outstanding	control	of	
experimental	and	theore=cal	systema=c	uncertain=es	

pTℓ	experimentally	more	precise	for	mW,	but	more	sensi=ve	
to	theore=cal	uncertain=es	related	to	W	polariza=on	(PDFs)	
and	pTW	(QCD	higher	orders	but	also	non	perturba=ve	effects)	

mTℓν	beEer	to	measure	width	ΓW

Measuring	mW	at	hadron	colliders
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Theore]cal	digression:	W	bosons	at	hadron	colliders

13

Produc]on	and	leptonic	decay	described	by	5D	differen]al	cross	sec]on	
Predicted	by	SM	given	mW,	up	to	uncertain=es	from	PDFs	and	higher	order	correc=ons	

Decay	encoded	in	1+8	angular	coefficients	Ai	dependent	on	pTW	and	rapidity	YW

30

W-boson cross section

Production and decay of W bosons completely determined by a 5-dimensional 
differential cross section (defined in any W-boson center of mass frame)

• 𝜃, 𝜙: lepton angles in W-boson rest frame

• angular coefficients𝐴 highly dependent
on 𝑌 and 𝑝

• helicity fractions, 𝑓 , depend on 𝐴 and 𝐴
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• angular coefficients𝐴 highly dependent
on 𝑌 and 𝑝

• helicity fractions, 𝑓 , depend on 𝐴 and 𝐴

Decomposition for  d5σ 
valid at any order in QCD

Leading	order	produc]on	from	qq̅’	
valence-valence	at	Tevatron,	valence-sea	at	the	LHC	

Stronger	dependence	on	PDFs	at	the	LHC	

effect	on	W	polariza=on	and	lepton	kinema=cs	

Non	negligible	effects	from	s	and	c	quarks

E. Di Marco CMS week Budapest4 October 2018

LHC vs Tevatron
- W production is asymmetric for W+ and W- 

- Sea quark PDFs determines the W production 

- The W polarization ! is determined by the difference between u,d quarks 
PDFs of valence and sea 

- second generation quarks play a larger role at LHC (25% of the W-boson 
production is induced by at least one second generation quark s or c, 
while it is 5% at Tevatron)  

- Experimental challenges: 
- high pileup at LHC makes experimental precision more challenging
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Challenging environment @LHC: pileup, need a high experimental precision and an 
accurate theoretical modelling 

- W+/W- production is asymmetric —> charge-dependent analysis 
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boson production is induced by at least one second generation quark s or c).

- The W polarisation is determined by the difference between the u,d valence and 
sea densities

W mass @ LHC

First measurement of the W-boson mass in pp collisions at the LHC by ATLAS New
arXiv:1701.07240 [hep-ex] submitted to EPJC

W-like Z mass measurement by CMS released for Moriond 2016  
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Crucial constraining these in situ if possible!
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W-boson production and decay

PDFs determine all W properties at hadron colliders
• momentum along beams (𝑝 ), rapidity (𝑌 ), helicity (ℎ ), charge asymmetry
• PDF uncertainties have large impact in any W-boson measurement

Measurements performed in leptonic decay channel (𝑾 → ℓ𝝂, ℓ = 𝝁, 𝒆)
• clean experimental signature with one muon or electron
• charged lepton momentum measured with high precision (Δ𝑝/𝑝 ≈ 10 )

At the LHC, dominant production through 𝑢  𝑑 (𝑑𝑢)

Proton momentum fraction (x) carried by quarks determined by 
parton distribution functions (PDFs): boost along beam unknown 

ℓ

𝝂ℓ

𝑌 =
1
2 ⋅ log

𝐸 + 𝑝
𝐸 − 𝑝
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W	polariza]on	and	PDF	uncertainty	at	the	LHC

14

Pure	lem	handed	coupling	of	W	bosons	to	fermions	strongly	correlates	W	polariza]on	
(hW)	and	rapidity	(YW)	with	direc]on	of	incoming	quark	vs	an]quark	

And	subsequently	with	direc=on	of	outgoing	charged	lepton	

Measurement of W helicity/rapidity
● Precision measurements of (polarized) W cross sections vs rapidity with 

sensitivity to PDFs -> demonstrate physical and experimental basis of 
PDF constraints for future mW measurements

● Pure left handed coupling of the W means that polarization and rapidity of the 
W are strongly correlated with the direction of the incoming quark vs 
antiquark, and subsequently with the direction of the outgoing charged lepton

22Phys. Rev. D 102 (2020) 092012

q q̅′

W+

𝛎𝐥+

q̅′ q

W+

𝐥+𝛎

Left-handed W+ Right-handed W+

Negative W bosons produce even more different shapes, simultaneous fit of 
both charges greatly reduces uncertainties (anticorrelated PDF uncertainties) 

W	boson	helicity	and	rapidity	
fully	determined	by	PDFs	

hW/YW	affect	lepton	η-pT	
through	spin	correla=ons	

Muon	η-pT	distribu]on	carries	
informa]on	on	PDFs,	can	be	
exploited	to	measure	the	
underlying	W	boson	cross	
sec=on	with	reduced	
theore=cal	uncertainty

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
ηreconstructed muon 

25

30

35

40

45

50

 [G
eV

]
T

re
co

ns
tru

ct
ed

 m
uo

n 
p

10000

20000

30000

40000

50000

60000

70000

80000

Ev
en

ts

Simulation Supplementary CMS  (13 TeV)-135.9 fb

 right
 +W

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
ηreconstructed muon 

25

30

35

40

45

50

 [G
eV

]
T

re
co

ns
tru

ct
ed

 m
uo

n 
p

20

40

60

80

100

120

140

310×

Ev
en

ts

Simulation Supplementary CMS  (13 TeV)-135.9 fb

 left
 +W

JHEP12(2017)130 
PRD 102 (2020) 092012

CMS-SMP-18-012

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092012
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-012/index.html


ATLAS	mW	and	ΓW
arXiv:2403.15085
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ATLAS
-channel, single- and multi-µ-/e, 1−fb , 4.6/4.1VeT 7 = s p

ℓ

T
-fits

PLH, total unc. , total unc.2χ

Updated	mW	=	80366.5	±	15.9	MeV	(ΓW	fixed	to	SM)	
It	was	δmW	~	19	MeV	in	2017,	with	9.2	MeV	from	PDFs

15

Re-analysis	of	original	7	TeV	result	(published	one	year	ago,	recently	updated	again)	
Improved	fit	with	likelihood	minimiza=on	and	uncertainty	profiling	rather	than	χ2	

extended	studies	of	PDFs,	impact	of	profiling	demonstrated	by	infla=ng	pre-fit	uncertain=es	

mW	and	ΓW	measured	simultaneously	or	fixing	one	to	SM

new

Unc. [MeV ] Total Stat. Syst. PDF �8 Backg. EW 4 ` DT Lumi �, PS
?✓T 16.2 11.1 11.8 4.9 3.5 1.7 5.6 5.9 5.4 0.9 1.1 0.1 1.5
<T 24.4 11.4 21.6 11.7 4.7 4.1 4.9 6.7 6.0 11.4 2.5 0.2 7.0
Combined 15.9 9.8 12.5 5.7 3.7 2.0 5.4 6.0 5.4 2.3 1.3 0.1 2.3

Using CT10nnlo PDFs

Using CT18 PDFs

https://arxiv.org/abs/2403.15085


ATLAS	mW	and	ΓW
arXiv:2403.15085

First	measurement	of	ΓW	at	the	LHC,	most	precise	from	single	experiment	
Fixing	mW	to	SM,	ΓW	=	2202	±	47	MeV,	~2σ	above	SM	

Main	uncertainty	from	MC	modelling	(shower	tune	varia=ons)	and	recoil	

Smaller	mW	value	from	simultaneous	fit	because	of	an=correla=on	with	ΓW
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ALEPH
Eur. Phys. J. C 47 (2006) 309  

 108 MeV± = 2140 WΓ

Combination
Phys. Rep. 532 (2013) 119

 83 MeV± = 2195 WΓ

D0
Phys. Rev. Lett. 103 (2009) 231802

 72 MeV± = 2028 WΓ

CDF
Phys. Rev. Lett. 100 (2008) 071801  

 72 MeV± = 2032 WΓ

ATLAS
This work

 47 MeV± = 2202 WΓ

Measurement
Stat. Unc.
Total Unc.
SM Prediction

ATLAS
-1 = 7 TeV, 4.6 fbs

Unc. [MeV ] Total Stat. Syst. PDF �8 Backg. EW 4 ` DT Lumi <, PS
?✓T 72 27 66 21 14 10 5 13 12 12 10 6 55
<T 48 36 32 5 7 10 3 13 9 18 9 6 12
Combined 47 32 34 7 8 9 3 13 9 17 9 6 18

mW with constrained 𝛤W
16

From	simultaneous	fit:	
mW	=	80354.8	±	16.1	MeV						ΓW	=2198	±	49	MeV

new

Using CT18 PDFs

https://arxiv.org/abs/2403.15085


W	boson	mass	at	high	η
LHCb	measured	mW	using	muon	kinema]cs	in	2021	

W→μν	events	from	1.7	~-1,	only	1/3	of	full	Run	2	data	set	

simultaneous	fit	of	muon	charge/pT	and	Z	boson	φ*	(correlated	with	pTZ	but	only	
dependent	on	angular	variables,	less	suscep=ble	to	modelling	uncertain=es)	

par=al	constraints	on	pTW	thanks	to	in-situ	pTZ	measurement	

ΔmW	=	23stat	±	10exp.syst	±	17theory	±	9PDF		MeV	=	32	MeV

17

JHEP 01 (2022) 036 
Table 4: Values of the parameters determined in the mW fit with the NNPDF31 nlo as 0118

PDF set. The uncertainties quoted are statistical.

Parameter Value
Fraction of W+

! µ+⌫ 0.5288 ± 0.0006
Fraction of W�

! µ�⌫ 0.3508 ± 0.0005
Fraction of hadron background 0.0146 ± 0.0007
↵Z
s 0.1243 ± 0.0004

↵W
s 0.1263 ± 0.0003

kintr
T 1.57 ± 0.14GeV

A3 scaling 0.975 ± 0.026
mW 80362 ± 23MeV
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Figure 11: Distributions of (left) q/pT and (right) �⇤ compared to the model after the mW fit.

7.2 Fit results

The fit to the data, with the NNPDF31 nlo as 0118 PDF set, returns a total �2 of 105 for
102 degrees of freedom. Figure 11 compares the q/pT and �⇤ distributions from the data
with the fit model overlaid. The model is in good agreement with the data within the fit
ranges but it underestimates the high-pT control region of the q/pT distribution by up to
ten per cent. This underestimation is within the band of modelling uncertainty, which is
dominated by the high-pVT parametric correction in that region. The values of the eight
parameters determined from the fit are listed in Table 4. The ↵s value for the W boson
events is roughly 0.002 higher than for the Z boson events. If the fit is configured with a
shared ↵s value for the W and Z boson events the value of mW changes by +39MeV but
the �2 is increased by more than 20 units, which strongly favours the configuration with
independent ↵s values. Furthermore, similar variations between the ↵s values for W and
Z boson events are found in the data challenge tests, as shown in Table 3. The A3 scaling
factor is statistically consistent with unity, which suggests that the O(↵2

s) predictions
from DYTurbo, with the central scale choices, are compatible with the data.

Figure 12 (left) shows the projection of the q/pT distribution in the Z boson sample,
where the final state muon is only included if it satisfies theW boson selection requirements.
The model is in good agreement with the data. Figure 12 (right) shows that the Z boson

19

Postfit distribution Postfit distribution

φ*	≈	pTZ/mℓℓ

https://link.springer.com/article/10.1007/JHEP01(2022)036


Developments	for	mW	with	LHCb
LHCb	less	precise	than	Tevatron/ATLAS	(but	no	mT	or	W→eν)	

However,	explores	complementary	rapidity	region	compared	to	ATLAS	and	CMS,	and	can	
help	constrain	PDF	uncertain=es	in	future	LHC	combina=ons	

New	LHCb	measurement	in	progress	with	full	Run	2	data	
exploit	2D	fit	of	muon	q/pT	and	η	to	reduce	PDF	uncertain=es	

δmW		~	20	MeV	should	be	possible	

Take	advantage	of	improved	understanding	of	muon	pT	scale,	see	recent	paper	on	
curvature-bias	correc=ons	using	the	‘’pseudomass’’	method

18

EPJC 79 (2019) 497
JINST 19 (2024) P03010

new

https://epjc.epj.org/articles/epjc/abs/2019/06/10052_2019_Article_6997/10052_2019_Article_6997.html
https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010


Combining	Tevatron-LHC	mW	results

19

arXiv:2308.09417v1

CDF	incompa]ble	with	other	results:	
Combina=on	without	CDF	(CT18	PDFs)		
80369.2	±	13.3	MeV	(χ2	prob.	91%)		

Combina=on	with	CDF	(CT18	PDFs)	
80394.6	±	11.5	MeV	(χ2	prob.	0.5%)	
(larger	δmW	than	CDF	alone	because	of	different	
PDF	set	in	the	combina=on)	

Important	prac]cal	lessons	for	future	
Consistent	scheme	for	theore=cal	uncertain=es	
(QCD	in	par=cular)	is	crucial	

profile-likelihood	based	fits	can	facilitate	future	
combina=ons

Ac]ve	cross-collabora]on	effort	focusing	on	mW	combina]on	
ATLAS	(2018),	LHCb,	D0,	CDF	(2022),	CMS	involved	as	spectator	

measurements	performed	at	different	=mes,	using	PDF	sets	available	at	the	=me	

Requires	transla=on	to	common	reference	before	combining

https://arxiv.org/pdf/2308.09417


A	glimpse	at	Run	3:	W	(and	Z)	cross	sec]on

20

One	of	the	first	measurements	at	13.6	TeV	
Test	of	perturba=ve	calcula=ons	and	input	for	PDFs	

ATLAS	measured	σW,	σZ,	and	ra=o	from	simultaneous	fit	
to	W/Z/E̅	using	2022	data	

CMS	measured	σZ,	ongoing	work	for	σW	

	

Dedicated	talks	on	EW	results	at	13.6	TeV	on	Thursday
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Presented	selec]on	of	recent	results	with	single	W	bosons	at	the	LHC	
valuable	inputs	to	test	theore=cal	calcula=ons	
precise	knowledge	of	produc=on	cross	sec=ons	guarantees	more	accurate	
background	predic=ons	for	Higgs	boson	physics	and	in	new	physics	searches	

Excellent	performance	of	the	LHC	and	experiments	
large	Run	2	data	set	allow	SM	to	be	probed	with	unprecedented	precision	

reducing	systema=c	uncertain=es	mandatory	

theore=cal	uncertain=es	to	be	constrained	using	data	whenever	possible	

Run	2	s]ll	has	a	lot	of	poten]al,	but	looking	forward	to	new	Run	3	data	
new	physics	opportuni=es	to	further	constrain	SM	

collabora=on	with	theorists	paramount	to	chart	the	course	of	future	measurements
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A4	related	to	forward-backward	asymmetry	and	
encodes	parity	viola=on	in	W	decays	
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implies	that	one	cannot	interpret	results	as	a	
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possible	limita=ons	of	the	used	NNPDF3.0	PDF	set	
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Measurements	at	low	pileup
 ATLAS-STDM-2018-17
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Differen=al	cross	sec=ons	(e.g.	pTW)	vital	inputs	
for	other	EW	precision	measurements	like	mW	

Uncertainty	dominated	by	luminosity	for	
absolute	cross	sec=ons,	and	limited	data	stat,	
lepton	(recoil)	calibra=on	for	Z	(W),	and	MC	
modelling	for	differen=al	ones	

more	low	PU	data	a	possibility	for	Run	3,	but	
detector	ageing	can	degrade	precision
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PDF	uncertainty	correla]on	for	CT18	

PDF	uncertainty	correla]on	for	MSHT20	
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Probing	new	physics	with	EW	bosons
W/Z+jets	omen	main	backgrounds	in	searches	for	new	physics	(NP)	

decays	into	neutrinos	indis=nguishable	from	dark	maEer	produc=on	topology
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Figure 4: Measured distributions of ?recoil
T for the ?

recoil
T > 200 GeV selection compared with the SM predictions in

the signal region. The latter are normalized with normalization factors as determined by the global fit that considers
exclusive ?

recoil
T control regions (“CR fit”). For illustration purposes, the distributions of examples of dark energy

(DE), SUSY, and WIMP scenarios are included. The ratios of data to SM predictions after the CR fit are shown in
the lower panel (black dots), and compared with the same quantities when SM predictions are normalized to the
results of the global background-only fit when the signal region is also included (“SR+CR fit”, red dots). The error
bands in the ratio shown in the lower panel include both the statistical and systematic uncertainties in the background
predictions. Events with values beyond the range of the histogram are included in the last bin.

separately for each of the inclusive regions IM0–IM12. The results are collected in Table 9. Values of
f ⇥ � ⇥ n above 736 fb (for IM0) and above 0.3 fb (for IM12) are excluded at 95% CL.

8.2 Model-dependent exclusion limits

A simultaneous fit to the signal and control regions in the exclusive ?
recoil
T bins is performed, and used

to set observed and expected 95% CL exclusion limits on the parameters of the di�erent models under
consideration. Uncertainties in the signal and background predictions, and in the luminosity are considered,
and correlations between experimental systematic uncertainties in signal and background predictions are
taken into account. The contamination of the control regions by signal events is negligible.

8.2.1 Weakly interacting massive particles

As discussed in Section 1, simplified models are considered with the exchange of an axial-vector or a
pseudoscalar mediator in the B-channel. In the case of the exchange of an axial-vector mediator, and for
WIMP-pair production with </� > 2<j, typical � ⇥ n values for the signal models with a 2 TeV mediator
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