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SMEFT	Analysis	of	mW	

Status	of	the	Standard	Model	
CDF	measurement	of	mW	

Reminder	of	the	SMEFT	approach	
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Favoured	BSM	scenarios	
How	to	detect	them?

John Ellis



Summary	of	the	Standard	Model
• Particles	and	SU(3)	×	SU(2)	×	U(1)	quantum	numbers:	

• Lagrangian:		 	 	 gauge	interactions	
	 	 	 	 	 	 matter	fermions	
	 		 	 	 	 	 Yukawa	interactions		
	 		 	 	 	 	 Higgs	potential

•

•

•

Where	are	we	now?

Tested	<	0.1%	
before	LHC

Testing	now	
in	progress



Precision	Tests	of	the	Standard	Model

Lepton	couplings Pulls	in	global	fit

It	works!



LHC	Measurements	

Higgs	
production

Agree	with	the		
Standard	Model



It	Walks	and	Quacks	like	a	Higgs

• Couplings	scale	~	mass,	with	scale	~	v	

•

JE & Tevong You

Global	
fit



CDF	CollaboraFon,	Science	376	(2022)	p170



CDF	Measurement	of	mW	
compared	with	previous	measurements

Tension:	7- 	discrepancy	with	Standard	Model?σ



CDF	Measurement	of	
the	Mass	of	the	W	Boson

Biggest	uncertain6es:	lepton	energy,	pT	model,	parton	distribu6ons,	backgrounds
CDF	CollaboraFon,	Science	376	(2022)	p170



CDF	Measurement	of	the	Mass	
of	the	W	Boson

Small	differences	for	measurements	with	electrons	and	muons
CDF	CollaboraFon,	Science	376	(2022)	p170



Dependence	
of	W	Mass	on	

mT	Fit	
Window

• Smaller	mass	in	muon	
channel	if	lower	range	of	

mT	in	fit	
• Smaller	mass	possible	if	
number	of	“one-legged”	
Z	bosons	underesFmated

CDF	CollaboraFon,	Science	376	(2022)	p170

Tomaso	Rodrigo



Accuracy	of	
Muon	

Momentum	
Measurement?

•Momentum	calibraFon	
using	 	

• Larger	uncertainty	at	
smaller	 	?

Z, J/Ψ, Υ

pμ
T

     

     
Tomaso	Rodrigo

CDF	CollaboraFon,	Science	376	(2022)	p170



Model	for	W	Boson	ProducFon	
and	Decay

Isaacson,	LPC	Physics	Forum,	Fermilab,	14	April
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Status	of	PerturbaFve	CalculaFons

Isaacson,	LPC	Physics	Forum,	Fermilab,	14	April



SensiFvity	to	Parton	DistribuFons

Larger	uncertainFes	when	 	is	used	than	with	 	
	MeV	variaFons	possible	

Larger	at	LHC	than	at	Tevatron?	
Different	for	 	?	

SensiFve	to	flavour-dependence	in	quark	

pℓ
T mT

𝒪(10)

mW±

pT



Sensi6vity	to	Modelling

Isaacson,	LPC	Physics	Forum,	Fermilab,	14	April



Prospects	for	LHC	Measurement?
• Higher	LHC	energy	implies	more	hadronic	background	per	
event	

• Higher	LHC	luminosity	generates	more	pile-up	events	
• Special	low-pile-up	run	of	HL-LHC?



Prospects	for	LHC	Measurement?
• Higher	LHC	energy	implies	more	hadronic	background	per	
event	

• Higher	LHC	luminosity	generates	more	pile-up	events	
• Special	low-pile-up	run	of	HL-LHC?	
• Stop	Press!	
• Study	in	CMS	of	potential	sensitivity	measuring	the	W	
double	differential	cross	section	in	 	

• 	 	MeV,		

		combined	 	MeV	

• Not	 	scale,	FSR

(pμ
T, y)

Δm±
W = 11.2,16.1

ΔmW = 9
∋ Δpμ

Manca	&	Rolandi,	arXiv:2104.14015

W+



TheoreFcal	
InterpretaFons	
of	W	Mass	

taking	CDF		
measurement		
at	face	value	

70	pairs	and	counFng!



Effective	Field	Theories	(EFTs)		
a	long	and	glorious	History

• 1930’s:	“Standard	Model”	of	QED	had	d=4	

• Fermi’s	four-fermion	theory	of	the	weak	force	

• Dimension-6	operators:	form	=	S,	P,	V,	A,	T?	
– Due	to	exchanges	of	massive	particles?	

• V-A	➔	massive	vector	bosons	➔	gauge	theory	

• Yukawa’s	meson	theory	of	the	strong	N-N	force	
– Due	to	exchanges	of	mesons?	➔	pions	

• Chiral	dynamics	of	pions:	(∂π∂π)ππ	clue	➔	QCD



Standard	Model	Effective	Field	Theory	
a	more	powerful	way	to	analyze	the	data

• Assume	the	Standard	Model	Lagrangian	is	correct	
(quantum	numbers	of	particles)	but	incomplete	

• Look	for	additional	interactions	between	SM	particles	
due	to	exchanges	of	heavier	particles	

• Analyze	Higgs	data	together	with	electroweak	
precision	data	and	top	data	

• Most	efficient	way	to	extract	largest	amount	of	
information	from	LHC	and	other	experiments	

• Model-independent	way	to	look	for	physics	beyond	
the	Standard	Model	(BSM)	-	and	identify	it?



• Include	all	leading	dimension-6	operators?	

• Simplify	by	assuming	flavour	SU(3)5	or		
SU(2)2	X	SU(3)3	symmetry	for	fermions	

• Work	to	linear	order	in	operator	
coefficients,	i.e.	 	

• Use	GF,	MZ,	α	as	input	parameters	
𝒪(1/Λ2)

Summary	of	Analysis	Framework
JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

• Include	all	leading	dimension-6	operators?	

• Simplify	by	assuming	flavour	SU(3)5	or		

SU(2)2	X	SU(3)3	symmetry	for	fermions	

• Work	to	linear	order	in	operator	coefficients,	i.e.	
——————————							

• Use	GF,	MZ,	α	as	input	parameters	

𝒪(1/Λ2)



Dimension-6	SMEFT	Operators
• Including	2-	and	4-
fermion	operators	

• Different	colours	for	
different	data	
sectors	

• Grey	cells	violate	
SU(3)5	symmetry	

• Important	when	
including	top	
observables	

JE,	Madigan,	Mimasu,	Sanz	&	You,	
arXiv:2012.02779
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Baryon	

decay

Flavour	anomalies

Anomalous	

magnetic	

moments



Operators	included	in	Global	Fit
• 20	operators	in	flavour-universal	SU(3)5	fit	

• 34	operators	in	top-specific	SU(2)2	x	SU(3)3	fit

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

Indicating	which		
sectors	constrain	
which	operators



Operators	included	in	Global	Fit
• 20	operators	in	flavour-universal	SU(3)5	fit	

• 34	operators	in	top-specific	SU(2)2	x	SU(3)3	fit

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

Indicating	which		
sectors	constrain	
which	operators

Positive	
contributions	

to	mW



• Global	fit	to	dimension-6	operators	using	precision	
electroweak	data,	W+W-	at	LEP,	top,	Higgs	and	diboson	
data	from	LHC	Runs	1,	2	

• Search	for	BSM	
• Constraints	on	BSM	
• At	tree	level	
• At	loop	level

Global	SMEFT	Fit	
to	Top,	Higgs,	Diboson,	Electroweak	Data	

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779
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Positive	
contributions	

to	mW



Data	included	in	Global	Fit

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

341	measurements	
included	in	

global	analysis



Dimension-6	
Constraints	with	
Flavour-Universal	
SU(3)5	Symmetry

• Individual	operator	
coefficients	

• Marginalised	over	all	
other	operator	
coefficients

JE,	Madigan,	Mimasu,	Sanz	&	You,	
arXiv:2012.02779



• Individual	operator	
coefficients	

• Marginalised	over	all	
other	operator	
coefficients

Dimension-6	
Constraints	with	
Top-Specific	

SU(2)2	x	SU(3)3

JE,	Madigan,	Mimasu,	Sanz	&	You,	
arXiv:2012.02779



Correlation	Analysis

• EWPO	and	boson	
sectors	correlated	

• Also	within	top	
sector	

• Weaker	
correlations	
between	sectors	

JE,	Madigan,	Mimasu,	Sanz	&	You,	
arXiv:2012.02779



Single-Field	Extensions	of	the	Standard	Model

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

Spin	zero

Vector



Contributions	to	SMEFT	Coefficients

Spin	zero

Spin	zero

Spin	zero
Vector

Vector

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779



Constraints	on	Single-Field	BSM	Scenarios

• No	significant	
pulls	away	
from	SM	

• Any	single-
field	
extension	of	
SM	must	have	
mass	scale	>	
800	GeV	if	
coupling	=	1

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

Scalar	could		
weigh	~	1	TeV

Vector	must	
weigh	>	1.5	TeV

                   Mass limits (TeV) if coupling = 1        Coupling limit if mass = 1 TeV



(Almost)	model-independent	lower	limit	on	stop	squark	mass	

SMEFT	Constraints	
on	Light	Stops

JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2012.02779

From	quantum	loop	corrections:



Direct	Search	Constraints	on	Light	Stops

• Patchwork	of	
many	model-
dependent	
searches	

• Indirect	
constraint	
excludes	low-
mass	region	
(almost)	model-
independently



Model-Independent	BSM	Survey

JE,	Madigan,	Mimasu,	Sanz	&	You,	
arXiv:2012.02779

• General	
combinations	of	
operators	

• Top-less	sector	fits	
SM	very	well	

• Top	sector	does	not	
fit	so	well	

• Overall,	pulls	not	
excessive	

• No	hint	of	BSM



SMEFT	Operators	that	can	
Contribute	to	W	Mass

• Relevant	SMEFT	operators	

• ContribuFons	to	W	mass	

• ContribuFons	to	S	and	T	oblique	parameters



SMEFT	Fits	to	S	and	T	Parameters

• SM	prediction	
• SMEFT	fit	without	mW	
• SMEFT	fit	to	2020	
data	+	LHCb	mW	

• SMEFT	fit	including	
CDF	mW	

• Little	effect	on	S,	pulls	
T	away	from	SM

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



SMEFT	Fit	with	the	Mass	of	the	W	Boson

Non-zero	coefficients	for	any	of	four	operators	can	fit	W	mass
Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



SMEFT	Fits	with	the	Mass	of	the	W	Boson

Subsets	of	four	operators	can	fit	W	mass
Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



SMEFT	Fit	with	
the	Mass	of	the	

W	Boson

Pairs	of	four	SMEFT	
operators	can	fit	W	mass

Bagnaschi,	JE,	Madigan,	Mimasu,		

Sanz	&	You,	arXiv:2204.05260									



Single-Field	Models	that	can	
Contribute	to	W	Mass

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



Single-Field	Models	that	can	
Contribute	to	W	Mass

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									

Operators	

contributing	to	mW



Single-Field	Models	that	can	
Contribute	to	W	Mass

Operators	

contributing	to	mW

X
X

X

X

Wrong	sign

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



Single-Field	Models	that	can	
Contribute	to	W	Mass

Operators	

contributing	to	mW

X
X

X

X

Wrong	sign

Right	sign

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



Models	Finng	the	Mass	of	the	W	Boson

68	and	95%	CL	ranges	of	masses	assuming	unit	couplings

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	and	You	arXiv:2204.05260	

Spins	
V	

S	

V	

F	

F

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



Models	Finng	the	Mass	of	the	W	Boson

Best-fit,	68	and	95%	CL	ranges	of	masses	
assuming	unit	couplings

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	and	You	arXiv:2204.05260	

Spins	
V	
S	
V	
F	
F

68%	CL	ranges	of	
couplings	for	1	TeV

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



Searching	for	Models	Finng	the	
Mass	of	the	W	Boson

• W:	Isotriplet	vector	boson,	mass	~	3	TeV	x	coupling,	electroweak	producFon,	
accessible	at	LHC?	

• B:	Singlet	vector	boson,	mass	~	8	TeV	x	coupling,	phenomenology	depends	
on	fermion	couplings,	too	heavy	for	LHC?	

• :	Isotriplet	scalar	boson,	mass	~	3	TeV	x	coupling,	detectable	in	LHC	
searches	for	heavy	Higgs	bosons?	

• N:	Isosinglet	neutral	fermion,	mass	~	4	TeV	x	coupling,	similar	to	(right-
handed)	singlet	neutrino	

• E:	Isosinglet	charged	fermion,	mass	~	6	TeV	x	coupling,	similar	to	(right-
handed)	singlet	electron

Ξ

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									



W	Mass	in	Supersymmetry?

•Survey	of	possible	
contribuFons	from	
electroweak	parFcles	
•Can	reach	old	world	
average,	but	not	CDF	or	
new	world	average	
•AddiFonal	contribuFon	
from	stops?

CDF					

     

80.42 —

80.43 —

80.44 —

New	World	
Average

Bagnaschi,	ChakraborF,	Heinemeyer,	Saha	&	Weiglein,	arXiv:2203.15710									



Quo	Vadis	mW?
• The	jury	is	sFll	out	concerning	the	experimental	measurement	

• Tension	with	SM,	previous	measurements	

“Extraordinary	claims	require	extraordinary	evidence”	

• Nevertheless,	much	theoreFcal	speculaFon	(70	papers!)	

• 4	SMEFT	operators	can	increase	mW	

• Prospects	for	the	LHC?	

• 3	SMEFT	operators	generated	by	single	field	extensions	of	the	SM	at	tree	level	

• Vector	bosons	W	or	B,	scalar	boson	 ,	fermions	N,	E	

• Could	also	be	important	loop	effects	(supersymmetry?)

Ξ

Bagnaschi,	JE,	Madigan,	Mimasu,	Sanz	&	You,	arXiv:2204.05260									


