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1 CDF	W	Mass	Anomaly
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CDF		
W-Mass	
Anomaly

[CDF	CollaboraVon	et	al.,	Science	376,	170–176	(2022)]	

W	mass	is	heavier	than	the	
SM	expectaEon	by	7	σ



Gauge	boson-Higgs	interaction	in	the	SM
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W	boson	mass	in	the	SM
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Neutral	boson	masses	in	the	SM
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CDF	W	Mass	Anomaly
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[CDF	CollaboraVon	et	al.,	Science	376,	170–176	(2022)]	

W	mass	is	heavier	than	the	SM	expectaEon	by	7	σ

MCDF
W = 80,433.5 ± 6.4 (stat) ± 6.9 (syst) MeV

= 80,433.5 ± 9.4 MeV

MSM
W = 80,357 ± 6 MeV

ΔMW = MCDF
W − MSM

W = + 76 MeV
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What	are	the	
implicaVons	
to	the	SM?
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MW

1
2

g2
2 + g2

Y v

g2
2

4 2M2
W

=
1

2 v
1.1663787(6) × 10−5 GeV−2GF

MZ 91.1876 ± 0.0021 GeV

1
2

g2 v
ΔMW = + 76 MeV

MCDF
W = 80,433.5 ± 9.4 MeV

g2
Y

g2
2 + g2

Y
= 1 −

M2
W

M2
Z

sin2 θW
Z	pole	asymmetries

Δ(sin2 θW) = − 0.00147

SM	tree	level MeasurementQuanVty

FIXED

FIXED



Fits	to	19	Z-pole		
observables

PDG-2020

LEP	fit [hep-ex/0509008]	

[Du,	ZL,	Nath,	2204.09024]	

SM-CDF	fit:	same	as	LEP	but	w/	
Δ(sin2 θW) = − 0.00147

Δχ2 ≃ 98 − 17 = 81 ∼ 9σ

ballpark	agreement	w/	 	7σ



2 Stueckelberg	models
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Stueckelberg	mass	for		
U(1)	gauge	bosons

smaller	Z	mass	if	M1 > MZ
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[Feldman,	ZL,	Nath,	PRL	97,	021801	(2006)]	

GeV



Gauge	boson	mass	via	the	Stueckelberg	mechanism
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Make	massive	QED	gauge	invariant	by	adding	axion	𝞂

L = �1

4
Fµ⌫F

µ⌫ � m2

2
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µ =) � 1

4
Fµ⌫F

µ⌫ � 1

2
(mAµ + @µ�)
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invariant	under	gauge	transformaEon

	𝞂	:	longitudinal	mode	of	the	vector	boson	

[E.C.G.	Stueckelberg,	Helv.	Phys.	Acta	11,	225	(1938)]		

δAμ = ∂μλ, δσ = − mλ
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Stueckelberg	extensions	of	the	SM	(StSM)	

ℒ = ℒSM −
CμνCμν

4
+ gXCμJμ

X −
1
2 (∂μσ + M1Cμ + M2Bμ)

2

invariant	under	two	U(1)	gauge	transformaEons

δXCμ = ∂μλX, δXσ = − M1λXU(1)X

δYCμ = ∂μλY, δYσ = − M2λYU(1)Y

[Kors	&	Nath,	hep-ph/0402047	[hep-ph]]		
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Neutral	gauge	boson	masses	in	StSM	

ℒmass =
1
2

VTM2V =
1
2

(C B A3)

M2
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1ϵ M2
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4 gYg2
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4 gYg2
v2

4 g2
2

C
B
A3

Det	=	0 massless	eigenvalue	(photon)

3	mass	eigenstates:	Z′ , Z, γ

M1 > MZ MZ(ϵ) < MZ(ϵ = 0)

ϵ =
M2

M1
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Consequences	of	a	``lighter’’	Z

M2
W =

πα

2GF sin2 θW(1 − Δr)
=

πα

2GF(1 − Δr)

1
1 − M2

W /M2
Z

a	lighter	Z	mass a	heavier	W	mass

However,	in	the	parameter	space	to	interpret	the	CDF	W	mass	anomaly,	the	total	
	of	the	StSM	fit	of	the	19	Z	pole	observables	is	not	beZer	than	the	SM-CDF	fit.	χ2



3 Stueckelberg-Higgs	portal

19



Stueckelberg-Higgs	portal	interaction	in	StSM
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Δℒ = −
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Stueckelberg-Higgs	portal

	and	 	do	not	necessarily	take	the	SM	valuesḡ2 ḡY



New	mass	matrix	in	the	neutral	gauge	boson	sector
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Neutral	gauge	bosons	souplings	to	fermions
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ℒNC = f̄γμ [(vf − γ5af)Zμ + (v′ f − γ5a′ f)Z′ μ] f + ef̄γμQf Aμ f,

af = ρf(ḡY𝒪22 − ḡ2𝒪32)T3
f /2

vf = af − ρf κf ḡY𝒪22Qf

a′ f = (ḡY𝒪21 − ḡ2𝒪31)T3
f /2

v′ f = a′ f − ḡY𝒪21Qf

	and	 	contain	
radiaEve	correcEons
ρf κf

[hep-ex/0509008]	

[hep-ph/0407097]	

Take	into	account	both	SM	
correcEons	&	NP	correcEons



W	mass	in	the	Stueckelberg-Higgs	portal	model	
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ḡ2 = g2 (1 +
ΔMW

MW )

To	explain	the	larger	W	mass	from	CDF	we	increase	the	gauge	coupling	such	that

MW =
ḡ2v
2

ΔMW = + 76 MeV

The	W	mass	is

	is	larger	than	the	canonical	SM	value	 	by	ḡ2 g2 ∼ 0.1 %



Free	parameters	in	the	Stueckelberg-Higgs	portal	model
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	:	 	massM1 Z′ 

We	have	3	free	parameters

	:	dimensionless	Stueckelberg-Higgs	couplinggc

	:	hypercharge	gauge	coupling	ḡY



Z	mass	in	the	Stueckelberg-Higgs	portal	model	
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M1 > MZ

ΔMth
Z ≃ −

1
2

MZ
M2

W

M2
1 − M2

Z ( gc

g2 )
2

ΔMexp
Z =

ΔMW

cos θW
ΔMW = + 76 MeV

ΔMexp
Z + ΔMth

Z ≃ 0



4 Experimental	constraints
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Partial	decay	width	of	the	Z	boson
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Γff = Nc
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Nc
f − 1
2

δQCD
f )

δQED
f =
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Various	Z	pole	observables	

28
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12π
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Z
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Γℓℓ
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3
4
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Fits	to	19	Z-pole		
observables

[Du,	ZL,	Nath,	2204.09024]	

St	Fit		
	

	
M1 = 725 GeV
gc = 0.243
ḡY = gY(1 + 0.047%)

LEP	Fit [hep-ex/0509008]	

SM-CDF	Fit



The	 	of	19	Z-pole	fits	vs.	χ2 ḡY
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[Du,	ZL,	Nath,	2204.09024]	

MC	scan	in	the	space	
spanned	by	( )M1, gc, ḡY

Z	mass	w/	2	MeV	error	
near	the	central	value

best	 :		
	larger	than	

χ2

ḡY ∼ 0.047 % gY



(Axial)	Vector	couplings	and	asymmetries	
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Af =
2vfaf

v2
f + a2

f
, A (0,f )

FB =
3
4

AeAf

𝒪22

𝒪32
= −

ḡY

ḡ2
≡ − tan θ

af = ρf(ḡY𝒪22 − ḡ2𝒪32)T3
f /2

vf = af − ρf κf ḡY𝒪22Qf

St

af = ρfT3
f ,

vf = af − 2 ρf κf sin2 θWQf

SM

vf

af
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Mixing	parameter	
	vs.	δ M1

[Du,	ZL,	Nath,	2204.09024]	

Fix	 	ḡY

	GeV	excluded	
by	ATLAS	data
M1 ≲ 300

1
8 ( gcv

M1 )
2

≃
ΔMW

MW



Summary

Recently,	the	W	mass	measured	by	CDF	is	heavier	than	the	SM	expectaEon	
by	7	 ,	which	imposes	a	great	challenge	to	the	electroweak	sectorσ

A	Stueckelberg-Higgs	portal	interacEon	can	both	explain	the	W	mass	
anomaly	and	provide	an	excellent	fit	to	the	various	Z-pole	observables,	
which	can	also	verified	by	the	coming	LHC	data	at	Run	3

33

Although	a	heavy	boson	that	mixes	with	the	hypercharge	gauge	boson	
(via	the	mass	mixing	terms)	can	explain	the	W	mass	anomaly,	it	leads	to	
a	poor	fit	to	the	Z-pole	observables


