
Experimental	Anomalies

Flavour	non-universality	in	B	meson	decays?	
Anomalous	magne:c	moment	of	the	muon?	

Mass	of	the	W	boson?	

All	have	generated	theore:cal	enthusiasm,		
but	they	may	(well)	all	go	away John Ellis
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Flavour	Anomalies	in	b➔s	Decays

• Parametrize	using	effective	dimension-6	operators:	

• Operators	appearing	in	analysis:	

• E	
• Evidence	for	non-zero	coefficient	of		
• Maybe	also	non-zero	coefficient	of		
• No	evidence	of	operators	with	electrons



Putting it all together

⌘ Combination all b ! s`+`� measurements
⇤ Consistent set of measurements
⇤ > 6� from SM

⌘ But B ! K (⇤)µ+µ� BF and angular
observables potentially suffer from
underestimated hadronic uncertainties
related to cc̄ loop contributions
! Bs ! µ+µ� and LFU observables have
very clean theory predictions.

⇤ ⇠ 4.5� from SM

⌘ Measurements point to new vector coupling
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PuZng	Measurements	Together

Altmannshofer	&	Stangl,		
arXiv:2103.133702



Flavour	Anomalies	in	b➔s	Decays
• Results	for	operator	coefficients

Altmannshofer	&	Stangl,	arXiv:2103.133702



          

Leptoquarks?

Greljo,	Stangl	&	Thomsen,	arXiv:2103.13991

General	Lagrangian	for	scalar	leptoquarks:



Greljo,	Stangl	&	Thomsen,	arXiv:2103.13991

Leptoquark	
Model	of	
b➔s	

Anomalies

Wait	and	see:	
	LHCb	is	reanalysing	its	data	…



A	story	of	94	years,		
8	experiments	

and	many	theorists

:		
dawn	of	new	physics	or	its	sunset?

gμ − 2



• One-loop	contribu:on	from	
smuon/neutralino	loop	

• where	

• and

	in	
Supersymmetry

gμ − 2 (1982)



Theory	Ini:a:ve
• Comprehensive	review	of	

calcula:ons	of	the	Standard	
Model	contribu:ons	to	 	

• Including	discussion	of	the	
uncertain:es	

• Par:cularly	in	calcula:on	of	
leading-order	vacuum	polarisa:on

gμ − 2

Aoyama	et	al,	arXiv:2006.04822



Hadronic	Vacuum	Polariza:on
• Most	important	contribu:on	is	from	

low	energies	 	GeV,	dominated	by	 	
and	 	peaks,	taking	account	of	
interference	effects	

• Uncertain:es	dominated	by	 	and	 	
region,	and	by	region	between	1	and	2	
GeV	( ,	etc.)	

• High	energies	under	good	control	from	
perturba:ve	QCD	

•

≲ 1 ρ
ω

ρ ω

ϕ

Aoyama	et	al,	arXiv:2006.04822



Fermilab	Experiment

Does	the	magnet	look	familiar?



Fermilab	Measurement

Abi	et	al,	arXiv:2104.03281

FNAL	result:	
Combined	result:	
Difference	from	Standard	Model:



Interpreta:on	Papers





Comparison	of	Calcula:ons	
of	Hadronic	Vacuum	Polariza:on

Aoyama	et	al,	arXiv:2006.04822 et	al,	arXiv:2006.04822 et	al,	arXiv:2006.04822

et	al,	arXiv:2006.04822

Not	such	a	big	problem		
according	to	(some)		
laZce	calcula:ons



Wait	and	see:	
How/why	do	laZce	and	

data-driven	calcula:ons	differ?



CDF	Measurement	of	mW	
compared	with	previous	measurements

Tension:	7- 	discrepancy	with	Standard	Model?σ



Theore:cal	
Interpreta:ons	
of	W	Mass	

taking	CDF		
measurement		
at	face	value	

90	papers	and	coun:ng!	

Supersymmetry?



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



SMEFT	Fits	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									



Single-Field	Extensions	of	the	Standard	Model

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

Spin	zero

Vector



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



HL-LHC	Search	for	Triplet	Vector	Boson

Baker,	Martonhelyi,	Thamm	&	Torre,	arXiv:2207.05091

and

Wait	and	see:	
Will	LHC	experiments	

confirm	CDF?

Could	be	discovered	with	future	LHC	data
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Summary

•https://www.youtube.com/watch?v=Ts6vS-qYuY4


