
Light	hidden	BSM	physics	
for	the	(g-2)μ puzzle

Antonio	Masiero
Univ.	of	Padova	and	INFN,	Padova

Based	on	works	on	the	muon	g-2	problem	in	
collaboration	with		Luca	Di	Luzio,	Bill	Marciano,	
Paride Paradisi and	Massimo	Passera

SubirFest2023,	University	of	Oxford,	11-13	Sept.	2023

to		Subir,	the	tireless	and	
unorthodox	hunter	for

New	Physics	
Beyond	the	Standard	Models



During	the	long	sequel	of	restless	attempts	of	
finding	experimental	evidences	or	at	least	hints	of	
NEW	PHYSICS	beyond	the	SM	along	the	
traditional	High-Energy	(HE)	and	High-Intensity	
(HI)	paths,	several	3	or	even	4	σ signals	at	variance	
w.r.t.	the	SM	expectations	have	shown	up,	but		
they	have	also	(rather	sooner	than	later)	
invariably	faded	away.				

A	remarkable	exception	is	represented	by
the	anomalous	magnetic	moment	of	the	muon

which	has	been	for	several		years	now		and	still represents	a	major	observational
evidence	along	the	HI	frontier	of		the	possible	presence	of	NEW	PHYSICS

On	the	“old”	muon	g-2	puzzle



μ

B

e+

Put	a	beam	of	polarized	muons	into	a	storage	ring

Both	the	muon	spin	and	momentum	precess

Because	g	is	slightly	greater	than	2	the	spin	
precesses faster	than	the	momentum





D.	Kawall (g-2	Muon	Collaboration),	
Sixth	Plenary	Workshop	of	the	Muon	g-2	Theory	Initiative,	Bern,	Sept.	2023
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HVP:	the	major	source	of	uncertainty	in	the	muon	g-2	SM	computation	
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Now	5.1σ	discrepancy

With	only	
RUN1	data
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The	OLD (g-2)μ puzzle	



NEW	PHYSICS	for	the	muon	g-2:	at	which	scale?

On	the	other	hand,		HE	experiments	(LEP,	Tevatron,	LHC)	have	NOT	provided	any	clue	for	the	presence
of	new	(charged)	particles	at	the	ELW.	scale		

P.	Paradisi,	La	Thuile 2021

The	case	of	AXION-LIKE	PARTICLES	(ALPs)



Pseudoscalar 1σ	solution	bands	
to	the	g-2	muon	anomaly	taking	
Λ =	1	TeV

Marciano,	A.M.,	
Paradisi,	Passera ‘16



Marciano,	AM,	Paradisi,	
Passera ‘16;				Bauer,	Neubert,	
Thamm ‘17;			Bauer,	Neubert,
Renner,	Schnubel,	Thamm ‘19;		
Cornella,	Paradisi,	Sumensari ‘19



BMWc20:	S.	Borsanyi et	al.	2002.12347,	published	on	Nature,	April	7,	2021
first	published	lattice	result	with	sub-percent	precision!	

0.8%	precision!

2-2.5σ	tension	between	the	
BMWc lattice	result	and	
the	dispersive	evaluations



New	result	on	R(s)	from	CMD3	
(VEPP	– 2000	Novosibirsk)





F.	Ignatov	(CMD-3	Coll.),	6th Plenary	
Workshop	TI,	Bern,	Sept.	4	2023



G.Gagliardi,	Workshop	of	the	Muon	g-2	Theory	Initiative,	Edinburgh,	Sept.	2022	



Colangelo,	El-Khadra,	Hoferichter,	Keshavarzi,	Lehner,	
Stoffer,	Teubner,	arXiv:2205.12963v2	(2022)



G.	Gagliardi,	6th Plenary	Workshop	TI,	Bern,	Sept.	4	2023





New	Physics	to	solve	the	new	muon		g-2	puzzle	?	

L.	Di	Luzio,	A.M.,	P.	Paradisi,	M.	Passera,		PLB	2022			(arXiv 2112.08312)

Not	including	CMD3



Keshavarzi,	Marciano,	Passera,	
Sirlin,	PRD	2020	(updated	2021)





NP	coupled	both	to	hadrons and	electrons

a	POSITIVE	SHIFT	on

SUBTRACTION since	NP	does	NOT contribute	
to	the	HVP	at	the	LO,	but	it	DOES	contribute	to	
the	cross-section	at	the	LO

but	not directly	to	the	muons	
!



The	unique	scenario	to	obtain	such	a		SIZEABLE	NEGATIVE	interference

• SIZEABLE	à TREE-LEVEL contribution	to	modify	σhad at	 𝒔� <	1	GeV		
(hence,	sub-GeV	mediator	coupling	to	the	hadronic	and	electron	
currents	at	tree-level)

• NEGATIVE	INTERF.	à NP	particle	couples	via	a	VECTOR	current	to	
the	u,	d	quarks	(given	the	dominance	of	the	π+π- channel)



Examples	of	benchmark	values	for	mZ’ and		Z’	
couplings	to	electrons	and	up- and	down-
quarks	suitable	to	solve	the	g-2	discrepancy

Di	Luzio,	A.M.,	Paradisi,	Passera 2112.	08312



However,	severe	constraints	on	the	Z’	couplings	to	electrons	and	to	hadrons

(rescaling	the	lattice	QCD	calculation	of	Frezzotti,	Gagliardi,	
Lubicz,	Martinelli,	Sanfilippo and	Simula 2112.01066)



At	least	TWO independent	bounds	prevent to	get	a	sizeable	contribution	
to	Δaμ modifying	σhad via	Z’	exchange	to	solve the	“new”	μ g-2	puzzle



à NO,	NP	cannot	spoil	the	
validity	of	such	extraction





NEW



to		Subir,	the	tireless	and	
unorthodox	hunter	for

New	Physics	
Beyond	the	Standard	Models

Thanks,	Subir,	for	the	many	(always	lively!)	discussions	with	
you	on	physics	(and	not	only	physics…) and	for	reminding	me	that	
DOUBT	rather	than	CERTAINTY is	our	guiding	principle



BACK-UP	SLIDES



P.	Paradisi,	muEDMWorkshop	Pisa,	2022

LFV,	(g	– 2)lept and	(EDM)lept correlations	in	Effective	Theories







The ELECTRON	 magnetic	moment	







e+e-à π+π- dominance	of	the	low-energy	hadronic	cross-section	













Carloni Calame,	Passera,	Trentadue,	
Venanzoni,	PLB	2015


