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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

The	other	more	recent	hint	of	NEW	PHYSICS	along	these	two	roads	is	again	in	the	HI	
frontier,	namely	the	possible	violation	of	lepton	flavour	universality	in	some	B-meson	
semileptonic decays.



OOBSERVATIONAL	REASONS	
of	New	Physics:	

all	of	them	along	
the	ASTROPARTICLE	frontier

THEORETICAL	REASONS:
the	unbearable	fine-tuning of	
fundamental	parameters	

+	other	“aesthetic”	puzzles	
the	flavour	“problem”,	the	
barely	missed true	unification	
of	fundamental	interactions,	
the	inclusion	of	gravity
in	a	QM	consistent	framework,	…







The	4	classes	of	SM	contributions:	uncertainty	largely	dominated	by	the	
hadronic	contributions	in	Vacuum	Polarization	(HVP)		and	Light-by-Light (HLbL)	

C.	Lehner,	April	8,	2021	- CERN	EP	Seminar



HADRONIC	VACUUM	POLARIZATION	CONTRIBUTION

Ab-initio lattice	calculations

Dispersive	relations,	
e+e- à hadrons exps.	

WP20:	



BMW20:	S.	Borsanyi et	al.	2002.12347,	published	on	Nature,	April	7,	2021
first	published	lattice	 result	with	sub-percent	precision!	

0.8%	precision!







Could	Δaμ (using	DRs	for	aμSM)	be	due	to	some	
missing	contributions	in	the	hadronic	cross	section?
Yes,	possible	to	increase	the	hadronic	cross	section	to	account	for	
Δaμ ,	BUT:
• If	such	increase	occurs	because	of	new	(so	far	missed)	
contributions	ABOVE	~	1	GeV	à conflict	with	the	EW	precision	
fit arises	

• If	such	increase	occurs	BELOW	~1	GeV	à entails	a	conflict	with	
the	precision	of	the	measured	hadronic	cross	section	

(KMPS	2020,	updated	2021)									

Marciano,	Passera,	Sirlin 2008	&	2010;	
Keshavarzi,	Marciano,	Passera,	Sirlin 2020



M.	Passera,	talk	at	the	IAS,	Apr.	13,	2021



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





Minimal extensions	of	the	SM	to	account	for	the	(g-2)μ anomaly

Addition	of	a	SINGLE	NEW	FIELD:
i) The	addition	of	a	single	fermion	cannot	explain	this	anomaly	;
(C.	Biggio 2008;	Freitas,	Lykken,	Kell,	Westhoff 2014;	Biggio,	Bordone 2014)	

ii) The	addition	of	a	single	scalar	can	account	for	the	discrepancy	if	the	new	scalar	
is:	
a	new	Higgs	doublet;	(Freitas,	Lykken,	Kell,	Westhoff 2014;	Broggio,	Chun,	Passera,	Patel,	
Vempati 2014;	Biggio,	Bordone 2014;	Cherchiglia,	Kneschke,	Stockinger,	Stockinger-Kim	2017)

one	of	the	two	leptoquarks:	S1/3(3,	1,	-1/3;	Q=	-1/3);	D7/6(3,2,	7/6;	Q	=	5/3,	2/3) Chakraverty,	D.	
Choudhuri,	Datta 2001;	Biggio,	Bordone 2014;	Queiroz,	Shepherd	2014;	Coluccio Leskow,	
D’Ambrosio,	Crivellin,	Muller	2017



• iii) one	massive	vector	boson:	only	possibility	à abelian	
gauge	extensions	– Z’,	dark	photon	(Biggio,	Bordone,	Di	Luzio,	Ridolfi
2016;	Davoudiasl,	H.-S.Lee,	Marciano	2014;	Altmannshofer,	C.-Y.	Chen,	Dev,	
Soni 2016;	)

• iv)	ALPs	(ALP-photon	photon	+	ALP	Yukawa	interactions	with	
leptons)	

One-loop	
contribution

Two-loop	
contributions

Chen,	Davoudiasl,	
Marciano,	Zhang	2016

Marciano,	AM,	Paradisi,	Passera 2016



Marciano,	AM,	Paradisi,	Passera 2016;
Bauer,	Neubert,	Thamm 2017



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

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

MMPP	2016

yaμ



MMPP	2016





DM	and	g-2	as	windows	to	New	Physics

• Minimal	extensions	of	the	SM	to	account	for	the	DM:	one	
additional	field		that	being	neutral	and	stable	might	have	been	in	thermal	
equilibrium	interacting	with	ordinary	matter	and	today	have	the	correct	
density	to	account	for	the	DM

• Minimal	extensions	of	the	SM	to	account	for	the	g-2	anomaly:	
one	single	additional	field	(leptoquark or	additional	Higgs	doublet	or	ALPs)	
coupling	sizeably		to	leptons	and/or	photons

• Is	it	possible	to	have	just	one	single	additional	field	to	account	for	both	the	
DM	and the	g-2	anomaly?	No,	the	DM	fields	in	these	minimal	SM	
extensions	decay	too	quickly	to	ordinary	matter	particles.		One	needs	at	
least	two	new	fields (for	instance	one	additional	fermion	and	one	
additional	scalar) Calibbi,	Ziegler,	Zupan 2018





à NO,	NP	cannot	spoil	the	
validity	of	such	extraction



A	new	life	for	an	old	protagonist:	the	g-2	of	the	ELECTRON

The	g-2	of	the	
electron no	longer	
provides	the	best	
determination	of					

The	(g-2)e exp.	error	may	soon	
become	<	10-13 à
(g-2)e	can	soon	play	a	pivotal	role	
in	probing	NP		in	the	leptonic sector

Morel	et	al.,	
Nature	588	(2020)	61

Giudice,	Paradisi,	Passera 2012





…some	final	thoughts	on	the	leptonic	g-2

• (g-2)μ certainly	represents	the	most	longstanding	possible	hint	(constantly	
at	the	3	– 4	σ significance	level)	of	NP	BSM		(now,	thanks	to	this	last	exp.	
result,		growing	to	4.2	σ)

• the	recent	BMW	remarkable	ab	initio	lattice	computation of	(g-2)μ is	nicely	
quite	close	to	the	experimental	value	of	(g-2)μ ,	however	its	discrepancy	w.r.t.	
the	traditional	dispersive	relation	cannot	be	accounted	for	by	Δσ(s)	shifts	
above	~	1GeV	(otherwise	the	global	EW	fit	is	ruined)	and	by	shifts	below	
~1GeV	to	avoid	conflicts	with	the	quoted	exp.	error	of	σ(s)

• An	important	(g-2)	leptonic synergy:	(g-2)μ and	(g-2)e
• The	NP	accounting	for	(g-2)μ can	lead	to	potentially	relevant	enhancements	in	
leptonic EDMs	and	LFV	physics

• MUonE can	soon	provide	an	independent	determination	of	the	leading	
hadronic	contributions	to	aμ alternative	to	both	the	dispersive	and	lattice	
methods


