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Only	one	fundamental	interaction?



-- hints	of	violation	of	the	lepton	
flavor	universality	in	semileptonic
B	decays(??)

• Value	of	the	Hubble	constant						
measured	today	or	inferred	from	the	
Planck	results	on	the	CMB







5	numbers,	5	indications	of	physics	beyond	the	Standard	Models	of	
Particle	Physics	and	Cosmology:	NEUTRINO	MASSES,	DARK	MATTER,	
DARK	ENERGY,	ANTIMATTER and	VACUUM	ENERGY

>	0.1	%
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thanks	to	H.	Murayama
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Ultimate Accelerator.

Drawn by Fermi in the ’50
to reach 3 TeV.

The manifesto of HEP!

A. Wulzer 2019  at 
the Town Meeting

of EU Particle 
Strategy in Granada, 

13-16 May 2019



High Energy Physics before and after the LHC

Particle physics is not validation anymore, rather it 
is exploration of unknown territories

W boson

Top

Higgs
SUSY, etc.

? ? ?

HEP before the LHC HEP after the LHC

This is good:
next discovery will be revolutionary

This is bad:
F.C. potential cannot be evaluated on few uniquely identifiable  

benchmarks (e.g., Higgs for LHC). Selection made in what follows.

A. Wulzer 2019  
at the Town 

Meeting of EU 
Particle Strategy 

in Granada





or	the	SM	cannot be	considered	an	
EFFECTIVE	THEORY	

• In	physics	properties	at	an	energy	scale	m	<<	M		do	not	strictly	depend	on	the	
detailed	knowledge	(of	the	parameters)	at	M	where	a	“more	fundamental”	
theory	sets	in	(for	instance,	to	study	atomic	physics	you	don’t	need	a	detailed	
knowledge	of	the	nuclear	physics	inside	the	nucleus	of	the	atom,	or	to	explore	
nuclear	physics	you	don’t	need	a	detailed	knowledge	of	the	QCD	(Quantum	
Chromo-Dynamics)	ruling	the	dynamics	of	the	quarks,	etc.)	à at	each	energy	
scale	we	consider	the	effective	theory	holding	at	that	scale	removing	all	the	
degrees	of	freedom	related	to	the	physics	at	a	much	larger	scale	(or	much	
smaller	distance)

• On	the	contrary,	the	dynamics	of	the	SM,	in	particular	the	scale	at	which	the	
electroweak	symmetry	breaking	occurs,	would	strictly	depend	on	the	relations	
of	parameters	of	a	fundamental	theory	setting	in	at	a	scale	16	orders	of	
magnitude	larger	than	the	elw.	energy	 scale	!	



J.	de	Kleuver

Going	beyond	the	physics	of	the	Standard	Models:
the	APP	3-pronged	approach





















Summary	talk	by	Asai and	Catena	of	the	DM	WG	at	the	EU	Strategy	Granada	Symposium



Summary	talk	by	Asai and	
Catena	of	the	DM	WG	at	the	EU	
Strategy	Granada	Symposium



DARK	PHOTON	?

Or	very	light	axions,	or	axion-like	particles	(ALPs)	or	very	
heavy,	macroscopic	objects	DM,	for	instance	primordial	
Black	Holes























New physics Λ energy scale and (g-2)μ
If New Physics (NP) at a scale Λ gives the contribution δmμ
to the muon mass, then such NP leads to a loop contribution 
to the muon magnetic moment aμ :

Czarnecky and 
Marciano, 2001; 
Stockinger 2010

~ O(α/4π) if perturbative contributions to the muon mass

~ O (1) if the muon mass is radiatively induced



If the g-2 discrepancy between exp.  and SM expectation is a 
real fact and if we invoke NP to account for it, then 

Λ NP has to be at or below the TeV scale !



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,	Masiero,	Paradisi,	Passera 2016



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

Marciano,	Masiero,	Paradisi,	Passera 2016

yaμ



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



Calibbi,	Ziegler,	Zupan 2018

F-S	one-loop	contribution	to	g-2
DM	annihilations	into	
ordinary	matter

Models	without	and	with	Higgs	insertion



Dark	(light)	green	region	
à total	contribution	to	g-
2	compatible	at	1	(2)	σ
with	the	experimental	
result

Calibbi,	Ziegler,	Zupan 2018

Models	without	
Higgs	insertion



Models	with	Higgs	insertion

Calibbi,	Ziegler,	Zupan 2018



Two	leptonic g-2	anomalies	?
Recent	(Parker	et	al.	2018)	more	precise	determination	of	the		fine	structure	
constant

2.4	σ discrepancy	
(opposite	in	sign	w.r.t.		
to	the	muon	case)



A	single	scalar	solution	to	both	anomalies?
Yes,	if	the	the	two-loop	Barr-Zee	diagrams	

dominate	over	the	one	loop	scalar	contributions	to	the	(g-2)e

with	relatively	large	couplings	to	the	electron	and	the	two	photons
Davoudiasl and	Marciano	2018



Combined	explanation	of	(g-2)e AND	(g-2)μ
with	a	large	muon	EDM

• EFT	analysis	(Crivellin and	Hoferichter,	May	2019)	

Simultaneous	explanation	possible	in	models	with	chiral	enhancement		But,	

very	important,	one	needs	a	DECOUPLING	of	the	electron	and	muon	

BSM	sectors	to	avoid	the	very	stringent	limit	on	BR	(μà e	+	Ɣ)

Such	decoupling	entails	that	there	is	no	correlation	between	
the	EDMs	of	the	electron	and	muon,	i.e.	the	very	stringent	
bound	on	de does	not	necessarily	imply	a	very	small	dμ





?

Post	– LHC	physics	

Lepton	(g-2)	and	EDM	as	
possible	LIGHTHOUSE		


