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-- 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	%

~	68	%

~	27%

0	%

1062 % ??
thanks	to	H.	Murayama





The	question	can	be	rephrased	into:	
Is	DM	a	good	honest	weakly	(but	not	too	weakly)	interacting (with	the	SM	particles)	
massive	(typically	O(100	GeV))	particle,	i.e.	a	“traditional”	WIMP	part	of	an	extension	of	
the	SM	accounting	for	a	(possibly	natural)	explanation	of	the	(incredibly	small)	
electroweak	symmetry	breaking	scale	MW (as	compared	to	the	Planck	scale	MPl) and	
constituting	an	SM	UV	cut-off	at	the	TeV scale	?

Or
Is	DM	unrelated	to	the	existence	of	a	natural	solution	of	the	gauge	hierarchy	problem.	
i)	In	this	case	 DM	can	be	part	of	an	SM	extension	at	E	>>	MW (	for	instance	E	~	mutiTeV)	
and	then,	presumably,	MDM >	O(1	TeV)	(heavy	DM)	or
ii)		DM	could	be	a	(very)	light	particle	coupling	very	weakly	to	the	SM	particles	being	
part	of	a	new	dark	sector	of	the	theory	communicating	with	the	SM	particles		only	
through	a	specific	“portal”,	i.e.	one	or	more	particles	bridging	the	“dark	world”	with	
”our”	SM	world	(in	this	case	the	DM	sector	is	not	part	of	a	larger	theory	extending	the	
SM,	but	it	could	be	a	separate	sector	of	the	theory)

The	DM	dilemma:	to	be	or not	to	be	related	to
the	electroweak	symmetry	breaking?



Pros	and	cons	to	be	a	WIMP	DM	(I)
Pros:	
• i)	the	WIMP	coincidence	or	emphatically	dubbed	“WIMP	miracle”	
(namely:	take	a	weakly	interacting	O(100	GeV)	particle	once	in	
thermal	equilibrium	and	compute	its	number	density	today	– result:	
typically	one	ends	up	with	nWIMP ~	10-8 cm-3 leading	to	the	correct	DM	
amount	!	;		

• ii)	such	WIMP	DM	typically	constitutes	a	form	of	COLD	DM	(hence	
correctly	accounting	for	the	main	bulk	of	observations	on	large	scale	
structures	distribution)

• iii)	remarkably	enough,	the	main	SM	extensions	envisaged	to	cope	
with	”natural”	explanation of	the	gauge	hierarchy	puzzle	MW <<	MPl
entail	the	presence	of	a	stable	particle,	typically	the	lightest	of	the	
new	particles characterizing	such	SM	extension,	which	is	a	potentially	
good	WIMP	DM	candidate.





Pros	and	cons	to	be	a	WIMP	DM	(II)
The	cons:
i) In	spite	of	constituting	the	most	“wanted”	particle	candidate	for	DM,	no	

WIMP	signal	(or	at	least	hint)	has	ever	emerged	with	searches	reaching	
sensitivities	to	WIMP-nuclei	cross	sections	down	to	10-10 pb;

ii) The	negative	results	coming	from	high-energy	and	flavour	physics	(in	
particular	LHC)	searches	of		new	physics	particles	around	the	corner,	i.e.	
in	the	O(1TeV)	mass	range,	have	(largely)	reduced	our	enthusiasm	for	a	
TeV new	physics	directly	linked	to	a	natural	solution	of	the	MW <<	MPl
gauge	hierarchy	problem.	And,	as	a	consequence,	the	lightest	TeV new	
physics	particle	has	lost	its	appeal	as	“natural”	candidate	for	DM	

iii) The	main	“victim”	of	this	lost	connection	DM	– TeV new	physics	is	
undoubtedly	the	Lightest	SUSY	Particle,	LSP,	typically	the	lightest	
neutralino in	SUSY	models	with	R	parity	





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
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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



Marciano,	Masiero,	Paradisi,	Passera



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	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),	EDMs	and	DM
as	possible	LIGHTHOUSE		
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