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NOhints	of	BSM	new	physics	from	the	
HIGH-ENERGY	FRONTIER





M.	Pepe-Altarelli,	Erice School,	June	2023

The	FLAVOR	PHYSICS	test	passed	unscathed	by	the	SM
...	but	for	the	alleged	“B	ANOMALIES”



M.	Pepe-Altarelli,	Erice School,	June	2023





A	remaining	flavor puzzle	in	B	physics?

In	conclusion,	NO firm	hints	for	any	
discrepancy between	SM	expectations	and	
experimental	results	in	the	many	and	accurate	
tests	in	FLAVOR	PHYSICS	(FCNC,	lepton	flavor
universality	in	K,D,	B	semileptonic decays,	etc.)







The	(g-2)μ puzzle
the	SM	theoretical	computation





Hadronic	Vacuum	Polarization	(HVP)	contribution



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	



(g-2)μ experimental	vs.	SM	theoretical	expectation

20	years	
ago!

last	year!

HVP	contribution	
evaluated	using	the	
dispersion	relations	and	
the	exp.	e+e- à hadrons	
data



NEW	LATTICE	result	



NO	firm	hints	
for	BSM	new	
physics	from



NO (firm) HINTS for BSM NEW PHYSICS
from the 

HIGH ENERGY and INTENSITY frontiers,

BUT…



ν peculiarity: in the SM 
ONLY LEFT-HANDED ν

i) V– A  structure of the charged weak 
currents (i.e. the W boson couples only 
to the LEFT-HANDED fermions) ;
ii) ν doesn’t couple to photons (no neutral 
currents observed at the time the SM 
was proposed);
iii) In any case, even today no hint of 
the presence of a right-handed 
neutrino
iv) Before observing neutrino oscillations, 
this (very light) particle was widely 
thought to be massless à no need for 
the presence of its right-handed 
component 



No SU(2)L and 
U(1)Y invariant



U(1)B :			B(q)	=	1/3	;	B(all	other	SM	fields)	=	0

U(1)L	:	L(leptons)	=	1;			L	(all	other	SM	fields)	=	0	
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Choice	A) à in	this	case	U(1)L is	no	longer	an	AUTOMATIC	SYMMETRY	
of	the	theory,	rather	it	is	a	NEW	GLOBAL	SYMMETRY	one	imposes	by	
hand	IN	ADDITION	to	the	SM	gauge	symmetry.		









New	source(s)	of	CP	violation

New	particles	and	
interactions

New	scalar	potential









THE FLAVOUR  PROBLEMS

What is the rationale hiding 
behind the spectrum of fermion 
masses and mixing angles
(our “Balmer lines” problem)

LACK OF A 
FLAVOUR “THEORY”

( new flavour – horizontal  
symmetry, radiatively induced 
lighter fermion masses,  
dynamical or geometrical 
determination of the Yukawa 
couplings, …?)

Flavour changing neutral 
current (FCNC) processes are 
suppressed.

In the SM two nice 
mechanisms are at work: the 
GIM mechanism and the 
structure of the CKM mixing 
matrix.

How to cope with such delicate 
suppression if the there is new 
physics at the electroweak 
scale? 

FERMION MASSES FCNC
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The COUPLING CONSTANTS of fundamental interactions are 
NOT constant, but

RUNNING COUPLING CONSTANTS
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Grand Unified Theories - GUTs

?

BIG DESERT: Nothing new beyond the SM, i.e. 
no new particles and interactions between MW
and MGUTà NO GUT



Only	one	fundamental	interaction?





Notice	that,	on	the	contrary,	for	fermion	
masses	the	radiative	corrections	are	only	
logarithmically	divergent









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	!	



Ideology

HEP before the LHC HEP before the F.C.

W boson

Top

Higgs
SUSY, etc.



Ideology

HEP before the LHC HEP before the F.C.

W boson

Top

Higgs
SUSY, etc.

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



The	Energy	Scale	from	the
“Observational”	New	Physics

neutrino	masses
dark	matter
baryogenesis
inflation	

NO	NEED	FOR	THE	NP	
SCALE	TO	BE	CLOSE	TO	
THE	ELW.	SCALE

The	Energy	Scale	from	the
“Theoretical”	New	Physics

Stabilization	of	the	electroweak	symmetry	breaking	calls	for	an	
ULTRAVIOLET	COMPLETION	of	the	SM	already	at	the	TeV scale +	

CORRECT	GRAND	UNIFICATION	“CALLS”	FOR	NEW	PARTICLES	AT	THE	ELW.	SCALE		(	in	
particular	few	hundred	GeV	SUSY	particles)



ELW.	SYMM.	BREAKING	STABILIZATION VS.	FLAVOR	
PROTECTION:	THE	SCALE	TENSION

UV	SM	COMPLETION	TO	STABILIZE	THE	ELW.	SYMM.	

BREAKING:LUV ~	O(1	TeV)

Isidori



How	large	Λ NP	and/or	how	small	the	“angles”	of	
the	Λ =	1	TeV NP couplings	have	to	be	to	cope	
with	the	FCNC	?

Y.	NIR	et	al.



SMALLNESS	OF	THE	
NP	COUPLINGS	IF	
THE	NP	SCALE		IS	1	
TEV

SMALLNESS	
OF	THE	SM	
COUPLINGS



2021
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+		lack	of		UNIFICATION	of	the	
ELW.	and	strong	interactions

+lack	of	a	physical	“explanation”	of		the	
(largely	different)	masses	and	mixings	
of	the	fermions



G.	Bertone,	Erice School,	June	2023



The Ten Commadments to respect to be a
“good” DM candidate

NONE OF THE SM PARTICLES CAN 
BE A GOOD DM CANDIDATE !















SUSY & DM : a successful marriage
• Supersymmetrizing the SM does not lead necessarily to 

a stable SUSY particle to be a DM candidate. 
• However, the mere SUSY version of the SM is known to 

lead to a too fast p-decay. Hence, necessarily, the SUSY 
version of the SM has to be supplemented with some 
additional ( ad hoc?) symmetry to prevent the p-
decay catastrophe. 

• Certainly the simplest and maybe also the most 
attractive solution is to impose the discrete R-parity
symmetry 

• MSSM + R PARITY LIGHTEST SUSY 
PARTICLE  (LSP) IS STABLE . 

• The LSP can constitute an interesting DM candidate in 
several interesting realizations of the MSSM ( i.e., with 
different SUSY breaking mechanisms including gravity, 
gaugino, gauge, anomaly mediations, and in various 
regions of the parameter space).



WHO IS THE LSP?
• SUPERGRAVITY ( transmission of the 

SUSY breaking from the hidden to the 
obsevable sector occurring via 
gravitational interactions): best candidate 
to play the role of LSP:
NEUTRALINO ( i.e., the lightest of 
the four eigenstates of the 4x4 
neutralino mass matrix)

In CMSSM: the LSP neutralino is 
almost entirely a BINO





Axion

� Axions arise as a dynamical way to solve the 
strong-CP problem

� Being particles, they can have a cosmological role

� They can be:
–Thermally produced: hot dark matter
–Non-thermally produced: born as nonrelativistic, 

classical field oscillations - very small mass, yet 
cold dark matter



P. Sikivie, Erice School 2023

















THE	MISTERY	OF	THE	5	NUMBERS	THAT	
THE	SM	IS	UNABLE	TO	EXPLAIN	

NEUTRINO		MASS

WHAT	IS	DM	MADE	OF?

ENERGY	OF	THE	
QUANTUM	VACUUM?

WHAT	PRODUCED	THE	COSMIC	
MATTER-ANTIMATTER	ASYMMETRY

COSMOLOGICAL	CONSTANT	PROBLEM	
(QUANTUM	VACUUM	ENERGY?)

68	%%

27	%%



MICRO-COSMOS

NEW	PHYSICS
BSM

Up	to	you	to	
prepare	this	
new	T-shirt	of	
ISAPP	20..

ISAPP	20....


