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This is a very hard task since: 
It is difficult to make predictions, 
especially about the future
N. Bohr 

however, to foresee the 
future,  we must at least 
know the past and:
In  the past Flavor Physics was
 a portal to predict the existence 
Of  new  interactions  or  new  particles  before  we 
could have enough energy to produce them
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The fundamental issue for the future  is
 to find signatures of new physics 
see Standard Mantra  (SM) 
and to unravel the underlying theoretical structure

Since New Physics particles
have not been discovered (yet)

Precision Flavor physics is a key tool, 
complementary to the high
 energy

 
searches @ the LHC

Precision is not important in itself 
It is important  to explore high energy scales/small couplings 



If the LHC  discovers new elementary particles BSM, 
then precision flavor physics will be necessary to 
constrain the underlying framework;

The discovery potential of precision flavor physics 
however should not be underestimated.



 
Absence of FCNC  at tree level  (& GIM 
suppression of FCNC @loop level)  
 
Almost no CP violation at tree level  
 
Flavour Physics is extremely 
 sensitive to New Physics (NP) 
 
In competition with  
Electroweak Precision   
Measurements 



WHY RARE DECAYS ? 
Rare decays are a manifestation of broken 
(accidental) symmetries e.g. of physics 
 beyond the Standard Model 

Proton decay                              baryon and lepton
                                                   number conservation

µ  ->  e  + γ     
    lepton  flavor number
νi        ->        νk      found !



RARE DECAYS WHICH ARE ALLOWED
IN THE STANDARD MODEL  

FCNC:
 qi     ->  qk   +    ν   ν

 qi     ->  qk   +    l+
  l

-

 qi     ->  qk   +    γ

these decays occur only via 
loops because of GIM and 
are suppressed by CKM  

THUS THEY ARE  SENSITIVE TO  
NEW PHYSICS 







K0-K0bar Mixing continues to provide the 
best constraints  on New Physics up to
 very large energy scales
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 L. Silvestrini







After 
LHCb



CKM 

 

THE 
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 ρ = 0.145 ± 0.014  η = 0.349 ± 0.010   

Consistence on an 
over constrained fit 

of the CKM parameters 

CKM matrix is the dominant source of flavour mixing and CP violation 

In the 
hadronic 
sector,  the 
SM CKM  
pattern 
represents 
the 
principal 
part of the 
flavor 
structure 
and of  CP 
violation  

 α = (88.2 ±  0.1 )0  
sin2β = 0.699 ± 0.068 
β = (22.3  ±  0.66 )0  
γ = (65.8 ±  2.2)0  
A = 0.825 ± 0.012

 λ = 0.22502 ± 0.00053 
 

Winter 2018 results  
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2014-18

Experimental progress so impressive that we can fit 
the hadronic matrix elements (in the SM) 











Dipoles do not break LFU          Scalar operators strongly constrained by Bs -> μμ



Let us assume that these anomalies are due to New Physics
and try to estimate the NP scale

|VtbVts|
↵em

4⇡v2
CNP ⇠ CNP

(35TeV)2

•  Tree level effects
•  Loop effects



Two popular choices for NP effects @ tree level

•  Z’  different  SU(2)L
•  Leptoquark (LQ) spin 0,1

Altmannshofer,Straub 1308.1501,                               Angelescu et al. 1808.08179 and refs   therein                
Altmannshofee et al., 1403.1269,                               Hiller, Nisandric 1704.05444, Hiller et al., 1503.01084,
                                                                                                  Hiller, Schmaltz 1411.4773
Greljo, Isidori,Marzocca, 1506.01705                                     Gripaios, Nardecchia, Renner, 1412.1791
etc.                                                                                           etc.







Tree level
anomaly
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B -> D-D*  All SM predictions based on lattice calculations
(same gauge fields configurations)

In the case of
D* q2-dependence
and A0(q2) never 
computed

HQET assumed in 
the calculation?









Marco Ciuchini Page 35 KEK-FF 2013 

Incl

Excl
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Exclusive



Only short distance local operators contributions are checked 





hadronic physics under control?

hadronic physics and tau 
efficiency

hadronic physics*

large uncertainty from hadronic 
physics

D0 � D̄0
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Giusti, Sanfilippo, Simula  1808.00887
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Long Distance Effects in Neutral Meson Mixing   

Within reasonable approximations                                                        
can be extended to D meson mixing
M. Ciuchini,V. Lubicz, L. Silvestrini, S. Simula 
(progresses made by  M. T. Hansen & S.
Sharpe,1204.0826v4,1409.7012v,1504.04248v1)
Also CPV in D -> ππ  or KK
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Let us assume that the Standard Model contributions to M12 and Γ12  are real
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 STRONG CP VIOLATION 
 

Lθ  =   θ Gµνa Ga
µν                      Ga

µν = εµνρσ Ga
ρσ

 

Lθ  ~   θ  Ea · Ba

This term violates CP and gives a contribution to the 
electric dipole moment of the neutron 

en   <  3  10-26 e cm

    θ  < 10-10   which is quite unnatural !! 
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RADIATIVE/RARE KAON DECAYS 

- G. Isidori, G. M., and P. Turchetti, Phys.Lett. B633, 75 (2006), 
arXiv:hep-lat/0506026
- N.H. Christ X. Feng A. Portelli and C.T. Sachrajda Phys.Rev. D92 
(2015) no.9, 094512   10.1103/PhysRevD.92.094512   * 

K ! ⇡l+l� K ! ⇡⌫⌫̄

K+ ! ⇡+`+`�

K0
L/S ! ⇡0`+`�

K0
L/S ! ⇡0⌫⌫̄

K+ ! ⇡+⌫⌫̄

Short distance  (top quark) KOTO 
                                                                              *    lattice calculations 

Long distance dominated easy experimentally*

Long distance dominated          CPV*

Mainly short distance  (top quark) NA62* 
Long distance charm effects 
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anomalies difficult to explain 
simultaneously 
 
•  Need to clarify the theoretical 

side 
 
•  May imply new signals at high 

pT  (CMS and ATLAS) 

•  Effects also in g-2, Belle II, 
NA62, ..

b ! c⌧⌫ and b ! sµµ
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•  Many related modes in                                               
•                                         

•  LFU angular distributions

•                 inclusive; 
•                     (radiative?) ideas 
•    
•    

FUTURE

b ! c⌧⌫ and b ! sµµ
⇤b ! ⇤c⌧⌫ , BcJ/ ⌧⌫ , Bs ! D⇤

s⌧⌫ , Bs ! �µµ

b ! s``
Bs ! �µµ B0 ! K0 ⇤µµ

b ! s⌫⌫̄
B ! s⌧ ⌧̄

B ! Xc⌧⌫ and B ! D⇤⇤⌧⌫

�fB
fB

= 2%

✓
�Vub

Vub

◆exc

= 4%
��[B ! ⌧⌫]

�[B ! ⌧⌫]
= 20%

We need computer resources !!





Improvement of theoretical accuracy also essential



and now: 

… the future (strategies)
LFU anomalies are very 
interesting but do not forget 
the fundamental questions (S 
Mantra):
•  Baryon-Antibaryon 

asymmetry & CP violation
•  Strong CP problem
•  Dark matter and Dark Energy
•  Flavor origin  



The Unknown
As we know,
There are known knowns.
There are things we know we know.
We also know
There are known unknowns.
That is to say
We know there are some things
We do not know.
But there are also unknown unknowns,
The ones we don't know
We don't know.
Donald Rumsfeld
—Feb. 12, 2002, Department of Defense news briefing

no (unespected) discoveries so far  but ….



	
absence	says	more	than	presence	

FRANK	HERBERT	
	(Dune)	

	
		

THANKS	FOR	YOUR	ATTENTION 


