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Minimal	 Flavor	 Violation	 	 (MFV)

Isidori	 (2012)



MFV



MFV

MFV	 hypothesis:	 	 Y’s	 are	 the	 only	 source	 of	 flavor	 violation	 
also	 in	 BSM.	 
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·• NP	 modifies	 only	 the	 flavor-independent	 magnitude





Muon	 g-2

·• Although	 flavor	 conserving	 observable,	 it	 can	 give	 constraint	 on	 
flavor	 models	 	 

!

·• muon	 is	 ~40000	 times	 more	 sensitive	 to	 NP	 than	 electron
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Basics	 of	 g-2
Scattering	 of	 electron	 with	 EM	 field

From	 Lorentz,	 P	 invariance,



Basics	 of	 g-2
Ward	 identity:

Using	 Gordon	 identity

Tree	 level,

Electron	 within	 external	 B-field

We	 can	 interpret	 the	 scattering	 amp.	 as	 Born	 approx.	 to	 scattering	 	 
of	 an	 electron	 from	 a	 potential	 well.



Basics	 of	 g-2

electric	 charge	 of	 e=1

a =
g � 2

2
= F2(0)

Anomalous	 magnetic	 dipole	 moment,

Schwinger(1948)



Muon	 g-2



Muon	 g-2



Muon	 g-2



Muon	 g-2



Muon	 g-2



Muon	 g-2



Muon	 g-2	 (MSSM)



Muon	 g-2	 (MSSM)
chirality	 flip	 can	 occur	 inside	 the	 loop



Muon	 g-2	 (Dark	 photon)



FCNC	 processes	 in	 MSSM
·• Ref.	 

·• Gabbiani,	 Gabrielli,	 Masiero,	 Silvestrini,	 hep-ph/9604387



K0 �K
0
mixing



New	 topology	 not	 present	 in	 the	 SM



Effective	 operators	 for	 
K0 �K

0
mixing

In	 the	 SM,	 only	 Q1	 
is	 generated!



Use	 

to	 calculate	 the	 VIA	 

Hadronic matrix elements



Mass	 difference	 and	 CPV	 parameter	 ε

Comparing	 with	 the	 exp.,	 we	 get	 the	 constraint



Masiero,	 Vempati,	 Vives,	 0711.2903



B0 � ¯B0
mixing





b→sγ



b→sγ

Wilson	 coefficients	 at	 mb	 scale

Relavant	 effective	 operators ·• Chirality	 flip	 as	 in	 MDM	 op.	 
·• Dominate	 in	 the	 SM	 



b→sγ
·• Gluino	 contribution

LR	 is	 more	 strongly	 
constrained



b→sγ
SM	 +	 Charged	 Higgs	 +	 Chargino

·• Charged	 Higgs:	 constructive	 interference	 with	 the	 SM	 
!

·• Chargino:	 destructive	 if	 μ>0	 
!
※	 μ>0	 is	 preferred	 to	 explain	 (g-2)μ	 anomaly





Misiak	 (2014)



Bs→μ+μ-



Bs→μ+μ-



Bs→μ+μ-



Bs→μ+μ-



Chared	 Lepton	 Flavor	 Violation	 (CLFV)
We	 have	 already	 seen	 LFV:	 neutrino	 oscillation	 

!



CLFV

MEG(2013)

Experimental	 constraints



Other	 CLFV

< 5.7⇥ 10�13 < 1.0⇥ 10�12 < 6.1⇥ 10�13





CLFV	 in	 the	 MSSM
CLFV	 processes	 are	 proportional	 to	 tan�



CLFV	 in	 the	 MSSM

probes	 MSSM	 far	 beyond	 LHC



CLFV	 in	 the	 MSSM



Electric	 Dipole	 Moment	 (EDM)
·• A	 Permanent	 EDM	 Violates	 both	 T	 &	 P	 Symmetries:

+

-

+

-

+

-
T

P

·•CPT	 →	 T	 violation	 means	 CP	 violation



EDM in the SM/NP

EDM=0	 at	 one-loop	 level	 (SM) Non-zero	 EDM	 at	 one-loop	 level	 
(MSSM)



EDM in the SM/NP
Effective	 operators	 for	 EDM:



Cheng-Pang	 Liu	 (2007)

ACME	 (2014):	 |de| < 8.7⇥ 10�29 e cm

Experimental	 bound



Flavor	 Physics	 and	 Neutrino	 Mass
·• Conventional	 mechanism	 for	 small	 neutrino	 masses:	 seesaw	 

mechanism



Flavor	 Physics	 and	 Neutrino	 Mass
·• Alternative	 mechanism	 for	 small	 neutrino	 masses:	 radiative	 

neutrino	 mass	 generation,	 eg.	 Zee-Babu	 model	 	 



Flavor	 Physics	 and	 Neutrino	 Mass



Flavor	 Physics	 and	 Dark	 Matter
Ma,	 0601225



Flavor	 Physics	 and	 Dark	 Matter

Neutrino	 masses

Dark	 matter	 candidates:	 the	 lightest	 neutral	 state	 of	 Z2-odd	 particles	 

⌘0, Ni


