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Minimal Flavour Violation
and SU(5)-unification



The flavour paradox
Yukawa couplings: a piece of physical reality

as opposed to: ?!?!?
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Which direction to take?

1. High energy exploration

3. Indirect signals of new physics at the TeV scale

2. Putative anomalies in B-decays
B � D(D�)�� B � Kµ+µ�/e+e�P �

5(B � K�µ+µ�)Vub exc/inc

2/13



Phenomenological Definition:

Minimal Flavour Violation in the quark sector

 In EFT the only relevant op.s correspond to the
FCNC loops of the SM, weighted by a single scale �
and by the standard CKM factors (up to      coeff.s)O(1)

A(di � dj) = VtjV
�
tiA

�F=1
SM (1 + a1(

4�MW

�
)2)

Mij = (VtjV
�
ti)

2A�F=2
SM (1 + a2(

4�MW

�
)2)

Strong MFV U(3)Q � U(3)u � U(3)d

Yu = (3, 3̄, 1)� Y D
u Yd = (3, 1, 3̄)� V Y D

d

⇒
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Weak MFV

yb = (1, 1, 1)�1 �u = (2, 2̄, 1)0 �d = (2, 1, 2̄)0 V = (2, 1, 1)0

U(2)Q � U(2)u � U(2)d � U(1)d3

A(di � dj) = VtjV
�
tiA

�F=1
SM (1 + (a1b, a1s)(

4�MW

�
)2)

Mij = (VtjV
�
ti)

2A�F=2
SM (1 + (a2b, a2s)(

4�MW

�
)2)

⇒ �u,d = U (12)
u,d �D

u,d

Yu � UuY D
u Yd � UdY

D
d Uu,d � U (23)

u,d U (12)
u,d

4/13



An example: “Natural” SUSY

points allowed by present ATLAS/CMS
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light points: “compressed spectra”
dark points: “naive” bounds

MFV line

U(2)3SM point
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How to extend this picture to leptons?

1. Include neutrinos. E.g.

L̄Yee + L̄YNN + NMN U(3)L � U(3)e � U(3)N

⇒ Ye = Y D
e MN = MD

N YN = ULY D
N UR

2. Assume that neutrinos do not affect LFV
in charged lepton sector and go to unification

both physical

Technically OK if |Mij | � 1011 GeV

|YNY +
N | � 10�4 m�

0.1 eV

M

1011 GeV
since

⇐
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MFV and SU(5)-unification

LU(3)
Y = TYuTH5 + TY1F̄H5̄ + TY2F̄H45

U(3)T � U(3)F̄ � U(3)2

both crucial for              mass differenceY1, Y2 = (3̄, 3̄) µ� s, e� d

⇒ at low energy Yu � Y D
u Yd � V Y D

d as in 

Ye = VLY D
e VRbut

U(3)3

both physical
Cirigliano, Grinstein, Isidori, Wise
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MFV and SU(5)-unification

⇒ at low energy

U(2)T � U(2)F̄ � U(1)F̄3 � U(2)2

LU(2)
Y = ytT3T3H5 + ytxtTVT3H5 + T�uTH5

+ybT3F̄3H5̄ + ybxbTVF̄3H5̄ + T�1F̄H5̄ + T�2F̄H45

m� � mb mµ � 3mssmall enough for me � ms/3

with    and    almost aligned�e �d

⇒ LFV predicted in terms of the CKM angles
RB, Senia 8/13



Main new effects (bounds)

Li =
ci �i

CKM

�2
Oi

✕ ✕ ✕

normalized at � = 3 TeV

Coefficients of other FCNF effects (�B = 2, 1; �S = 1, 2)
as in        are at typical           level, depending on their U(2)3

phases
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As above in SUSY SU(5) with soft terms as in SUGRA

in supersymmetryU(2)2

BR(µ� e�)/exp BR(µ� e�)/exp

ẽR3 ẽR1,2

(up to O(1) uncertainty in the amplitude) 10/13



Current limits

time for improvement
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A suitable flavour program can 
reduce errors on CKM tests from 
about 20% (now, similar to          )��i/�SM

i

 to ≾ 1% (in a decade?)
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Vagnoni - SNS, 7-10 Dec 2014
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Nice prospects in the quark sector ...

...but flattening out after ∼2022



“Natural” SUSY

Flavour constraints on top of direct searches

mH+/TeV|�K/�SM
K |



Signorelli - SNS, 7-10 Dec 2014

Motivation: extra degrees of freedom + unification

Lepton Flavour Violation



Outlook of the Outlook

In the current confusing state of fundamental physics
useful/necessary to have a diversified program 

(LHC, precision, flavour, astro-cosmo-particle, DM)


