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Minimal Flavour Violation
Framework

« U(3)° framework built in order to suppress
New Physics contributions to flavoured
processes.

« SUSY masses are forced to be nearly
degenerate.

* Flavour off-diagonal contributions are related
to CKM and mass hierarchies: y, y, .

D'Ambrosio, Giudice, Isidori, Strumia (hep-ph/0207036)



Flavour Tension in the SM

Buras, Guadagnoli (0901.2056 [hep-ph])
Altmannshofer et al (0909.1333 [hep-ph])



Flavour Tension in the SM
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U(2) Minimal Flavour Violation
Framework

 We would like to establish a framework with
the virtues of MFV, but with more liberty, such
that flavour tension can be accommodated.

* |nspiration:

- U(3)® expansion breaks down to U(2)° at large

tanB Kagan, Perez, Volansky, Zapan (0903.1794 [hep-ph])

- Flavour bounds do not strongly force the third
generation squark masses to be degenerate.

Giudice, Nardecchia, Romanino (0812.3610 [hep-ph])

— U(2) SUSY flavour model sarwieri, pvaii, Hai (hep-ph/9512388)



Outline

e Construction of Framework |: Yukawas

 Construction of Framework Il: Soft Masses

 Phenomenological Predictions
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U(2)° Framework
U(2)g ®@U(2), @ U(2)4

Q(Z) ™ (Qla QZ) A5 (27 ]-7 ]-)
= (ug1 g2 ~ (1,2,1)

c(2 c C
d;@ (%1, d32)T ~ (1,1,2)

6(2)



U(2)° Framework
U(2)g ®@U(2), @ U(2)4

Q(Z) ™ (Qla QZ) A5 (27 ]-7 ]-)
= (ug1 g2 ~ (1,2,1)

c(2 c C
d;@ (%1, d32)T ~ (1,1,2)

6(2)
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U(2)° Spurions

A v 82081

N aYs a0 oz, V

Hierarchy between V_ and V_should be related to suppression in V.
(Hierarchy between V and V  shall be understood later.)



U(2)° Spurions

R (28 )
AN AL T2
AY, ~ (2,1,9)
o AYu CIS’tV e Al/d CUb‘/

Hierarchy betweeny and y_ should be related to suppression in AY .
(Hierarchy betweeny and y_shall be commented later)



Explicit Parametrization



Explicit Parametrization

AY RSBy o
AWENC WAL,

Ayd:<)\f1 0 ) i, VAT
NS Ar2 ~ Yr2/yss



Explicit Parametrization

AY,
AW

UL AY Uy
UL AY{Up

Ayd:<)\f1 0 ) AN U/ 53
NS Q2N 12/ U f 3

This framework does not justify the hierarchy between the first
two generations.

A flavour model seeking this framework must provide some
alignment mechanism in the (1-2) sector.



Explicit Parametrization

AV = UL AV Uy
AN UL AY U

1 Field redefinition

UL AYY 5
Yu:( Q“’O \ xtfiSQ)yt

UL AYY 11€3

V = EUv§2




Explicit Parametrization

UL AY? z:e3

U :( N Sfemf)
Qf _Sf e—Z()df Cf'



Explicit Parametrization

UL AY? z:e3

L @ S f e'os
UQf B ( _Sf e—i()df Cf )

Tf — Xf e'Ps

We have three independent phases, we shall write down four just to keep

matrices symmetric.

Oy, o o)



Diagonalization Matrices

UfLYfU}R — Yfiag

Cu Sy €4 —suste"(o‘ﬁgbt)
— — Sk Cy Ct — ¢, SpetP
0 s e 1t Ci

St/Ct — Tt€
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Diagonalization Matrices

UfLYfU}R — Yfiag
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Diagonalization Matrices

UfLny;R _ ydiag
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Diagonalization Matrices

UfLYfU}R — Yfiag

Cu Y
— — Sk .
0 s;e ot

St/Ct — Tt€

At the CKM level, we shall see that the hierarchy between V. and V_
Is connected to the hierarchy between V and V_.



Diagonalization Matrices

UfLYfU}R — Yfiag
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CKM Matrix

Veru = (UJL - Uqr)

G, Ch S, S giloa—o) —CySq € Y4 + g,cq€ Suse_z(o‘“_g)
CBlLBKY — S, CleRE CuCq + SySq etldu—ad) c,S€'s
v SdS etlaa—&) —3(:de_Zg 1

(s/c)er’:g =€ (azbe_iqbb — a:te_iqbt)



CKM Matrix

Veru = (UJL - Uqr)
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CKM Matrix

Veru = (UJL - Uqr)

CCq + SySgeHed—u) o g e t0d w o0y
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CKM Matrix

Veru = (UJL - Uqr)

Gy, RN V5 5™ 4 gl NN Hlegge e _m“



CKM Matrix

Veru = (UJL - Uqr)

Suse_i(au _5)
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CKM Matrix

Veru = (UJL - Uqr)

Suse_i(au _5)
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CKM Matrix

Veru = (UJL - Uqr)

Suse_i(au _5)

c,S€'s




CKM Matrix

VokMm = (UJL - Uqr)

1 — A?%/2 A 5,8 %
—A Il = ¢ 101 N
— 848 eH(P19) —scy 1
|8| = (0.0410 £+ 0.0004
S = 0.0916 4 0.005
Sd — —0.22 = 0.02

cosp = —0.13+£0.2



What about SUSY?

Soft Masses: Unbroken Limit:
2
me, 0 0

g 2
0 0 my,

Same spurions that generated the Yukawa structure
shall generate the soft mass structure.



Soft Masses
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Soft Masses
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Soft Masses
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Squark Mixing Matrices

Wit m% Wi = (m)He

Cd K" —k*spe"
Wf = —K Cd —cgsre’”

0% s e 1



Squark Mixing Matrices

WgT m% Wg Lo (mZ )diag

Q

Cd K" —K*spe"7

Wf = —K Cd —cgsre’”
0% s e 1

K = Cd‘/td/%s No new phases on the (1-2) sector!



Squark Mixing Matrices

WgT m% Wg Lo (mZ )diag

Q
Cd K™ —Kr sy e
Wf = —K Cd —cgsre’”
0% s e 1
K = Cd‘/td/%s No new phases on the (1-2) sector!
SLGVY D e—Zﬁ(bee—wbb Sl SQe—ZQbQ)

New phase on the (1-3) and (2-3) sectors!



Squark Mixing Matrices

Wit m% Wi = (m)He

New CPV in (1-3)

Cd K™ —K*SL e*7 sector is connected to
: N |
Wg . L7 Cy —cgsret CPV in (2-3) sector!
0% s e 1
K = Cd‘/td/%s No new phases on the (1-2) sector!
SLGVY O e—’l{(smbe—wﬁb Sl SQG—’LGbQ)

New phase on the (1-3) and (2-3) sectors!



Squark Mixing Matrices

WgT m% Wg Lo (mZ )diag

Q
Cd K" —k*spe"
g — —K Cd —cgsre”
0% s e 1
1 0 0
2 =NR\0 1 A2 8% €474
0 —Agp SC}% e 'V 1

No large RR mixings



Flavour Tension in the SM




New SUSY Contributions

CK

SwKs
A M,
AM,

6i{l\/[(tt) % (1 4 .ZCQF()) L 6?(vl\/[(tc—kcc)

sin (Qﬁ + arg (1 + a:'Foe_Qm))

AMSM
AMSM




New SUSY Contributions
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Fit with SUSY Contribution
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Fit with SUSY Contribution
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(x*/Nd.o.t.)sm = 9.8/5 (x*/Nd.o.f.)susy = 0.7/2



Predictions from Fit
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Predictions from Fit
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Conclusions

* U(2)-based MFV is a new framework capable
of building the Yukawa matrices.

 Allows more freedom than MFV at the moment
of calculating the SUSY contributions.

e Freedom Is not absolute: there exist
correlations between contributions to different
observables.



Conclusions

* Fit on flavoured CPV observables give two
main predictions:

- Masses of third generation squarks should be
light.

- Large deviation to Sw should be observed.
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U(2)° Framework for Small tanf3

U)o U(2), U ((2)ad U (1)
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U(2)° Framework for Small tanf3
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Small Spurion



Input to CKM Fit

0.97425(22)
0.2254(13)

(40.89 £0.70) x 102
(3.97 £0.45) x 1073
(74 £11)°

(2.229 £+ 0.010) x 1072
0.673 £ 0.023

(0.507 4 0.004) ps—*
(17.774+0.12) ps~*

SK

Bk

Re

5.V Bs
§

(155.8 £ 1.7) MeV
0.724 =+ 0.030

0.94 % 0.02

(291 £ 16) MeV
1.23 = 0.04




Fit to FO and x
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Dynamical Two-Site Model

S
GeM @ G5M

Third generation First + second generation

Higgs @

U(2) symmetry



Dynamical Two-Site Model

Chiral field GSM G5M
Xh (3, ) (372f_%)
Xh BN G2 5)
X/ €250 | VISR
X/ (2N R 2, ;)

€¢ €/ €h
Yo, Yg ~ € €¢  €p
€p€p,  €p€n, 1
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