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Why is CKM so good?

Flavour: excellent agreement between data and CKM picture
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Why is CKM so good?

Flavour: excellent agreement between data and CKM picture

Minimal Flavour Violation paradigm

D’Ambrosio, Giudice, Isidori, Strumia 2002

U(3)® = UB3)q, x UB)u, x UB)py,

Y, ~ (3,3,1), Yq ~ (3,1,3) so that SM is formally invariant

Assumption: BSM also formally invariant, only with Y, Yy

Filippo Sala, SNS & INFN Pisa A U(2)3 flavour symmetry in Supersymmetry

2/12



Why is CKM so good?

Flavour: excellent agreement between data and CKM picture

Minimal Flavour Violation paradigm
D’Ambrosio, Giudice, Isidori, Strumia 2002

U(3)® = UB3)q, x UB)u, x UB)py,

Y, ~ (3,3,1), Yq ~ (3,1,3) so that SM is formally invariant

Assumption: BSM also formally invariant, only with Y, Yy

Scorecard:

v Flavour violation controlled by the CKM matrix

= TeV scale new physics OK with flavour bounds

% Flavour blind CP violation (smallness of EDMs)?
x U(3)3 is not in the quark spectrum
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Beyond MFV: a way to proceed

Reduce symmetry, round 1

From U(3)3 to U(2)  Pomarol, Tommasini 1995 and Barbieri,Dvali,Hall 1995
v’ Exhibited by quark spectrum

x Too large flavour-violating effects in the RH sector
Barbieri,Hall,Romanino 1997
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Beyond MFV: a way to proceed
Reduce symmetry, round 1

From U(3)3 to U(2)  Pomarol, Tommasini 1995 and Barbieri,Dvali,Hall 1995
v Exhibited by quark spectrum

x Too large flavour-violating effects in the RH sector
Barbieri,Hall,Romanino 1997

Reduce symmetry, round 2

U(2)3 = U(Q)QL X U(Z)UR X U(2)DR

1 1 1
@ &) @)
CIE CR SR
qf tr br
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U(2)3 in Supersymmetry

% 1,2 SUSY with heavy 1,2 generations

v" Flavour blind CP violation

+ 493 4+ g3 (Natural and ok with collider bounds)
= (1,2

Scorecard:

v" Small flavour-violating effects (good flavour alignment)
v Small CP-violating flavour-conserving observables (EDMs)

v U(2)3 is already in the data! (quark Yukawas + CKM)
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Breaking U(2)3

Exact U(2)} — my=mg=ms=mc=0, Vexm =1

= (38) won(3)
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Breaking U(2)3

Exact U(2)} — my=mg=ms=mc=0, Vexm =1
[ AY, |0 [ AYg]o

o AY, ~(2,2,1), AYy ~ (2,1,2) to explain quark masses
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Breaking U(2)3

Exact U(2)} — my=mg=ms=mc=0, Vexm =1

AY, | x;V AYy | xpV
Yuzyt< 5 tl > Yd:)’b< Od bl )

o AY, ~(2,2,1), AYy ~ (2,1,2) to explain quark masses

e Minimal U(2)3: only 1 doublet V ~ (2,1,1) to explain CKM

Flavour observables fix AY, 4 and V
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Breaking U(2)3

Exact U(2)} — my=mg=ms=mc=0, Vexm =1

AY, | xV AY, | x,V
Yu:yt< : ) Yd:)/b< B )
xyVul| 1

o AY, ~(2,2,1), AYy ~ (2,1,2) to explain quark masses

e Minimal U(2)3: only 1 doublet V ~ (2,1,1) to explain CKM

Flavour observables fix AY, 4 and V

o Generic U(2)3: 2 extra doublets V,, ~ (1,2,1), Vy ~ (1,1,2)

Flavour observables only give upper bounds on V|, and V4
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SUSY realisation of minimal U(2)?

Diagonalize Yukawas and squark mass matrices §' m?(AY, V)§:

1-)2/2 A syse”
Vekm = —A _ 1-)2/2 CyS , (UL v Vexmdr) W,
—sgs el —SCq4 1
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SUSY realisation of minimal U(2)?

Diagonalize Yukawas and squark mass matrices §' m?(AY, V)§:

1-2)2)2
Vekm = —A
—syse'P
Jg
diE ---d"
W

]

A syse” 0
1-M2/2  ¢s o Oy Verkmdl) W,
—SCq 1
Cd K* —K*s el
wt = —K ¢4 —cqsie’
0 s 1
WwR= 1 Kk = sge'f

@ One new angle s; and 1 new CP-violating phase

@ Minimal breaking leads to flavour alignment
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Where | am?

Introduction/Motivations
e The U(2)3 flavour symmetry in SUSY
@ Phenomenology

Conclusions

Filippo Sala, SNS & INFN Pisa A U(2)3 flavour symmetry in Supersymmetry 7/12



Where | am?

@ Phenomenology
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AF =2: K and B mixings

EK = 6?{M,l’t (1+‘€L‘4F0) + Ef(M,thLcc

- i .é' i~ MBd,s — MSBI\?S (l +€EF0)
L tbr, _
: i : Syks =sin(26 + ¢a)
CdSL -~ ,
51_ = ‘V |e 5 FO(mBa mg—) > 0, d)A = arg(l +§L FO)
ts
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AF =2: K and B mixings

P 6?{M,L‘t (1+‘5L‘4F0) + Ef{M,tchcc

L]

=

M =My (1+R)
S¢Ks =sin (2ﬁ + gbA)

L=al
th(

New parameters by solving CKM fit tensions

CdSL iy

= e )
= Vel

Fo(mg, mg) >0, ¢a =arg(l+&2F)

0.5 F V\%% V' 4
S Q /
{ / / - 5
\ /'

§l €[0.8,2.1], ¢a € [-9°,-1°],

>

o % v € [-86°,—25°] or [94°,155°]
0.2 1
0.1 “
0.0 . i l‘_g . N
-0.2 0.0 0.2 04
5
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AF =2: K and B mixings

P 6?{M,L‘t (1+‘5L‘4F0) + Ef{M,tchcc

L]

=

M =My (1+R)
5¢Ks =sin (25 + gbA)

L=al
th(

New parameters by solving CKM fit tensions

CdSL iy

= e )
= Vel

Fo(mg, mz) >0, ¢a =arg(l+&2F)

T

. §l €[0.8,2.1], ¢a € [-9°,-1°],

\ v € [—86°,—25°] or [94°,155°]

f | | Prediction: m;, m; < 1.5 TeV
4 7

-0.2

0.0 0.2 0.4

P
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AF = 1: selected B decays

CP asymmetries in B — ¢Ks, 1'Ks, Seks, Snks

SfZSIn (2/8+¢A+(5f): 6f(§L7rY7 mBamé‘7utanB_Ab)

u>0
0.4
021
é
Y SM valug .
&
-02
-04 . !
-04 -02 0.0 0.2 04
S —Syk

Blue: v >0, Green: v<0,
Red: 1 o experimental bound
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AF = 1: selected B decays

CP asymmetries in B — ¢Ks, 1'Ks, Seks: Sniks

Sf =sin (26+¢A+(5f)1 (5{(5[_,"}/, mE,mg,/J/tanﬁ—Ab)

u>0
04 Relevant for:
@ Future improvement in
o2y 1 sensitivity: a 5+ 10 factor!
5 vl @ Sizeable effects with negligible
: 00 ' flavour blind phases
-o2r 1 Similar clean correlations also for
Acp(B = K*p*u™, B = Xs)
~04 . .
-04 -02 0.0 0.2 04
Suc=Sux Message
Blue: v >0, Green: v <0, Peculiar phenomenological pattern
Red: 1 o experimental bound of interest for LHC
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Up sector within U(2)3

Prediction of no detectable effects in

e Top FCNC [BR(t — ¢, cZ)]: below future LHC sensitivity
o CPV in D — D mixing [¢12]: below future LHCb sensitivity

o Direct CPV in D decay [A2; (77, KK)]: below per mille level

What if A2 (7m) — A2, (KK) = —0.67 £ 0.16% is new physics? J
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Up sector within U(2)3

Prediction of no detectable effects in

e Top FCNC [BR(t — ¢, cZ)]: below future LHC sensitivity
o CPV in D — D mixing [¢12]: below future LHCb sensitivity

o Direct CPV in D decay [A2; (77, KK)]: below per mille level

What if A2 (7m) — AZL(KK) = —0.67 £ 0.16% is new physics?J

Generic U(2)3 Barbieri,Buttazzo,S,Straub work in progress

. exp
@ could explain AA-5

@ respecting all current flavour and EDMs bounds

@ keeping the same null predictions for BR(t — ¢, cZ) and ¢12
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Summary of phenomenology

AF =2 o new phase ¢ in B — B mixing
o MBs/MBs SM-like

@ no new phase in K mixing

AB =1 o effects can be large

Up

effects cannot be large (AAZ, in Generic U(2)* can)
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Summary of phenomenology

AF =2 o new phase ¢ in B — B mixing
o MBs/MBs SM-like

@ no new phase in K mixing

° ‘sign of correction to ek ‘
mg, mg < 1.5TeV |

AB =1 o effects can be large

° \clean correlations between observables‘ SUSY

Up o effects cannot be large (AAZ, in Generic U(2)* can)
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Summary of phenomenology

AF =2 o new phase ¢ in B — B mixing
o MBs/MBs SM-like

@ no new phase in K mixing

° ‘sign of correction to ek ‘
mg, mg < 1.5TeV |

AB =1 o effects can be large

° \clean correlations between observables‘ SUSY

Up o effects cannot be large (AAZ, in Generic U(2)* can)

Importance of correlated studies to distinguish between models J
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Conclusions

U(2)* is in the data

q~1,2

Naturally safe with flavour bounds

Large effects allowed 91,2

SUSY Small EDMs

Natural and ok with collider bounds T

Both Peculiar phenomenology: wait for LHC

~04 -02 00 02 04
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Conclusions

U(2)* is in the data

q~1,2

Naturally safe with flavour bounds

Large effects allowed 91,2

SUSY Small EDMs

Natural and ok with collider bounds T

Both Peculiar phenomenology: wait for LHC

~04 -02 00 02 04

Thank you for your attention!
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Back up
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AF = 1: €, in SUSY

A significant limit for both U(2)3 and U(3)3 Barbieri's talk on Monday

Hcﬁfs b= zfds (dL 7usf> [CI% (%@%ﬁ) + ck (DﬁR’YMU%)}

6/ |ImA2| d
B N _ u K :0 *
. V2 €| ReAg ((rm)1=2| Qg + Q[rIK)
3TeV
o g01-02 (P

U(2)3+ SUSY solves the “problem”!

@ box diagrams are suppressed by heavy i, d
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CP asymmetry in B — ¢

ek = Ef{M,ﬁf (1+‘€L|4FO) + Gf(M7tC+CC
MBes = Mgy (1+ €2 Fo) Fo(mg, mg) >0
Syks =sin (28 + ¢a) ¢n =arg(1+£2F)

g

1

br

™~

=1}
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CP asymmetry in B — ¢

i . ex = Ef(M’tt (1+‘£L|4FO) +€f<M7tC+CC
br

1

MPe = Mg (14 €2 Fo) Fo(mg, mg) >0
Spks  =sin(28 + da) pa = arg(1+£.2F)

Syp = sin (2|5s| — oa)

™~

@ LHCb 2 orders of magnitude
improvement in sensitivity!

@ Solving CKM fit tensions keep
prediction mg, mz < 1.5 TeV
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Leptons U(2)?

See also Blankenburg, Isidori, Jones-Pérez 1204.0688
U(2)¢ x U(2)e broken by AY. ~ (2,2) and V. ~ (2,1)

Assumptions:

@ Charged leptons behave ~ quarks, Y, and M, responsible for
neutrino masses and mixings

@ Y, irrelevant for flavour physics at Fermi scale
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Leptons U(2)?

See also Blankenburg, Isidori, Jones-Pérez 1204.0688
U(2)¢ x U(2)e broken by AY. ~ (2,2) and V. ~ (2,1)

Assumptions:

@ Charged leptons behave ~ quarks, Y, and M, responsible for
neutrino masses and mixings

@ Y, irrelevant for flavour physics at Fermi scale

Stronger bounds from p — ey, T — py

CTCiT mz (éLiU},LVTR) er,V

CuCen M (BLopwtir) Fuw IWEWEL 6 [ N r 2
2 i |Vis Vil ' 500 GeVJ |tanj]
- e s Wm0
" VoVl =7 [5006Gev]) [tang)
7i Wil A 33+ 11/23 : - q
[ZL WI_JejL]W |WL WL | <03 x [ ms, :|2 10
| Vi V| 500 GeV. [tanj |
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