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= Is it or is It not the SM
up to "any” directly accessible scale?

(Directly accessible = by the LHC at 14 TeV with 100 (1000) fb~ 1)

What flavour has to say on this?

B, Bertuzzo, Buttazzo, Farina, Isidori, Lodone, Sala, Straub



The (scaring) success of the CKM picture

1

AL = ZiA?

O;
In some cases A; = 10° = 10*TeV, unless some restriction operative

Ideally one would like to have:

.
AL = EiA—Z&Oi
i
with &; controlled by symmetries and, otherwise ¢; = O(1)

/ strongly interacting EWSB
~3TeV
\ new weakly int. particle(s) at ~v

and Az ~ 4dmv



An approximate flavour symmetry in action

A
1+ g3

with little communication between ¢i12 and g3

+ @12 [ U(2)
L~Yi123(00 D q; + s Duy +dyDdy) + MHytrtr + AN Habrbr
U2) - U(2)g xU(2)y xU(2)4
and its possible breaking terms in fermion bilinears (Yukawa couplings)

M(QLV)tr MQLAY, Ug AeGsr (V, Ug)
M (QLV )br MQrLAY Dp M3 (V) DR)

Capital letters = U(2) doublets



The (high energy?) origin of the breaking terms unknown

Assume:

1. Under U(2)’
V=(211), V,=(121), Va=(1,1,2)
AYvu — (27 27 1)7 AYd — (27 1’ 2)

and all small ||V, AY || < OV, ma/ms3)
2. No other breaking parameter
in the full (unknown) flavour theory
Examples:

supersymmetry Lop =m*(V,AY)G G+ A(V,AY)jrdrh
sfrong EWSB Loy =MpFF+mFfrr+m(V,AY)Ffr|

Sala

Buttazzo



Physical parameters
(after suitable U(2)° transformations)

Minimal U(2)°

V = ( U ) AY, = L}, (07) AYdlag AY; = <I>LLd (Qd) AYdiag
OFRES dlag( i¢ 1)

(:> €7, H}f’d, gbj (MFV)

Generic U(2)"

_TU diag F;yu pu
0 0 AYy = Ly AY, ™ r Ry, o

€L €r . ’
AY; = &y LY, AY 2 04 RY,

~N

u,d
= €L,0L, ¢ (LMFV)
u,d Hu,d. u,d ju,d
~ €r 5 Up 5 @1 P

\- J




The CKM matrix

Since V, 4 SV, as required by data,
either in Minimal or in Generic U(2)"

CuCd A S, 8 e "0
VCKM — _>.\ CuCd Cud 9
—S4S et(0—¢) —C4S 1

' 7 . .
where S =€, Sy 4 — SIN (9}';’ SuCd — Sdcu€7’¢ = )\625

and, from a fit of tree level observables:

Su — 0.086 £ 0.003 Sd — —0.22 = 0.01

s = 0.0411 4 0.0005 ¢ = (—97+9)°

= In Minimal U(2)” every parameter determined

= In Generic U(2)° “right-handed” angles still undetermined/unconstrained



Back to the Effective Field Theory

Express any U(2)° invariant D=6 operator in terms of the
physical parameters (up to O(1) coefficients)

AL = ALY + AL™ + ALY + AL

/ \‘\ ®EV both in L- as in R-current

Minimal U (2)” Generic U(2)”
Relevant observables: Extra relevant observables/effects:
ex,BY — B, B) — B D — rmm, KK
K — muvn, €y A€y

b — s(d)y, b— s(d)ll,vi dn



A summary of Minimal effects
AF
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. ‘ /
A digression on €p;

(relevant to U(2)? and to U(3)° as well)

= 1 Jj 7/ « U — «
HeAffS_l = pfds (dL’Vusg) [C(}l( (dg’yud}%) + Ck (“%MUR)]

mEg

L ((m7)1=2|QLr|K) = —((77) 1=2|QL p| K) o (—=)°

S

6/

’ImAQ‘ RGAQ 20
~ W = ~
V2 |e| ReAq ReAyg

€

6/

€

= ~ 1.3-107%( n ) cy

e, <01+ ().2(3 TeV)2

A significant limit, though still broadly consistent with previous conclusion



Physical parameters
(after suitable U(2)> transformations)

Minimal U(2)°

Yo ( O ) AY, = L, (03) AYe AYy = 0L, (0F) AV,
b = diag(ei(b, 1)

[:> er, 0", ¢J (MFV)

Generic U(2)°

_TJUu diag Fu pPU
0 0 AYy = Ly AY, 7 PR Ry, o
V — ( ) Vu,d — ( ’U;,d) @’}Lz,d — dia}g(equl’ ’62¢27 )

€
R .
AY; = &y LY, AY2 4 RY,

~N

u,d
— €], QL 7¢
. 6u,d_ @u,d, u,d ju,d whats known about these
R YR > 71 %2 —  extra parameters?

\_ J




New possible effects/limits on generic U(2)°

1. Cromo-electric up&charm dipole Aagp(D — mm, KK) = —(0.67 £ 0.16)%

U . SuR €u . ”
C%% sin (0 — ¢35 + ¢F) < 0.3 ch i ; sin(6 + ¢} — ¢5) < 0.3

2. Cromo-electric up/down dipoles  |d,| < 2.9 x 107°° ecm

. Su eu — . _
¢l [sin(¢, — o)==~ $9.2x 1077, chsm(asz—cbil)!ij = $5.0x 107

3. AS=2 4-fermion LR interaction  Aep

2
VLR 6in (283 + ¢¢ — ¢9) S;Z—R (%d) <4.1073
d

(all normalized at A = 3 TeV)



New possible effects/limits on generic U(2)°
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€Il/E
could explain CPV obs., if needed

N\ =3 TeV

c;sin@; = 1 , so that constraints are maximized

O(1) uncertainties all over



Summary and conclusions

= If U(2)® with Minimal breaking

&
AL =3 (471'?})2&0i and ‘Cz‘ =02=1

consistent with current data = Hence the title of the talk

= Several observables to watch:

Sve, b— s(d)y, b— s(d)ll,vv, K — wvw

= If U(2)° with Generic breaking

Aasp(D) = —(0.67+0.16)% from cromo-electric up&charm dipole
if needed, consistently with d,, - bound

= If new signals observed, best signature of U(2)°

IS s¢&d correlation in b-decays as in the SM
(as in MFV, yes, but...)



