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AT Flavor in the Standard Model
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Diagonalization of mass matrices:
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6 Dirac masses, quark mixing in CC described by V-,

* In SM Yukawa interaction only source of Flavor Violation
* Masses and the mixing angles cannot be understood within SM
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FCNC Processes in the SM
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« CKM couplings small Yukawa couplings
« GIM suppression (in B decays inactive)

— Suppression of FCNC processes not necessary
present in generic extensions of SM.
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CKM paradigm works well
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Within uncertainties, Flavor Changing data well described by SM.
New Physics effects only appear corrections to leading SM terms.
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Flavor Violation beyond the SM

TERA
SCALE

New Physics* at A = O(Ag,,) in low-energy effective theory

N, C(d) *) electroweak

Ly =Ly + Y3 S 00

d>4 n=1

Effect on flavor changing amplitudes:

C C “CKM?” factors
Aoy (b—> g+ X) = A, r:}% + /szp Loop-factors

In most general case NP with generic flavor structure!
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Flavor Problem

No indication of large O(1) New Physics contribution to FCNC processes.

‘ Puts severe constraints on New Physics.

Example: AF=2 mixing measurements

(th*th)2 / g 1

A(Bg>Bg) ~ Hewp — )
16 TCZ mW2 ‘\ A2 ,'
< /7
S--=-" G. Isidori (2009)
~1 tree + generic ﬂavor> A > 2x104 TeV [K]

~ 2\ loop + generic flavor
(1677 2P79 > A >2x10° TeV [K]

Cnp -
~ (Vo™ Via)® ree + MPAL A >5TeV [K&B] Not too

_ far from
A >0.5TeV [K&B] EW scale

~ (Vp*V)? / (16 12) loop+ MRV,
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Minimal Flavor Violation

Flavor Physics

New Physics at TeV-scale must have* non-generic flavor structure.
*) modulo some conspiracy

Minimal flavor violation:

Standard Model Yukawa couplings are the only non-trivial
flavor-breaking terms also beyond the Standard Model.

Minimal flavor violation realized “by construction” in MSSM
SUSY models (CMSSM, NUHM) often used as reference point.

MFV should not be taken as granted!
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Flavor Structure of New Physics

Limit discussion to B decays important at LHC

mm) Test MFV Hypothesis - Flavor breaking terms beside SM Yukawas ?
Study flavor structure of new particles if found by ATLAS/CMS.

Expect sizeable deviation even in MVF models

B, mixing phase ¢,
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= =
ACP (Bs — ‘]/\V d))
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By— K* up

Very rare FCNC proc.
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B. Mixing Phase ¢,

(I)s from ACP(BS_>J/\|/¢) | Buras et al. (2009)|
decay MFV MSSM Scenarios
BS. - T wo 0.10)
...'t. fng !
g B, 7 b
< 0.05: : -
N 5 el A
¢S = _zﬂs ~—0.04 | '
00|
CT(BXN) > f)-T(BY) > ) |
RO : |
(B (1) —> f)+T(B;(t) = f) 005
0 10 20 10 40 0 60
tangs

Large (non-zero) CP asymmetry in B, — J/y¢ rules out SM and MFV MSSM
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There is room for NP in B, mixing.
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LHCDb Prospects for ¢,
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Challenge for any NP model

Probe photon polarization: ﬁ%

W sl

AO\S

Bs—>¢y events: LHCb: 12k (2fbl)

From time dependent decay rates:

_ J AB—f“Tvp)
1

tany = |- A(B= 0P, )
LHCb: o(y)~0.

= amount of wrong pol. photons

mp Test models w/ RH currents
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Effective Theory \( C)7
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Operator Product Expansion Heg = —4ﬁhbhs Z Ci (1) O;( 1)

Corresponding Wilson coefficients C, describe short-range physics.

New Physics in Wilson coefficients C, = C>SM + CNP or new operators.
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Sensitivity of Angular Observables
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Observables: 6, 0, ¢, M2,
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— uu forward-backward asymmetry:
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Ars(d?) ~-Re { Co* [ CT + B(g?) Co®] }

Angular observables offer a powerful test bench for any New Physics model
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B? - K*uu - Experimental Status
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B - K*up - Prospects
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Very Rare Decays - By ;—>up
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Experimental status:

THES

For ~150 pbt LHCb expects to

CDF 2009
BR(B, — p* y) < 4.3x10895% CL
BR(B, — u* Y) < 7.6x10° 95% CL

reach the final Tevatron sensitivity.
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Ratio is sensitive test for MFV
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Conclusion & Outlook

We have learned a lot about and from heavy flavor physics:
TeV-scale physics must have a sophisticated flavor structure
not to be excluded by existing data.

High-precision flavor physics provides the tools to further
explore the flavor structure of New Physics at the Tera-scale:
Flavor structure of new particles found by direct searches.

LHCDb has the possibility to perform several unigue
measurements: For some key observables early results
(2010 data?) are possible.

Experimental flavor program will be complemented by the
Kaon physics program and by a Super-B factory.
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Backup
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Figure 8:  The normalized forward-backward asymmetry in B — K*puYp~ decay as a function
of &, using the form factors from the LCSR approach. All resonant c¢ states are parametrized
as in Ref. [20]. The solid line denotes the SM prediction. The dotted (long-short dashed) lines
correspond to the SUGRA (the MIA-SUSY ) model, using the parameters given in Eq. (6.4)
(Eq. (6.10)) with the upper and lower curves representing the C7*% < 0 and C;™ > 0 case,
respectively. The dashed curves indicating a positive asymmetry for large s correspond to the

MTA-SUSY models using the parameters qiven in Eq. (6.11), i.e. the "best depression scenario”
with Cyg = 0.



