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A Look Ahead

Basic New Physics enters
Scenario dominantly through
EW Penguins including
new complex phases
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The B — 7w System

The decay B — nr Is tree dominated with sizable penguin
contributions.

Recent measurements of B — «w branching ratios differ significantly
from QCD Factorization predictions (in units of 10~°):

Mode Theory S1 S2 S3 5S4 | Experiment
B~ —nan0 | 605030102 | 58 55 6.0 51| 55406
B - ptp— | 89150 30+00+12 1 60 46 95 52| 46404
BY — 770 | 03705 07105 02 107 09 04 07| 15403

Numbers from Beneke, Neubert, 2003

B — 7v7t, New Physics in B — 7t KK and Implications for Rare Decays — p.3/14



Observables

Introduce two observables:

Rt — g [ Br(BT — nt7%) + Br(B~ — 7~ n?)] TRO 990+ 0.31
L _B'r(Bg—>7T+W—)+Br(l_32—>7r+7r—)_ T+ '
i B BO 0.0 B BO 0.0\ T
o = g | BBa o m) # BBy 2T | _ 674014
| Br(By — ntn~ )+ Br(B; — ntn—) |

o In QCD Factorization, the default values are: R7™ = 1.24 and
0o = 0.07.
00

e Study also CP asymmetries — the asymmetries in B, — n#t7— are
measured to be large (though exp. situation is a bit unclear):

A (By—ntn™) = —0.37+£0.11, ABX(By—nTn~) = 0.61 £ 0.14.
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Parameterization of Observables

The observables can be phenomenologically parameterized:
RIT = Fi(d,0,z,A;7), Ry = Fa(d, 0,z,A;7),

x and d are color-suppressed tree and penguin topologies respectively,
and A and ¢ are the respective strong phases.

Similarly,
AGp(Bg — nm7) = Gi(d, 0;7), AZ(By — 7717) = Ga(d, 6;7, ¢a),
Determine hadronic parameters:

d

X

051502, 0 = +(1407)°.
LIS A = - (50t)
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The B — wK Puzzle

Due to CKM factors, B — w K are penguin dominated decays
= Much more likely to be affected by new physics.

Introduce again observables:

Br(B™T O+ Br(B— 0K —

R, = rB” >m KT)+ BriB” > m K7)| | 001 08
Br(Bt - ntK% 4+ Br(B- — 7= KY)

R = L[Br(Bs—a KN+ Br(By—atK)] _ o0 00s
2 Br(Bg — mOKY) + BT(B&) — 1O K0)
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More on Observables

Both R,, and R, are affected by electroweak penguin amplitudes. A
third observable,

B B?“(Bg — 7 K1)+ BT(BQ — 7t K7)| 75+

R = — — 0.82 +0.06
Br(Bt — 7t K%) + Br(B- — 7~ K") | 7po ’
only has color suppressed EWP contributions.
Parameterize observables:
Ren =14 2rc,(q — cosv) +[(q — cos)? +sin® 4]/,

R=1-2 COS 7y +

The r; correspond to the tree contributions, ¢ describes the
electroweak penguin amplitude.
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Hadronic Parameters II: From =7
to K

Using SU(3) flavor symmetry,

(B—>7T7T SU:B)BHWK]

Predictions of R and AJL (By — KT 7m):

R =0.9437005% " (Rexp = 0.82 4 0.06)

A (By — KTr7) = 012770002 (AZL(By — K17 )exp = 0.11340.019)

More checks:
e Determination of v from B — nmm and B — 7K.

e The value of r. agrees with an alternative determination using
B — 7K data: B85 = 0.20 £ 0.08; ™5 = 0.190 £ 0.011.

e Assumptions on annihilation topologies and certain rescattering
effects can be tested in B — K K system (Fleischer Recksiegel,
2004).
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Electroweak penguins

Introduce possible CP violating EWP parameter: ¢ = |¢|e*?.

Also, the EWP pa-
rameter ¢ can be

calculated in the
SM: ¢ = 0.69

(Neubert, Rosner)

= Allows SM pre-

diction of observ-
ables

This calculation gives also connection to Inami Lim Function:

C = 2.35q €' — (.82
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Bounds from Rare Decays

e Semileptonic rare decays are clean and sensitive to EWPs.

e Assume universal CP violating couplings in EWPs (simplest and
most predictive scenario).

e Then B — X, "]~ gives strong bounds on C and rules out values
of ¢ that are as large as implied by the B — 7w K data (also the

bound on K;, — 7% Te~ would be violated and ¢ /¢ is in trouble).

e Since B — wK data point towards enhanced EWPs, we can still
consider them, but impose these constraints (|Y| = 2.2).
This leads to

q=092¥007, ¢ =—(85113)°.
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Predictions for CP Asymmetries

Quantity Our Prediction | Experiment

Adx (By — n070) —0.2815:37 —0.28 £ 0.39
G (By—m'7%) || 063703 | —0.48¥5%

AL (By—aTK*) | 012770002 | 0.113 4 0.019

AdL (BT - a0 K¥) 0.1075 79 —0.04 £ 0.04
Adlr (B — O Kg) 0.01%0 13 0.09 + 0.14

le(Bd—>7TOKS)

0.04
—0.987 005

0.29
—0.347 057

All quite OK!!
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Predictions for Rare Decays I:
K — mwov

e The decays K+ — ntovv and K; — w0 are very clean
theoretically and sensitive to electroweak penguins.
= Very well suited to test the scenario.

e In our scenario, Br(K; — w'vv) changes as

BriVF(Kyp) | XN | sin Bx
BrSM(K;) \ |XSM| sing

2
> , 6X ~ ]_].].O
e Standard Model values (Buras, F.S., Uhlig, 2004):
Br(K*t)=78-10"" Br(K;)=3.0-10""
e We find:

Br(Kt)=75-100" Br(Kp)=31-10""
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Predictions for Rare Decays II:
Compilation

Decay SM prediction Our scenario Exp. bound (90% C.L.)
Kt — ntou (7.84+1.2)-10~11 | (7.5+£2.1) 101! (14.773%°) - 10~ 11
Kr — mOov (3.0+£0.6)-10~11 | (3.14+£1.0)-1071° <59-10~"
Ki — mlete~ (3.2752)-1071 | (7.8+1.6) 10" < 2.8-.10710
B — Xgiv (3.54+£0.5)-107° ~7-107° <6.4-1074
Bs — putu~ (3.42 £0.53) - 1077 ~17-1079 <95-10~"

e ¢ /e has large hadronic uncertainties, and can be “made
compatible” with measurements.
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Conclusions and Outlook

e Data in both B — mm and B — wK systems show features that
present some challenge to theory.

e The B — 7w decays are tree dominated, and the data can be
described by hadronic interference effects within the Standard
Model.

e Still, modern QCD-based approaches seem to be in trouble.

e The B — wK data signal new physics, if R, # R. is confirmed
with further (more precise) data.

e The simple model of enhanced EWP with a CP violating phase
can easily be tested in rare decays. So can many, more
sophisticated, extensions of that model.

—> Keep an eye on the data!
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