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Applications of factorization
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Colour-suppressed tree amplitude

e Relevant for B; — 7r07r0, S u a

Naive factorization j: t

b w D
C o ap(wmw) = 0.220

e NNLO factorization
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Tsp .
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No colour suppression at NLO. Large cancellation of one-loop and tree.
Amplitude dominated by spectator-scattering

Sizeable correction to imaginary part (phases), but cancellation between vertex
and spectator-scattering.
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Branching fractions (tree-dominated decays) s, Huber, Li, 200]

Theory I Theory II Experiment
e so RN seannE o) sy
BY = ntn— 7.37 082 (%) 570 T0 101 (%) 5.16 +£0.22
BY — n0x® 033 T 0L To42 0.63 T2 06 1.55 +0.19
BELLE CKM 14: 0.90 + 0.16
B~ — 7 p 8.68 TO-RHLT (4x) 9.84 T04 T2 (xx) 8312
B~ — %~ 1238 FI-S0 4218 () 12,13 FI8 422 109714
B = atp™ 17.80 TR HLT0 (%) 1376 T T (%) 157+ 1.8
B = npt 10.28 O30 H137 (54) 814 T03 190 (wx) 73+ 1.2
B - ntpF 28.08 TO-27 1382 (1) 21.90 792939 (1) 23.0 £2.3
Pom®  osTur Lap O T 20505
B- = ey BTN o 1006505105 o 2800
Boore  mawtiRnn g petedid ) g
Bodd  owiaid st B 05572

Theory I: f57 (0) = 0.25 & 0.05, 457 (0) = 0.30 = 0.05, Ag(1 GeV) = 0.35 % 0.15 GeV
Theory IT: 7 (0) = 0.23 % 0.03, 45” (0) = 0.28 = 0.03, A(1 GeV) = 0.2075 % Gev
First error y, |Vep|. | Vyp | uncertainty not included. Second error from hadronic inputs.

Brackets: form factor uncertainty not included.
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Penguin amplitudes and (direct) CP violation

o Interference of QCD penguin is main source of direct CP violation.
L FLe 1]
T T ' pe K pe »K
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p=u,c i=pen

uq uq
b
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Two amplitudes P*. Dominant contribution beyond tree-level from tree operators OT e
o Non-singlet amplitude P*¢ ~ )\L(f)c) Z [@sq][gD]
q

Very little known (experimentally) for singlet penguin §*¢ ~ /\L(f? Z [94](g:D].
q
(B — ¢ in the absence of w — ¢ mixing.)
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Mixing-induced CP asymmetry and penguin contributions
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v determination from time-dependent CP asymmetry

S ::\\
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Penguin amplitudes — Comparison of P/7T to data

Final state dependence in
good agreement with data.

PP~ a4 +ryae

N~~~

VFA S+P
PP
PV ~ ags ~ —
3

VP ~ a4 — ryag ~ —PV
VV ~ ay ~ PV

Small phases (— CP
asymmetries)

(Small weak annihilation error for

VV unrealistic - similar to VP, PV)
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Comparison of direct CP viola-

tionin AD = 1 (upper plot) and

PV AS = 1 decays (lower plot).

(Triangles: theory [MB, Neubert, 2003;
MB, Rohrer, Yang, 2006])
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Summary/Outlook

@ Mature theory at leading power (SCET).
Similiarities and difference from collider physics. Soft initial state. Power-suppressed
interactions relevant at LP.

_
Leix = ém Ds— d+ [:(1) =qsW, ji¢lc§ - fiI?J_chqs

@ Qualitative features of factorization evident in data (hierarchy of penguin amplitudes,
size of direct CP asymmetries and strong phases)

At the quantitative level, mixed conclusions. Often not clear whether O(a;s) [known] or
O(A/my) effects [unknown] are more important.

@ NNLO computation for charmless decays (nearly) completed

Soon ready for a major improvement of QCDF predictions (excluding polarisation):

¢ NLO — NNLO
e Improved input parameters

Belle-II start-up 2016, B2TiP effort started.
Still many unmeasured, but predicted observables.
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