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Overview

@ NLO Phenomenology
e Charmless B decays, radiative/electroweak decays
e CP violation

@ The next order

e 1-loop spectator scattering, concepts and calculations
e 2-loop vertex kernels

@ Developments in factorization

e All orders
e Power corrections
e Further processes

G. Bell, S. Bosch, F. Campanario, T. Feldmann, S. Jager, T. Huber, X.Q. Li, B. Pecjak, J. Rohrer,
J. Rohrwild, D. Seidel, O. Tarasov, P. Urban, L. Vernazza, Y. Wang, D. Yang
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EW scale effects and the effective Lagrangian
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o Effective local interactions with a variety of flavour, colour
and spin structures (D = d, s)

b— Dy,b— Dg, b— qq2g3,b— DETI~

e Many transitions only at the loop-level, all FCNCs
Loop-induced transition can be dominant, e.g. b — suu

ViV ~8-107%  VuVr~ 41072

EW penguin

+ any new heav e (f|O|B) — “Hadronic matrix element” depends on spin and
arti}clles A 0ll}1lin0 parity of final state, and whether reached only through
pKK states ’)o annihilation. CP violation depends on rescattering phases.
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CharmleSS B decays at leading pOWer [MB, Buchalla, Neubert, Sachrajda, 1999]

Form factor term +
Spectator scattering
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Direct CP asymmetries [B — f vs. B — f] Similar factorization formula for
Acp x ag, Agep /mp! B — (M,~)(v, €707, tv)
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Charmless NLO phenomenology

QCD factorization for B— PP and B — PV
decays
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e 96 PP or PV final states

Abstract

A comprehensive study of exclusive hadronic B-meson decays into final states containing two e Br, Acp, S
pseudoscalar mesons (PP) or a pseudoscalar and a vector meson (PV) is presented. The decay
amplitudes are calculated at leading power in AQCD/mp and at next-(o-leading order in «s using the

QCD factorization approach. The calculation of the relevant hard-scattering Kernels is completed. e 34 VYV final states

mportant classes of power corrections, including “chirally-enhanced terms and weak annitilation

contributions, are estimated and included in the ical analysis. Predictions p . 3 H

for the branching ratios of the complete set of the 96 decays of B, B, and B, mesons into P P and e Br, Acp, S, polarlsatlon fractions,

PV final states, and for most of the corresponding CP asymmetries. Several decays and observables

angular distributions

Branching fractions, polarisation and asymmetries
of B — V'V decays
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Abstract

We calculate the hard-scattering kemels relevant to the negative-helicity decay amplitude in B decays
to two vector mesons in the framework of QCD factorisation. We then perform a comprehensive analysis
of the 34 B — V'V decays, including By decays and the complete set of polarisation observables. We

M. Beneke (TU Miinchen), C1 — B decays SFB TRY, September 18, 2014



o

Branching fraction (10°)

t

A
wp A 'K°/10
K2
K42 7K /10
x
acon LA
K2 W
KK

AT

12

30

25

KO

Branching fraction (107)

K
P K

* uK~+

t

uko %

K0
A

“u :

K

M. Beneke (TU Miinchen), C1 —

3C

25

20

Branching fractions of tree- and penguin-
dominated B — PP decays (upper) and
penguin-dominated AS = 1 pseudoscalar-
vector (PV) final states.

(Triangles: theory NLO(S4) [MB, Neubert, 2003];
Squares: BaBar/Belle data until 2007)
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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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v determination from time-dependent CP asymmetry
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Systematics of factorization
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Status of radiative calculations (non-leptonic)

(MiM2|CiOi[B) oy = > Clu) X {FHM, X T (ptn, o) * fity Pty (1is)
terms —
I+ag+...
+/3Pr(ps) * [H"(Mu ) */"(Mumﬁ * fr, Py (ps) *szq)Mz(MS)}
—_———— ———
I+... [T

+ 1/my-suppressed terms

Status 2-loop vertex corrections (T}) 1-loop spectator scattering (7//)

[Beneke, Jager 05]
Trees m c8 o7, 09] —M— [Kivel 0]

__ [Beneke, Huber, Li 09] [Pilipp 07]

Penguins %‘:L in progress ﬁ [Beneke, Jager 06]

[Jain, Rothstein, Stewart 07]

Py

a0

from G. Bell [FPCP 2010/CKM2014]

Other non-leptonic and B — (M, ) (v, £7¢7, £v) at NLO (= partly 2-loop).
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Operator matching for spectator scattering
QCD — SCET; matching (7'(7) and H" (2, 3) are short-distance)
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Amplitudes and 77 branching fractions with NLO spectator scattering
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All-order factorization, power corrections and “endpoint divergences”

(M1 |QIB) = im} {fﬁ“‘ <0>/0]duT'(u)fM2¢M2(u) - %/0] dudz H" () Epy, (1 fz>fM2¢M2<u>}
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‘Why not

1
d
fBM1 / dw/ dv K(v,w) f3bp+ (W) fur, by, (v) 7 K(v,w) D / —Lzl D(u) = oo
0 u
(Brodsky, Szczepaniak, 1990)

o All-order factorization (convergence) for Zy, (7) [MB, Feldmann, 2003]

e Basic problem with collinear/SCET factorization in higher orders in A /mj: operator
interpretation of end-point contributions and their estimation.
[Known as rapidity factorization in collider physics.]
Every amplitude receives corrections A /my,, which cannot be calculated in general.

e Some insight from non-relativistic systems [Bell, Feldmann, 2007] especially B — X /K [MB,
Vernazza, 2008]
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Sketch of spectator-scattering B — Xy K (M8, Vernazza, 2008)
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All-order factorization, and power corrections

e Cannot be extended to relativistic case.

o All-order factorization and NNLO computation of part of the power-suppressed
contributions to the (scalar) QCD penguin amplitude.

e B — fv — phenomenology and factorization at order 1 /mb [MB, Rohrwild, + Kirilin, 2011 -]

e B— Xugl/ for m)z( < mlz, [MB, Campanario, Mannel, Pecjak, 2004]

Semi-inclusive semi-leptonic decay

M. Beneke (TU Miinchen), C1 — B decays
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Tree-level results
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Figure 2: Distortion of the P, spectrum in B~ — X,/ decay by four-quark
contributions assuming the model (82). The solid central curve is S(Py). The
dashed curves correspond to A = 100MeV (long dashes) and A = 500 MeV (short
dashes). Each pair is for ¢ = +0.1.
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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.

4
Leix = ém Ds— d+ [:(1) =qsW, ji¢lc§ - fiI?J_chqs

NNLO computation for charmless decays (nearly) completed

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

e NLO — NNLO
e Improved input parameters

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

LHCb: Electroweak penguin decay B — K ) ge
NLO 20012004  —  NNLO (3-loop b — s£7 £~ and 2-loop spectator-scattering)?
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