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B — K*(*¢—: Amplitudes and rates

dOUbly differential decay rate: e.g. [Lee/Ligeti/Stewart/Tackmann 06]

a’r 3 2 2 2 2
———— = — (1 4+cos“ ) H 2 cosfH, 2(1 —cos“6)H ]
G doosd = |1+ 008" O Hr(@) + W) +2( LACS
@ Hr(g?) determines rate for transversely polarized K*

@ H,;(g?) determines rate for longitudinally polarized K*
@ Hy(g?) determines lepton forward-backward asymmetry

helicity and transversity amplitudes: [Kriger/Matias 05]

Hr(®) = |ALL? +|ALRP + A P+ |A A%,
Hi(q?) = |AoL? + |Aorl,
HA(qz) =2Re [AH RAj_R - A” LAj_L] .
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Following [Kriiger/Matias 05] and [Beneke/Feldmann/Seidel 01,04], the transversity
amplitudes (relevant for an angular analysis of B — K*(K=)¢¢) can be written as
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(some terms miv /mf3 neglected, kinematic normalization factors can be found in [Kriger/Matias])
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@ Cg 1o : short-distance Wilson coefficients for b — st

@ V, A, : vector/axial-vector B — K* transition form factors

@ 7;(g?) : factorizable and non-factorizable effects from virtual photons, via Oy _g

(to be tested against NP)
(sum rules/lattice)

(QCDF/SCET)

v
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factorization

@ “naive” factorization: ®: photon insertion

Bl O K7

07 O

2 V(g2
Ti(@) = G Ty(@P) + V(i Cra) g — D)
? AP

T(e) = G ol @) + V(6% Cre) o 00

= mg — Mg~ mp + Mg
Ta(¢°) = O3 To(0P) + Y(G% Cr o) | =25 =5 Aa(@P) = =2 == M)

only additional non-perturbative input: tensor form factors T;(g?)
quark-loop function Y(g?) perturbative for mﬁ < G < 4m?
sometimes: Cq — CSff(g%) = Co + Y(G?)
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factorization

@ include annihilation and QCD corrections:

Og

[Beneke/Feldmann/Seidel 01]

(8

‘: %
@ aoo0om &
‘2 %

Ois

also involve chromomagnetic penguin operator Og
leading power in 1/mj, can be calculated using QCDF/SCET  (except for annihilation in H (g2))

new non-perturbative input in spectator diagrams: light-cone wave functions

éJ.(q27 lu‘) CJ_(qza )u‘) + ¢§(W7 lu‘) ® ¢k* (U, H‘) ®TL (w‘, u, )u)
£1(62 12) C\ (G2, 1) + 05 (w, 1) ® Bl (U, 1) ® Ty (w, U, 1)

2 mQB 2
T1(9%) = 27z T2(q°) {
B ~
To(¢) - 2z To(@P)

_q2
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factorization

simplifications

@ In the limit m, — oo and g < m2,

number of independent B — K™ form factors reduces to 2: [Charles et al. 98]

@(q2, w), & (q2, ) [scale-/scheme-dependent (SCET)]

[— forward-backward asymmetry zero, ...

complications

@ 1/m, corrections induce new (partly unknown) non-perturbative

parameters/functions. [— isospin asymmetry, ...

@ theoretical working window : 1 GeV? < ¢° < 6 GeV?

dominance of C; at low g?
presence of light and heavy vector meson resonances
non-factorizable effects in longitudinal rate

[in principle, also the region 4m2 < g < M3 can be addressed in HQET®ChPT]
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rates

@ using input values as in [Beneke/TF/Seidel 04] except for new life times from HFAG.
( tensor form factor — &, (0) from B — K™~ , all numbers preliminary )

@ dashed line: LO approximation (incl. some tree-level 1/mj corrections)

@ yellow band: “all” uncertainties

(4} _ w/o error on form factors and CKM input.

dBr[B° — K*%¢¢]/dq? partially integrated rate

14 ] @ Major uncertainty from longitudinal FF:

> normalize to Ay(4 GeV?) = 0.66
(default in [BFS 04])

> WARNING! recent update:

total: 5 .
Ao(4 GeV©) = 0.47 [Ball/Zwicky 04]

0 i @ theoretically prefered: 1 GeV? < ¢ < 6 GeV?
T S T I S @ BaBar window:* 0.1 GeV? < ¢° < 7.02 GeV?

*
(just for comparison)
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rates

@ using input values as in [Beneke/TF/Seidel 04] except for new life times from HFAG.
(tensor form factor — &, (0) from B — K™~ , all numbers preliminary )

@ dashed line: LO approximation (incl. some tree-level 1/mj corrections)

@ yellow band: “all” uncertainties, but Ay(g? = 4 GeV?) factored out.

) _ w/o error on form factors and CKM input.

dBr[B” — K*U00]/dg? partially integrated rate |
o SGeV2 2 2
P s a0rtE 0T x (D)
1 GeV:
total: 7.02 Gev?2 2,1\ 2
, _ Ao (4 Gev2)
I , d? . 4.697%7L 1077 x <7° i )
0.1 GeV
BABAR : (2675}, £0.6) 1077

*
(just for comparison)
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rates

@ using input values as in [Beneke/TF/Seidel 04] except for new life times from HFAG.
( tensor form factor — &, (0) from B — K™~ , all numbers preliminary )

@ dashed line: LO approximation (incl. some tree-level 1/my, corrections)

@ yellow band: “all” uncertainties, but Ag(g® = 4 GeV?) factored out.

(] _ w/o error on form factors and CKM input.

dBr[B° — K*%¢¢]/dq” partially integrated rate |
B 10.28 —7 (4 Gev?) \ 2
f2 dq? ¢ 263705 1077 x ( T )
1 GeV:
long.:
7.02 Gev? 2 +0.40 -7 A4 Gev?) | 2
L a  3635% 1077 x (%)
0.1 Gev

*
(just for comparison)
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rates

@ using input values as in [Beneke/TF/Seidel 04] except for new life times from HFAG.
( tensor form factor — &, (0) from B — K™~ , all numbers preliminary )

@ dashed line: LO approximation (incl. some tree-level 1/my, corrections)

@ yellow band: “all” uncertainties, but £, (g2 = 4 GeV?) factored out.

(] _ w/o error on form factors and CKM input.

dBr[B° — K*%¢¢]/dq” partially integrated rate |
07 T
o0 6 Gev2 2\ 2
. 0.06 —7 €1 (4Geve)
f2 aq? : 0.3874% . 1077 x ( — >
1 GeV:
trans.:
7.02 GevE 2 10.18 —7 €, (46ev?) )2
, dg© : 1.057;% - 107" x ( g )
0.1 Gev
1 2 3 4 5 6 7

*
(just for comparison)
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isospin asymmetry

@ using input values as in [Beneke/TF/Seidel 04] except for new life times from HFAG.
( tensor form factor — &, (0) from B — K™~ , all numbers preliminary )

@ dashed line: LO approximation (incl. some tree-level 1/mj corrections)

) _ all uncertainties.

| dr(8°)/de® —drigF]/de®
dr[89]/dg?+ar[BE]/dg?

partially integrated

8 Gev2 2 +0.003
J dq : 0 0.00775 00,
1 Gev2
7.02 Gev2 ) A
dg® :  0.0007 o0
0.1 Gev2

[see also TF/Matias 03]
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forward-backward asymmetry

@ using input values as in [Beneke/TF/Seidel 04]
( tensor form factor — &, (0) from B — K™~ , all numbers preliminary )

@ dashed line: LO approximation (incl. some tree-level 1/m corrections)

(] _ all parametric uncertainties. (form factor dependence decreases around g3)

BY — K*0ue

BT — K*Tu

(arf —drB)/aq? .
(arF4+arB)/dg? -

FBA zero g3:

+0.014 2 . +0.011
J d —(@GRR L [ dq 3 =aEs i
F_B 1 Gev2 1 Gev2
e , )
7.02 GeV o e 7.02 GeV g e
daq’ : —0.0237 05 dq : —=0.0217 510
0.1 Gev2 0.1 Gev2
Th. Feldmann (Siegen/TUM) Exclusive b — sete— CKM 08, Rome, Sept 2008

8/13



forward-backward asymmetry

@ using input values as in [Beneke/TF/Seidel 04]

( tensor form factor — &, (0) from B — K™~ , all numbers preliminary )
@ dashed line: LO approximation (incl. some tree-level 1/mj corrections)

(] _ all parametric uncertainties. (form factor dependence decreases around g3)

B° — K*0ue

BE - K*Eu
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warnings

@ systematic uncertainties from (partly) neglected 1/my corrections!
@ how precise are the form factor estimates from sum rules/lattice?

is it better to extract tensor form factors from experimental data on B — K™~
or from sum rules/lattice ?

@ how reliable are the phenomenological estimates for light-cone wave functions?
@ how much do vector meson poles influence the intermediate g2 region?

@ part(!) of perturbative uncertainty could be reduced by resumming logs in SCET.
[Ali/Kramer/Zhu, hep-ph/0601034]
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new physics

@ minimal flavour violation:
SM operators, but different values for Wilson coefficients. )

@ generic flavour violation:
new operators with different chirality structure and/or new CP phases.
(— formulas to be generalized — see backup)

= difficult to establish deviations from SM via (partially integrated) rates!
(form factor uncertainties & non-factorizable effects)

= concentrate on asymmetries (forward-backward, isospin, CP, angular)
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other modes (briefly)

@ B KiTe:
> Rk =T[B— Kuu]/T[B — Kee] [Bobeth/Hiller/Piranishvili, 0709.4174]
Bs — putu:
» enhanced by large powers of tan 3 in type-Il 2HDM
[see previous talks; also Nierste arXiv:0807.3733]

@ Bs — ol
» NP (model-independent) & naive factorization [Yilmaz, 0806.0269]
» numerical analysis incl. non-factorizable effects [Beneke/TF/Seidel, in preparation]
o ...
@ B— plte: [Beneke/TF/Seidel, 04]

» different CKM hierarchy — potentially larger isospin and CP effects
» useful cross-check to test factorization approach
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@ What else should appear in the write-up?
— open for discussion . ..
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Righ’[-handed Operators (9’7 910 [according to Krliger/Matias]

2m,

V(qz) + 2b 7—1(q2):| ,
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AjL,r x |(Co F Cio)

A(6?) 2my 2
_A\E ) 2
mp — Mk~ + q2 Z(q ) )

Ao, < [(Cg F Cio) {

A(®) mi—q  Ax(dP)
mg — M mg mpg + Mg

m2 — g2
-2 {Tz(qz) - Bmzqfs(cﬁ)H :

B B

@ Cg 1o : short-distance Wilson coefficients for b — st
@ V, A, : vector/axial-vector B — K* transition form factors

@ 7;(g?) : factorizable and non-factorizable effects from virtual photons, via Oy _g
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Righ’[-handed Operators (9’7 910 [according to Krliger/Matias]

[ V(e?) | 2m o

AL ,r o< |(CoF Cro) o, + = T1(9%)| » C7,9.10 = Cr,9,10 + C7 9,10
[ A1(q? 2m
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B B

@ Gy 10 : short-distance Wilson coefficients for b — s, ,z0¢
@ V, A, : vector/axial-vector B — K* transition form factors

@ 7;(q?) : factorizable and non-factorizable effects from virtual photons, via O1_g, O
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