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Introduction

B → ππ, B → πK, B → K∗l+l−, B → ργ, B − B̄

ΛQCD

quark flavours b, c, s, d, u

mb

top, W±, Z

ΛEW

q̃, χ, . . .

ΛNP
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WG2 Sessions QCD in Weak Decays

Nov 05 Photos E. Barberio
Nonleptonic Bs Decays P. Colangelo

Feb 06 B meson form factors from SR and kaon DA R. Zwicky
User’s guide to lattice QCD S. Dürr
Hadronic uncertainties in 2-body B decays T. Feldmann
NLO hard spectator scattering in QCDF S. Jäger
QED corrections in hadronic B decays E. Baracchini
News on Photos MC: systematic errors Z. Was

May 06 B → V V decays can be useful M. Beneke
Λb → ΛV E. Conte

Oct 06 Bs,d → KK using QCDF and flavour symm. S. Descotes
Higher-order QCD corr. in excl. B decays G. Bell
Charm resonances in b → sll A. Khodjamirian
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Yellow Report

• Overview

• Charmless two-body B decays Feldmann

- Factorization

- NNLO in αs Bell, Beneke, Jäger

- QED effects Baracchini, Isidori

• LCSR Ball, Zwicky

- DA, B → M form factors

• Lattice QCD Dürr

- fM , form factors, bag parameters, systematics
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Charmless B Decays

〈M1M2|Q|B〉 =

FBM1
∫

dv T I(v)ϕM2(v) +
∫

dω du dv T II(u, v, ω)ϕB(ω)ϕM1(u)ϕM2(v)

qs

b

c2

c2

c1

c1

Heff

qs

b

c2

c2

c1

c1

↓
v p2

h

qs

b

↗
ω

c2

c2

c1

c1

↖
v̄ p2

hc1

↑
ū p1

hard ∼ m2
b

hard-collinear ∼ Λmb

heavy soft coll1 coll2

heavy – heavy hard hard

soft heavy soft hard-coll1 hard-coll2

coll1 hard hard-coll1 coll1 hard

coll2 hard hard-coll2 hard coll2

SCET: factorization proofs, scale separation, log summation
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Factorization NNLO

Input: FBM , ϕM(u) (α1, α2, . . .), λ−1
B =

∫ ∞

0
dω
ω

ϕB(ω)

a1(ππ) = 0.975+0.034
−0.072 + (0.009+0.024

−0.051)i

a2(ππ) = 0.184 − [0.153 + 0.077i]NLO,I + [? − 0.042i]NNLO,I

+
{

[0.122]NLO,II + [0.050 + 0.053i]NNLO,II+[0.071]tw3

}

= 0.275+0.228
−0.135 + (−0.066+0.115

−0.081)i

NLO, I BBNS

NNLO, I Bell Im: done, Re: under way

NNLO, II Beneke, Jäger; Kivel; Pilipp

NNLO important: a) numerically; b) to test validity of pert. theory
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QED Corrections B → P1P2

� � � ��� � ��� �

Cirigliano et al.

Γincl(E) = Γ(B → P1P2 + γ)|Eγ<E ≡ Γ
(0)
12 (µ)G12(E, µ)

G+− = 1 − 2α
π

[

(2l − 1 − ln(1 − δ2)) ln MB

2E
+ 2l + π2

6
+ O(1)

]

l = ln 2MB

m1+m2
δ = m1−m2

m1+m2

B → ππ, πK, |G12 − 1| <
∼ 5%

Baracchini, Isidori

PHOTOS
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LCSR DA

Ball, Zwicky

light-cone distribution amplitudes (DA)

expansion in Gegenbauer polynomials

ϕM(u, µ) = 6u(1 − u)
[

1 +
∑∞

n=1 αM
n (µ)C

3/2
n (2u − 1)

]

fM truncate: n = 1, 2

fM : M = π, K; V ‖, V ⊥, V = ρ, K∗, ω, ϕ exp./SR

Gegenbauer coefficients (at µ = 1 GeV)

απ
1 = 0 αK

1 = 0.06 ± 0.03 απ
2 = 0.27 ± 0.08 αK

2 /απ
2 = 1.05 ± 0.15
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LCSR Form Factors
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� � �

form factors, LCSR: 0 ≤ q2 <
∼ 14 GeV2

FBM(q2) = r1

1−q2/M2
1

+ r2

1−q2/M2
2

BK/BZ

FBπ
+ (0) = 0.258 ± 0.031

B → V γ: form factor T V
1 (0)

ξ =
TK∗

1 (0)

T ρ
1 (0)

= 1.17 ± 0.09

TK∗

1 (0) = 0.31 ± 0.04 (LCSR)

TK∗

1 (0) = 0.28 ± 0.02 (B → K∗γ rate + QCDF)
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Lattice QCD

Dürr

decay constants: fπ, fK , fDs
; fB test method → predict fBs

(Bs → µ+µ−)

form factors: at q2 = 0 (extrapolation !) F Bπ
+ (0) ≈ 0.25 ± 0.04

bag parameters (SM + BSM operators)

systematics:

• fix input: (ΛQCD, mud, ms, mc, mb) from (Mp, Mπ, MK , MD, MB)

• renormalization

• extrapolation: T → 0, a → 0, V → ∞, mud → mphys
ud , mb → mphys

b
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Lattice QCD Form Factors

fK→π
+ (0) = 0.960(5)(7) Nf = 0 — /clov no RomeI-Orsay

fK→π
+ (0) = 0.952(6) Nf = 2 clov/clov no JLQCD

fK→π
+ (0) = 0.968(9)(6) Nf = 2 dom/dom no RBC

fK→π
+ (0) = 0.9680(16) Nf = 2 + 1 dom/dom no UKQCD/RBC

fK→π
+ (0) = 0.962(6)(9) Nf = 2 + 1 stag/clov no FNAL/MILC/+

fD→π
+ (0) = 0.64(3)(6) Nf = 2 + 1 stag/stag no FNAL/MILC/+

fD→K
+ (0) = 0.73(3)(7) Nf = 2 + 1 stag/stag no FNAL/MILC/+

fB→π
+ (0) = 0.23(2)(3) Nf = 2 + 1 stag/stag no FNAL/MILC/+

fB→π
+ (0) = 0.27(2)(4) Nf = 2 + 1 stag/stag yes HPQCD

F
B→D(1) = 1.074(18)(16) Nf = 2 + 1 stag/stag no FNAL/MILC/+
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Lattice QCD Prospects

Lat’06 Lat’07 2-3 yrs. 5-10 yrs.

fDs
, fBs

10 7 5 3-4

fD , fB 11 7-8 5 4

fB

p

BB 17 8-13 4-5 3-4

ξ – 4 3 1-2

(B, D) → (K, π)`ν 11 8 6 4

B → (D, D∗)`ν 4 3 2 1

Percent errors. (MILC Collab.)

The B → π`ν form factor is taken at q2 = 16GeV2.

• ≤ 1 stable hadron per initial/final state

• valence quarks in connected graphs

• momenta � 2π/a

difficult: F B→ρ

use ∆B(B → ρlν)/B(B → ργ)
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Outlook

many tools to handle QCD in B decays:

• flavour symmetries (SU(2), SU(3))

• experimental input (semileptonic decays, variety of channels)

ratios (|Vtd|/|Vts|, ACP )

• factorization, SCET (mb � ΛQCD)

• LCSR

• lattice QCD

• combinations of the above
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Applications B → K∗ Form Factor

105 B(B0 → K∗0γ) = 4.01 ± 0.20 Cleo, Belle, Babar; HFAG

B(B0 → K∗0γ) = (7 ± 2) · 10−5 for FK∗ = 0.38 ± 0.06 (LCSR)

extract FK∗ from B0 → K∗0γ:

FK∗ = −0.025+0.007
−0.016 + 0.150+0.010

−0.002

√

105 B(B0 → K∗0γ)

→ FK∗ = 0.28 ± 0.02 Bosch, G.B.

LCSR (new): FK∗ = 0.31 ± 0.04 Ball, Zwicky
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Applications Vtd/Vts

ρ
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α
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Kε

Kε

dm∆ & sm∆

cb/VubV

βsin2

 < 0βsol. w/ cos2
(excl. at CL > 0.95)

excluded area has CL > 0.95

excluded at C
L > 0.95

BEAUTY 2006

CKM
f i t t e r

ξ ≡ FK∗

Fρ
= 1.17 ± 0.09 Ball, Zwicky

R0 ≡ B(B0→ρ0γ)
B(B0→K∗0γ)

= 0.0227 ± 0.0049

Cleo, Belle, Babar; HFAG

∣

∣

∣

Vtd

Vts

∣

∣

∣
= 1.4 ξ

√
R0 = 0.246 ± 0.019(ξ) ± 0.027(exp) Bosch, G.B.

∣

∣

∣

Vtd

Vts

∣

∣

∣

CKM
= 0.216 ± 0.029

∣

∣

∣

Vtd

Vts

∣

∣

∣

CDF,∆Ms

= 0.206+0.008
−0.006(th) ± 0.0007(exp)

G. Buchalla FlavourLHC 2007 Slide 16



Applications B → ργ, B → ρlν

Bosch, G.B.

∆B(B→ρlν)
B(B→ργ)

∼
∣

∣

∣

Vub

Vtd

∣

∣

∣

2

PSfrag replacements
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SCET relations:

B → ρlν helicity form factors H±, H0

H−(q2)
Fρ(0)

clean for small q2

cosϑ ≈ 1
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