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motivation

• B → π(k1)π(k2)`ν` with ρ
similar to B → Kπ`` with K∗

• determine Vub beyond zero
width ρ approx.

• Observables and (helicity) FF
definition see [Faller,Feldmann,

Khodjamirian, Mannel, van Dyk

PRD ’14] & talk

• kinematics K = k1 + k2,
K̄ = k1 − k2

2ζ−1= −q·K̄√
(q·K)2−K 2q2

∝cos θHEL
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LCSR for B → ππ form factors in LO and twist-2
aproximation [work in progress: CH, Khodjamirian]

〈hadrons| Jµweak(x)JB(0) |0〉 = 〈hadrons| q̄α(x)dβ(0) |0〉 〈0| [Γµweakb(x)b̄(0)iγ5]αβ |0〉

(previous use of LCSRs: [M.Maul EPJC ’01] , [Meissner, Wang ’13] ) 3 / 11
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single π twist-2 DA
[Radyushkin, Chernyak, Brodsky-Lepage,
. . . ]

〈π+(k)|ūα(x)dβ(0)|0〉x2→0

=
ifπ

12

1∫
0

due iuk·x [/kγ5]αβ ϕπ(u, µ)

Gegenbauer expansion

ϕπ(u, µ) = 6u(1−u)

1 +
∑

n=2,4,...

aπn (µ) C
3/2
n (2u − 1)


aπn (µ) known reasonably well (matching sum rules to exp)
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〈hadrons| Jµweak(x)JB(0) |0〉 = 〈hadrons| q̄α(x)dβ(0) |0〉 〈0| [Γµweakb(x)b̄(0)iγ5]αβ |0〉

ππ twist-2 DA, see also [Diehl, Pire, Po-
lyakov, . . . ]

〈π+(k1)π−(k2)|d̄α(x)dβ(0)|0〉|x2→0

=
1

8

1∫
0

due
i
2
uk·x [/k]αβ Φ‖(u, ζ, k

2, µ)

Gegenbauer expansion [e.g.Polyakov,NPB’99]

Φ(u, ζ, k2, µ) = 6u(1−u)
∞∑
n=0

n+1∑
l=0

Bnl (k
2, µ) C

3/2
n (2u−1)C

1/2
l (2ζ−1)

complexity went here; knowledge: soft pion limit, experimental data from
similar decays e.g. γγ∗ → ππ, asymptotics . . . – includes V mesons
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possible LCDAs & twist

〈π(k1)π(k2)|q̄α(x)qβ(0)|0〉|x2→0 =

1

4

∫
dte itK ·x

(
Υ11 + Υx/x + ΥK /K + ΥK̄

/̄K + Υx̄γ5 /̄x + ΥxKσxK + ΥxK̄σxK̄ + ΥKK̄σKK̄

)
αβ

x̄µ ≡ εKK̄xµ

2× twist2 ΥK ,ΥKK̄
4× twist3 Υ1,ΥxK ,Υx̄ ,ΥK̄
2× twist4 Υx ,ΥxK̄

relation to the DA’s in the literature
[Polyakov, NPB ’99] :

Φ‖ =ΥK

Φ⊥ =− f ⊥ππ
q · K̄√

(q · K)2 − q2K2
(iΥKK̄+twist3)
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calculating the correlation function

Πµ ≡ 〈ππ| Jµweak(x)JB(0) |0〉 =

∫
d4pb

(2π)4
e ipb·x 〈ππ| q̄α(x)dβ(0) |0〉 [Γµweak

/pb + mb

m2
b − p2

b + iε
γ5]αβ

=

∫
dud4pb

(2π)4

e i(pb+uK)·x

m2
b − p2

b

∑
I

ΥI

4
Tr

[
ΓI (1 + γ5)γµ(/pb + mb)γ5

]
︸ ︷︷ ︸

≡tr[ΓI ]

~bn · ~Πn =

∫
dud4pb

4(2π)4

e i(pb+uK)·x

m2
b − p2

b

~bn · tr[~Γn] · ~Υn

x → q (2π)4δ(zK + pb − q)

~Πn =

∫
dz

4z

tr[~Γn] · ~Υn

s(z)− P2

s(z) =
m2

b − q2 z̄ + K2zz̄

z

~bn ≡(qµ,Kµ
, K̄µ

, q̄µ)T

~Γn ≡(1, /q, /K , /̄K , /̄q, σqK , σqK̄ , σKK̄ )T

~Υn ≡(Υ1,Υq ,ΥK ,ΥK̄ ,Υq̄ ,ΥqK ,ΥqK̄ ,ΥKK̄ )T

~Πn ≡(Πq
,ΠK

,ΠK̄
,Πq̄)T
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matrix form

trn→n =4

 1 −mb 0 0 0 i(uK2 − (q · K)) −i(q · K̄) 0

−u 0 −mb 0 0 i(K2 − u(q · K)) 0 −i(q · K̄)

0 0 0 −mb 0 0 i(q2 − iu(q · K)) i((q · K)− uK2)
0 0 0 0 mb 0 −2u −2



orthogonal(o) covariant(n)

qµ = qµ

K(0)µ = Kµ −
(K · q)

q2
qµ

K̄
µ
(‖)

= K̄µ −
(K · q)(q · K̄)

(K · q)2 − K2q2
Kµ +

K2(q · K̄)

(K · q)2 − K2q2
qµ

q̄
µ
(⊥)

=
q̄µ√

(K · q)2 − K2q2

transformation matrices like Vn→o ◦ ~bn = ~bo :

Vn→o =


1 0 0 0

− (q·K)

q2 1 0 0

K2(q·K̄)

(q·K)2−K2q2
(q·K)(q·K̄)

K2q2−(q·K)2 1 0

0 0 0 1

2
√

(q·K)2−K2q2


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dispersion form

~Πn =

∫
du

4u

tr[~Γn] · ~Υn

s(u)− P2
s(u) =

m2
b − q2ū + K2uū

u

u → s ~Πn =
1

4

s(1)∫
s(0)

ds

(
du

ds

)
tr[~Γn] · ~Υn

s − P2

fix 2ζ − 1 ' cosθ, K2, q2, continue in P2:

(P2)n

s − P2
=

(P2)n−1s

s − P2
+ polynoms in P2 =⇒

(P2)n

s − P2
→

sn

s − P2
watch for add. poles!

Borel transform 1/(s − P2)→ Exp[−s/M2]
Transform back:

~ΠcB
n =

1

4

1∫
u0≡u(s0)

du e
− s(u)

M2 tr[~Γn] · ~Υn

sum rules:

~F
fBM

2
B

mb
e
−

M2
B

M2 = ~ΠcB
n

(rotate to any basis, poles “ok”)
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o-basis & comparison with ρ form factor

〈
π+(k1)π−(k2)

∣∣ ūγµ(1− γ5)b
∣∣B−(P)

〉
=
qµFt√

q2
+

2
√

q2F0√
λ

Kµ
(0)

+
F‖√
K2

K̄µ
(‖)

+ i
F⊥√
K2

q̄µ
(⊥)

in o-basis partial wave expansion, see [Faller, Feldmann, Khodjamirian, Mannel,
van Dyk, PRD ’13]

F0,t =
∞∑
l=0

√
2l + 1F (l)(q2,K2)Pl (cos θπ), F‖,⊥ similar

Ft example Ft =

√
q2mb

fBM2
B

e
M2
B

M2 ΠcB
o(1)

project partial waves:

F
(l)
t = e

M2
B

M2
3
√

2m2
b√

2l + 1fBm
2
B

m2
B − q2√

q2

∞∑
n=max(0,l−1)

B
‖
nl (K

2)J−1
n (plot in 2 slides)

B
‖
01(K2) =Fπ(K2) pion e.m. ff, dominant; for rest see e.g. [Polyakov, NPB ’99]

J lm ≡
1∫

u0

due
−

m2
b
−q2 ū+K2uū

uM2 ulu(1− u)C
3/2
m (2u − 1)
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∣∣ ūγµ(1− γ5)b
∣∣B−(P)

〉
=
qµFt√

q2
+

2
√

q2F0√
λ

Kµ
(0)

+
F‖√
K2

K̄µ
(‖)

+ i
F⊥√
K2

q̄µ
(⊥)

in o-basis partial wave expansion, see [Faller, Feldmann, Khodjamirian, Mannel,
van Dyk, PRD ’13]

F0,t =
∞∑
l=0

√
2l + 1F (l)(q2,K2)Pl (cos θπ), F‖,⊥ similar

Ft example Ft =

√
q2mb

fBM2
B

e
M2
B

M2 ΠcB
o(1)

project partial waves:

F
(l)
t = e

M2
B

M2
3
√

2m2
b√

2l + 1fBm
2
B

m2
B − q2√

q2

∞∑
n=max(0,l−1)

B
‖
nl (K

2)J−1
n (plot in 2 slides)

B
‖
01(K2) =Fπ(K2) pion e.m. ff, dominant; for rest see e.g. [Polyakov, NPB ’99]

J lm ≡
1∫

u0

due
−

m2
b
−q2 ū+K2uū
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error estimate

•: mode •: 68% CL

0 2 4 6 8 10 12 14
0

10

20

30

40

50

q2@GevD HK2=mΡ
2L

s 0
@G

eV
2

D

0.0 0.2 0.4 0.6 0.8 1.0
0

10

20

30

40

50

K2@GevD Hq2
=1GeV2L

s 0
@G

eV
2

D
0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.1

0.2

0.3

0.4

K2@GevD Hq2
=1GeV2L

ÈD�F
tÈ

via sum rule Borel par. dependence, fB

fB 'ΠfB (. . . , M̄2) ∆fB (sB0 , M̄
2,mb) ≡ M̄2 dΠfB

dM̄2
=0

Ft 'ΠFt (. . . ,M2) ∆Ft (s0, q
2,K2,M2,mb,mB) ≡ M2 dΠFt

dM2
=0

mb = 4.7±0.1 gaussian, M̄2 = 4.25±1.25 flat, M2 = 2M̄2/〈z0〉 (⇒ fB = 0.136±0.024)
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results
•: mode •: 68% CL
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0.8
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1.2
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nl
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HPL
È�ÈF tHPL È

BW P- wave ≈ F (ρ) [Faller, Feldmann, Khodjamirian, Mannel, van Dyk, PRD ’13] :

F
(P)
t(ρ only)

(q2,K2) ≈−
2gρππm2

Bmρ

m2
ρ − K2 − imρΓρ

FB→ρ
t (q2)
√

3
√

q2
, g2

ρππ ≈ 5.92

FB→ρ
t (q2) from [Ball, Zwiky, PRD ’05] , δfρ = 15% gaussian
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Conclusions
experimental precision increases

Beyond zero width ρ-meson for
higher precision

nice agreement of B → ππ with
B → ρ in LCSRs (preliminary)

Outlook
• cross-checks, more numerics (all ff)!

• Knowledge about B I
nl (K

2) functions

D → ππ`ν` input

Relations from B& single π DAs

• Calculate NLO:

� higher twist & Fock state DAs
�αsdiagrams from B → π,small?

• full phase space:
extra(inter)polation with other
approaches [talk by TF, ChPT
large q2, B.Kubis et. al.]

• extension to B → (ππ)I=0`ν`
(include scalar resonances)

• extension to B → Kπ(K∗)``
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