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!!! Non-expert view of the subject, BUT the experts are in the audience
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Introduction

Phenomenological interest in exclusive B Ñ L` p ¯̀̀ , γq decays (L = light P or V mesons)
@ parton level b Ñ q ` p ¯̀̀ , γq (q “ d , s) FCNC transitions:

q “ s

§ B Ñ K ¯̀̀

§ B Ñ K˚ ¯̀̀ , Bs Ñ φ ¯̀̀

§ B Ñ K˚γ

q “ d

§ B Ñ π ¯̀̀ , Bs Ñ K ¯̀̀

§ B Ñ pρ, ωq ¯̀̀ ,

§ B Ñ pρ, ωqγ

(in principle also Λb baryon decays)

ñ require various B Ñ Pseudoscalar and B Ñ Vector FF’s
over whole range of dilepton invariant mass

q2 “ pp` ` p ¯̀q
2 “ pp ´ kq2

p2m`q
2 ď q2 ď pMB ´MLq

2

Bppq Ñ Lpkq ` ¯̀pp ¯̀q ` `pp`q ML = mass of light final state meson L
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FF definitions: B Ñ P

3 FF’s: f` “ vector, f0 “ scalar, fT “ tensor

xPpkq|q̄ γµ b|Bppqy “ p2p ´ qqµf` `
m2

B ´m2
P

q2
qµ rf0 ´ f`s ,

xPpkq|q̄ iσµνqν b|Bppqy “
”

pm2
B ´m2

Pqqµ ´ q2p2p ´ qqµ
ı fT

mB `mP

Kinematic limits @ q2 “ 0

f0 “ f`

Througout q2-dependence of FF’s not explicitly shown !!!
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FF definitions: B Ñ V
7 FF’s: V “ vector, A1,2 “ axial-vector, A0 “ scalar, T1,2,3 “ tensor

xV pk , εq| q̄ γµ b |Bppqy “
2V

mB `mV
εµρστ ε

˚ρpσkτ ,

xV pk , εq| q̄ γµγ5 b |Bppqy “ iε˚ρ
„

2mV A0
qµqρ

q2
` pmB `mV qA1

ˆ

gµρ ´
qµqρ

q2

˙

´ A2
qρ

mB `mV

˜

pp ` kqµ ´
m2

B ´m2
V

q2
pp ´ kqµ

¸ff

,

xV pk , εq| q̄ iσµνqν b |Bppqy “ ´2T1εµρστ ε
˚ρpσkτ ,

xV pk , εq| q̄ iσµνγ5qν b |Bppqy “ iT2

´

ε˚µpm
2
B ´m2

V q ´ pε
˚ ¨ qqpp ` kqµ

¯

` iT3
`

ε˚ ¨ q
˘

˜

qµ ´
q2

m2
B ´m2

V
pp ` kqµ

¸

Kinematic limits @ q2 “ 0

A0 “
mB `mV

2mV
A1 ´

mB ´mV

2mV
A2 , T1 “ T2
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Form factor

symmetries & bases
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FF symmetries I: Heavy quark limit mb Ñ8 [Isgur/Wise PRD 42 (1989) 2388]

For all q2: relates tensor FF’s with vector- & axial-vector FF’s

B Ñ P

fT pµq «
mBpmB `mPq

q2
κpµq f` `O pΛq ,

Λ “
ΛQCD

mb

B Ñ V

T1pµq « κpµqV `O pΛq ,

T2pµq « κpµqA1 `O pΛq ,

T3pµq «
m2

B
q2

κpµqA2 `O pΛq

where κpµq “ p1` αs . . .q radiative correction (matching QCD on HQET)
ñ Improved Isugr-Wise relations: [Grinstein/Pirjol hep-ph/0404250]

!!! in b Ñ s ¯̀̀ decays it seems advantageous to replace in amplitudes tensor FF’s

M
“

B Ñ pK˚qλ ¯̀̀
‰

„

´

Ceff
9 ˘ C10

¯

VAλ

˜

1`
2mb

q2

Ceff
7

pCeff
9 ˘ C10q

Tλ
VAλ

¸

such that sub-leading OpΛq corrections from FF-relations are suppressed by

C7{pC9 ˘ C10q „ 0.3{p4˘ 4q

works good @ high q2 (@ low q2 different FF-relations Ñ next slide)
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FF symmetries II: Heavy quark limit + Large recoil
Large recoil = low q2

ñ energetic light meson EL “
m2

B `m2
L ´ q2

2mB
„

mB

2
for q2 Ñ 0

Soft universal FF’s: ξi [Charles et al hep-ph/9812358]

B Ñ P

3 QCD FF’s Ñ 1 soft FF

ξP « f` «
mB

2EP
f0 «

mB

mB `mP
fT

B Ñ V

7 QCD FF’s Ñ 2 soft FF’s

ξK «
mB

mB `mV
V «

mB `mV

2EV
A1 « T1 «

mB

2EV
T2

ξ‖ «
mB `mV

2EV
A1 ´

mB ´mV

mV
A2 «

mV

EV
A0 «

mB

2EV
T2 ´ T3

ñ Opαsq corrections known [Beneke/Feldmann hep-ph/0008255]

!!! Some freedom of their definition OpΛq (=renormalisation conventions)

ξP “ f`, ξK “ pmB `mV q{mBV , ξ‖ “ mV {EV A0 [Beneke/Feldmann hep-ph/0008255]

ξ‖ “ pmB `mV q{p2EV qA1 ´ pmB ´mV qpmV qA2 [Beneke/Feldmann/Seidel hep-ph/0412400]

ξK “ T1, ξ‖ “ mV {EV A0 [Jäger/Martin-Camalich arXiv:1212.2263]
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Helicity FF’s [Boyd/Savage hep-ph/9702300
Bharucha/Feldmann/Wick arXiv:1004.3249

Jäger/Martin-Camalich arXiv:1212.2263]

B Ñ K˚ ¯̀̀ helicity amplitudes for pK˚qλ (λ “ ˘, 0) are 9 Vλ, Tλ

V˘ “
1
2

«

ˆ

1`
mV

mB

˙

A1 ¯

?
λ

mBpmB `mV q
V

ff

V0 “
1

2mV
?
λpmB `mV q

”

pmB `mV q
2pm2

B ´m2
V ´ q2qA1 ´ λA2

ı

T˘ “
m2

B ´m2
V

2m2
B

T2 ¯

?
λ

2m2
B

T1

T0 “
mB

2mV
?
λ

«

pm2
B ` 3m2

V ´ q2qT2 ´
λ

m2
B ´m2

V
T3

ff

S “ A0

V0 “
8mBmV
?
λ

A12

T0 “
4mBmV

pmB `mV q
?
λ

T23

!!! @ large recoil T` “ Opq2{m2
Bq ˆOpΛq

V` “ OpΛq

@ LO in OpΛq no corrections of Opαsq [Burdmann/Hiller hep-ph/0011266, Beneke/Yang hep-ph/0508250]
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FF parameterisations
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z-Expansion (also Series Expansion) !!! is one of many parameterisations

Maps q2 Ñ zpq2, t0q with t˘ “ pmB ˘mLq
2

zpq2, t0q “

a

t` ´ q2 ´
a

t` ´ t0
a

t` ´ q2 `
a

t` ´ t0

t0 is free parameter ñ determines values that z assumes over kin. range of q2 on unit disc
(usually ´0.15 ď z ď 0.15)

Many variants of z-expansion, FF’s are generally parametrised as

f pq2q “
1

Bpq2qφf pq2q

ÿ

k

ak zk pq2, t0q

Bpq2q “ Blaschke factor, chosen such that |zpq2q| “ 1 in q2 ě t` (pair-production region)

φf pq2q can be chosen such, that dispersive bound on coefficients reads as

8
ÿ

k“0

pak q
2 ă 1

[Bharucha/Feldmann/Wick arXiv:1004.3249]

Use z-Expansion to combine LCSR @ low q2 with Lattice @ high q2?!
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LCSR determinations
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LCSR’s
2 Types of LCSR’s for B Ñ K˚ FF’s (see yesterday’s talk by Alexander Khodjamirian)

interpolated B meson
[Ball/Zwicky hep-ph/0412079]

§ tw-2 + tw-3 @ NLO, tw-4 @ LO, including
2- and 3-particle DA’s of K˚

§ errors below 15%

interpolated light meson

[Khodjamirian/Mannel/Pivovarov/Wang arXiv:1006.4945]

§ FF’s are a by-product in this calculation

§ no radiative corrections included

§ large errors

Possible improvements ?

§ update numerical input

§ progress on K˚ LCDA (Gegenbauer,
higher-particle DA’s)

§ finite K˚-width effects

§ higher order radiative corrections?
µ-dependence

§ higher order radiative corrections

§ how well B-DA is known, can be known?

§ many-particle DA’s

!!! Provide full correlation among parameters of different FF’s
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Lattice determinations
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B Ñ K FF’s [(HPQCD) Bouchard/Lepage/Monahan/Na/Shigemitsu arXiv:1306.0434 + 1306.2384]

§ MILC (2 + 1) asqtad, b quarks in NRQCD, HISQ light and strange quarks

§ 3 coarse and 2 fine (L3 ˆ Nt “ 283 ˆ 96) lattices

§ chiral/continuum extrapolation

§ kinematic extrapolation: z expansion (6 data points in q2 per FF – highly correlated)

§ determine f`, f0 and fT in simultaneous fit (χ2{dof = 8.58/11)

f0 “ a0
0 ` a0

1z ` a0
2z2 ` a0

3z3 ,

fi “
1

1´ q2

mB`∆˚
i

˜

ai
0 ` ai

1z ` ai
2z2 `

z3

3

¸

for i “ `,T

§ provide full correlation matrix of a0
0,1,2,3, a`0,1,2 and aT

0,1,2

§ extensive study of systematic uncertainties

§ no el-mgn. nor isospin breaking effects

§ no charm sea quark

ñ FF-uncertainties are below (8´ 10)% for fT and (6´ 8)% for f`,0 for 16 GeV2 À q2
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B Ñ K ˚ (Bs Ñ φ, Bs Ñ K ˚) FF’s [Horgan/Liu/Meinel/Wingate arXiv:1310.3722+ 1310.3887]

see yesterday’s talk by Stefan Meinel

ñ provide predictions for FF’s: V , A0,1,12, T1,2,23

fi pq2q “
1

1´
q2

pmB `∆i q
2

´

ai
0 ` ai

1zpq2q
¯

!!! so far only correlations of z-exp. coefficients for each FF separately, but no
“inter-FF”-correlations

Possible improvements ?

§ provide also correlation between coefficients ai
0,1 of different FF’s, i.e., i ‰ j

§ domain wall light quarks?

§ physical meson masses to avoid linear extrapolations

§ improve perturbative lattice matching (renormalisation scheme conversions)

§ calculate directly B Ñ Kπ FF’s ?

§ finite width effects of K˚?
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