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B— w | v-decay

@ hadronic matrix element needed

(m(p)|T . bIB(p +q)) = 2p,.fa,(a?)
+ q, [f3,(9%) + f5.(02)]

@ f5 (g?), f3,.(9?): form factors

= M}ﬁﬂ

= (9%) Ifg-(@*)I?
1923 m3 B

M@?) = (Mg +m2 —g?)2 —4m3m?2, 0<g? < (mg—m,)? ~ 26.4GeV?
B g B'''7w

@ knowledge of f5~_(9?) — [Vub|
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Method in short

correlation function
F(¢®) = i/d‘}“"”:(W(ZJ)\T{J'H(Q")JQ(O)HO)

hadronic dispersion relation
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@) = s, — v + 27
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+/sg NN TEE

% 1
FOPE)(2) = 7/
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m?

quark-hadron-duality
= . oo (OPE)(
/ 413# ~ 1 / ,19M
sh - s

b+a? )y s—+a?

2m} fi fin(a?) _ 1 / 1 mEOED ()
mp — @+ 7ty

Tl C5 0T 0P

0
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Borel-transformation

sum rule

emB/M? | psg X v
Tha) = [ astmpOPE s el
m

2m3 fp T

orm factors from light-cone sum rules

operator-product-expansion

o0

dsImF(OPE)(s)

s—(p+a)?
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Applications

@ B — w-form factor topic of this talk

@ wide range of other applications

® B(s) — K-form factors [P. Ball, R. Zwicky 04]
[G. Duplanci¢, B. Meli¢ 08]

@ B — V-form factors [P. Ball, R. Zwicky 04]

Icsr with B-meson distribution amplitudes
[A. Khodjamirian, T. Mannel, N.O. 05, 06]
[F. de Fazio, T. Hurth, T. Feldmann 05, 07]

» for B— D®*)-form factors
[S. Faller, C. Klein, A. Khodjamirian, T. Mannel 08]

@ D — K, n-form factors [P. Ball, 06]
[C. Klein, A. Khodjamirian, N.O., work in progress]
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Hadronic side

@ starting point: correlation function

Fulpq) = i/d%eiq'z(ﬂ(P)IT {a(z)yub(x), b(0)impy5d(0) } |0)

F(¢®, (p+ 9 pu + F(@* (P +9)?) qu
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Hadronic side
@ starting point: correlation function
> 1B(p+@)){(B(p +9)|
Fup,0) = i [ dae®®(mp)|T {a)0) b0)impsd(®)} 0)
= F(@@+9*)pu + F(@ P+ 9>

@ inserting complete set of B-meson states — hadronic sum

M) [y )
S

(%)

mi — (p+0q)? b SEP-r'@)2

() subtraction terms to render dispersion integral finite not shown
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Light-cone expansion |

® g2<m2, (p+09)? <0, |(p+q)?| > A contraction of quark-fields
i/d“x e (7(p)|T{T(x)n.b(x), b(0)imy15d(0)}/0)
— imy [ d*x e ((p)[(x),S(x. Me)rsd (0)[0)

@ universal input: nonlocal matrix elements, expansion near the light-cone
in different twists

(r(P)|a(x)rd(0)|0) ~ ©W(u) Twistt = 2, 3, 4,...
(T (P)|G(X)G L (v)Fd(0)[0) ~ o (a;) Twistt = 3, 4,...

@ general form : convolution
4
e\ K
PO e+ =Y [ o 3 (%) 106 0 +ar Wl w)
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Light-cone expansion Il

@ summation of local operators : distribution amplitudes

(F(P) B3 O)0) = 3 tr(P)IA(D x50
(@)D ay ... Daru15d(0)I0) = PuPay ... PasMP- .-

M,(,‘) : local matrix elements of twist t
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Light-cone expansion Il

@ summation of local operators : distribution amplitudes

Zi< (p)r(ﬁx)“mmm

n!

= uz p X) "‘XPMZMMAM

n!
n

(m(P)It(x).75d (0)[0)

M,(f) : Iocaf‘?natrix elements of twist t

@ for free propagator after integrationp - x — ¢

2p-q (P+4d)? - qg?

T T (1)
@ infinite sum of local operators, but x> — ﬁ, mz;_qz
b b
/\2
@ higher twist in lcsr suppressed by
—ug? - t(p +9)?
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S Wil |
Final steps |

@ Analytic continuation in (p + q)? via dispersion integral

1", Im'F(CEENGaNs
R lge(p + ) = ;/2 dswiq)z)
m;,

(no subtraction terms shown)
@ leads to following sum rule

2 ar 2 [eS) h 2 oo (OPE) 2
2meBfB7T(q )2 + / ds P (Sv q ) . 1 / ds ImF (Sv q )
S

my—(p+q)? Jo s—(+a? 7)w  s-—(p+q)7

@ Borel transformation eliminates subtraction terms and suppresses
higher states

i i 1 1 2 n
B = gs/M o B " _o
w(s=prar) ~momme " B (@ +af)
= higher twist suppressed by powers of %
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Light-cone sum rules

Final steps Il

@ semilocal quark-hadron duality allows to approximate hadronic spectrum

/ ds p"(s,q2) e~/
S5

~ 1/oo ds Im F(OPE)(s, g2) e~/
T Jse

@ s§: duality threshold

@ final expression:

sum rule

ems/M? 1

fo;ﬂ'(qz) = 2m2 T
B

B

So
/ ds Im F(©PE)(s, q2) e=5/M*

2
M
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Overview once again

correlation function
F(¢®) = i/d““"’"(W(P)lT{J'u(-T)J';(O)}\U>

hadronic dispersion relation

1

2m% [ f;;rw(qz) + /Dq ; p(s) F(ow:)(q2) L.}
b TSt 02 7

my — (p + 9)?

Flhad(g2) =

operator-product-expansion

/°° dsImF(OP";)(s)
Jmz 5 = (0 + q)?

quark-hadron-duality

o0 oo (OPE)
/ (157g pls) ~ 2t / dqumF ()
sh - 5

+a? 7wl s—W+a?

- —

main uncertainties

2m fi fin(a®) _ 1 / PRevalO)
My —+0?) 7,

| S
n2g S (DEEo)E

Borel-transformation

> universal input

sum rule

om% [ M? s
T N 1 ds Tm FOPE) (g) g=3/M*
fie(@) = 5 7 I s Im (s)e
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Overview once again

correlation function
F(¢®) = i/d““"’"(W(P)lT{J'u(-T)J';(O)}\U>

hadronic dispersion relation

2"L2Fgf3f§w(‘12) (OPE)( 2\ _ 1
= 5 an F! @) ==
my = (p + q) ™

Flhad(g2) =

/°° dsImF(OP";)(s)
Jmz 5 = (0 + q)?

quark-hadron-duality

o0 oo (OPE)
/ (157g pls) ~ 2t / dqumF ()
sh - 5

+a? 7wl s—W+a?

- —

main uncertainties

2m fi fin(a®) _ 1 / PRevalO)
My —+0?) 7,

| S
n2g S (DEEo)E

Borel-transformation
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> truncated OPE

> quark-hadron
duality

sum rule

om% [ M? s
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sz g
Universal input

@ external input parameters
» s in full QCD, MS-mass my(m,) = 4.164 + 0.025 GeV
[KUhn, Steinhauser, Sturm 07]
> distribution amplitudes o), 0 ()

= 6u(l—u Zazh CY?(2u—1)  conformal expansion

CB/2 Gegenbauer polynomlals
* twist 2 Gegenbauer moments a3 (1), az (u), - - .
* higher twist parameters fs,., wsr, dx, €x,. .. [Ball, Braun, Lenz 06]

m2

* normalization f, pr = F=r- [PDG]
» fg taken from two-point sum rule in MS-scheme to O(as)-accuracy
* condensates (qq), (G?),... [Jamin, Lange 01]

(qg)(1 GeV) = %f,zr ur(1 GeV) [GMOR-relation]

@ uncertainties in principle reducible

scale dependence in general taken at one-loop order
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Truncation of OPE
Truncation of OPE

@ twist-expansion at leading order up to twist 4

» two- and three-particle contributions included g +ﬂ
for twist 2 and 3, two particle parts only

o m ZZ By ZI
» u-dependence

@ in sum rule for fg condensates up to dimension 6
» why burden with more parameters?

@ «s-corrections to scattering amplitudes
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Truncation of OPE
Truncation of OPE

@ twist-expansion at leading order up to twist 4

» two- and three-particle contributions included g +ﬂ
for twist 2 and 3, two particle parts only

o m ZZ By ZI
» u-dependence

@ in sum rule for fg condensates up to dimension 6
» why burden with more parameters?
» as-corrections cancel in ratio f3. (q?)

@ «s-corrections to scattering amplitudes

2 2., 3B
= F(qfi'rs") to large amount
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Sy izl ey
Quark-hadron duality

@ use of quark-hadron duality amounts to approximating complex hadronic
spectral function

p(s) == @k
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Sy izl ey
Quark-hadron duality

@ use of quark-hadron duality amounts to approximating complex hadronic
spectral function

o(s) —— p(s)P p(s) — p(a)"
B B == lhnF(OPE) (s)

h
Ay

@ via spectral function of OPE-result
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Sy izl ey
Quark-hadron duality

@ use of quark-hadron duality amounts to approximating complex hadronic
spectral function

o(s) —— p(s)P p(s) — p(a)"
B B == %IIIIF(OPE)(S)

sh s mZ sl P s
@ via spectral function of OPE-result

@ Borel-transformation suppresses higher states
» sum rule not very sensitive to structure far from threshold

@ approximation depends crucial on values of M? and s
» criteria to fix parameters

@ nevertheless uncertainty difficult to quantify
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Numerics |
‘ ‘ duality, Borel scale
@ sum rule parameters lesr s, M2
fg sum rule 58, M2 Mg S

@ Borel-window: 15 GeV? < M? < 21 GeV?, 4GeV? < M? < 6GeV?

» higher twists/condensates suppressed e.g. Twist 4 ~ 3% Twist 2

» continuum < 30 % of ground state

Q . =30+05GeV
» NLO-terms in Twist 2,3 < 30 % of LO in full correlator

© s&, SP for every M2, M? from daughter sum rules, e.g.

d Py ree
m3 = ————~ [ . d8ImF©PE)(s g?)e 5/™)
d () Jme
© further constraints from experimentally measured slope
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Numerics Il

@ fitting simultaneously m3 and slope with conditions from previous slide

» parameters s§, a3 (u), aZ () (*)

f3(a°)
f.(0)

1 i
1-2)1

2
B*

e fa (9%) /fa:" (0)
T OZBKm—g3

NDOONND

)

[D: Becirevic, A. B. Kaidalov 98]

1
il
i,
1

O Z A IS

a2 (GeV?)

10 12

sB = 36 — 35.5GeV?, aj(1 GeV) = 0.15 — 0.17, a7 (1 GeV) = 0.05 — 0.03

@ Borel-window and dependence on p

0.275

0.27 0.27

fe:' (0) 0.265 fe:' (0) 0.265

0.26 0. 26

0.275

12 14 16 18 20 22 24
M (GeV?)

5S4 45 555
u(CeV)

(*) trading q2-prediction for reduced uncertainties in a7, ay and duality
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Comparison of MS- and polemass-scheme

@ vector form factor

(O Wdics: 200 | - +300

)

fg(0) = 0261553

‘ Iz

£ 0.02

+0.0
shape 0L

3
2

+ 0.001

1% My

[G. Duplanci¢, A. Khodjamirian, Th. Mannel, B. Meli¢, N. O. 08]

f (0) = 0.258 + 0.031

@ better as-behavior in MS-scheme
@ similar results for tensor currents

far(0)|zs = 0.255 + 0.035
fBT,,(0)|pole = 0.253 + 0.028

[P. Ball, R. Zwicky 04]

MS-mass | pole mass
(0 | 0263 0.258
tw2 LO 50.6% 39.7%
tw2 NLO 7.5% 17.2 %
tw3 LO 46.8% 41.5%
tw3 NLO -4.5% 2.4 %
tw4 LO -0.2% -0.9%
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Exclusive V,, determinations

@ using fit to 12 binBaBar spectrum

shape

Vuolf(0) = (9106, +0.3]g,) x 207

[B. Aubert et al. 06] [P. Ball 06]
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Exclusive V,, determinations

@ using fit to 12 binBaBar spectrum

Vuolf(0) = (9106, +0.3]g,) x 207

@ gives determination of |Vp|

[B. Aubert et al. 06] [P. Ball 06]

| comparison of exclusive determinations

Method V| x 1073 Ref.
Lattice-QCD 3.78 £0.25+0.52 | Fermilab/MILC '05
Lattice-QCD 3.55+0.25 + 0.50 HPQCD '07

Omnes-FF 3.47 £ 0.29 4+ 0.03 Flynn, Nieves '07

BCL-FF 3.36 £0.23 £0.01 Bourrely et al. 08

LCSR 35+04+0.1 Ball '06

LCSR 3.5+0.4+0.24+0.1 | Duplancic et al. 08
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Conclusions and outlook

@ sum rules inherently approximate
@ MS-mass gives better control on as-corrections
@ light-cone expansion and duality approximation seem to work

» experimental measurement of radiative excitations for modeling
hadronic spectrum highly appreciated
» shape of leptonic spectrum helps, too

@ higher accuracy in u, d-quark masses reduces uncertainty considerably
@ otherwise improvement of accuracy difficult

» full as-corrections to twist 3 need evolution kernel
» ag-corrections to three-particle contributions very tedious

* by both no substantial numerical effect expected
» going beyond twist 4 might be more feasible

@ uncertainty around 7 — 10% probably remains
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Form factor parametrizations |

@ pole parametriziations:

2 2
fi (0)r J— i (0 (1—5‘1—)
5. (07) = fg”(oz) + it 2T fgr(a%) = el -
i 4l = Cl 2 2 ™ 2 5
e (- mer) (1—%?@*) (1—mq§*) (1—[a+6(1—a)1 m‘*—)
[Becirevic, Kaidalov 98][Ball, Zwicky 04] [Hill 06]
» from unitarity bounds > multiple-subtracted Omnes representation
1 . a(@?)
T 2) + (q2) — a2 i
ELUE 2)¢ s Zak[ 210)]" f(?) o _ng[ L (@)(mE. — )]
oo n 2 7
9° — G
D sy @)= [ =2
- 2oy Al £
[Okubo 71][Boyd, Grinstein, Lebed 95] [Albertus et al]
@ recent proposal
l kmax
o (0%g= Z b (t0)2 (4%, to)
= mé*

[Bourrely, Caprini, Lellouch]
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Form factor parametrization |l

@ z(g?,t9) maps complex g?-plane on unit disc

Vi -2 -Vt — 1o
VLSRG e

@ multiple subtracted Omnes representation and BGL-parametrization
violate scaling behavior for [g?| — oo

2(0%le) =

fé:r(qz v oo)|Omnes =ty |:C (qZ)”_1:| fl‘:‘r-rr(q2 T oo)|BGL (X (qZ)

@ Omnes representation has no cut at g2 >t

@ BGL-parametrization has unphysical pole at q> =t for truncation at
finite k

@ recent BCL-paramtrization has neither of this problems
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Some general remarks for B— 7 form factor

@ my-scaling:
ErlarsS ) v m53/2 fa (9% = QZax) ~ vMp  (Isgur-Wise-limit)
> and hard form factor:

fa(0%) = + 155 (0?) i :
@ symmetries of soft form factor:

[Charles et al.][Beneke, Feldmann]

@ analytic function of g?:

fa- Qg+ g 18 Imfg_(s)
+ (q2) — dB-Oe+er | 1 Br
wa(Q)—mé*_qurﬂ/ ds= 25

(mB +m7r)2
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Backup slides

Analytic continuation

P>analytic continuation via Cauchy:

F(a? (p+9)%)

1 F(d?,s)

2ri e (P @)2

L Wi, dSF(qz,erie)—F(qz,s—ie)

2mi 0 s — (PEFd)f

@ Schwarzsches reflectionprinciple

Ims F(g?,s) = % (F(a% s +ie) — F(q?,s —ie))

= F@pra) =7 [ e
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