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Motivation

@ why are the B — 2x /v, form factors important:
® alternative to B — wfv, for exclusive | V| determination

® rich set of observables,
[S. Faller, T. Feldmann, A. Khodjamirian, T. Mannel and D. van Dyk, (2013)]

® future accurate data expected from Belle-2:
B — p dominance?, B — f, background?, higher partial waves of 27 states?

@ Dalitz plot, k? - dipion mass vs g2- momentum transfer

@ the region of small dipion mass, w3 ] qonE — |
K2 <1GeV2, 0< q?<12-14 GeV2.

@ the method: similar to the LCSRs
for B — = form factors, )
new nonperturbative input:
dipion distribution amplitudes (DAs)

M2

@ first exploratory study: = =
only B® — 7t7% vy, isospin1, L=1,3,, ..

2
dmax

Alexander Khodjamirian B — 7 form factors at small dipion mass from QCD Light-Cone Sum Rules 2/14



The method of LCSRs

@ The correlation function:  k =k + ko, k = ki — ko

n#«(Q: k1 s k2) =
=i Jd*x (7" (ki )70 (ko) | T{TU(X),. (1 =75)b(x), impb(0)75d(0)}/0) .
= iepasp @ KK NV 1 quNAQ) 4 K, AR 4 K, NAR)

@ the invariant amplitudes nM-(49).-)(p?, ¢?, k2,q- k), p=(k+q)

@ OPE valid at g2 < m2 (b-quark virtual)
k? < m;‘; (2-pion system produced near the LC)

@ LO diagram:
(b(x)b(0)) — Sp(x,0)

])M%"‘

@ vacuum — on-shell dipion
hadronic matrix elements
of nonlocal u(x)d(0)
operators

70(ky)

@ with p-meson "embedded"
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Dipion light-cone DAs
@ introduced and developed for v*y — 27 processes

[M. Diehl, T. Gousset, B. Pire and O. Teryaev, (1998)
D. Miiller, D. Robaschik, B. Geyer, F.-M. Dittes and J. Horejsi, (1994)
M. V. Polyakov, (1999)]

@ twist-2 DAs:
(F (ky ) (k2)|T(x)y,[x, 0]d(0)|0) = fku/ du "(kx) ¢' Y(u, ¢, K?),

k1 ,uk21/ kZ,u k1 v

(m* (k1 )70 (k) | T(X)ow [X, 0]d(0)[0) = 2v/2i -

/due’“<“>d>’f1(u, ¢, k%)
0

gl\)

® the “angular” variable: ¢ = k' /k*, 1-¢=ky /k*, ¢(1-¢) > %
q k= %(2( —D)AV2(p?, g%, K?), indipione.m. (2¢ — 1) = (1 — 4m2 /k?)/2costi
® normalization conditions — pion timelike form factors,

‘b”UCk) Fem(k?) jon e.m. form fact
‘ pion e.m. form factor
/du (u, ¢, k3 = (2¢- 1){ FL(k®)  pion “tensor’ form factor ’

® o, (u,¢ k?)atk? > 4m? contain Im part
® rem(0)=1, ® ‘“tensor” charge of the pion FL(0) = 1/f;
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Result for the correlation function in twist-2 approx.

@ atLO, twist-2 accuracy:
1

(@ ki, k) = V2, [

0

au

m{ [(a- Kk - ((q k) + uk2)@
@1 (u,¢ k)

T mbkmu(u,g,k?)} .

+"€uaﬁpqak1ﬁkﬂ

@ read off invariant amplitudes: N(V), (A%, nAK), N9 = o
@ transform to a form of dispersion integral in the variable p?:

mlz,fq2 U+k2ul

s(u) = 7

N2, @ k2, ¢) = 5 r;(’)(pz,qz,k%g)/

— 2
i=[[, L s—p

2
My

@ a problem: nonanalyticity of the Kallen function:
q-k=(1/2)(2¢ — 1)AV2(p?, ¢, k?) — kinematical singularity
N2(02, 2, K2) = (1 — (o — VIR (R — (/P + Vi2R)/2.
® no consistent sum rule for MA-9)
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Hadronic dispersion relation

@ the ground B-meson state contribution:

(" (k1) m° (ko) | Ty (1 — 75)bI BO(p)) fami N

Nu(9, ki, ko) =
K mgipz

@ expansion of B — 7w matrix element in form factors:

4

jeraBy q
K2xg “

i(m* (ki) (ko) |Gy (1 — )b B (P)) = —FL(q%, K?,C)

ki [E] kg,y

:

H 2\/q? k-q
Fi(@?, K2, Q) = + Fo(q?, K2, ¢) XL (ke — L9 gu
P g + R K0 T (k=)
1 (e 4(q-K)(q k) 4k*(q - k)
K - Kt "
Vk2< AB + s q )’

+F (9% K, C)

@ quark-hadron duality in the B-meson channel, Borel transform
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LCSRs for the form factors

@ in both sum rules only the chiral-odd twist-2 DA contributes:

U@ 00 _ (u,¢, k?) s B Seal
Vk3\/Xg _x@me (1 —20))
Fi(@ k2,0 _ Sl
I . .

@ an additional relation between the axial-current form factors:

Ft(qz’kzzo—r[(ms K2 Fo(a?, K2, )2k g (2¢ 1) Fy (2, K, )
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What do we know about LCDAs

[M. V. Polyakov, Nucl. Phys. B 555 (1999) 231.]

@ double expansion in Legendre and Gegenbauer polynomials:

n+1
— 3/2 0 —
Suuei) = B S 5 B()C A(u = N5 PO (5,
s n=0,2,.. ¢=13,..

@ B,(k?) are analogs of Gegenbauer moments,
complex functions at k? > 4m?2

@ instanton vacuum model for the coefficients,
n=0,2,4,valid at small k? ~ 4m2 [M. V. Polyakov and C. Weiss, (1999)]

K2 7 K2 7 K2
L2 L2 L2
Byi(k%) =1+ ——,B (k)= — (11— —= |, By(k®)=— 1+ ,
o1 (K 12M2 21K = 5 ( 30M§) 25 (k) = 36 ( 30M2
11 5k2 77 K2 11 K2
Bik)= — [(1— — ), Bh(K) = — ([1— —— ), B(K®) = — [1+ .
() = 528 ( 168M§) 43 (K) = 578 630M2 5(7) = 155 56M2

f5~ = 4x2f2 /3My ~ 650 MeV, where f = 132 MeV is the pion decay constant.

@ Omnes representation for the k2-dependence (to be updated)

i 2 2 oam? ; .
@ we confined ourselves by k= ~ kg, ~ 4mZ for an exploratory numerical analysis
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Sum rules for partial waves

@ The form factors expanded in partial waves:

S P (cos 0.,
FLa(e.2,.¢) = p> VarFIFY) (@2, k) Pl tn)

Sin O,

¢ ~cosé, P/(m) -the (associated) Legendre polynomials

@ sum rules for separate partial waves

1

¢ VK2 VAsmyp oM/ M? S

FO@P. K%)= fﬁ D DI DR L F CUSTE 2
n=0,2,.. ¢/=1,3,..

p /K2 m3 5 n+1
Fi(a® k) = N mzl; D VDS ’U' o (K20 (0 K2 M 6)
n=0,2,4,.. ¢/=1,3,.

® /,, -integrals over Legendre polynomials,

eg. i1 =1/V3 1l 3=—1/V3 1l 5=14/(5V3),
® J,,L’” - the Borel-weighted integrals over Cg/2(2u —-1)
o Ip=0ate> ¢,

= in the limit of the asymptotic DA, (By¢ # 0), only P-wave form factors are # 0
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Numerical results

@ P-wave form factors: (only twist-2)
FU=0(e?, k2, F=D(R, k2,

q*[GeV?] ¢*[GeV?]

@ P-wave dominance: ratios of F- and P-wave form factors

R (@, K2, RU=I (@, K2,

¢[GeV?) ¢[GeV?)
- - - - uncertainties from the variation of M?.
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How much B — p contributes to the B — 277?

@ dispersion relation for the P-wave (¢ = 1) of B — «r FFs:

VBFIT(@ k) _ Gorr VE=r(g?)
VKk2\/2g m2 — k2 — im,T ,(k?) mg+ m,
and
(€=1) (42 g2
\/éFH (q 7k ) gpﬂ-ﬂ-

- (Mg + mp)AZ P () + ...

Vk2 m2 — k2 — im,T ,(k?)

2 2 2 3/2
2y _ My k= —4mZ _ ro[
To(k?) = 25 (n%%m% O(K? — 4m2)rto

@ using the definition of B — p FFs:

i - . 2vE—r ()
(T ()@ (1 = 18)BIB(P)) = €l h =

—ieﬁ(p)(m3+mp)A?*P(q2)+
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LCSRs for B — p FFs
e.g., [ P Ball and V. M. Braun, Phys. Rev. D 55 (1997) 5561]

@ LCSRs for B — p form factors in terms of the p-meson DAs
in the twist-2 approximation:

2 1 12— Rirm? Ut
. mg 4 my,)m, "5 rdu(p) _ Mp—qum,uu
vB=o(p) = (MBt M)y fLeMZ/— Puye N

@) 2mify " U ()] u

o
3 ] 2 _ 2.2 m2 — 2T m2 ul
APy = o f;ev?/ii¢f><u)(1-—q i )&Tﬂ
2(mg + m,)mgfg A u my

@ both sum rules determined by the chiral-odd p-meson DA:
1
(5 () EX) e . 01(0)]0) = i (b — i) [ w6 w).
0
@ the Gegenbauer polynomial expansion:

%) (u) = 6u(1 — u) (1 + > a&,”“cﬁ/z(zu_n) :

n=24,,..
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Numerical estimates

FD 2 12,1 (@
[Fﬂf:”(qz 2, )(LOSR) [Fﬁl:1)(qz 2, )(LOSR)

2 + 6 8 10 2 2 0 6 0 10 12

¢*[GeV?] q?[GeV?

The relative contribution of p-meson to the P-wave B — 7t 70 form factors F(f:1 ) (qz, kﬁm) (left panel) and
F, ‘(‘Z =N (92, k,znm) (right panel) calculated from LCSRs at central values of the input. Dashed lines indicate the
uncertainty due to the variation of the Borel parameter.
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Future perspectives

@ k2-ansatz for Gegenbauer functions B, (k?)
from LCSRs for pion FFs at k? < 0 @ dispersion representations at k2 > 4m?2

@ twist-3,4 and qqG components of OPE,

to identify corresponding DAs and their expansions
@ NLO gluon radiative corrections
@ B — w7~ channel, including S-wave
@ B — Km(K*) form factors

@ alternative method: LCRs with B-meson DA and v, d current
S.Cheng, AK, J.Virto, work in progress
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