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B — Kntt

Generally discussed in term of B — K*¢¢ (+ S-wave contribution)
@ K* identified in a narrow experimental window

@ treated as an (infinitely) narrow resonance in most LCSR and in
latttice computations

Reasonable approximation as a start, but not enough at the level
reached by current analyses

@ What about the width of the K* ?
@ What impact from heavier resonances like K*(1430) ?

Issues already tackled in B — wmlv
through B — 7 form factors analysed using Light-Cone sum rules

[Cheng, Khodjamirian, Virto]
— Extension and application to B — Kn/¢

[SDG, Khodjamirian, Virto]
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B — Kx form factors

(K™ (ki)m* (k) |87 (1 = 78)bIB°(q + K)) = FLk! + Fiki' + Fokg + Fj kff
(K~ (k)w" (ke)|80 . (1 +5)DIB°(q + K)) = FT KL+ FJ K+ F ki

with k{' oc g* and kf, k“f, k! orthogonal basis

Partial-wave expansion where we focus on P wave (¢ = 1) using
Ok angle between g, and pg in K rest frame

For(k?, q?.q-k) = Z\/zu (k2. q?) P (cos bk)

Pf)(cos Ok)

2 2 ke
FLH(k ,q°,q k) Sih@K

Z V2011 Ff)”( )

where k* = (ki — ko) — (ki + ko))" x (m2. — m2)/k?
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LCSR with B-meson Distribution Amplitudes (1)

Paslk.q) = 1 [ d*x (O[T {ja(x).jo(0)} B°(q + k)
where j; interpolating current for K7 and j, quark transition current

T J s

@ Hadronic (k? > 0): Im part from unitarity, by inserting set of states

2 ImPay(k, q) = / dr (0lja |A(K)) (A(K)jo| BY(q + k).

@ OPE (k? < 0): Expansion near the light cone, with g2, k? below
hadronic thresholds

Pab(kza q ) POPE(kzv q2)

with B-meson Distribution Amplitudes of various twists (dim-spin)
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LCSR with B-meson Distribution Amplitudes (2)

by oa L
S

Ja e
Correlator

Full information
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LCSR with B-meson Distribution Amplitudes (2)

y oa L
S
Ja iy
Correlator Im part: k2 >0
Full information Hadronic ff
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LCSR with B-meson Distribution Amplitudes (2)

y oa L
S
Ja e
Correlator Im part: k2 >0 OPE: k< 0
Full information Hadronic ff Hard s x B-DA
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LCSR with B-meson Distribution Amplitudes (2)

b 7
S
Ja ~
Correlator Im part: k2 >0 OPE: k< 0
Full information Hadronic ff Hard s x B-DA

@ Quark-hadron duality: f;;" OPE = sum over (many) states
@ Borel tf: suppress s > M? to keep lightest state contribution

1 [
- | dse M ImPay(s. ) = PFE(GP. oo(s). M)
'th
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B-meson LCSR for B — K« form factors

b 2
S
Ja e
Correlator Im part: k2 >0 OPE: k> < 0
Full information Hadronic ff Hard s x B-DA

So
/ ds e~/ wi(s, @) f(s) F{ T "(s,9?) = PO (0P o0, MP)
Sth
® i={t, L,||,—}; F- comb of F and Fy, w; kinematic functions
@ convolution of B — K7 form factor F and K= form factor f;.
@ model to describe them with a few parameters to be fixed by LCSR
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Model for the K= form factor

(K(ki)m(ke)[3y"d|0) = > BWr(k®)(Km|R(k,n))(R(k,n)|5v"d]|0)
Rm

with two resonances R = K*(892), K*(1410) of polarisation n

Mg fr GrKk- €/7A(S)
f(s) = —
+(8) ZR: m% — s — iy/STRg(S)

with a phase ¢g chosen so that all resonances yield the K7 phase

\frﬂ()
—s

R

tan [5xx(s) — 6a(s)] = fi(s) = |f, (5) €
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Two models

From Belle analysis of r — KSTFI/T [0706.2231]
@ Model 1: K*(890) only
@ Model 2: K*(890) + K*(1430)

+ model for scalar contribution (used for Belle fit, not used here)

Nigvens /bin 1+ (9)]
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Model for the B — K« form factor

(K(ki)m(ke)|STbIB(q + k)) = > BWa(K?)(Kx|R(k,n))(R(k,n)|3rb|B)

R.n
(T (T) 1
FDE (6 ) = 3 Yai (8.9°) gar T, (') e'onl
! = m2 — s — iv/sTg(S)

@ i={t,1,|,—}, Y(s,qg?) and d kinematic form factors
@ same ¢p as f, obeying unitarity Im[F; (T (t= 1)(s @?)fi(s) =0
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Model for the B — K« form factor

(K(ki)m(ke)|STbIB(q + k)) = > BWa(K?)(Kx|R(k,n))(R(k,n)|3rb|B)

R
T T :
FDN (s ) = 3 YY) (s, &) Grice .‘F[(?7/)(q2) e/%(s)
! - m2 — s — iv/sTg(S)

@ i={t,1,|,—}, Y(s,qg?) and d kinematic form factors
@ same ¢p as f, obeying unitarity Im[F; (T (t= 1)(s @?)fi(s) =0

LCSR can be rewritten to constrain 7, ,(;,’ ,.)(qz)
Z dR/ F?/ ) In(s0. M?) = PO (G, 00, MP)
with the overlap integral

3/2
m So /MR 9rkr A\ (8) |fL(s
o M) = 5, [ o oo DI
™ Jew s5/2\/(m,2? — 8)2+ 5T2(s)
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Hadronic and OPE parameters

0.12
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0.08
0.06
0.04
0.02
0.00

w (GeV) w (GeV)
@ B-meson LCDAs 2- and 3-particle, up to twist 4
@ OPE (including ms) in agreement with [Gubernari, kokulu, van Dyk]
o 3 different models [Braun, Ji, Manashov]
@ ¢, parametrised in term of A\g = 460 + 110 MeV
e higher twist models involve R = \2/\2, = 0.4753
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Hadronic and OPE parameters

0.12
0.10
0.08
0.06
0.04
0.02
0.00

w (GeV) w (GeV)
@ B-meson LCDAs 2- and 3-particle, up to twist 4
@ OPE (including ms) in agreement with [Gubernari, kokulu, van Dyk]
o 3 different models [Braun, Ji, Manashov]
@ ¢, parametrised in term of A\g = 460 + 110 MeV
e higher twist models involve R = \2/\2, = 0.4753
@ quark-hadron duality threshold sg hodjamirian, Mannel, offen]
e from QCD sum rule for (0| T(d~,,s)(3v.d)|0)
e around 1.3 GeV?, lower than earlier estimates for K* (~ 1.7 GeV?)
@ above sy, contrib from states with higher multiplicity (K7w, K37 .. .)
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Hadronic and OPE parameters
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0.00

w (GeV) w (GeV)
@ B-meson LCDAs 2- and 3-particle, up to twist 4
@ OPE (including ms) in agreement with [Gubernari, kokulu, van Dyk]
o 3 different models [Braun, Ji, Manashov]
@ ¢, parametrised in term of A\g = 460 + 110 MeV
e higher twist models involve R = \2/\2, = 0.4753
@ quark-hadron duality threshold sg hodjamirian, Mannel, offen]
e from QCD sum rule for (0| T(d~,,s)(3v.d)|0)
e around 1.3 GeV?, lower than earlier estimates for K* (~ 1.7 GeV?)
@ above sy, contrib from states with higher multiplicity (K7w, K37 .. .)
@ Borel parameter M?: 1-1.5 GeV? (cheng, knodiamirian, virto] t0 limit in OPE
@ 3-particle contributions (less than 15% of 2-particle)
e impact of quark-had duality (subtracted > s; less than 40% total)
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Narrow-width limit

In the narrow width limit, the overlap integrals yield

tot

0
Ir(S0, M?) i) 3mpfr B(R — Kt7™) e~ Ma/M?

leading well-known expression for narrow-K* form factors

3 M- e ), Fi (@) €M M B(K* — K ™) = PO (2, g, MP)

Form Factor [This work] [Khodj06] [Khodj'10] [Gubernari'18]  [Straub'15]
Fr~1(0) = VBK(0) 0.26(15) 0.39(11) 0.36(18) 0.32(11) 0.34(4)
Fk-(0) = APK"(0) 0.20(12) 0.30(8) 0.25(13) 0.26(8)  0.27(3)
Fk-_(0) = ASK"(0) 0.14(13) 0.26(8) 0.23(15) 0.24(9)  0.23(5)
Fr+1(0) = ABK*(0) 0.30(7) - 0.29(8) 0.31(7)  0.36(5)
Fr. (0)=TEK (0) 0.22(13) 0.33(10) 0.31(14) 0.29(10) 0.28(3)
Fi-(0)=TPX°(0) 0.22(13) 0.33(10) 0.31(14) 0.29(10) 0.28(3)
Fr. _(0)=TEK(0) 0.13(12) - 0.22(14) 0.20(8)  0.18(3)
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Nunmerical difference wrt wodgamiianos

Results consistent within uncertainties, but our result is lower

@ numerical inputs (decay constants. . .)

@ lower value for the effective threshold s

@ three-particle contributions

@ twist-four two-particle contributions (in particular from g.)

FOK (¢~ 0) VK pf g B TEK T
[Khodjamirian'06] 0.39 030 026 - 0.33 -

[Knodiamirianos] INPULS, NO gy 0.38 029 026 031 033 0.25
[khodiamirian'oe] INPULS, with g 027 021 014 031 024 0.14
Ourinputs, sp =1.7GeV? 0.33 026 0.17 038 029 0.17
Our inputs, our s, no g 036 028 025 030 031 0.23
Our inputs, our sg, withg, 026 020 0.14 030 022 0.13
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Beyond the narrow-width approximation for K*

LCSR with K* only: F{[.(6?) di; I (s0, M?) = PO (G2, 00, MP) .

110
H
S Width induces universal
2 shift in normalisation from
W = overlap integral /-
I .
g (effect depending mainly
toolett  Zeromwidthlimit -~~~ ] on SO, M2 and rK*)
DvL)D 0.61 0 62 01)3 0.;34 0.65
Tk (GeV)
(T) (2 2
K=" (2 T ke(so, M2 T ~ M-
K*y,‘(q )NWL 05

Correction ~ 10 % (increasing the discrepancy data-SM for B — K™ )
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Role of higher resonances in LCSR

@ LCSRs mostly sensitive to B — K form factors for s ~ my« + Nk«

@ But constrain combination of K*(892) and K*(1410) contributions
with relative weights from Ik (1410)/ I+ (892) =~ 0.03

@ K*(1410) with significant weight if its contribution Fi-(1410) at
least an order or magnitude larger than Fi-(ggz)

soF : ‘ : : : 7 Impact ? assume
FK=(1410) = @ FK+(892)
@ Fora=1,
Fk+1(0)=0.28
(~ narrow width)
@ (Much) larger o
OK with LCSR, but
reduce Fi- | (0)

Vs (GeV)
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B — Krt¢ differential decay rate

Compute with B — K factors

@ Same angular structure as B — K*(— K)(¢ decay rate (obvious
since K in P-wave only)

@ Angular coefficients J; expressed as interferences among helicity
amplitudes A defined through

~LR \/)‘Kw L,R(¢=1 LR VK 4 LR((=1
A= AT, AT =" A e
AR = - O’W V/ve, A=Az,

with the P-wave of amplitudes involving B — K= form factors F(7)

LR 2mp r.1672
A7 = N |(CoF Cro)Fi+ =0 {C7F -

]

H,}} . i={L],0,}

—Can be evaluated, neglecting non-local cc contribution H;

S. Descotes-Genon (LPT-Orsay) B — Kn form factors b — s££2019 (4/9/19) 15



Comparison with LHCIo results assoass

B — K¢t decay around K*(1430), for v/k2 € [1.33,1.53] GeV
Angular coefficients for g2 € [1.1,6] GeV?, BR in several other bins

4 combinations of angular coefficients only sensitive to P-wave
BR sum of squares of partial waves, thus bound the P-wave part

10F 10%M) in ¢* = [1.1,6] GeV? (GeV™")

L L L L L L
0.8 1.0 1.2 14 1.6 1.8

My (GeV)

4

10%(M.

)

=—upper bounds for « (here for combination of ang coeff), from 3 to 18
(still room for a decrease by ~ 10% of the K* contribution)
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Outlook

B — K form factors interesting tool to describe hadronic dynamics
@ LCSR based on B-meson distribution amplitudes
@ Recover structure of earlier narrow-width results for K* only

Several applications of the LCSRs for B — K= form factors
@ Numerical differences coming from nonperturbative inputs
@ Universal effect from K* width, enhancing form factors by 10%
@ K*(1430) contribution bound by LHCb results, but not negligible
@ Caution with systematic uncertainties in LCSR

Open questions
@ Better understanding of numerical impact of twist-4 contribution
@ Impact of other models for f, and B — K= form factors

@ Inclusion of S wave (dedicated LCSR and form factors)
[SDG, Khodjamirian, Virto, Vos] 1N progress
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