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Motivation

» The semileptonic decays of B meson: CKM matrix elements, NP.

> The internal structures of the scalar mesons: aj (1450), K;(1430),
K (1430), f5(1500).

Calculation method:
light-front approach, LQCD, QCDSR, pQCD, LCSR ---

» light-front approach: C.-H. Chen, C.-Q. Geng, C.-C. Lih and C.-C. Liu, 0703106
» QCDSR approach: M.-z. Yang, 0509103;

T.M. Aliev, K. Azizi and M. Savci,0710.1508
» pQCD approach: R-H. Li, C.-D. Lii, W. Wang and X.-X. Wang, 0811.2648

» LCSR approach
e light-meson LCSR: Y.-M. Wang, M.J. Aslam, C.-D. Lii, 0804.2204;
Y.-J. Sun, Z.-H. Li and T. Huang, 1011.3901; Z.-G. Wang, 1409.6449
e B-meson LCSR: R. Khosravi, 2203.09997
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Form factors in LCSR

Definition of B-meson transition form factors
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B-meson LCSR: A. Khodjamirian, T. Mannel and N. Ofen, 0504091, 0611193;

F. De Fazio, T. Feldmann and T. Hurth, 0504088, 0711.3999.
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Form factors in LCSR

» Quark level: perturbative QCD calculation
n-p<o, Light-cone OPE: x> =0

» Hadronic level: insert complete set > | n)(n|
Mu(n-p.1-p) = [ dx (0|7 {qx)q' (), O, 50} B(pe)
[S)(S]

Standard sum rules technique
ImII(w)
w—n-p

> Dispersion relation: M(p?) = £ [ dw
» Quark-hadron duality ansatz: ImM"(s) — ImMPe(s), ws = so/n -

» Borel transformation: A-p — wy = M?/n-p
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NLO correction

One loop correction diagrams
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» Method of regions: M. Beneke and V.A. Smirnov, 9711391
hard, hard-collinear and soft regions have leading power contribution

soft region = ¢() @ T
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NLO correction

One-loop diagrams for B meson DA

(a) (b) (c)

» Factorization: hard scale [O(mj)], hard-collinear scale [O(v/mp)]
and soft scale [O(A)]
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NLO correction

The scale dependence of the correlation functions at the one-loop order

d

> Resummation: factorization scale u ~ O(v/mpN) ~ 1.5GeV,
sum logs in C.

C~.(+)(n ' phu) = Ul (n * P, /J'hla:u) €(+) (n . p,ﬂhl)
fo(p) = Uz (2, 1) 5 (1m2)

a1 ~ NP, fp2 ~ Mp.
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Final expressions
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B-meson LCDA

Three-parameter model: M. Beneke, V.M. Braun, Y. Ji and Y.-B. Wei, 1804.04962
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Borel parameter and effective threshold

» The continuum contributions need to be less than 50%.

» Form factors are insensitive to the variation of the Borel mass:
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Numerical results

NLL reduces the scale dependence of the result
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Fit
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BCL parameterization:
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Fit

Dispersion relation of the form factors:

A (?) = 88,856, + 1 /OO dslm f.‘;‘s(z'-")
2mp,, (1 - q2/m‘,23q1> T Jsa s—q
The constraint from the strong coupling constant:
_2mg, 2/ 2 A (.2
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From LCSR,  gl"2") = 0.0683129 + 0.0146775.
q1 58,
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Fit
Red area: adding the strong coupling constant constraint.
Grey area: data points given only by LCSR.
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Phenomenology

Processes Methods BR Arp Fu A,
B® — af (1450)uw, | This work | 1.0070:43 x 107 | 6.257032 x 1073 | 1.611)13 x 1072 | 0.976+5:003
LCSR 1.850:8 x 1074
pQCD | 3257238 x 1071
B — ag (1450)7v, | This work | 3.0%}2x 107° 0.34119:903 0.75719:928 —0.15810:082
LCSR 63133 x 1075
pQCD | 13297 x 10~*
B® — K (1430)v,7, | This work | 2.50%0:97 x 106
By — K;1(1430)u, | This work | 1.6070:87 x 107* | 5815031 x 1073 | 1.50%9-43 x 1072 | 0.97870:003
LCSR 13502 x 1074
QCDSR | 3.653%x10°°
pQCD | 245+17T x 1071
By — K;"(1430)77, | This work | 5.2730x 107° 0.33470-004 0.73770:030 —0.120%9:999
LCSR 52437 x 1075
pQCD | 1.09352 x 107
Bs — fo(1500)vei7 | This work | 2.67+191 x 1076

LCSR: 0804.2204 QCDSR: 0509103 pQCD: 0811.2648

_ (B— STir)

Rs = —————~ R = 0.309 4+ 0.032
ST T (B Spiy)’ a0 (1450) )

Rocs (1a30) = 0-337 & 0.032.
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Summary

B — S form factors within B-meson LCSR

» Three-parameter model of B-meson LCDA

» NLL resummation at leading power
e Method of regions — factorization formula of correlation function

e RGE — NLL resummation

» z-series expansion: correlations, constraint of strong coupling
constant

» phenomenology: B — S¢v and B — Svi

Thank you!

L. S. Lu, IHEP B —S Shanghai, December 16, 2023 17



