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1. The QCD sum rules _
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Within the sum rule approach, hadrons are represented by their interpolating
quark currents taken at large virtualities. The correlation function (Collerator) of
these currents is introduced and treated in the framework of the operator product
expansion (OPE), where the short-distance and the long-distance quark-gluon
interactions are separated.The former are calculated using QCD perturbation
theory, whereas the latter are parametrized in terms of universal vacuum
condensates (SVZ sum rules) or light-cone distribution amplitudes (LCSR). The
result of the QCD calculation is then matched, via dispersion relation, to a sum \
over hadronic states.
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Free-quark loop and its NLO corrections condensates contributions up to dimension-6
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Using unitarity relation obtained by inserting
a complete set of intermediate hadronic states

20m T, (q) = Y (0] g 10) dra(2m)*6@ (q = pn)

n

single out the ground-state vector-meson contribution
and introduce a compact notation for the rest of
contributions

1 .
—Im 1(¢*) = fyo(g” — my) +(f12 — 5

hadron spectral function




Doing Borel transformation to suppress unknown contributions

A2 (n+1) n
N0 = Byell(?) = im0 (djz) I(q°)
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I(M?) = fZe mv/M° -I—/ dseS/M2
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Thus the Borel transformation removes subtraction terms in the dispersion
relation and exponentially suppresses the contributions from excited
resonances and continuum states heavier than V

quark-hadron duality / ds pl'(s)e™/M" ~ % / ds Tm I1Per) (5)e=/M"
gl S0

0

Then the final sum rule for the rho-meson decay constant is
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A simple summary

Several approximations has been for deriving the sum rules, and
the accurateness of the QCD sum rules inversely heavily depends
on the preciseness of those approximations

® The low limit of M2 is fixed by demanding that the condensate term with
the highest dimension remains a small fraction of sum of all terms, which
makes the convergence of condensate expansion under well control

® At too large M2, the quark-hadron duality approximation cannot be
trusted. Therefore, the upper limit on M2,should make the contribution of
the states above s, be a small part of the total dispersion integral

® Moreover, the prediction should be flat versus the input parameter of
Borel parameter within the allowable Borel window (weak requirement,
since it is fixed-dimensional expansion)




2. The sum rules for the light-meson LCDAs I
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Revisiting the pion leading-twist distribution amplitude within the QCD
background field theory
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Fig. 9 The pion DAs with the parameters listed in Table 1, which are fit
from the TFF data of BABAR, BELLE, CLEQ, and CELLO Collabora-
tions, respectively. As acomparison, we also present the asymptotic-DA
[6] and the CZ-DA [36] in the figure
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Fig. 10 The predicted pion—photon TFF Q2 F,,(Q?%) by using the
parameters determined from the BELLE and the CLEO data. The
BABAR, the BELLE, the CLEO, and the CELLO data are also pre-
sented as a comparison
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TABLEIIL.  Our predictions for the first five nonvanishing moments and inverse moment of the pion DA, compared to other theoretical

predictions. The values obtained using the formula combining Eqgs. (7) and (9) are also shown.

,u[GeV] (§2>2;n!y (54)23:'” <§6>2;n |y <§8>2;n|;¢ (‘5]O>2;ﬂ!,u ('x—l ) |,u
BFTSR (this work) 1 0.271(13) 0.138(10) 0.087(6) 0.064(7) 0.050(6) 3.95
BFTSR (this work) 2 0.254(10) 0.125(7) 0.077(6) 0.054(5) 0.041(4) 3.33
Asymptotic ®© 0.200 0.086 0.048 0.030 0.021 3.00
LF holographic (B = 0) [54] 1,2 0.180, 0.185 0.067, 0.071 2.81,2.85
LF holographic (B > 1) [54] 1,2 0.200, 0.200 0.085, 0.085 2.93,2.95
LF holographic [55] ~1 0.237 0.114 4.0
Platykurtic [56] 2 O.220f8_‘882 0.098fg_'8858 3.13f8_‘,1§
LF quark model [57] ~1 0.24(22) 0.11(9)
Sum rules [58] 1 0.24 0.11
Renormalon model [59] 1 0.28 0.13
Instanton vacuum [60,61] 1 0.22, 0.21 0.10,0.09
NLC sum rules [62] 2 0_248jg_-311§ 0-108f8.'835 3.16(9)
Sum rules [5] 2 0.343 0.181 4.25
Dyson-Schwinger [RL,DB] [14] 2 0.280, 0.251 0.151, 0.128 5.54.6
Lattice [63] 2 0.28(1)(2)
Lattice [64] 2 0.2361(41)(39)
Lattice [65] 2 0.27(4)
Lattice [66] 2 0.2077(43)
Lattice [67] 2 0.234(6)(6)
Lattice [68] 2 0.244(30)
Eq. (7) + Eq. (9) 1 0.303(19) 0.179(21) 0.128(16)  0.098(14)  0.082(20)
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p-meson longitudinal leading-twist distribution amplitude within QCD
background field theory
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Our predictions 0.119(82) —0.035(100) 0.241(28) 0.109(10) 3.30(34)
NLCSR [9] 0.047(58) —-0.057(118) 0.216(21) 0.089(9) 2.97(39)

BB [10] 0.150(70) 0.251(24) 3.4521)
Lattice QCD [11] 0.197(158) ozws 0.268(54) = s 3.60(48)
BS [12] (111 0.036 0.238 0.115 3.44
AdS/QCD [13,14] 0.104 0.053 0.236 0.115 3.47
LFQM [15] 0.014 —-0.005 0.205 0.088 3.03

IM [16] -0.010 —0.033 0.196 0.080 2.87
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3. Their applications to he
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Consistent analysis of the B — 77 transition form factor in the whole physical region
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TABLE VIII: Branching fractions (x10?%) of the semileptonic decays FS — K (1430)" ¢~ 1, with £ = e, u and 7, respectvely.

B(B, — Kz (1430)Te~7.) B(B, — K (1430) T~ 7,) B(B, — K7 (1430)* 7~ ;)
This work 11879 115 L 050720
Ref. [2] 0.71+0-14 0.7110-14 0.2170-04
Ret- (] 245%& 2-4541%? 1.09f§:§§
Ref. [8](I) — 0.9970-59 0.4910-33
Ref. [8](IT) - LB 071 +H05T
Ref. [8](II) - 1.901 148 0.6515-3°
Ref. [9] 135075 13112 0.52+0-57
Ref. [11] 127+ LI 0.5410:16
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