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 1.  The QCD sum rules



强子相关过程，因为夸克禁闭束缚态效应

强子相关部分需采用恰当的非微扰方法

微扰论不能解决一切强相互作用问题

存在真空中夸克-胶子涨落驱动的束缚效应



QCD求和规则基本思想

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.

如何做 ？



QCD求和规则的基础构建恰当关联函数

一方面，

举例

q

真空凝聚项按量纲排列，高维算符有Q2-幂次压低

可以基于OPE，微扰计算 基于背景场易于理解凝聚项

电磁流守恒



QCD求和规则的基础构建恰当关联函数

Free-quark loop and its NLO corrections condensates contributions up to dimension-6



另一方面

Using unitarity relation obtained by inserting 
a complete set of intermediate hadronic states

q

QCD求和规则的基础构建恰当关联函数

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

continuum threshold

hadron spectral function



QCD求和规则的基础构建恰当关联函数

To link both, using the dispersion relation

Doing Borel transformation to suppress unknown contributions

Schwartz reflection principle

Cauchy formula



QCD求和规则的基础构建恰当关联函数

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

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

quark-hadron duality



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

l 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

l 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 s0 be a small part of the total dispersion integral

l 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

PI, K, rho, eta, eta’, a1(1260), K0*(1430), ……



PI介子twist-2分布振幅

构建关联函数

与后来值相比稍偏大

零阶矩归一化问题



PI介子twist-2分布振幅



类似SR计算步骤，/’介子twist-2分布振幅

Using the simple quark-flavor basis

正在考虑更复杂的混合，胶子成分，c成分



类似SR计算步骤，介子纵向twist-2分布振幅

构建关联函数



类似SR计算步骤，a1(1260)-介子twist-2分布振幅



类似SR计算步骤，K0*(1430)-介子twist-2分布振幅

构建关联函数



3.  Their applications to heavy-to-light meson decays



早期采用PQCD方法
考虑轻介子波函数以及sudakov压低端点

只适用于大反冲区域，而后单极点或双极点延拓
但精度有限——逐渐放弃



随后采用LCSR方法
但关联流采用多种选择，并未严格按介子的量子数来构造夸克流

手征流方法——优点降低高扭度算符贡献，缺点引入未知连续态贡献（例如引入新基态）
关键是代价究竟值不值得——长久争议

correlation with 
chiral current

可消除不确定性较大的twist-3项贡献

新思路：从求解B介子分布振幅出发，并完成演化方程



PQCD

QCD LCSR LQCD

三种方法结果互补，QCD求和规则居中起到承上启下作用





decays







4.  Summary and Outlook



各种方法都有其优缺点，不轻易放弃，也不轻易相信
做到极致，或者有新天地

QCD求和规则可起重要作用，可用于更广阔情形，例如新强子态

为获得高精度结果，需要仔细考虑高维算符、微扰修正等效应

同时，求和规则精度仍然有限，需进一步改进，以期提高精度
u 考虑双Borel变换
u 深入讨论基态贡献、连续态贡献、激发态贡献
u 高维度算符贡献
u 高扭度分布振幅贡献
u 高阶微扰效应
u 基于价夸克模型，对于复杂情形如何做 ？
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