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(2) There exists double IR divergence.

The two gluons
become soft
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It is interesting and technically challenging to cancel the IR
divergence and obtain a IR-independent decay rate
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NRQCD factorization formula

Scales in quarkonium. 7 signifies the typical velocity in
guarkonium

“soft” - “Hard”
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NRQCD factorization formula

NRQCD
~factorization
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ng precedure

Through perturbative process bl_)(SSP]) — €Cqg
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Matching precedure
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Matching precedure
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Matching precedure




pative NRQCD matrix elements
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hative NRQCD matrix elements

bb(Ss[s])

. d . -

AR = (393)2 Ta'@Ta/ dk ?r.. =g E“} k)2
4m? N, (2m)e 00— BoRE 4 o0 o @oR2
i(p-p' —p-kp' - k/k?)

k? + ie e
g T°®T" d- 2/ dk 1
= T N, PPPPI | Goeipp

2 g T*Tep’p%d—-2 [ d 'k 1
~ 2m?2 N, d—ld—l‘_/‘(2:11')'53—3L k|3
a; 1*°Q@T* ﬁi P4 ﬁs fp4
3mm?2 N, (euvd—l_emd—l)

% "ﬁ; ANIMATION

') imati
gt WWW.animation



hative NRQCD matrix elements
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Perturbative NRQCD matrix elements




W. ative NRQCD matrix elements

Summing all the contributions
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Renormalization to cancel the UV divergence

OGS = 0CSE + 6,0 + 6,0 + O(a?)
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ical results

Ratios of short distance coefficients

r R(Si)/R (S FCST)/RCST)
T(1S) 1.56 x 10~ 124 19.4 + 0.61n? (Jig)+og1n(ﬁ—7)
T(2S) 1.39 x 10! ~11.7 18.5 + 0.51n2(45) + 0.6 In(47)
T(3S) 1.30 x 10~ ~11.4 18.0 + 0.5 In?(£5) + 0.4In(45)
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Ical results

Ratios of short distance coefficients

a ; ( [U)/F (35[1 )J (33[11)/F (38[1])
T(1S) 1.56 x 10~ 74 19.4 + (.6 In? (ﬂ-,) +0.9 m(%)
T(2S) 1.39x10°! —1148 18.5 4 0.5 In® (£ 2) +0.6 ln(j%g)
T(3S) 1.30 x 10~ ~11.4 18.0 + 0.5 In?(£5) + 0.4In(45)
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(1) The IR divergence appeared in matching precedure can be
canceled through color-octet mechanism. It needs to carefully
carry out the renormalization.

(2) The relativistic expansion for color-singlet contribution
converges very well

(3) Through extrapolating the mass ratio of charm quark to bottom
quark, we find the relativistic corrections rise rapidly with increase
of the ratio.
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