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Table 1: Quarkonium energy scales

@ bb tt

M 1.5 GeV 4.7 GeV 180 GeV
Mv | 0.9GeV 1.5 GeV 16 GeV
Mv? | 0.5 GeV 0.5 GeV 1.5 GeV

Charmonia: 1)2/02 ~ 0.3

Bottomonia: U2/62 ~ 0.1

Introduction to the NRQCD factorization approach to heavy quarkonium
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Table 3: Estimates of the magnitudes of NRQCD operators for matrix elements between
heavy-quarkonium states.

Operator Estimate
1 (Mv)3/?
X ( A ,[[,)3/ 2
Dy (acting on ¢ or x) Mov?

D Mvu

gE M?2p?
9B M2t
gAp (in Coulomb gauge) | Mv?

gA (in Coulomb gauge) | Mv3

B ER [ dBxpt () (x) = 1,2 ~ f ﬁ NHAN = - BRI~ %

HIf dBx ~ p%,llt¢+(x)w(x) ~ P2l ~ pP/2 ~ (My)3/2
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Abstract
We investigate the O(a,v?) correction to the process of pseudoscalar quarkonium decay to two
photons in nonrelativistic QCD (NRQCD) factorization framework. The short-distance cocfficient
associated with the relative-order v NRQCD matrix element is determined to next-to-leading
order in ay through the perturbative matching procedure. Some technical subtleties encountered

in calculating the O(a;) QCD amplitude are thoroughly addressed.
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FIG. 2: Typical Feynman diagrams for B — J/i + D3,
where two “@" denote four-fermion weak interaction oper-
ators. There are four types of topologies: (a) factorizable
diagrams; (b)non-factorizable diagrams; (c)color-suppressed
diagrams; (d) annihilation diagrams.

Based on the NRQCD framework, we can calculate
the amplitudes in Fig. P] and numerical results indicate
that the factorizable diagrams dominate the contribu-
tion of the decay widths of B} — J/i + DI but
colour-suppressed and annihilation topologies diagrams
contribute less than 10 percent. The factorizable dia-
grams can be factorized into the form factor part and
the D{*) decay constant part. Thus we can employ the
results of NLO QCD and relativistic corrections to the
form factors, and obtain more precise predictions.
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TABLE II: Comparisons of the results of the decay ratios of B, — J/i: + D" with data and other theoretical predictions.

Ryt Rpee, o Rpeeps Pes /T Refs.
38412 104435 28405 0.38 £0.24 ATLASE
2.90 + 0.62 - 2.37 +0.57 0.52 +0.20 LHCbH[Z].
2.6 1.7 - Potential model [32
1.3 3.9 - QCD SR[33]
2.0 2.9 - RCQM[E]
2.2 - - -
2.06 £ 0.86 - 3.014+1.23 - LFQMILT]
3451013 - 2.54%097 0.48 £0.04 PQCD[T]
- - - 0.410 RIQM[Z]
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