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Production of a heavy quark pair

HadronizationfLDMES)

A &: quantum numbers of the pair: color, spin, orbital angular

momentum, total angular momentum,  spectroscopic notation 0
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' _Difficultyypolarizatioti puzziezic
i LO NRQCD

A Dominated by ' |, LO NRQCD predicts transversely

polarized | 1 3, contradicts with Tevatron and LHC data
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FIG. 4 (color online). Prompt polarizations as functions of py: (a) J/¢ and (b) #(2S). The band (line) is the prediction from NRQCD

[4] (the kr-factorization model [9]).
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ﬂ may dominate, also agree with  data
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U Best fit of UIf vyield data at high n

YQM, Wang, Chao, 1009.3655
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U Velocity scaling rule of NRQCD

@( 3 how( S how( )
Thus natural expectation
O DU

U Two orders difference : unnatural
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Difficultyyuunivensadityt \pretalene m
U Necessary condition for NRQCD

A LDMEs, including 0 and 0 , are process independent

U Upper bound of U set by Q Q collision

Zhang, YQM, Wang, Chao, 0911.2166

0 mtGe V
A Comparing with - 3t X & e Vfrom ) reollison

U Global fit of LDMES

Butenschoen , Kniehl , 1105.0820

X2 = T725/194 = 3.74

A Data cannot be described consistently!
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| Riganousness obNRRGDD

U Looks like a rigorous theory

A EFT of QCD

A Factorization has been tested to NNLO Nayak, Qiu, Sterman, 0509021

But why does not it work for

qguarkonium production?
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An importantefiéttroveriooketk e
U Soft gluon emission in the hadronization process

~
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A 0 isdifferentfrom 0,0 0 p 0(Q)
A NRQCD approximate 0 by 0

U An over simplified model of
NRQCD expansion

A Cross section approximately — © 0 0
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Soft:gjuen factarization (SGR)F)

U SGF for quarkonium 5 production: QM Chao, 170508402

3 ol
P: momentum of

A Q, : perturbatively calculable hard part

A O : nonperturabtive  soft gluon distribution

A UV renormalization scale is suppressed

00

i Keep m omentum difference between ||k and 5

A Expect no further large relativistic corrections
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