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Outline


 
Heavy quarkonium production in NRQCD 
and its distribution in high Pt region


 

QCD resummation


 
Non-perturbative Sudakov factor


 

QCD resummation in heavy quarkonium 
production 


 

Our result for low Pt distribution of heavy 
quarkonium production by using QCD 
resummation





 

Here, the values of M1 and M0 are:



 

In high pT, the cross section only 
depends on the linear combinations 
of color-octet matrix elements.

K. T Chao et al PRD 84, 114001



QCD resummation


 

Consider the production process h1 h2 →V+X



 

We have to resum these large logs to make reliable predictions

Where QT is the transverse momentum, and Q the mass, of V, 
and L = Log[Q2 / QT

2].




 

For Drell-Yan process

A(1)  = CF      

B(1) = -3 CF / 2


 

For Higgs production by di-gluon fusion

A(1) = CA

B(1) = - b0 CA





 
b is integrated from 0 to ¶. For b >> 1/LQCD , the 
perturbative calculation is no longer reliable. Collins and 
Soper postulated:

and made a cutoff  on large b by :

and

with the constraint that



Non-perturbative Sudakov factor


 
Davies-Webber-Stirling (DWS) model


 

Ladinsky-Yuan (LY) model


 

Brock-Landry-Nadolsky-Yuan (BLNY) model

C. Davies et al Nucl. Phys. B256, 413

C. P. Yuan et al PRD 50, 4239

C. P. Yuan et al PRD 67, 073016
Here x1 x2  = Q2 / S



C. P. Yuan et al PRD 67, 073016

D
rell-Y

an
Z production

A
nnihilation of quark  ant-quark



C. P. Yuan et al PRD 67, 073016





 
The differential cross sections of 3S1

8 , 1S0
8 , 3PJ

8
(J =0 or 2)  

and c(b,c) production contain large logarithm at the NLO.

3S1
8 :

1S0
8 , 3PJ

8
(J =0 or 2) 

and c(b,c) :

a soft divergence deduced
by soft gluon radiated from 
final state.  

a soft collinear divergence 
deduced by soft or collinear 
gluon radiated from initial 
state.



In general, for gluon-gluon fusion process:

The HIJ and SIJ should be 3×3 matrix 

But in our case, for 1S0
8 , 3PJ

8
(J =0 or 2) ,in the framework of 

NRQCD, we have 



C(1)

C(1)

A(1)

A(1)

B(1)

B(1)





 
For color-octet state production by di-gluon fusion

A(1) = CA 

B(1) = - (b0 +1/2) CA



 
For color-octet state production by quark-antiquark 
annihilation

A(1)  = CF       

B(1) =-(3/2 + 9/8)CF



 
For color-singlet state production, A(1)  and B(1) are the 
same as those in Higgs production.










 

The QCD resummation calculation can well 
simulate the behavior of heavy quarkonium 
hadronic production in the small transverse 
momentum region. 


 

In the small transverse momentum region, the 
non-perturbative Sudakov factor is important, 
which decides the shape of the curve. 


 

The nonperturbative Sudakov factor obtained by 
fitting to heavy quarkonium production in 
hadronic collisions. 





 
It may be used to predict other particle production,   
dominantly through di-gluon fusion, such as Higgs boson 
production at the LHC.

BNLY ours

g1 0.21(CA /CF )
=0.4725

0.03

g2 0.68(CA /CF )
=1.53

0.9

g1 * g3  -0.28 -0.17





 
From our fit, we found:

They agree well with those determined by comparing to the 
total cross section in photoproduction and hadroproduction. 


 
Combining results from the fixed order fits, we find:

other ’s ours

〈OJ/ψ[1S0
8]〉 0.050 GeV3 0.14 GeV3

〈OJ/ψ[3S1
8]〉 0.022 GeV3 -0.01 GeV3 

〈OJ/ψ[3PJ
8]〉 -0.016 GeV5 -0.04 GeV5

Other :M.Butenschoen and B.A.Kniehl, Phys.Rev. D84 (2011) 051501 



Resummation part



Thank you very much!
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