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The cross section for inclusive quarkonium production is expressed as a 
sum of products of short-distance coefficients and long-distance matrix 
elements

NRQCD factorization 

σ[Q] =
∑

n

σ̂Λ[QQ̄(n)] 〈OQ(n)〉Λ

SD coefficients 
many recent works have been 
devoted to improving their 
accuracy, i.e. by computing higher-
order corrections in αs  

LD matrix elements
for the color-octet, no theoretical 
tool to constrain the LDME’s other 
than the power counting rules in v
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Direct production vs feed-down 
✤ Quarkonium production can also proceed via the decay of heavier 

hadrons (feed-down)  

✤ For J/ψ production at the Tevatron:
✤ b-hadron decays:                                                                             

EXP: Tevatron II, b→J/ψ+X accounts for 10%  of the inclusive        
                 production rate at pT=1.5 GeV (increasing to 45% 
                 at pT=20 GeV)  [CDF collaboration, 04]                                                                                        

         TH:  FONLL scheme [Cacciari, Greco, Nason], good agreement   
                 between th. and exp.    

✤ feed-down from charmonium states:                                                  
EXP: Tevatron I, ψ(2S)→J/ψππ and χc →J/ψγ accounts for 35% of           
        the prompt production rate [CDF collaboration, 97]                                         
TH:  NRQCD calculation recently extended at NLO [Ma, Wang, Chao]

In this talk: focus on direct J/ψ or ψ(2S) hadroproduction
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158 M. KNimer / Prog. Part. Nucl. Phys. 47 (2001) 141-201 
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Figure 2: Colour-singlet and colour-octet contributions to direct J / ¢  production in 

pff --~ J/~b + X at the Tevatron (x/~ = 1.8 TeV, pseudorapidity cut [r/[ < 0.6)) com- 

pared to experimental data from CDF [36]. Parameters: CTEQ5L parton distribution 

functions [50]; factorisation and renormalisation scale # = Cpt 2 + 4m~; mc = 1.5 GeV. The 

Pt/(2 c) ) have been summed by solving the Altarelli-Parisi evo- leading logarithms (asln 2 m 2 

lution equations for the gluon fragmentation function. NRQCD matrix elements as specified 

in Table 1. 

matrix elements, Table 1, are universal and can be used to make predictions for vari- 

ous processes and observables. The polarisation signature of J/~,  and ¢(2S) at large 

transverse momentum is one of the single most crucial tests of the NRQCD approach 

and will be discussed in some detail in Section 3.3. Ultimately, a global analysis of dif- 

ferent production processes will be needed to assess the universality of the colour-octet 

contributions. Such a program, however, requires a careful discussion of the theoret- 

ical uncertainties associated with the determination of the non-perturbative matrix 

elements from experimental data. For charmonium hadroproduction the uncertainties 

are mainly associated with the calculation of the short-distance cross sections and, as 

argued in Section 3.2, have not yet been reliably quantified. 

The J / ¢  and ¢(25') transverse momentum distributions at the Tevatron can also 

be described by the colour-evaporation model [7-9] or the related soft-colour inter- 

action model [10]. Both approaches allow colour-octet c~ pairs produced in gluon 

J/ψ  direct production

Th. status of direct J/ψ production at the Tevatron I: 9 years ago

M. Kramer, 01

3S1[8]1S0[8]+3PJ[8]
3S1[1]

3S1[8]

3S1[1], frag approx

•LO + fragmentation color-
singlet channels undershoot the 
CDF data by more than an 
order of magnitude.

•Color-octet contributions fitted 
to the data describe well the 
shape in pT, and the values of 
the CO LDME’s agree with the 
power counting rules in v.

•similar situation for prompt 
ψ(2S) production

color-octet dominance:
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Color-octet channels: th. vs exp. (update)
✤ More recent results have challenged the previous picture 

that there is some important aspect of the production
mechanism that is not yet understood.
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FIG. 4 (color online). Prompt polarizations as functions of pT : (a) J= and (b)  #2S$. The band (line) is the prediction from NRQCD
[4] (the kT-factorization model [9]).

PRL 99, 132001 (2007) P H Y S I C A L R E V I E W L E T T E R S week ending
28 SEPTEMBER 2007

132001-7

prompt J/ψ

At large pT,  the production is 
dominated by g*→3S1[8], which leads 
to  transverse polarization in the c.m. 
helicity frame. This prediction may be 
affected by perturbative and non-
perturbative corrections
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pp collider@14 TeV

NLO correction has little 
impact on the pheno 
very small correction to the 
polarization [also investigated in 
the frag. approx: Ma 95, Beneke & 
Rothstein 96, Braaten & Lee, 00].

Gong, Li, Wang; 08:

[CDF collaboration 05]
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Color-singlet channel: th. vs exp. (update)
✤ NLO correction:
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ψ(2S) @ Tevatron II

mass and scale unc. 
combined in quadrature

•huge enhancement at large pT. 
•large th. unc., mainly from variations 
of the scales  ➔size of higher-order corrections ?                                
        (see talk by J.-P. Lansberg)

pp → 3S1[1]+gg

✤  Fragmentation approach 
   at large pT:Artoisenet, Lansberg, Maltoni,  07

Campbell, Maltoni, Tramontano,  07

•leading pT component:              

  ⬌ single-parton fragmentation

•next-to-leading pT component

  ⬌ charm-quark pair fragmentation

[Braaten, Yuan, 93]

[Kang, Qiu, Sterman, in preparation]

New channels 
at αs4:

Gong, Wang, 08:
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What can we learn from the first LHC data ?
✤ observable: pT spectrum associated with J/ψ production

✤ calculation scheme: NRQCD at leading order in αs 

✤ QCD correction to color-octet channels have negligible impact on the 
pheno (at least for the S-wave)

✤ QCD corrections to the color-singlet yield might have a large impact 
on the phenomenology, but current th. uncertainties are very large

σtot: large th. uncertainties since dominated by low pT

polarization: measurements require sample with large statistics

This scheme provides a test of the color-octet dominance picture for a 
different collision energy and over a wider pT range

[Gong, Wang, 08]

7

Wednesday 21 July 2010



Additional ingredient:
✤ resummation of                               to                                                

all order in αs by solving the DGLAP                                            
equation for the evolution fragmentation                                       
function                                     

✤ The short-distance coefficient for the color-octet 3S1 is expressed as 

    

[αs log (mc/pT )]n

dg→cc̄8(3S1)(z, µ)

includes both the evolution and the effects from 
the finite mass of the charm quark

based on a calculation by Maltoni & Petrelli

dσ̂8

(
3S1

)
= dσ̂FO

8

(
3S1

) dσ̂frac
g→cc̄8(3S1)

(µfr = MT )

dσ̂frac
g→cc̄8(3S1)

(µfr = 2mc)
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✤ decrease of the differential rate by a factor 2 at pT=25 GeV 

✤ large uncertainties from the variations of μfr

Impact of the evolution

pp collider@7 TeV
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Theoretical uncertainties
✤ scales:  

✤ charm-quark mass: 

MT /2 < µr, µf , µfr < 2MT

mc = 1.5± 0.1 GeV

➔results in a large uncertainty on 
the normalization of the NRQCD 
short-distance coefficients
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CDF data

We repeat the fit to the CDF data 
for each set of input parameters 
(any change in the normalization 
of the SD coefficients is reabsorbed 
into the color-octet LDME’s)
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Predicted pT spectrum at the LHC

✤ th. & exp. uncertainties combined in quadrature
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✤ factor ≈2 of uncertainty 
in the normalization of 
the production rate

✤ analogous prediction 
for the forward region

✤ the pT spectrum can be 
effectively described by a 
LO Monte Carlo 
generator such as Pythia 
or MadOnia with an 
appropriate choice of the 
LDME’s

pp➔J/ψ+X@7 TeV (direct)

|y|<2.4
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Conclusion

✤ I presented a prediction for direct J/ψ production rate at the 
LHC

✤ comparison with the data would provide a test of the color-
octet dominance

✤ the same approach can be followed for the prompt 
production of ψ(2S)
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