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UPPSALA The colour evaporation model
UNIVERSITET

e model from about 1977 [1,2]

e main point: needed soft gluon is emitted “invisibly”
(which is considered to have “little detailed theoretical justification” by
Ellis)

e the production of quarkonium states is o< heavy quark production
that is, all cc-pairs in above threshold make charmonium

originally only lowest-order processes (vV — c¢ and qq/VV — cc)

e gives predictions for J/v production and has implications for the Zweig
rule
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UPPSALA The colour singlet model
UNIVERSITET

e developped around the same time as the colour evaporation model

e first a cc pair must appear with relative momentum smaller than m,. or
it will go to DD

e takes into account the number of gluons needed to reach a colour singlet
state

e production amplitudes factor; one nonperturbative factor per LS-
multiplet

e predicts higher rates for n, xo and x2 than for J/i¢ and xi; not in
accordance to experiment, especially not with Tevatron data
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TR The CSM - some limitations
UNIVERSITET

e no relativistic corrections, and 8-c¢ will never form charmonium

e cc pair produced by virtual particles off-shell by m. or larger (short-

distance part);
if some particle is off-shell by < m,, it's considered part of amplitude
for formation of bound state

e color-octet mechanisms important; the short-distance part may well
leave cc in 8 = new terms in the cross sections
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CDF data

UNIVERSITET
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The differential cross section for prompt 1) as a function of p ;. Dashed — LO
CSM, dotted — LO CSM with fragmentation, solid — gluon fragmentation
with colour octets.|[3]
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UPPSALA NRQCD - NonRelativistic QCD
UNIVERSITET
e the “current’” model, again factorization
e separation of the short-distance physics from the longer distance scales
e one scale given by the quark mass mg

e good for (e.g.) annihilation decay rates and “sufficiently” inclusive
production

fragmentation — hadronization of individual partons
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UPLA NRQCD cont’d

UNIVERSITET

The short-distance part is done in pQCD, and the long-distance physics
go into matrix elements calculated by the effective field theory that is
non-relativistic QCD.

Some different scales in heavy quarkonium:

M — heavy quark mass

Muv — typical momentum

Mv? — typical kinetical energy

There's also Agcp. v is used as expansion parameter

vo) = O|QQES)) + OW)QQLEPMg) + 0(w)|QQ['SEVg) +
O(v?)|QQLS1"gg)..

From NRQCD, one gets power counting rules for various matrix elements,
and also probabilities for different terms in the Fock state expansion.
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UPPSALA Applications and predictions
UNIVERSITET

e systematic framework: only a finite number of nonperturbative matrix
elements contribute at any given order in v?

e large p | -charmonium production
e universal matrix elements = test in production from Z
e spin alignment of direct ) and v/ at large p, [4,5]

e on one hand, need for phenomenological determinations of matrix
elements, on the other hand, “lots of quarkonium everywhere”

do(pp — ¢Y(P) + X) fo dzdé(pp — g(P/z) + X)Dy—y(2)
with Dy (2) = 32, dimn(2)(OF,)
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