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Photoproduction of charmonium
near threshold |

M.Strikman, PSU
Outline

1. Production of J/,1’ off a nucleon
& Data: All energies
¢ Theory: High energies - pQCD factorization theorem.

O Theory: Near threshold - Is skewedness of gluon densities
important?

2. Production off the nuclei
<& Coherence length
O J/i — 1’ paradox and Vector Dominance Model
& Genuine J/9 — N cross section
& Heavy ion connection; evidence for large o(y’ — N).
& Collectivé effects
<& Experimental ',options

3. Open charm production



_Interaction of small color singlet
dipoles with hadrons at high energies

Gauge invariance for a small dipole-hadron interaction —

>
b Two gluon exchange model
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Qualitative difference from QED: cross section rapidly increases
with W - a fingerprint of small size dipole interaction in DGLAP

kinematics. (AM(z = 107%,Q% = 10 GeV? =~ 9)

For color octet dipole cross section is 9/4 times larger.
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------------- Unitarity limit for qq-N scattering

Exclusive p, ¢, J/1, T vector meson production probes
1074<2<1072,1<b<.35fm

From S-channel unitarity (Froissart) bound - 0,0 > 0
the growth should stop - breakdown of DGLAP

ginel ~ 20mb ( FS & Koepf 96)

small dipole—nucleon
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mb. -Breakdown before the BFKL dynamics could bec

relevant

Relevant for HERA where oot ¢t “’7\7(10"4 10 GeV?
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For A ~ 200 oroct=4 < xR2 implies for A=200:
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o994 /Ac99 N < 1/3 for z = 10~ 4,@‘2 = 10GeV?
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— Large nuclear gluon shadowing



Vector meson diffractive production
Theory and HERA data

Space-time picture of Vector meson
production at small z in the target rest frame

Three stages of the y7 + N = V + N collision:
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& ~* breaks up into gq (pg = (290, kt)) with a lifetime
n=lije=—28 G~ ot 12100 fmoat HERA
s

& The gq pair then scatters off the target proton.
&hdd g7 then lives a time 75 = l¢/c = ;}%2— before the final

z(1—2)

state vector meson is formed. 75 > 7;.



= Similar to the case of w + T — 2jets + T process,

A(yi +p = V + p) can be written as a convolution of the
light-cone wave function of the photon ¥_«_; .4, the scattering
amplitude of the hadron state, A(ggT"), and the wave function
of the vector meson, ¢'y. In the impact parameter space

A= [ @y st B

The leading twist parameter free answer is
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Here, T'y_, +.- is the decay width of V — e7e™;
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Note: In the leading twist b=0 in 1y (b). Finite b effects in the
meson wave function is one of the major sources of the higher

twist effects.



Extensive data on VM production from HERA support
dominance of the pQCD dynamaics. Numerical calculations
including finite b effects in Wy (b) explain key elements of high
()? data. The most important ones are:

(i) Energy dependence of J /1 production; absoluté cross section
of J/+, T production.
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(if) Absolute cross section of p production at Q* ~ 20—30 GeV?
and its energy dependence at Q?* ~ 20 GeV?2. \Expianation of
the data at lower Q% is more sensitive to the higher twist effects,

and uncertainties of the low ()% gluon densities.









































































