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Recent Hermes measurements are presented on the coherent and inco-
herent part of the cross section for the exclusive diffractive production of
p° mesons. Based on data taken with a variety of targets, 'H, ?H,>He,'*N,
20Ne and #Kr, the method to extract the coherent to incoherent cross sec-
tion ratios as a function of coherence length l.,n, and momentum transfer
Q? will be presented. The measurement of those ratios could contribute to
the study of how quark—antiquark pairs interact with the nuclear medium.
Using the 'H and “N targets, the nuclear transparency of p° production
has been measured as a function of coherence length. The data have been
analysed to search for a possible onset of color transparency and are com-
pared with recent theoretical calculations.

PACS numbers: 13.60.Le

1. Introduction

Exclusive electroproduction of p’ mesons from nuclei is considered to be
an excellent tool to investigate the properties of elementary particles inter-
acting with nuclear matter, such as the phenomena of a “shrinking pho-
ton” [1], and Color Transparency (CT) [2], a QCD phenomenon which con-
nects the transverse size of particle with its cross-section. The “size” of the
hadronic components of a virtual photon at high negative four-momentum
transfer squared, Q?, was conjectured to be smaller than the size of a normal
hadron, thereby accounting for the pointlike behavior and the diminished ab-
sorption of virtual photons in nuclear interactions compared to real photons.
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In QCD, the reaction amplitudes for exclusive interactions at large momen-
tum transfer are expected to be dominated by components of the photon
wavefunction with small transverse size, which give rise to diminished final
state interactions in the nuclear medium.

2. Event selection and kinematic reconstruction

The data were obtained during the 1995-2000 running periods of the
HERMES experiment using 'H, 2H, 3He, 1*N, 20Ne, and 8 Kr gas targets in
the 27.5 GeV HERA positron storage ring at DESY. The HERMES detec-
tor is described in detail in Ref. [3]. The scattered e and the h*h™ pair
were detected and identified in the HERMES forward spectrometer. The
p° production sample was extracted from events with exactly three tracks:
a scattered positron and two oppositely-charged hadrons. A more detailed
and comprehensive description of extracting exclusive diffractive p® can be
found in Ref. [4]. Here we only describe the method of extracting the ratio of
coherent to incoherent cross sections based on nuclear data. After extract-
ing the exclusive —t = t — t;, distributions, where ¢ is the four-momentum
transfer squared between the vector meson and nucleon, and |tmin| is the
minimum |¢| allowed by the kinematics, we see that they exhibit the rapid
falloff expected for diffractive processes, and that they have two components
(coherent(when nucleus left in ground state) and incoherent(scattering off a
quasifree nucleon from nucleus without break up)) for nuclear targets and
only one component(coherent) for hydrogen. The cross-section is therefore
approximated with the sum of coherent and incoherent contributions as:

d ! !
d_(; = bNebNt + RAbAebAt , (1)

where by is the nucleon and b4 is the nuclei diffractive slope, respectively.
This yields the first observable, the coherent to incoherent full cross-section
ratio, RA:U‘_’COI‘1 )

The coherent (incoherent) nuclear transparency is defined as:

A 2
peoh(incan) _ Teontincon) (@) o)
Aon(Q?)

where H refers to 'H and A is the nucleus atomic number. Note that for
the extraction of R4, there is no need to measure the absolute luminosity,
as both measurements are done with the same target and the same beam,
while for the nuclear transparency analysis, which was performed as:
A 2
Ucoh(incoh)(Q ) NaLy

T coh(incoh) __ — 3
" Ao (Q?) ANuL,’ (3)
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L4 and Ly, the luminosities (multiplied by detector and tracking efficiencies)
for nuclear and hydrogen target, respectively, had to be measured individu-
ally.

3. Study of systematic effects

The systematic uncertainties for the measured ratios were determined
by varying the event selection criteria or the analyses procedures. These
uncertainties include: the uncertainties arising from finite vertex resolu-
tion, the background subtractions that were performed to determine p° mass
spectrum and the —¢#' distribution. Ratios extracted in parallel for the —¢#'
and P? spectra provided a measure of the extraction uncertainty. Monte-
Carlo generator DIPSI [5] was used to calculate the detector acceptance.
there different diffractive slope parameters and relativistic (nonrelativistic)
Breit-Wigner mass distributions were used as input parameters. Finally,
corrections(= 15%) were applied to the ratios due to “Pauli blocking” [6] for
incoherent scattering. For the nuclear transparency measurement the DIS
positron cross-section was used as a luminosity measure in addition to the
standard Bhabha luminosity measurement. The overall systematic uncer-
tainty was determined by adding the above uncertainties in quadrature.

4. Results

In Fig. 1, the measured diffractive slope parameter for different targets
and the fit result are presented. From earlier measurements of strong inter-
action nuclear radii [7] an A%? dependence is expected as confirmed by the
present data and the fit through the data.

TABLE 1

Fitted common slope parameter of the ?>-dependence of the nitrogen to hydrogen
ratio with statistical and systematic uncertainties given separately. The results are
compared to theoretical predictions [8].

Data sample  Measured Q2 slope  Prediction
(Gev—2) (GeV~2)

Coherent 0.081 £0.027 £0.011 0.060
Incoherent 0.097 £ 0.048 £ 0.008 0.053

Fig. 2 displays the coherent to incoherent cross section ratio versus Q2.
A strong Q? dependence can be observed.
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Fig.1. A dependence of the diffractive slope parameter b. The dashed line is
the result of the fit. Also shown a point from E665 Fermilab Collaboration for

calcium [9]
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Fig.2. Q? dependence of the coherent to incoherent cross-section ratio. For each
data point, the corresponding l.,, values are given.

Fig. 3 presents the A dependence of the coherent to incoherent cross-
section ratio. Note that it reaches saturation, which means that multiple
scattering inside the nucleus is not growing linearly with A [6]. In Fig. 4
the published [4] incoherent transparency versus [ are compared with the
new coherent transparency result. As one can see the coherent transparency
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Fig.3. A dependence of the coherent to incoherent cross-section ratio.

1.5
e+ N(p) - e+p’+N(p)

oV /AG°

B HERMES PRELIMINARY (coherent)
® HERMES PUBLISHED (incoherent)

<Q®= 352217 14 11 0.8 GeV?

1
0 0 2 4 6

[fm]

Icoh

Fig.4. Nuclear Transparency for coherent and incoherent scattering on nitrogen
target. For each data point, the corresponding Q? value is indicated.

result shows a distinct l.o, dependence. To separate CT from coherence
length effects a two dimensional analysis was performed where, for fixed
leon, a slope of the Q? dependence was extracted. A positive slope of the
Q? dependence is evidence for CT according to Ref. [8]. Indeed, the results
presented here support the CT assumption as shown in Fig. 5 for coherent
p° production. The results are also summarized in Table I for both coherent
and incoherent p° production.
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Fig.5. Nuclear transparency as a function of Q2 in specific coherence length bins
(as indicated in each panel) for coherent p° production on nitrogen. The straight
line is the result of the common fit of the Q?-dependence. The error bars include
only statistical uncertainties.

REFERENCES

[1] T.H. Bauer et al., Rev. Mod. Phys. 50, 261 (1978); H. Cheng, T.T. Wu, Phys.
Rev. 183, 1324 (1969); J.D. Bjorken, J.B. Kogut, Phys. Rev. D5, 1152 (1972).

[2] G. Bertsch et al., Phys. Rev. Lett. 47, 297 (1981); A.B. Zamolodchikov et al.,
Pis’ma Zh. Eksp. Teor. Fiz. 33, 612 (1981); Sov. Phys. JETP Lett. 33, 595
(1981).

[3] K. Ackerstaff et al., Nucl. Instrum. Methods Phys. Res. A417, 230 (1998).
[4] K. Ackerstaff et al., Phys. Rev. Lett. 82, 3025 (1999).
[5] M. Arneodo et al., DESY96-149,(1996).

[6] T. Renk, G. Piller, W. Weise, Nucl. Phys. A689, 869 (2001); J.S. Trefil,
Nucl. Phys. B11, 330 (1969).

[7] H. Alvensleben et al., Phys. Rev. Lett. 24, 792 (1970).
[8] B.Z. Kopeliovich et al., Phys. Rev. C65, 035201 (2002).
[9] M.R. Adams et al., Phys. Rev. Lett. 74, 1525 (1995).



