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Abstract

The diffractive production of p°(770) mesons in the reaction u*p -+ ¥ p%p is studied using data
of the E665 experiment. The experiment covers the kinematic region 0.15 GeV? < @Q? < 10
GeV?, 8 GeV < W < 25 GeV. Results are presented on the 77~ mass spectrum, on the Q2
and W dependence of the cross section for p° production by virtual photons, and on the Q2
dependence of the production and decay angular distributions of the p°. The data show typical
features of a soft diffractive process.
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In this analysis the diffractive production of p°(770) mesons in the reaction

prp = pt e’ (770)p (1)

isstudied. The data were taken in a fixed target run of the E665 experiment at the Tevatron at
Fermilab. Candidates of reaction (1) are selected by requiring the presence in the final state of
two and only two observed hadrons of opposite charge (the decay pions of the p°), which carry
at least 90% of v, the energy of the virtual photon (y*) in the laboratory frame. In addition,
t' = t — tmin, where t ist the negative four-momentum transfer squared from the virtual photon
to the target proton, has to be less than 1 GeV2. Corrections are computed using a Monte
Carlo program in which both non-diffractive and diffractive events are simulated. The correc-
tions allow for trigger and reconstruction inefficiencies, measurement errors, misidentifications
and radiative effects, for the background from non-diffractive events, and for the background
from diffractive events in which the target proton dissociates (double-diffraction dissociation).
Absolute cross sections are determined by normalizing to the reaction

up > p+ H, (2)

where H denotes any hadronic system. The cross section for reaction (2) was measured in the
same experiment [1].

Further details about the detector, the triggers, the data taking, the event processing,
reconstruction and selection, the Monte Carlo simulation of the experiment, the method of
correcting the data and the procedure of determining absolute cross sections can be found in
[2, 1, 3]. In the following only fully corrected results will be presented.

Fig. 1 shows for different regions of log,o(Q2/GeV?) the distribution of the effective mass M
of the two charged hadrons. Besides the o° bump there is a clear signal of ¢(1020) production.
Fits of a relativistic P-wave Breit-Wigner function for the p°, which contained a mass skewing
factor of the form (M,/Mx)™, to the mass distributions in Fig. 1 indicate a decrease of n and
thus a diminution of the asymmetry of the o° mass distribution as Q? increases. The asymmetry
can be related to a corresponding behavior of the 7*7~ mass spectrum in e*e™ annihilation
[4, 3]. A Q? dependence of the asymmetry is predicted by the vector meson dominance model
(5, 4]. The mass skewing parameter n, averaged over the whole Q? range, is n = 3.73 & 0.27.

As expected for a diffractive process, the distribution of ¢’ for the #*7~ mass region 0.57 to
0.97 GeV exhibits an exponential decrease. Fits of the expression a-e? to the t’ distributions in
different regions of log,,(Q2?/GeV?) (Fig. 2) yield slope values b which decrease as Q2 increases.
This implies a shrinkage of the effective v*p interaction radius with increasing Q2 The slope
value b, as determined in the region 0 < t' < 0.5 GeV? and averaged over the whole Q? range,
isb=(7.0+0.2 (stat) =+ 0.2 (syst.)) GeV~2

Within the v range covered by this analysis, no dependence of b on v (or W, the effective
mass of the system formed by the virtual photon and the target proton) is observed. However,
a W dependence is suggested by comparing the E665 measurement b = (7.7 + 0.4 (stat.) =
0.3 (syst.)) GeV~2for t' < 0.5 GeV? 0.32 GeV? < Q% < 0.56 GeV? and 8 GeV < W < 25 GeV
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Figure 1: Distributions of the h*th™ ef-

fective mass Mx in different regions of
log,o(Q?/GeV?). The curves represent the
results of the fits of a relativistic P-wave
Breit-Wigner function, which includes a
mass skewing factor, to the mass distribu-
tions in the mass range 0.56 GeV < Mx <
0.98 GeV. The fitted value of the exponent n
in the mass skewing factor is given for each
Q? bin. The errors shown are statistical.
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Figure 2: t’ distributions in different re-
gions of log,(Q2/GeV?), corrected to ex-
clude the full double-diffraction contribution.
The solid lines represent the results of fits of
the expression a - e~ to the experimental
distributions. The errors shown are statisti-
cal.
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Figure 3: The spin density matrix element
34 as a function of Q2. Previous measure-
ments from DESY (8], EMC [9], NMC [10],
ZEUS [11, 6] and H1 [12] are shown for com-
parison. The errors on the E665 data points
are statistical.
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Figure 4: R = or/or as determined from the
measured values of {3, plotted as a function
of Q% Previous measurements from DESY
(8], EMC [9], NMC [10], ZEUS [11, 6, 13]
and H1 [12] are shown for comparison. The
errors on the E665 data points are statistical.
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Figure 5: o(v*p — p°p) as a function of Q%
E665 data (full circles) and the results from
the CHIO [19], EMC (20], NMC [10], H1 [12]
and ZEUS [11, 6, 13] experiments. The solid
line represents the result of fitting expression
(4) to the E665 data points. The dashed line
is a prediction by Pichowsky et al. [18] for
W = 15 GeV and ¢ = 1. The dotted line
is the prediction by J. Nemchik et al. [17]
for W = 15 GeV and € = 1. The errors
on the E665 data points are statistical. The
systematic error of the E665 cross sections is
in the order 20% (3].
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Figure 6: o(y*p — p°p) as a function of W
in different ranges of Q2. The numbers in
the plot denote the approximate values of Q2.
The data in the various Q? ranges are alter-
nately represented by open and full symbols.
The data for Q2 > 0 -are from this experi-
ment (E665, circles), from the CHIO (19], the
NMC (10, 23] and the ZEUS [11, 6, 13] exper-
iments. The photoproduction data (Q? = 0)
are from [24, 21, 22] and from the ZEUS
(25, 26, 27] and H1 [282] experiments. The
E665 data points at @Q* = 0 represent the
extrapolated cross sections gg. The errors on
the E665 data points are statistical. The sys-
tematic error of the E665 cross sections is in
the order 20% (3.



with the preliminary result b = (9.3 £+ 0.7 (stat.) + 0.8 (syst.)) GeV~2 for t < 0.4 GeV?, 0.25
GeV? < Q% < 0.85 GeV? and 50 GeV < W < 90 GeV from the ZEUS experiment [6]. In the
framework of the Regge theory with pure Pomeron exchange the observed increase of b with W
is consistent with a slope o' of the Pomeron trajectory of o' = Ab/(4AIn W) ~ 0.25 GeV~2,
which is typical for a soft Pomeron (7).

The production and decay angular distributions of the p° were used to determine some
elements of the spin density matrix, which describes the spin state of the p® It is found that
the fraction of longitudinally polarized p°, given by the matrix element r{j, increases from
0.182 + 0.027 at low Q? to 0.672 + 0.086 at high Q? (Fig. 3).

The hypothesis of s-channel helicity conservation (SCHC) and natural-parity exchange in the
t-channel implies vanishing spin-density matrix elements 74, and r§_, and a relation between
9% and r{_;. In all cases the data were consistent with these predictions.

Assuming SCHC, the ratio R = o./or of cross sections for p° production by longitudinally
or transversely polarized virtual photons follows from 733 by R = rJ3/(¢- (1 — r33)) , where € is
the ratio of fluxes of longitudinally and transversely polarized virtual photons. R is displayed
in Fig. 4 as a function of Q2. R rises with Q2, which is qualitatively predicted by most of the
models on diffractive leptoproduction of p° (14, 15, 16, 17, 18|.

The cross section o(y*p = p°p) = or + €0 was determined via the relation

1 do(pp — upp)
* 0 Pt Ut ALl o
a(Y'p—p'p) = Iy TdE (3)

where I'r is the flux of transverse photons. It is plotted in Fig. 5 as a function of Q2. The solid
curve represents the result of a fit of the expression

M; \" 2
a=ao(m) [1+e R@) (@
to the E665 data points (full circles), where o and m were treated as free parameters and R(Q?)
was taken from an interpolation of the E665 data points in Fig. 4. The result for the exponent
m is m = 2.51 £+ 0.07, which is larger than the prediction (m = 2) from the vector dominance
model. op, which can be regarded as an estimate of the photoproduction cross section, is
determined as oo = (10.23 £ 0.56) ub, which is in good agreement with direct measurements
in photoproduction experiments [21, 22]. The dotted and dashed curves are predictions of the
models from [17] and [18] repsectively, for W = 15 GeV and € = 1.

The W dependence of o(y*p — p°p) at fixed Q? is investigated in Fig. 6. In the E665
kinematic range 8 GeV < W < 25 GeV the cross section o(y*p — p°p) is nearly constant. A
comparison with the results from the ZEUS experiment [11, 6, 13] at higher W suggests a weak
increase with W, which appears to be stronger at higher Q2.

In summary, the reaction v*p — p°p in the kinematic region 0.15 GeV2 < Q% < 10 GeV?,
8 GeV < W < 25 GeV exhibits typical features of a soft diffractive process: an exponential
decrease of the cross section in t', approximate s-channel helicity conservation, and a rise of R
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with Q2. The softness of the reaction is reflected in the weak shrinkage of the ¢’ distribution as

W increases and in the weak W dependence of the cross section at fixed Q2.
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