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The results are only changed slightly for other nonsinglet structure functions like E~~ -E2".
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"I estimate the parameters p2, p2 ', and C2
' by assuming that the ratio between first- and second-order coef-

ficients is equal to that between second- and third-order terms. Thus, 1 take as my estimated values P2 ——(P(/Po)P) t
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Figure 1 should be compared with Fig. 2 of Ref. 6.
The problem of choosing an expansion parameter is not unique to @CD. For example, in @ED if one choosed to

reexpand the usual perturbation series for the magnetic moment of the electron in terms of 0.'Ms one also findsQED

anomalously large third-order corrections.
The choice Qp =10 GeV is not crucial. Various values of Qp are acceptable provided that they lie in a region of
in which perturbation theory is applicable.
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We have searched for narrow states of the PP system in the mass range from 2000 to
2400 MeV/c in the inclusive channel & + (P or C)-PP + X . No statistically significant
enhancements in the data have been observed.

PACS numbers: 14.40.-n, 13.75,Cs

High-mass baryon-antibaryon resonances with
narrow widths have been predicted by theories
based on nuclear potential models, ' duality, ' or

quark confinement. ' Despite confusing and even
contradictory evidence ' concerning such reso-
nances, the importance of these ideas warrants
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FIG. 1. . Elevation view of one arm of the upgraded spectrometer. P%'C and DC indicate the positions of the pro-
portional wire and drift chambers; "TIE" stands for total internal reflection.

additional study of the P'p system.
We have measured a pp mass spectrum in the

B1 beam line at the Brookhaven National Labora-
tory alternating-gradient synchrotron. The pp
mass spectrum was obtained from the reaction
w + target- pp+anything. The TT beam was un-
separated and contained a small fraction of K
and p. ' The beam intensity was approximately
2 &10' particles/sec. Data were taken first with
a 9-in. -long liquid hydrogen target at a beam
momentum of 8.1 GeV/c and then with a 6-in. -
long graphite target at 8.8 GeV/c. Raw sensitivi-
ties of 5.2 events/pb (corresponding to 5.5 x 10~
incident ~ ) and 26.3 events/pb (3.3 x10" 7I )
were obtained for the hydrogen and the carbon
running, respectively.

The experiment utilized a double-arm spectrom-
eter which was originally built for a series of
charmed-particle searches, ' and which was sub-
sequently upgraded with the addition of precise
timing counters and three sets of threshold Ce-
renkov counters for use in a search for exotic
six-quark states. ' For the pp study, we were
able to use the upgraded spectrometer configura-
tion to identify the baryon-antibaryon pairs. The
elevation view of one spectrometer arm is shown
in Fig. I; the opening angle between the two arms
is 36 . Four types of Cerenkov counters provided
particle identification for each arm over the mo-
mentum range from 0.5 to 3 GeV/c. A broad-
band water differential Cerenkov counter' was
used to reject pions at all momenta, and to re-
ject kaons with momenta greater than 1.5 GeV/c.
At the downstream end of each spectrometer

TABLE I. Cerenkov counter thresholds.

Cerenkov counter type

Threshold
(GeV/c)

p

Mineral oil threshold
FC-75, threshold
Lucite, total internal reflection
820 differential, inner section
H20 differential, outer section

0.15 0.55 1.05
0.23 0.8 1.5
028 10 19
0.33 1.15 2.2
0.42 1.45 2.8

were three sets of threshold Cerenkov counters,
which provided kaon-proton separation in the
critical region between 0.5 and 2 GeV/c (the re-
gion not covered by the water counter). The first
set of counters, the total-internal-reQection
counters shown in Fig. 1, consisted of Lucite
radiators wrapped in black paper; their photo-
multipliers detected only the Cerenkov light
emitted at angles greater than that for total in-
ternal reflection. The second set of Cerenkov
counters was filled with a mineral oil radiator,
and the third, with FC-75. Table I shows the ef-
fective thresholds of the various Cerenkov count-
ers.

Events were selected with a simple trigger.
In each spectrometer arm, a coincidence was re-
quired among signals from the three planes of
scintillation hodoscopes (labeled S, F, and B in
Fig. 1) in conjunction with no corresponding sig-
nal in the outer section of the water Cerenkov
counter. The trajectories of particles in an
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FIG. 2. Time-of-flight differences: (a) protons and
(b) antiprotons.
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event were determined from the hits in the pro-
portional wire chambers (labeled PWC XY in
Fig. 1) and in the drift chambers (DC2XY,
DCSXY, and DC4Y'). The three hodoscope planes
aided event reconstruction by indicating which
chamber hits were in time with the event. The
particle type associated with each trajectory
was determined from the Cerenkov-counter pulse
heights and from the measured time of flight
between the S- and B-counter hodoscopes. Fig-
ure 2 shows the ~-~„z„,d for particles identi-
fied as protons and antiprotons by the Cerenkov
counters. A time-of-flight resolution of v= 0.3
nsec permitted a cut at + I nsec. Contamination
of the protons was & 1%, while that of the anti-
protons varied from &1% at 0.6 GeV/c to ~ 10%
at 2.8 GeV/c.

The mass distributions of the produced pp pairs,
shown in Fig. 3, has no statistically significant

FIG. 3. pp mass spectra: (a) hydorgen target data,
(b) carbon target data, and (c) combined sample.

enhancements. The mass resolution as a func-
tion of mass is given in Fig. 4. Table II gives
the 95%-confidence-level limits for the produc-
tion of a narrow resonance at various masses.
Restricting the Jackson angle~~ of the pp decay
or the missing mass recoiling against the pp
system does not reveal any significant narrow
structure nor does it improve the limits pre-
sented in Table II. To be included in the mass
plots, an event had to fall in the region of phase
space where the total detection efficiency (the
product of geometric acceptance, reconstruction
efficiency, particle identification efficiency, and
transmission probability out of the target and
through the water Cerenkov counter) was greater

TABLE II. 95%-confidence-level upper limits for
production of a narrow Pp resonance (half width less
than mass resolution). 40—

I I I I I I I I I I

Mass
(GeV/c)

2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7

Target
Hydrogen

(nb)

39
44
71
110
72
69
54
52

Carbon
(nb)

24
23
33

32
30
24
20

Combined
(nb)

21
21
30
41
30
28
22
19
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FIG. 4. Mass resolution as a function of pp mass.
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FIG. 5. Total detection efficiency as a function of
observed and missing mass: (a) hydrogen data and

(b) carbon data. Dashed line represents kinematic
boundary.

than 10 . This region is outlined in Fig. 5. The
total detection efficiency was calculated by a
Monte Carlo program, which generated events
according to the angular distribution dv/du o- e'",
a distribution typical of baryon-exchange pro-
cesses." The geometric acceptance, which was
at most 3&10, was responsible for the small-
ness of the total detection efficiency. " The re-
construction efficiency was approximately 20%,"
and the identification efficiency varied between
80% and 100%.

In a recent experiment in the CERN Omega
spectrometer, Benkheiri etal. ~ studied the pp
production spectrum in a kinematic region simi-
lar to ours. They claimed to find narrow reso-
nances in the exclusive channel 7T p-p~w pp at
I)fg~ = 2020 and 2200 MeV/c' recoiling off the
b (1238) and the N*(1520). Since our experiment
does not rely upon detecting a specific decay mode
of the 6(1238) or the N*(1520), we would expect
inclusive cross sections of 136+36 nb for the
2020-MeV/c' state and 51+ 15 nb for the 2200-
MeV/c' state. For the 2020-MeV/c' state, their
measurement is inconsistent with our upper limit
of 46 nb for a state with width 1" =24 MeV/c ."
The 2200-MeV/c' state was only observed recoil-
ing against the ih(1238) which S,lls outside our
efficiency cutoff for the carbon running. Our up-
per limit of 71 nb from the hydrogen data is con-
sistent with their measurement. It should be noted
that while there is an overlap between the kine-
matic regions explored by the two experiments,
ours has a smaller geometric acceptance and
covers a narrower range in u.
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"The low momentum of the detected particles and

the large opening angle of the spectrometer restricted
the production phase space to the region where baryon
exchange is expected to be the dominant process, i. e.,
low values of u'.

'2A large portion of phase space for the decaying PP
system was admitted by the apparatus. cos8 accep-
tance ranged from —0.7 to +0.7 and y acceptance cov-
ered 12% of 2~. Final values for the cross section
depend upon the value of the coefficient in the exponent
in the u distribution. For example, at a mass of 2.02
GeV/c' and a missing mass of 1.24 GeV/c twhere the
u' acceptance is from —0.6 to —0.44 ( vG/e)c'], the

. efficiency increases by 20% for a ch~~ge of distribution
from e3" to e4".

"Although the raw event distributions are steeply
falling at 2.02 GeV/c, the distributions of events
weighted by efficiency is slowly varying down to 1.97
GeV/c2. This not only confirms the accuracy of the
Monte Carlo assumptions, but also allows us to search
for resonances below 2.10 GeV/c'.
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