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Abstract

This paper reports studies of the reactions yp — prrrp and vp — ppwp. In particular
a peak is reported in the ppr mass spectrum with closely similar mass and width to those of
the wpr peak previously reported in the reaction vp — wpmp. The ratio of production cross
sections is found to be ppw/wpr = 0.96 £ 0.19, in serious disagreement with the expectation
from Vector Meson Dominance. A possible explanation is indicated.

(Submitted to Zeitschrift fir Physik C)



1. Introduction

This paper reports studies of the reactions

Yp — pAEAP (1)

and
Yp — POTP (2)
where in (1) no pair of #'s is in a second p-meson state.

In particular a prominent peak is reported in the ppr mass spectrum from (2) at a mass
of 2.33 3 0.03 GeV and a width of 0.435 £ 0.075 GeV. The charge states in which this ppr
state is found to occur point to it having I = 0, in accord with expectations from diffractive
dissociation of the photon. This complements the observation [1] of a similar peak, of mass
2.28 + 0.05 GeV and width 0.44 + 0.11 GeV, in the mass spectrum of the I = 1wpn state
from the reaction .

Yp — WPTP (3)

The measured ratio of production cross sections is found to be ppr/wpr = 0.96 £ 0.19,
which is higher than the range § — } expected for diffractive production, assuming Vector
Meson Dominance (VMD). This discrepancy with VMD is similar to that found in the ratio
between cross sections for production of wx and pw states, with J™ = 1— and masses in the
region 1.2-2 GeV, in the reactions

P — wrp (4)
(see {2]) and
Yp — p7p (5)

(see {3]). The ww mass spectrum from (4) has beer shown[4] to have an intensity compatible
with expectation from the tail of the p-meson. One then expects the intensity of pr from
reaction (5), on taking the different charge states into account, to have an intensity lower by
a factor of %, while the experimental results are higher than this expectation by a factor of
~3. A model where diffractive photoproduction of I = 0 states can be enhanced, which could
explain these observations, has been proposed|5].

2. Outline of Experimental details

The data sample used in the present work came from the WA57 experiment at the CERN
Omega Spectrometer. The data for the reaction
vp = 7t xtxTx’p (6)
were selected by the same procedure as used {6] in a study of dissociation of the photon to

wrw states.

The events were produced by interaction of 25-50 GeV tagged photons in a 60cm liquid
hydrogen target. The experimental trigger required between 2 and 5 charged particles to
be detected in a forward MWPC, together with a least one gamma-ray with energy > 2
GeV, detected in a large photon detector. Events were then selected for the present work by
requiring 4 or 5 charged particles, consistent with either a*n~a*r~ or 7*x~ 7+ 7 p, to be
detected in the Omega Spectrometer, together with two gamma-rays consistent with decay
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of a 7° meson. Reaction (6) was then selected by requiring any missing energy, carried by
unobserved particles or by the proton when detected, to be within the range —1.5 to 1.0 GeV.

The experimental acceptance, for which a major contribution was due to the aperture of
the photon detector, was deduccd from a full simulation of both apparatus and software. No
correction for acceptance is made to the histograms in Figs. 1, 3, 4, 5 as their shapes would
not be changed significantly. The calculated acceptance is used to deduce the magnitudes of
the cross sections for (1) and (2). The cross sections reported in this paper are presented
with statistical uncertainties only; there is a further overall systematic uncertainty of 20%.

The events selected for (6) contain a major contribution from the reaction
Tp — wETp (7)

which has a similar cross section to those found for (1) and (2}, but no cut was applied to
remove events due to (7). As the mx pair from (7) showed no evidence for any p-meson
contribution the events from (7) contribute only to the combinational backgrounds under p-
meson peaks, and so worsen the statistical accuracy with which the intensities of p-mesons are
determined. This loss in accuracy is more than compensated by the avoiding of the systematic
distortions that would be caused in pr77 and ppr mass spectra and by the simplification of
the Monte Carlo calculation of acceptances.

3. Data analysis

This section describes the analysis of events from (6) to deduce, from the 5% data, prxr
mass spectra corresponding to (1) and ppr mass spectra corresponding to (2).

Firstly #*#° and #*x~ mass spectra (each with 4 entries/event) were studied for ranges
of 57 mass. The quality of the data and of the procedure for its analysis are illustrated in
Fig. 1, where Figs. 1(a-c) show #%x® mass spectra and Figs. 1(d-f) show x*#~ mass spectra,
in both cases for 0.4 GeV ranges of 5r mass from 1.8 to 3.0 GeV. On all these mass spectra
p-meson peaks are evident. Quantitative estimates of pE and p? intensities were then made
by fitting such #» mass spectra, over suitable ranges of #x mass, with a Breit Wigner peak
plus a cubic polynomial background. Good fits were obtained with a mass of the p-meson
of 0.764 GeV and a width of 0.140 GeV (in reasonable accord with published values [7]), so
these parameters were fixed at these values in the fits used to determine p-meson intensities.
Results of such fits made to the mass spectra for 0.4 GeV bins of 5% mass are presented in
Fig. 1; the range fitted is indicated by the fits shown. To obtain more detailed information,
p-meson intensities were then determined from fits to #x mass spectra for 0.2 GeV bins of 5«
mass from 1.6 to 3.0 GeV. Using the calculated acceptances, these p-meson mtensntla were
converted to cross sections which are presented in Fig. 2. It should be noted that pEp°x¥
states would contribute to both of Figs. 2a and 2b while p°p°x* states would contribute twice
to Fig. 2b.

The possibility of there being two p-mesons in the same event was then explored by
selecting events in the p peak region of a 77 mass spectrum and then looking at the mass
spectra of coincident #x pairs from the same event. The xx mass spectrum coincident with
the background under the p-meson peak was estimated from side-band regions in the first ==
mass spectrum and subtracted. In detail the p peak region in the first 7 mass spectrum was
taken to be the range 0.6 - 0.9 GeV, and the side-band regions were taken to be the ranges
0.45 - 0.6 GeV and 0.9 - 1.05 GeV. The resulting mass spectrum of the second, coincident,
77 pair should have three components:



(i) a peak due to any second p-meson in coincidence with the p-meson in the first #x mass
spectrum.

(ii) a more continuous distribution due to any non-resonant 77 pairs in coincidence with the
p-meson in the first #7 mass spectrum.

(iii) a smooth background around zero, which background can be either positive or negative
depending on whether the background under the p-meson peak in the first 7% mass
spectrum is concave or convex upwards.

This procedure has been applied for three charge combinations:

1st pair 2nd pair possible entries/event
pE atn— 8
p° rEx® 8
p° tn— 4

As an illustration of this analysis procedure, mass spectra of #7 combinations deduced as
being in coincidence with p-mesons are shown in Figs. 3-5, for the three charge combinations
for 0.4 GeV ranges of 57 mass. Inspection of Fig. 5 shows that there is no significant
indication of any p°p° coincidences, while Figs. 3-4 show evidence of relatively strong yields
of p*p° coincidences, particularly for 2.2 < M (57) < 2.6GeV. Quantitative estimates of
numbers of pp coincidences were made by fitting such coincident mass spectra with a Breit
Wigner peak, with the same parameters as above, and a cubic polynomial background. Such
fits were made to the mass spectra in Figs. 3-5 and the results are presented. To provide
more detailed information such fits were then made to coincident mass spectra for bins of 0.2
GeV in 57 mass. Using the calculated acceptances, the resulting pp intensities were converted
to cross sections which are shown in Fig. 6. Fig. 6a shows the two separate estimates of
the intensity of p*p° coincidences which are in good agreement, while Fig. 6b confirms the
absence of any comparable intensity of p°p° coincidences.

The mean of the two estimates of the p%p°rF mass spectrum from Fig. 6a was then sub-
tracted from the mass spectra in Fig. 2, to yield estimates of photoproduction of p*x¥x+x—
and p°nt 7~ x° states (where now these states involve only a single p-meson) which are shown
in Fig. 7. (In Fig. 7 the bin size has been increased, to compensate for the worsening of the
statistical errors).

4. Comparison of ppr and wpr peaks

The peak in the ppr mass spectrum in Fig.6a has a similar mass and width to the peak
reported earlier [1] in the photoproduced wpx state. To make this comparison quantitative
the peak in Fig. 6a was fitted with a Breit-Wigner formula (with x?/dof = 2.5/3), finding a
mass of 2.33 +0.03 GeV and a width of 0.435 £ 0.075 GeV to be compared with the mass of
2.28 3:0.05 GeV and width of 0.44 2 0.11 GeV found for the wpn peak. Attempts were made
to improve the fit to the ppr peak by including a flat background, but this fit found a small
negative background and so was discarded.

For the wpn peak, the charge states found for the pxr system indicate it has I = 1, so
that this wpnr state has I = 1, C = —1, which is consistent with appreciable production by
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diffractive dissociation of the photon. The observation, reported in the present paper, of a

similar peak in the pTpn¥ state, with the absence of corresponding production of p°p®n®

state, can then be explained as production of the related I = 0,C = —1 state. (In passing it
should be noted that this I = 0 assignment means that it is unlikely that the peak reported

here can be related to the p®p®n ™ peak, reported by Baltay et al[8] with a mass of 2.34+0.02

GeV and a width of 0.18 &+ 0.06 GeV, as that peak must be due to a state with I > 1).

It has been shown, in the general classification of multipion isotopic spin wave-functions of
Pais{9], that there is only one 5« isotopic spin state with I = 0, corresponding to the class

[311] and which has the ratio of charge states (x* 7~ n°z%x®)/(x¥nx~n¥n %) = 1/2. For
the particular case of ppr this ratio results from the three charge states p*p~ 7% p* %7~ and
p~ p°nt having equal intensities. For the wpn state the pr combination has I =1, so, as it

includes a p-meson, this 37 state must be in the class [21] and so be entirely in the charge
state 77~ 7°. Hence the wpn state should occur only in the observed wp*n¥ states.

The ratio of the measured cross sections (for p£p°n¥ /wpn), summed over the mass range
1.8 < M < 3.0 GeV, is 0.64 £ 0.13 (As the results are from the same experiment, some of the
systematic errors, on the overall normalisation, do not contribute}). A comparison between
the measured wpn cross section [1] and the p£p°n¥ cross section, renormalised by a factor of
1/0.64, is shown as Fig. 8 (the x? of the difference between the two sets of data in Fig. 8 is
6.7 for 5 dof). Multiplying the ratio by 1.5, to correct for the unobserved p*p~x? state one
finds o(ppn)/o{wpm) = 0.96 £ 0.19. The cross section for producing either the wpm or ppm
peak is ~ 130 nbarn.

It has been shown {1] how the px state produced as part of the wpm system has the
same quantum numbers as the a;(1270) meson, so that an appreciable contribution from this
meson should be expected. Various results were found(1] to be in accord with this expectation
if the a; had suitably high mass and width. Particularly the initial rise in cross section for
production of the wpr system can be understood as being due to the threshold production of
an wa, system. This conclusion depends on assuming a relatively high mass for the a,(1270),
such as is indicated from its production in np collisions, but is not in accord with lower masses
reported more recently from observations of 7-lepton decay (see Bowler [10] for summary and
analysis). However the differences between these masses have been shown [10] to be due to
assumptions made about the threshold behaviours of a; production. Arguments have been
presented for a threshold behaviour which results in an appreciably higher mass for the a;-
meson from 7 decay, so the possibility of the initial rise in the wpn mass spectrum being due
to the wa, threshold persists. Similarly one can argue that the ppr peak reported here would
be due to production of a pa; system, with the similar initial rise in the pp7 mass spectrum
being due to the pa; threshold.

This recognition of the possible effects of wa, and pa, thresholds raises the possibility
that the wpr and ppw peaks can be due to non-resonant threshold effects, from mechanisms
such as those of Drell and Hiida[11] and Deck[12]. In the Appendix limits on the intensities
of such non-resonant threshold effects in other states are presented for comparison with this
possibility. In particular it is shown in the Appendjic, that such a mwa, threshold peak, which
would be at a lower mass than the wa; and pa; peaks, must be produced with a cross section
which is less than or approximately equal to those found for production of the wa; and pa;
peaks. As the pma; coupling is indicated, by the big a; width, to be large, the non-resonant
threshold peak interpretations of production of the wa, peak would indicate a pwa, coupling
which is at least as strong. Alternatively we have to consider the possibility of the peaks
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being due to resonances. Then the observed cross section for production of the I =1 wpr
state is about 1 of that for production of either of the two I =1 o' states at masses of about
1.47 and 1.70 GeV[4].

From VMD one can deduce, for the non-resonant threshold interpretation and assuming
that the ratio of ¢pa; coupling to wpa, coupling is k, that the expected ratio of pa; /wa,
should be %(1 + k), and that the ratio of production of ¢a; /pa; should be k. Goodman
et al.[13] have reported a cross section for production of all ¢n+ 7w~ x° states of 1.6+1.1 nbarn.
This provides a limit on ¢a; production which indicates k& must be very small, in accord with
expectation from the quark content of p,w and a;. For the resonant interpretation, and
similarly disregarding contributions from hidden strangeness, one deduces a production ratio
pa;/wa; = 1/9, on taking the observed peaks to show the only decay modes of the resonances.
To make any major change in this ratio one would need there to be some other strong decay
mode of the I = 1 state so that the total cross section for production of this state would be
much larger.

It therefore seems that the large observed ratio of pa; production to wa, production sig-
nals a major discrepancy with VMD. A possible interpretation is that there is some further
mode of production of I = 0 states, in addition to that from VMD. Donnachie and Webb|[5]
have suggested how, in the corresponding problem of the pn/wr production ratio, an addi-
tional production of the I = 0 state could result from the gluon content of the Pomeron. If
this model were also the explanation of the ratio reported here, it would indicate either in the
nonresonant threshold peak interpretation a strong gluon coupling to the I =0 pa, system,
or in the resonant interpretation a strong gluon coupling to the I = 0 resonance.

Appendix

This appendix uses the basic features of the Drell-Hiida-Deck mechanism [11,12] for pro-
duction of non-resonant threshold peaks to deduce estimates of ratios of such cross sections.
The assumptions made are simple and should be successful for cases where similar masses
and the same angular momenta are involved. The model is applied here to production of
bymy,a1m and hy« states, where these conditions are satisfied. One can then combine these
ratios with an experimental limit for such production of a b;7 system to deduce limits on
productions of non-resonant threshold peaks in a;7 and k)7 systems.

This model assumes there are three factors:

(i) the coupling of the photon to the initial vector meson, V', which couplingis ~1if V =p
and ~ L if V = w.

(ii) the coupling of V to X'x, which is taken to be proportional to the width for X — Vx

(iii) the subsequent scattering, which is complicated, but is taken to be the same where
similar masses and the same angular momentum are involved, so that this factor cancels
in ratios.

Then the only remaining problem is to take all relevant charge states into account in each
case. One then predicts ratios of photoproduction of non-resonant threshold peaks:

ayw/bym : 8.0
(taking 400 MeV for the a; width, from Bowler[10])
hym/bym: 6.4
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There is a peak observed[14] in photoproduction of ;7 near threshold in the mass
spectrum with a cross section of 30 nb, summed over all charge states. However a major
contribution to this peak from a resonant state has been identified, so that one judges that
the contribution of any non-resonant threshold effect is < 15 nb. From this limit one estimates
upper limits for related non-resonant threshold effects:

am < 120nbd
hym < 96nb

These latter threshold effects would contribute to photoproduction of #*x~x+x~ and
7t 1~ 770 states, where production is observed of peaks with cross sections ~ 600 nb in each
charge state, which peaks are identified with two p’ resonances (see Donnachie and Mirzaie[4]
for summary and references). The present demonstration of the relative unimportance of
these non-resonant threshold peaks supports that identification.
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Figure Captions

1.

(a) #*7% mass spectrum for 1.8 < M(57) < 2.2 GeV
(b) #*x° mass spectrum for 2.2 < M(57) < 2.6 GeV
(c) 7#*7° mass spectrum for 2.6 < M(57) < 3.0 GeV
(d} #*#~ mass spectrum for 1.8 < M(57) < 2.2 GeV
(e) m*r~ mass spectrum for 2.2 < M(57) < 2.6 GeV
(f) =*#~ mass spectrum for 2.6 < M(57) < 3.0 GeV

The full lines are the results of fits with a Breit-Wigner peak plus polynomial background,
while the dashed lines show the polynomial background.

(a) pEnFrtx~ mass spectrum
(b) p°x*x~7° mass spectrum
In these mass spectra events with a second p-meson are not excluded.

7+ 7~ mass spectra in coincidence with p* mesons for 57 mass ranges:

(a) 1.8 < M(57) < 2.2 GeV
(b) 2.2 < M(57) < 2.6 GeV

(c) 2.6 < M(57) < 3.0 GeV

The full lines are the results of fits with a Breit-Wigner peak plus polynomial background,
while the dashed lines show the polynomial background.

. #*x°% mass spectra in coincidence with p® mesons for 57 mass ranges:

(a) 1.8 < M(57) < 2.2 GeV
(b) 2.2 < M(57) < 2.6 GeV

(¢) 2.6 < M(57) < 3.0 GeV

The full lines are the results of fits with a Breit-Wigner peak plus polynomial background,
while the dashed lines show the polynomial background.

. #¥ 7~ mass spectra in coincidence with p® mesons for 57 mass ranges:

(a) 1.8 < M(57) < 2.2 GeV
(b) 2.2 < M(57) < 2.6 GeV

(c) 2.6 < M(57) < 3.0 GeV

The full lines are the results of fits with a Breit-Wigner peak plus polynomial background,
while the dashed lines show the polynomial background.

. pp7T mass spectra as function of 57 mass

(a) pTp®x¥F: full lines show results from seeking p* in 7¥ 7% mass spectra in coincidence

with p°, and dashed lines show results from inverse procedure.
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(b) p°0°7° mass spectrum.

. prww mass spectra, where events with two p-mesons have been excluded, as function of
57 mass: :

(a) ptraFrtz—

(b) PPrtr—=°

. Comparison of photoproduced wps mass spectra, with photoproduced ppm cross section
with latter renormalised by a factor of 1/0.64.
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