BNL-28263

Search for Narrow BE(E) States in 16 GeV/c
m p and 5 GeV/c pp Interactions

S. U. Chung

Brookhaven National Laboratory
Upton, New York 11973

MASTER

DISCLAIMER

nta essanily state or retier t Those ul The United States Govarnment or gny agency thareu?

Presented at the XXth International Conference on High Energy Physics
University of Wisconsin, Madison, Wisconsin

July 17-28, 1980

The submitted manuscript has been authored under contract DE-ACO02-76CHO0016
with the U.S. Department of Energy. Accordingly, the U.S. Government
retains a nonexclusive, royalty-free license ta publish or reproduce the
published form of this contribution, or allow others to do so, for U.S.

Government purposes.
vfi;géf
/
f

DISTRIBUTION OF THIS DOCUMENT IS UNUMITEG




Presented 4t the XXth [nternational Couference
on High Encrgy Physics, University of Wisconsin, Madison
July 17-28, 1980

Submitted 9/2/80

SEARCH! FOR MARROW BB(r) STATLS IN 16 GeV/c
77p AND 5 GeV/c pp INTERACTIONS

*
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INTRODUCTION

We report here on the searches f{or narrow baryon-antibaryon
(BB) bound states from two recent experiments carried out at the
BNL Multiparticle Spectrometer. First, we present the results of a
search for narrow states in the pp, Apm™ and Epn systems from np
interactions at 16 GeV/c. The data come from an experiment carried
out by physicists from BNL, Brandeis, CCNY, Southeastern Massachu-
setts, University of Massacbusetts.l Next, we show results oi a
search for narrow pp states from pp interactioms at 5 GeV/c, an
experiment with collaborators from BNL, 3randeis, University of

Cincinnati,qFlorida State University, and Southeastern Massachusetts .
University.~

7 p DATA AT 16 GeV/c

This experiment was conceived in part to further study the two
pp states with widths less than 25 MeV and masses 2020 and 2200 MeV
seen in a CERN Q-spectrometer experiment by Benkheiri, et al.3
Although a number of experimen-.s looked for these states in formation
as well as production processes, oursg is the first to have searched
for them in the same reaction as that of the CERN experiment with
similar trigger techniques and acceptance.

The reaction studied is

mp > (1) (Ppy) (1)

where pf(p ) refers to a fast (slow) proton in the laboratory. The
trigger fof this stud; required detection of a fast forward proton
with momentum betwszen 8 and 12 GeV/c, implemented via two three-
dlmenalonal c01nc1dence—matr1x (RAM) logic systems and two gas
Ters~nkov counters.* A total of 3.4 x 106 proton triggers were
recorded, and n80% of them have been analyzed to date, corresponding
to a raw sensitivity of 62 ev/nb.

The events have been processed through our chain of data-
reduction programs, yielding finmally a total of ~7 K events with
acceptable four-constraint kinemat-.¢c fits to reaction {1). We es-
timate that the contamination from non~4C background in this final

*Research supported by the U. §. Department of Energy under contract
DE~-AC02-76CHOQQ16.
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sampic o ! oso than 3. n Fig. la we present the M(pgm”) spectrum
shiowing clear o2 (L238) and NO(1520) peaks in our data. Fig. 1b
shows the spectrum M(Eps) of the re-
[ - SETOL T coil system. There is no evidence
for the production of 2020 and 2200
MeV states in our data. We have gone
to counsiderable lengths in an attempt
to enhance the baryon-exchanged pro-
duction of the pp_ system, but no
significant peaks have been observed
in the entire pp mass ranue.
Using the calculated acceptance
' > ﬁ4 s 20 and the experimental and data-reduc-
Mips 7-) Gev tion losses, we estimate that the

overall visible sensitivity of our
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present data ranges from 8 ev/nb at
\{(pp ) = 2.02 GeV with A©®(1238) to 5
ev/nb at M(pps) = 2.20 GeV with NO
(1520). From these we conclude that
the 2 o upper limit cross sections
are 3.0 nb for the 2020-MeV state (ob-
tained from the pp spectrum with A°
. and M° selections) and 2.0 nb for the
20 24 28 32 36 2200-MeV state (from 49 events alone).
M(pp)GeV Thege values are to be compared to
- the corresponding cross sections
Fig. l(a,b). M(pfn ) and quoted in Benkheiri, et al.3: 36 £ 9
M(pp) spectra for reaction nb for 2200-MeV state and 21 £ 5 nb
(). for 2200 MeV state at 12 GeV/c. The
rms mass resolution of our data is
better than 7(11) MeV at 2020 (2200) MeV, sufficient for observation
of narrow pp states, if produced in our data.
We have in addition searched for narrow states in the meson-
exchange reactions
T 0prHX° ()3 ApTIXTT ()3 (erXT (4);
where X denotes the recoiling system off that being studied. Note
that the \pm system is explicitl y exotic, whereas the Apn+ and Epn+
systems require I = 3/2 and Q = 2 exotic meson exchanges. The pro-
tons in (4) and those from the A decay in (2) and (2) are the trig-
zered particles, identified by two Cerenkov counters, and the 5'5 in
(2), (3) and (4) were required off-line to go through one Cerenkov
counter without yielding light. The latter requirement eliminated
m"'s, but some K 's do remain in our sample, contriburing to the gen-
eral background in the mass spectra being studied.
o significant narrow peak is observed in any ot the spectra
(not shown). At 2.5 GeV the 2 o upper limits for \pn Q\pn ) states
with width less than 40 MeV are %25 nb (30 nb), and for pprt with
width less than 20 Mev it is ~25 nb. The rms mass resolution at 2.5
GeV is estimated ‘o be less than 20 MeV for all three mass spectra.
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pp DATA AT 5 GeV/c

We have investigated the pp system produced in the baryon-exchange
prucess

PR - pepr- (0T ) (5)

at 5 GeV/c. The p. is the fast forward proton (p‘i 1.2 GeV/c), trig-
gered with the aid of the RAM logic system and a high-pressure Ceren-
kov counter. Both p. and p were required to have momenta greater
than 1.8 GeV/c for the maximum cfficiency of the Cerenkov counter.

The advantages of this experiment over previous experiments for
farrow BB searches are two-fold: first, our beam momentum &t 9 GeV/e
favors barvon-exchange %rocess compared o a meson beam at 12 GeV/ce,
where Benkheiri, et al.? saw two narrow pp states at 2.0 and 2.20
GeV. Second, the four-momentum transtecr squared from the 6 beam to
the Ep final stare can become posirive, thus allowing for cluser
approach to che baryon poles. We estimate that the combined effects
amount to an enhancement factor of 30 compared to the experiment of
Benkheiri, et al.

The sample of data presented here corresponds to 4 raw sensitiv-
ity of 6.5 nb”™*. The missing mass spectrum recoiling off pp (not
shown) shows clear peaks at 7° and pY, respectively, demonstrating
our substantial acceptance for the reaction (5). We estimate that
non-+° (or non-p®) background in our data is less than 50%. Figs.
2a and b show the Ep mass spectra for the 72 and ;° events. No sig-

nificant peak with width & 20 MeV

eoL‘L T T ép;;ﬁ 7 are seen in our data. The super-
r 58 events 17 posed curves are our estimate of
EAGL//:fAEE%*ﬁmi:~\\\\\M 123 the overall acgeptance, obtained
z L \kﬁqnmgii u via MC events.? The rms mass
5 oird ] R L 02 resolution at 2.20 GeV is esti-
EsoL‘b’ (5p ) 448 mated to be less than 15 MeV.
> - (328 EVENTS 9 We obtain a 2 ocupper~limit cross
a0- 42« section of 130 nb (75 nb) for a
O{Er '0 pp state at 2.0 GeV (2.2 GeV)
ts 20 21 22 23 with width less than 20 MeV for
Gev m° events. For p° events the
_ _ corresponding upper limits are
Fig. 2(a,b). M(pp) spectra for ~50% higher than those of the
reaction (3). 19 events.

SUMMARY AND CONCLUSIONS

We have presented here the latest results of a systemat.c search
for narrow BB states in two BNL MPS experiments requiring fast for-
ward protcns in the trigger. We have found no significant narrcw
peaks with widths less than 40 MeV in all the spectra we have exam-
ined so far.

R In ch% gxper%ment with ©7p interactions at 16 GeV/c, we obtain
25 upper limits of less than 3 nb for pp stares at 2.0 to 2.2 GeV
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and 2,20 pp states quoted by Benkieiri, et al.” and assuming barvon-

with widths less than 20 HeV. Ba<.d on rhe crouss sections tor

exclidilge proccsses for production ol these states, we sbould have seen
better than 5> 9 signals it our cuclgy We have in addition searched
for narrow states in apa- and ppst systems; 2 0 upper limics are ™ 30
nb ror the states with widehs less than 40 MeV.

In the_experiment with pp interactions at 5 GeV/e, we have looked
for narrow pp states produced by baryon-exchange with either 9 or
Y as recoiling parcicles. Given dan enhancement factor of 30 for our
experiment and the cross section uf 30 nb quoted in the paper by
Benkneiri, er al.,” we should huve seen the pp states with <ross sec-
tions of the order of 1 ub. Instead, we find that 2 o upper limicts
are ™ 130 nb for a pp staCte with less than 20 MeV and mass below 2.2
Gel.
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