


INTRODUCTION

The spectfoscopy‘of dibaryon resonances (I" < 50 MeV) has
been simulated in the last few years by theoretical and expe-
rimental studies. This is connected with a search for the ef-
fects displaying quark degrees of freedom in nuclear matter.
A reliable discovery of these states can throw light on the
confinement problem.

' The existence of dibaryon states has been predicted 'in a
number of theoretical models, for example: in the MIT bag/l/
joint string/#/, rotational’%/ , string- 11ke/4/, and potential
nucleon-nucleon’?’ models. -

' At present there are indications of the existence of narrow
dibaryon resonances obtained in the studies of NN-, yd-, zd-,

pd— and p3“4He- processes The results of a search for these’

states indp and Heplnteractlons are reported in Refs/e"IO/

The two-nucleon effective mass spectrum for a deuteron break-

up reaction was investigated at LIYAF /1Y, A series of narrow

states was found for masses, M, of 1959, 2030, 2080 and

2140 MeV/c Studying the two- narrow invariant mass distribu-

tion for the yd- ppr~ reaction, a narrow enhancement was ob-

served at M = 2014 MeV/c2/12/. The Saclay data’!3/ on the
missing mass measured for the °He(p,d)x reaction are often
discussed. The obtained results testify to the observation

of series of narrow states for the following masses: Mz= 1969,

2124, 2155 and 2192 MeV/c®.

The He(p d)x process using a polarized proton beam has
been recently studied at LAMPF/14/. Narrow structures around
Mg = 2015, 2054, 2125, 2152 and 2181 MeV/c? were obtained by.
investigating the dependence of the m1551ng mass on the ana-
lysing power.

At the same time the deuteron break-up experiments/lile/.
call the observation of narrow structures’8-8/ in question.

The two-proton effective mass spectrum for the dp- (pp)n
charge exchange reaction has been investigated 'in Ref.”/15/ .,
In our opinion, the following factors are possible causes of
the absence of statistically significant structures. ‘

First, the kinematic conditions for the selection of the
charge exchange reaction with two fast protons in a narrow
cone are unfavourable. Taking into account the configuration
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of the experimental setup, our estimates show that more than
307 of charge exchange events are not recorded.

Second, the NN-processes with intermediate A-isobar
are of great importance for the production of the
states observed in the experlments"6 8/ In this case’
the appearance of peculiarities will be suppressed because of
a small value of incident momentum (1140 MeV/c per nucleon).

The deuteron break-up reaction has been studied 1%/ with
the aid of a hydrogen bubble chamber. In this experiment the
background of quasi-elastic scatterings was not campletely
suppressed as indicated by us in/%/.

In this report we present a new evidence for the existence
of narrow dibaryon states for dp interactions. The results
have been obtained using the method which allows one to sup-
press background processes. The analysis is based on the
statistics twice as large as that in Refs./8~8/, -

15/

EXPERIMENT

The experiment has been performed using a 1 m hydrogen
bubble chamber exposed to a deuteron beam of a 3.33 GeV/c mo-
mentum at the Dubna syncrophasotron.

The working material contains about 115 thousand events
of dp interactions. To study the two-nucleon effective mass
spectrum, the reactions

dp » ppn - 47298 events, (1)

dp » pr nn - 24124 events (2)
were selected.

It is known that the deuteron break-up reaction (1) can
proceed with some change in the charge of the target proton
(charge exchange channel) and with its retention (charge re-

tention channel). The set of events, in which the fastest par-

ticle in the deuteron rest frame is a neutron, is called
charge exchange; and the rest, charge retention. After this
separation, we have

39375 charge retention events (dp- (pn)p) and
7923 charge exchange events (dp » (pp)n).

Note that for the charge retention channel only those np

combinations will be considered which consist of a neutron
and the slowest proton in the deuteron rest frame.
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The applicable method of investigations/!7?/ (a beam of
accelerated deuterons and 4w-geometry) allowed the experi-
mental data on these reactions to be obtained almost without
losses.

RESULTS

Before analysing the two-nucleon effective mass spectrum
for processes (1) and (2), we would like to argue the pro-
cedure of selecting the kinematic region, in which the pro-
duction of two-nucleon systems is expected to be more abun-
dant. :

The data on the dp-ppn reaction show that this pro-
cess proceeds mainly the participation of one nucleon of . the
deuteron whereas another is a spectator. In this connection
one cannot mark deviations from a smooth distribution of the
two-nucleon effective mass. Indeed, as is seen from Fig.1,
the effective mass distributions of np and pp combinations
do not indicate appreciable features.

Therefore, in order to select the class of interactions
where the production of dibaryons is more probable, only
those events. should be selected in which two nucleons of the
nucleus take part in the interaction. In the case of deute-
ron, this corresponds to the selection of spectatorless
events.

The cut of the momentum of the slowest nucleon (spectator)
can serve as a selection method of spectatorless events.

718/

- The substantiation of one poss1ble selection method for such

a cut was suggested in Ref.’8 , where the class of inelastic
events with virtual r-meson production and absorption was
selected. The momentum distribution of the slowest nucleon
frcin such groups of inelastic events are presented in Fig. 2
for the charge retention (full line) and charge exchange
(dashed line) channels, respectively. Two maxima are seen in
the charge retention channel. The first of them corresponds
to a part of quasi-elastic NN scattering because of a con-
ditional character of the selection of inelastic events.

In is shown’8/ that the contribution of high momentum part
is much larger in the charge exchange reaction than in the
charge retention one. This phenomenon has been explained

by the contribution of such inelastic processes as A-isobar
exchange or virtual r-meson production and absorption taking
the corresponding isospin states into account. In connection
with the aforesaid, it is not surprising that the first peak
was suppressed in the momentum distribution of the slowest
protons for the charge exchange channel.
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Fig. 1. The effective mass spectrum of the slowest nucleons: a) charge reten-
tion and b) charge exchange channels. Curve (---) - background distribution
by the "mixing" method.

Therefore, to exclude single-scattering events, different
cuts were chosen for the nucleon-spectator momentum: 200 MeV/c
and 350 MeV/c for the charge exchange/B/ and the charge reten-
‘ ' tion’/7/ channels, respectively.

For an optimum observation
of dibaryon states, such a se-
lection method of the kinematic
region is supported by the me-
chanism of the 4Hep -+ dppn re- '
action. As is shown in Ref.’20/, &
in this reaction the deuteron f
in its characteristics is very
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Fig. 2. The momentum distribution of

the slowest nucleon in the deuteron rest

frame: (—) for the charge retention
HH and (---) charge exchange channels.

04 a3 03 a1 The events are taken from the '"pion ab-

PiGeV/c) sorption region'.

much alike the residual nucleus

'served states

- 80 1
S 80+
< -
1
& T o
—_— 60 1
in 3
o 60 A=
N S
= < L0
=z

407 dp ~p(np)

209 2236

201

187 200 277
Mpn[GEV/Czl
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201 216 23 ribution for the dp-ppn charge re-
tention channel where the nucleon-
M [GEV/CZ] spectator momentum is greater than
PP 350 MeV/c. Histogram - experiment;

Fig. 3. The pp effective mass di- solid curve - fit-

stribution for the dp-ppn char-
ge exchange channel where the nuc- 4.,
leon-spectator momentum is greater Cleons of the "He-nucleus take

than 200 MeV/c. Histogram - expe- part in the interaction. The two-

riment; solid curve - fit. proton effective mass peculiari-
, ties, considered as candidates
of dibaryon states’10 , Were observed just in these interac-

tions without some additional selection criteria.

Before studying the two-nucleon effective mass for reac-
tions (1) and (2), note that a step of histograms was determi-
ned by the experimental resolution.

The effective mass distributions of two slowest nucleons
with corresponding limitations on spectator momentum are pre-
sented in Figs. 3 and 4 for the charge exchange and retention
channels, respectively.

As is seen from Fig. 3, two narrow peculiarities are dis-
played for the sgectrum of the protons in addition to the ob-

/8~8/ | The statistical significance of the peaks
for masses of 1940 and 2090 MeV/c2? is of the order of two
standard deviations. The same structure is seen for the
spectrum (Fig. 4). Unlike the charge exchange channel, there
is a peak near the sum of the masses of two nucleons for the



Table 1. Reésults of fitting the pp and pn-effective mass spectra
for the reaction dp » ppn (M, [ are the mass and width of the diba-

ryon state)

Mop Top 8.D. Mon Tpn s.D.
(MeV/c2?) (MeV/c2) (MeV/c?) (MeV/c?)
1939+15  27%13 2.1
2007 +15 39 £17 4.1 2006 10 25+ 11 5.1 \
2090 +15 10 £12 2.0 2080 + 10 9 +12 1.7
2154 +15 31 £11 5.8 2118 +10 15 +13 4.3

x%/Np = 2.8/10 x2/Ny=6.2/16

charge retention one. This is due to the neutron-proton final-
state interaction’?!/ .,

Table 1 present the parameters of the dibaryon states ob-
tained by fitting with the function which represents the sum
of background (a polynomial of the second order) and Breit-
Wigner functions (Figs. 3 and 4). We use four Breit-Wigner
functions for the My, spectrum and the three-resonance hypothe-
sis for the Mp, one. The values of standard deviations (s.D.)
for each peak are shown in this Table as well.

The reaction dp » pr*(nn) was investigated to search for
neutral dibaryon DB°(nn) as a neutral counterpart for the sing-
1y DB*(pn) and doubly DB**(pp) charged dibaryon states.

The analysis of this reaction is somewhat complicated since the
momenta of neutrons are unknown. To search for two-neutron co-

upled peculiarities, it is necessary to exclude the background

of single quasi-nucleon-nucleon scatterings by analogy with

the pionless break-up reaction. Therefore, we have applied the

following selection criteria proposed in Ref.”®/

1. The events with proton momentum smaller than 300 MeV/c
are discarded from further analysis. '

2. Assuming that the excitation of a dibaryon takes place
more probably in & quasi-two-body reaction, cnly those events
are taken for analysis for which the missing momentum is di-
rected backwards in the CMS.
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distribution of "acti-
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200 Fig. 6. The two-neutron effective mass di-
: ‘ stribution for the dp - pmtnn reaction.
Histogram - experiment; solid curve - fit.

_ 3. To enrich the analysed set
with neutron-spectator events, the

& mass of the "active'" neutron cal-
=) .
> culated as

4 .

~ M2 Z[M2,, ~ 2.E_,,E

S 100, x T 1%miss *Emisgts ¥
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N i iy 2

=z +2(P -P) + M ],

dp-psinn)

where E .o, Ppigs s BEgs Pg are
2530

the energy and momentum of the
missing mass and neutron-spectator,
was taken within the regions M; <
] . L < 0.87 and M,> 1.0 GeV/c2.
19 20 21 22 23 (The M; distribution for the
MpolGev,c2) T€action (2) is shown in Fig.5).
Such selection is confirmed by
the behaviour of M; calculated for
two random protons for the reaction dp »pppr~ when one of
them is a spectator. In this case the above M; ranges turn out
to contain approximately one half the events with proton-spec-
tator momentum greater than 300 MeV/c.
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Figure 6 presents the two-nucleon effective mass distribu-
tion for the events satisfying these selection criteria. Two
peaks are seen at the same masses (Mpp = 2020 and 2140 MeV/c?)
as in Ref.’% . _

To determine more precisely the parameters of the statis-
tically significant states, all the effective mass Mpw M pn?
Mp, spectra were fitted by two Breit-Wigner functions and
background as a polynomial of the second order. The Breit-
Wigner function distortion connected with the experimental re-
solution of measuring the effective masses was taken into ac-
count as follows:

BW(M) =

[ BW(m). —L . exp[ - M=m)® 1o
Vv 2n o, (m 2 X(m)

ai(m) is an experimental error at a given mass. The results
are presented in Table 2.

Table 2

M r M r XZ/N
Réaction Z  kMev/c2) [Mev/c®) s.D.|(Mev/c?) |(MeV/c?)|s.D. oD

dp » (pp) n{ ++ {2009%15| 16£19 4.112153+15| 7£11 5.8} 9.6/21

dp - (pn)p} » [2007+10] 8+12 5.1[2118%10| 6+9 14.3| 6.2/33

dp-+(m)ntpr} o {2027420| 16+18 5.3 {2137420{1749 |g.2{ 21.2/14

As is seen from Table 2, two peaks with a good statistical
significance are observed in the two-nucleon effective mass
spectra for different reactions and isospin states.

DISCUSSION OF RESULTS

We tried to explain the nature of the observed structure
without using the dibaryon hypothesis. In particular, consi-
dering the fact that the first of the observed states has a
mass close to the sum of two nucleons and a #-meson and the
second state to the sum of a nucleon and a A-isobar, the two-
proton effective mass spectrum was calculated taking into ac-

_count the transverse cross section behaviour of the n*d - pp

8

reaction’8’, The obtained positions of the peaks in the

spectrum do not contradict the experimental ones. However,

to describe the first state, one has to advance an additional
assumption of the presence of a peculiarity in the behaviour
of the off-energy shell amplitude for the »*d-pp reaction
near the threshold. Moreover, the width of the second peak
was somewhat greater (80-100 MeV) than that observed in the
experiment.

Thus, one failed in describing the found structures within
the frame of the above assumptions. This allowed one to in-
terpret them as a display of multi-quark states.

Table 3 shows the data on narrow dibaryon states obtalned
by us in this paper and the experiments /10— ~14/ along with

Table 3 -

Lab.Reaction Myn 1 2 3 4 5 - 6
" (this work) Mpp 19392 15% 2009%15 2090 £ 15+ 2153¢ 15

. % -+ ppn Mpa 2007£10 2080 £10° 2318 +10
=
a  (this work) , :
@ aprm Mgn 20274 20 2137 £20

“Hep- dppa”*®’ 2035¢ 15 2137 £15

4

Hop + pppp w=n/10/ 2036 £15 2126 £15

Py My,  1948£9 2033 29 ' 2136 £10
pd -+ ppn .
a Mo 195383 202485 2078 43 2144 £3
Bt Mpp 201412
5 S0 (p,a) oM, 1969 £ 2 22083 2sse3 219243
g Mo(p.0x/W 2015¢8 20544 2125%5 2152t 4 218145
Miat 2015 2052 2124 2155 2192
g Rotation’8/ :
3 Miao 1940 . 2080 2128 2152
1
E : 2090 2190
-1
String-Like’4/ "
H

g 1950 2050




the theoretical predictions of the rotational”’®’ and string-
like’4’/ models. The statistically insignificant peculiarities
(S.D. = 2) are denoted by (*). The structures found by us in
dp and 4Hep interactions within the experimental errors are
grouped in a region, Myy, of (2010-2020) MeV/c® (see column
"~ 2). These states were also observed in the other experiments
presented in the same column. They agree with the predic-
tion”® at M= 2015 MeV/c? for isospin I = 1. Note that we
observe all charge configuration of the dibaryon as a two-
nucleon system. It is not excluded that they are members of
‘one. isotriplet.

The peculiarities in the mass reg1on Myy = (2140 -
2150) MeV/c2 (see column 5) are observed in a number of ex-
periments-/10.11,13,14/  and predicted at M;_, =2155 and M_ 03

= 2125 MeV/c2/3/, Moreover, the state M = (2118'*10) MeV/c?

pn
_y= 2124

may be out of this scheme and agrees better with M;
‘and My_o= 2128 Mev/c2 7%/

"~ *- Note that our statistically 1ns1gn1f1cant states ( ) have
been found in the experiments/11,18,14/ - apnd predlcted by the
models 73.4/ | -

CONCLUSION

(i) The narrow structures with a high statistical signifi-
cance are observed in deuteron-proton interactions in the
two-nucleon effective mass spectrum around Myy= (2010-2020)
and (2140-2150) MeV/c2.

(ii) All the charged configurations of dibaryon state are
observed in both mass regions.

(iii) The analogous structures are found by us in Hep inte--

ractions and confirmed by other experiments.
(iiii) The observed dibaryon states agree w1th the prediction
of the rotational model.
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I'marosieB B.B. u np. E1-89-246
HoBble 4OKA34TeNbCTBA HAGMWIEHHA Y3KHX
UH6apHOHHBIX cOocTOAHMM B dp —-B3aumouelcTBHAX

SKcrnepHMeHT BbillojlHeH ¢ nomoubio ]00-cM BOHOpPOOHOH mny-
3blpbKOBOM Kamepbl, 3KCIIOHHPOBAaHHOH B Ny4YKe spep neHTpoHa Ha
cHHxpodaszoTpoHe JIB3 OUAU.McnonbsoBamuch 4P -B3auMopemcr-
Busi npu uMnynnce 3,33 I'sB/c. B pabore mpeniioxeHsl U 00O CHO-
BaHbl KpUTEpHH Bbl4EIIeHUA KHHeMaTH4YyeCKOH oblacTH [Jii ONTH-
ManpHOI'0 HabmwpoeHHs OHOAapUOHHBIX COCTOAHMH, OOHapyXeHb y3-—
ke /I’ < 50 M2B/ cTpyKTypbl B O6MacTH Macc ABYX HYKIOHOB
/2010 + 2020/ u /2140 =+ 2150/ MaB ¢ Xopomeil CTATHCTHYECKOH
3HauuMocThbw., HabmwgeHol Bce 3apAanoBble KOH@MI'ypanuv gubapu-—
OHHOI'O COCTOSHHUA,

PaboTra BbimojiHeHa B JlaGopaTopumu BbICOKUX 3Heprud OUAH,

Ilpenpuut O6BeAHHEHHOr0 HHCTHTYTAa AXEPHbIX HeonenoBanHi. Jyouna 1989

Glagolev V.V, et al. E1-89-246
Further Evidence for Narrow Dibaryon States
in dp Interactions

The experiment has been performed by means of a 1 m
HBC exposed to a deuteron beam at the Dubna .synchrophaso--
‘tron.The dp interactions were investigated at an incident
momentum of 3.33 GeV/c. The selection criteria of the
kinematic region were proposed and substantiated for an
optimum observation of dibaryon states. Narrow structures
(" <50 MeV) with a good statistical significance were
found in a two-nucleon mass region of (2010 - 2020) and
(2140 - 2150) Mev/c2.. All charged components of the diba-
ryon state were observed.

The investigation has been performed at the Laboratory
of High Energies, JINR,
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