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The problem of the existence of wmultiquark states is of

great significance for the development aof a strong interaction

theory. Howeverr an experimental search for such states has not
yet led to convincing results.
A narrow exotic stater o baryonium with negative strangeness

decoying into A» B and pions» has been observed in the WA-62

experiment carried out in a hyperon beam at the CERN SPS ([1-41.

Unlike the experiment in the hyperon beams the BIS-2 experiment

performed in a neutron beam allowed one to search for baryonia

with negative and positive strangeness alike. The  existence of

the narrow baryonium with negative strangeness was confirmedr a

new baryonium with positive strangeness and doubly charged states

of these baryonia were indicated [4-101. In the BIS-2 experiment

it was seu}ched for a baryonium with hidden strangeness as well
£Le-131.

New results on a search for the narrow baryonia produced in
neutron-nucleus and neutron-proton interactions are presented in

this paper. The results are based on larger statistics in

comparison with CL7:131. The experiment was carried out in a

neuvtron beam of the Serpukhov accelerator. The mean momentum of

the beam consisting mainly of neutrons was 40 GeV/c. A layout of

the main elements of the BIS-2 spectrometer [14-16] is presented

in fig.1. The magnetic field in the analyzing magnet M directed

along the 0Y axis caused a 0.64 GeV/c change of the +transversal

momentum of charged particles crossing the field region. The

sgsteﬁ consisting of multicell threshold gas Cerenkov counters C1
and C2 was used to identify charged hadrons [17:181. The counter

€1 was filled with air and C2 -~ with freon-12 under atmospheric

pressure. The identification system allowed one to identify with
events. The

some probubilf%g charged hadrons in multiparticle
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Figs1l. Layout of the BIS-2 spectrometer. T1/T2,3 - targetsy
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coM1L/2 — target gurrounding countersy PC 1-15 - two-coordinate
proportional chambers. C1/2 - multicell threshold gas Cherenkov
counters. C3/4 - glass Cherenkov countersr MO - neutron monitore

M ~ analyzing magnet.
trigger conditions required the passage of more than four charged

particles.

The the 1liquid-hydrogen target and the
/3

2 1 2 .
nuclear ones were 2.1 g/cm‘ and 3.4:4 g/ce” respectivelyr where

thicknesses of

A is the atomic weight of target nuclei. The nuclear targets were

interchanged each (40%50)-103 vrecorded events. The results
presented here are based on the analysis of 1.9_-107
neutron~proton and 3.1-107 neutron—nucleus interactions.
The narrow bargdnium with negative strangeness was searcheg
for by its decays into A» E and pions:t
Ap Wt . (1a)
Ap e, ' : (1)
Apwim? N (10
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The considered states

]

hidden straongeness was searched

intos

involve

all

with

three

positive

and four

decays of the searched baryonia which could be detected

experiment. Five particle final states»
onesr were not observed practically due to a small acceptance

comparison with the states quoted abave.

involving doubly

(1d)

strangeness»

‘ (3a)
(3b)

(43)

C4b)

(4c)

(4d)

(49)

(4F).

particle

in the
charged

in

The neutral §trunge'purtic1es Ar A and K:'uere identified by

their decays:

F > >

(S5a)
(Sb)
(3c)



A pair of oppositely charged particles with the distance between
their tracks being not more than the fourfold value of the
resolutions was accepted as vo. It was also required that the
vertices of the V%’s were downstream the liquid hydrogen target
dnd 10 cm beyond the solid targets along the beam. The As A and
K: were identified according to effective masses of the systems
(v s (pr') and (5'v7) respectively. 6:10° events with V%%s — A
candidatesy 9.1-104 events with A candidates and 4.7-10S events
with K: candidates were selectedr for which the effective mass of
the (p!—)/(5l+)/(ﬂ+ﬂ—) systems were differed from the A/X/KD
table mass no more than 4-fold of the experimental resolution. :
To search for.the baryonia in the final states (la-4f)r the
events containing Ar A or K: and two or more charged hadrons h+
and h emerging from a common interaction vertex were selected.
This vertex was required to be located inside the target and the
nean quadratic distunce§ between the trajectaories of A/K/KZ- h:t
and the common vertex did not exceed +the fourfold resolution.
This resolution was different (from 0.2 to 0.5 cm) in the runs
with the different targets. Using +the above quoted conditions
80102 / 114610 / 72812 events containing A / A 7 K: ~candidates
and two or more charged particlesr respectivelyr were selected.
Effective mass spectra of the final states were obtained
under assumption that 1larger wmomenta correspond to heavier

particles. This allowed one to lower a combinatorial background.

The information obtained from C1/2 was used to reduce the
background due to the mnmisidentification of charged particles.
Relative probabilities W(i) of the each charged particle
identification with i-type particles (i=r>y, K- or p/p) were
calculated by comparison of the signals in different C1 and (2
channels with a calculated distribution of +the Cherenkov 1light
and the corresponding number of photoelectrons from the detected

charged particles over these channels. The relative probabilitias

W(1l) were normalized in such a way that theilr sum for each ot the
detected charged particles would be U(p/S)+U(Ni)+U(W*)=3. Thusy
the value W(i)=3 means a 1004 reliability of +the purticie
identification as a type ;. A condition U(p/5)=U(Ki)=H(ﬂi)=1
means o completely unidentified particle aond so on. Some
ambiguities of the churged particle identification were caused by
the Cherenkov 1light from one particle to fall in several
channels. The calculated identification efficiency shows. that

this depends not only on the momentum of the charged particler
but on the total number of these particles in an event as well.

The identification of B leads to a more significant
reduction of the background among the final states. Unfortunately
about 8074 of all negative particlesr candidates in 5; have
momenta below the threshold.or the Cherenkov ru&iution for kaons.
As a ruler for these particles U(S)fU(K_)il.S. So» to
select 5 it was required:

W(przl.1. 73]
For the identification of p» K+ and K there were used following

criterias

W(p) 20.9y (7)
wkHz1.1 (8)
and WK > 20.9. (9

Two charged particles were identified to éeleci the most of
the considered final states. But three charged particles shauld
be identified for the selection of the states (4c and 4f). Sor
less stringent criteria than (7) and (B8) were used for the K:t and
p identification in these states to aveid an essential reduction

of the detection efficiency.

The identification criteria for the charged particles raised
9 times the relative ratio of events containing 5 whereas their
losses were % 204y raised &% 243 tiwmes the relative ratio of
events containing K+r 2.54+7 times - containing K~ and more than 2

times - containing p.



The effective wmass spectra obtained for the selected
combinations of the neutralr charged and doubly charged final
states with negative strangeness (la-d) are presented in figs.
2¢a)y 2(b) and 2(c)» respectively. The effective mass spectra of
the final states with positive strangeness (2a-d} are presented

in figs. 2(d)» 2(e) and 2(f). The numbers of combinations entered
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Fig.2. Spectra of effective masses Apw  (a)y ApW+H (b)» Apw
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into these spectra are presented in table 1. In all spectra

.
the bin width of 20 MeV/c” was chosen to be close to a tuo—fold'

value of the experimental mass resolution. The spectrg were
approximated by swooth functions. Enhancements of different
statistical significances were seen in all the spectru.‘Theg were
fitted by a normal distribution. The obtained parameters of the

enhancements are shown in table 1. A combinatorial background

6

in the presented spectra is insignificant ~ +the ratio of the

number of combinations to that of events does not exceed 1.1.

Table 1
Parameters of the enhancements
Final Number ) Mean massy Width» Number of

states of comb. HeU/c2 HeU/c2 combinations
Apru’ 5754 30677420 45%15 105
Aprm 6532 3060£7420 35415 54
Ap ot ot 1987 306546120 32110 48
Apw o wt 4688 305047420 33412 66
Apom 3745 ' 306048120 5517 71
Aprnt 5131 304548420 25115 51

A tﬁtal spectrum of all the final states with negative
strangeness (la~d) is presented in fig.3. It was obtained by
summarizing the distributions presented in figs.2{(a)» 2(b) and
2(c). A clear peak is seen in this spectrum near a mass of 3060

2
HeV/c . In the window of fig. 3 the spectrum in the peak region

is presentedr which is fitted by a normal distribution for the
peak and a line function for the background. It was obtained that
the peak is caused by 180 combinations above the background of

460 ones. A sum of the final states with positive strangeness

(2a-d} is shown in fig.4. This spectrum contains a peak in the
same mass regionr as in fig.3. In the window of fig. 4 this peak
is fitted by a normal distribution. It was obtained that the peak
is caused by 162 combinations over the background of 585 ones.
Statistical significances of the observed peaks in figs. 3 and 4
are 8.4 and 7  standard deviations above the buckg;oundv
respectively. This enables one to consider them as physical

signals.
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Fig-5 (a and b) shows the effective mass spectra of the
neutral final states (3a and 3b). Fig. 6 <(asb and c) presents
combined effective mass spectra of the charged final states
containing A - (4a-4d)ry K:— (4c—-4f) and A - (4b-4e) »
respectively. These spectra uere fitted by smooth functions.
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Narrow peaks are seen in all the spectra at almost the

mass. These peaks were fitted by normal distribution.

obtained characteristics are presented in table 2.

same

The



Table 2
. Characteristics of the peaks
Final Number
state N b Mean massg Uidthvv Number of
ot comb. MeV/c” ‘MeV/c” Jcombinations
Ap k' 6758 325048420 | 45%15 80
Ap K 4069 326047420 30410 37
- +
Ap KW 1309 325047420 | 24310 28
- - &
ApKTw 1692 3245129120 446120 40
KZ pp K 2480 327046420 53£12 58

Fig.7 shows the sum of the effective mass spectra of all the

considered states with zero strangeness (3a-4f). A statistically

significant peak is seen near the mass of 3260 MeV/c . This peak

was fitted by a normal distribution (the window of fig.7). The

peak contains 240 combinations above the background of 800. The

stotistical significance of the signal is 8 standard deviations
2. E 3 ~ :
from the background.

The narrowness of the observed enhancements and their

presence in the effective mass spectra of different systems

excludes a possibility of their interpretation as a kinematic

hypothesis of the

+
w and

reflection of any resonances. Howeverr the

kinematic rgflpction was checked directly. The masses of

+ - -
K~ were ascribed to the p/p candidates in all the considered

final states. No narrow enhancements were observed in the

effective mass spectra obtained in such a way. Sor the hypothesis

of enhancements as the kinematic - reflections of resonances in

other sgstehs is extluded.

Thusy the data obtained indicate the existence of narrow

meson resondnces with positiver =zero and negative strangeness

decaying into the final states containing baryon and antibaryon.

The statistical significance of the peaks in each of the

spectra considered (figs 2+5:6) does not allow one to establish

the pfesence of signals in all the final states. But +the number
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of combinations in the peoks presented in the combined gpectra of
figs.3» 4 and 7 coincide within the error with the sums of the
numbers of combinations in the peaks seen in all the spectra of
the final states.

The mean mass of the resonances with the open and zero
strangeness are 306025(st.) +20(syst.) and 326045(st.)220(syst.)

2
MeV/c "y respectively. Their widths do not exceed (35%5) MeU/cz.

11
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The detection efficiencies of the resonance events wuere Xc 2 0.2 (103
calculated to evaluate the cross sections of their production. PT £ 1.0 GeV/c
The production cross sections of the events responsible for the are from 0.3 to 1.0 Wb per nucleon (904 C.L.). For these
considered resonances in the available kinematic region @stimations it was assumed that the cross section depends on the
atomic weight (A) of the target nuclei as a2/3.
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CONCLUSION )

The narrow enhancements have been observed at almost the
same masses in tﬁe effective mass spectra of the different final
states with negative (Aaﬂtr A5"+Ni) and positive (;p"*,;p"—"*,
strangeness. They ‘ure ‘not the kinematic reflections of any
resonances in other systems and can be considered ‘as a strong
indication of the existence of the baryonia with negative and
positive strqngeness.,Their mean mass is 3060x5(st.)220(syst.)
MeU/c2 and the width is smaller than 3545 HeU/cz.

The existence of the enhancements in the spectra "of the
doubly charged final states AEH~ and vaf indicates that an
isdtopic spin of the baryonia ig z.3/2.

The narrow enhancements are observed ut’almost.tﬁebsume nass
in the eight effective mass spectra of the finql states involving
a baryonr antibaryon and particles with opposite strungéness.

Their mean mass is 326015(st.)*20(syst.) HGU/CQr ‘and the
width is lower than 3525 HeU/cz. These peaks indicate to the
existence of the baryonium with zero strangeness and an isotopic
spin * 1. : ;

The difference between the magsses of the burgoniuﬁ with zero
strangeness .and the baryonia with positive and negative
strangeness is & 200 MeU/c2 - a typical mass splitting _in an
SU(3) multiplets of baryons for the states differing bg one wunit
of hypercharge L[121. This ul;ous one . to assume that all the

observed resonances are the members of the same SU(3) multiplet
of multiduurk‘stutes. The burgdnfu with zero stfungenéss can be
considered aos a candidate for a multiquurk‘bdrgonium ui{h' hidden
strangeness. The considered baryonia could be identified‘ as
mul tiquark states déscribed in a number of theoretical papers
£20-301. '
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Anees A.H. w ap. ' E1-90-305
flonck yakux Bapuonues ‘ : .

Ha :CepnyXoBCKOM YCKOPUTENE' B Ny4ke HeHTPOHOB CO CPEAHMM MMNYNbCOM
40 [38/c ocywecvanen nouck GapvoHMEB, PAaCNAAAOUMXCA COOTBETCTHEUHO .
Ha A+P+nvoHb ¥ A+p+nuoHb. [lonyyeHo yka3aHue Ha cyuwecTsoBaHue Taxkux Bapuonnes
B uYeTbpex 3apAA0BHX COCTORHUAX: OTPULATENbHHX, HeHTPanbHbiX, NONOMMTENbHbIX
W ABamAb 3apAmenHuiX. CpeaHee 3HaueHne ux Maccw 3060:5(cTav.)t
+20(cucT.) MaB/c?,” a: wvpuHa He npesswaeT 35:5 MaB/c2.’ W3oronudveckuid cnuu
3Tux Gapwonues 23/2. lpu aHanuae cneKkTpoB 3pPeKTUBHHIX MACC KOHEuHbIX CoCcToA-
Hali A+p+KT(+at), R+p+K™(+nt) K;pﬁKi nonyueHs TaKKe AaHHue, yKassiBawwwe
Ha CyWecTBOBaHWe Y3Koro GapyWOHUS CO CKPLITOM CTpaHHOCThW. CpedHee 3HauveHue
Maccul GapuoHus 3260+5(cTar.):20(cvuct.) M3aB/c?, a wvpuna He npesbwaeT
3515 M3aB/c2. MpounaBefeHns ceveHwii BapuoHnes B perncTpupyeMol KWHeMaTu4eCKOR
obnactu, Xp 2 0,2 M Py 51 [3B/c, Ha BepoAaTHOCTWU Habnwaaembix KaHanos pac-.
napa Haxopatca B npeaenax (0,3+1,0) Mk6 Ha Hyknon ¢ 90% ypoBHeM pocCToBep-
HocTh. ~

Pabora'aunonnena‘a NalopaTopuaX BHCOKWX 11 CBEPXBHCOKMX aHeprwd OWAW.

IMpenpuut O6BeAMHEHHOrO MHCTUTYTE ANEPHBIX Hecnenosanuit. Jy6ua 1990

Aleev A.N. et al. ' o £1-90-305
Search for Narrow Baryonia )

A search for baryonia with negative and positive strangeness decaying res-
pectively into A+p+pions and A+p+pions has been carried out in a neutron be-
am with a mean momentum of =40 GeV/c .in an experiment. performed at the
Serpukhov accelerator.There is a strong indication of the existence of thesel:
baryonia.The following four charge states are indicated for negative and po-
sitive strangeness: neutral,negative,positive and doubly charged.Their mean
mass 1s 306015(st.)+20(syst.) MeV/c? and the width I s (35¢5) MeV/c2. The
data show that_the isotopic spin of the baryonia is 2 3/2. In the effective
mass spectra of the final states A + p + K* +(«%), A +p + K-+(nt) and
Kg +ptp+t Kkt narrow peaks are observed at near the same masses. These
peaks indicate the existence of a narrow baryonium with hidden strangeness.
The mean value of its mass is 3260:5(st.):20(syst.) MeV/c2, and the width
r s (35:t5) MeV/c2. The production cross-sections of the events causing the
observed peaks, in the kinematic region X; 2 0.2, Ppsl GeV/c, 1s.(0.3 +
+ 1.0) ub/per nucleon (90% C.L.). .

The investigation has been performed at the Laboratories of High and
Superhigh Energies, JINR

Preprint of the Joint Institute for Nuclear Research. Dubna 1990




