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We report here the observation of a narrow resonance with
a mass of ~1960 MeV/c“ . It decays into E7(1385)K* Unusual fea-
tures of the resonance allow one to assume a possible five-quark
structure. An indication of the existence of this resonance has
been obtained in previous experiments

Our investigation is based on data of the charm search ex-
periment in neutron-carbon interactions. This experiment has
been performed at a neutral beam of the Serpukhov accelerator
using the BIS-2 spectrometer., The .momentum spectrum of the beam,
consisting mainly of neutrons, is presented in Fig.l. A carbon
target 6 g/cm2 thick was used. . The trigger requirement
was four or more secondary charged particles passing through
the whole spectrometer. No identification of charged particles
was done. Details concerning the set-up and the procedures of
data acquls1tlon and ana1y51s are described in refs/1?/. About
5.3x10°%, 1.7x10° , and 4, 4x10% events were recorded at each of
three dlfferent configurations of the set-up, respectively. At
the third configuration the target position and the polarity of
the magnetic field were changed. The data obtained at this con-
fignratinn (samnle B ) were analvsed separately from those of
the first and second configurations (sample A ). The differen-
ces of these two samples allow possible systematic errors to

be estimated. ——————TT
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Fig.l. Momentum spectrum of the % 0.2|
neutron beam (solid line) and 5 o
momentum acceptance for events 0
of the type (1) (dashed line). P Gev/c
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We have searched for a process of the type:

n+C— 3I7(1385)ht 4 ... ¢D)]
L’A°n-

The BIS-2 spectrometer mainly accepted this type of events with
both 271385) and chargéd “pésitive hadton ) produced in the
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Fig.2. a) The Pr~ invariant mass spectrum of 'Vees'
around M9 = 1115.6 MeV/c? for sample A, b) The A°z~
invariant mass spectrum for the same sample, fitted
by a Breit-Wigner resonance plus a polynomial backgro-

und (dashed curve). The production of F~ (1320) and
S (1385) is seen.

neutron beam fragmentation region. We selected events having
a A°"Vee" with its vertex outside the target and only one
positive (k%) and one negative (™) particles emitted directly
from the target. All three particles A°, 75 'and h' were requi-
red to form a "good" vertex within the target region. The to-
tal momentum of each event was also required to be greater than
28 GeV/c according to the acceptance of the spectrometer for
the process (1) (dashed line in fig.l).

Figure 2a illustrates the ps~ invariant mass distribution
of "Vees'" from the sample A. The positive particle from "Vee"
is assumed to be a proton; and the negative one, a pion. A clear
signal of A° production is seen. "Vees" having p7~ invariant
mass within +7 MeV/c? from a value of M(A®) =1115.6 MeV/c? were
identified as A° hyperons. 8697 and 7358 events containing a A°
at a background level of 107 were selected from the two samples,
respectively. The A°7~ invariant mass spectrum obtained from
the A sample is presented in fig.2b. A clear signal is seen
for 27(1385). The dashed curve represents the fit of a Breit-Wig-
ner resonance plus a polynomial background to the spectrum. The
mass and the width of the resonance obtained are in good agree-
ment with other X T1385) data’3/ To select the events containing
T T(1385) the A°z~ invariant mass was required to be within
*35 MeV/c? from the X (1385)mass. Using this criterion, we have
selected 2779 and 1711 events from the A and B samples,respec-
tively.
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Fig.3. Invariant mass distribu- o gL i
tion of the 3 ~(1385)h" system for ~°F
sample A obtained under the S al |
assumption that h* is a kaon T .
(solid line distribution), the (O] 1
background spectrum normalized -0 2
to the same histogram (dotted L.
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distribution) and the accep— 0 - I I 5250
tance for the 3 1385)K* system 1800 1850 2100

(dashed curve). Invariant mass M(/\"‘j’[‘|‘("’),MeV/C2
distribution of the X ~(1385)h* )
system for the same sample ob- Fig.4, Slopes of the Pp dis-
tained under the assumption tributions versus the 2_(1385)K+
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togram) is also shown. (a) sample A and (b)sample B.

The A°7 K" invariant mass spectrum obtained from the sample
A, assuming that h* is a K*meson, is presented in fig.3 _(solid
line distribution). A distinct peak is seen in a mass regilon of
1935+1975 MeV/c?. To rule out the possibility that the peak is
due to the selection criteria, a background spectrum is shown
in fig.3 as well (dotted distribution). This spectrum has been
obtained by combining = (1385) with K* from other events. Each
combination satisfies all the above criteria. The background
spectrum normalized to the original distribution (2779 events)
describes satisfactorily the general features of the mass spect-
rum, except for the peak region. The mass acceptance, ca}culated
by the Monte-Carlo method (taking into account all expet.'lmental
conditions and selection criteria) for the events (1), 1is a sxPooth
curve (dashed curve in fig.3). Hence, the narrow peak in the.;n-
variant mass spectrum of the 3 (1385)K* system cannot be attribu-
ted to some inhomogeneity of the detection efficiency. The dashed
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distribution in fig.3 illustrates the 2 (1385)h* invariant mass
spectrum obtained for the same events under the assumption that
h* is a pion. There are no significant peaks in this spectrum.
Consequently, the observed peak is not due to "a kinematical
reflection of any strange resonance. An enhancement is also
observed for the close mass region in the invariant mass spect-
rum of the 2-0385)K+'system selected from the B sample.

All the events registered have the squared transversal mo-
mentum PL<1.0 (GeV/c)2- We plotted the P%distributions for
different M(A°2"K%) regions and fitted an exponentia1~qu4mR§
to them. Figures 4a and 4b show the obtained slope parameters
as a function of the ¥7(1385)K'invariant mass for the A and B
samples, respectively., The increase of the slope parameter in
the peak mass region is seen on these plots. Thus, one can con-
cludezthat the events responsible for the peak are produced at
low PT' To obtain the slope parameter for ' these events, the
T1385)K* invariant mass spectra were plotted for different P2
regions. We have estimated the number of events responsible for
the peak and the background level under the peak, for each spect-
rum. Using the estimated numbers, the P% spectra were plotted
for peak and background events (combining both samples). These
spectra corrected for acceptance were fitted by the exponential.
For background events the slope was obtained to be &4im2(GeV/d?
For peak events b=9.8+2.5 (GeV/c) -2, The latter parameter is
close to the value/&&pected for the diffraction dissociation of
neutron on nucleon . So, we conclude that peak events are pro-
duced by the diffraction-like process of neutrons on quasi-free
nucleons of carbon nuclei. This conclusion is also supported
by the absence of any significant peaks in the X7(1385)K' inva-
riant mass spectrum for events having more than three ( A°, 5~
and h* ) detected particles.

To increase the signal-~to-background ratio of peak events,
we have selected 1725 events from the A sample under the condi-
tion Fﬁ<:0.24 (GeV/c)2 and 584 events from the B sample satis-
fying the condition P%< 0.15 (GeV/c)? . The S~(1385)K*invariant
mass distributions for these events are shown in Fig.5a,b. The
circles show the mass spectra corrected for acceptance. Signifi-
cant peaks are seen at ~1960 MeV/c? in both distributions. The
numbers of events in the peaks were estimated by fitting a poly-
nomial background to these distributions (dashed lines). The
statistical significances of the peaks were obtained to be about
7.0 and 5.5 standard deviations from the background level for
the A and B samples, respectively.

The observation of these peaks in both
has led us to the conclusion that there should be
a narrow resonance. The features of the resonance observed
are summarized in the table. We estimated the systematical error
for a resonance mean mass M of about 10 MeV/c. The width I of

4

event samples

Fig.5. Invariant mass distribu-
tions of the IS 7(1385)K*system:
(a) selected from sample A under
the condition P3< 0,24 (GeV/c)2
and (b) selected from sample B
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Fig.6. The |cos ¥| spectra for
resonance (black circles) and
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events, The dashed lines are
the expected spectra for dif-
ferent spin —parities.
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Table

Features of the resonance observed. Systematical error
of M and statistical errors for ¢.3 are given only

Number M r o.Bub per carbon
Sample of events MeV/c? MeV/c?2 nucleus
A 97+17 1955 35+10 0.79+0.13
B 38+ 9 1965 2247 0.75+ 0.17
Complete 135+ 19 1960+10  26+6 0.78+0.10

the resonance was determined taking into account an experimental
mass resolution of ~20 MeV/c? .The partial cross sections times
the branching ratio ¢.B are presented with the statistical er-
rors only. The systematical error of ¢.B is mainly due to the



errors in measuring the neutron flux and in calculating the REFERENCES
resonance detection efficiency. This error was estimated to be

less than 40%. ' 1. Aleev A.N. et al. Yad.Fiz., 1981, 34, p.386; Aleev A.N.

To estimate the spin-parity 3¥ of the resonance observed, et al. JINR, EI1-80-726, Dubna, 1980 Yad.Fiz., 1982, 36,p. 1420'
we have used the method described in ref./3/. This method can Aleev AN, et al, JINR, D1-82-116, Dubna,1982.
be successfully applicable to the case of two-body decays into 2. Eichner G. et al. JINR, 1—80—644, Dubna, 1980; Burilkov D.T.
3/2% and 0~ particles with low angular momentum. In our case f et al. JINR, 10-80-656, Dubna, 1980; Burilkov D.T. et al.
the latter condition seems to be satisfied due to a small free | JINR, 10-81-772, Dubna, 1981; Aleev A.N. et al. JINR,
energy of the decay. We have constructed the MOS¢|?ectra for { 1-81-67, Dubna, 1981.
resonance and background events 31m11ar1y to the Py spectra, ' 3. Roos M, et al. Phys.Lett,, 1982, 111B, p.l.
where ¥ is the angle between the ¥ usss)ummentum 1n the reso- 4. Albrow M.G. et al. Nucl.Phys., 1976, B108, p.l1; Babaev A.
nance rest frame and the A° momentum in the XZT1385) rest frame, et al. Nucl.Phys., 1976, B116, p.28.
Figure 6 presents these spectra corrected for acceptance for both 5. Button-Shaffer J. Phys.Rev., 1965, 139, p.B607.
combined event samples.The dashed lines represent the expected 6. Gribov V.N. Yad.Fiz., 1967, 5, p.197; Morrison D.R.O.
spectra for different J .The spectrum for the resonance events Phys.Rev., 1968, 165, p.1699.
(black c1rc1es) satisfies the hypotheses of spin-parity: 1/2%, 7. Ansorge R.E. et al. Phys.Rev., 1974, DIO, p.32; Ansorge R.E.
3/27, 5/2%0r 7/27 ,and excludes the others. Otherwise the Gri- et al. Nucl.Phys., 1976, B103, p.509.
bov—Morrlson rule/ / for diffraction dissociation processes 8. Hogaasen H., Sorba P. Nucl.Phys., 1978, Bl45, p.119;
excludes the same spin-parities as that in the above analysis. De Crombrugghe M., Hogaasen H., Sorba P. Nucl.Phys., 1979,
This rule demands AP:(-D‘AJ for the change in parity AP and B156, p.347; Strottman D. Phys.Rev., 1979, D20, p.748.

spin AJ between the initial particle and the dissociated system.

In conclusion 135+19 events of the narrow baryon decaying
into ¥ ~(1385) and K* have been found.

The mass of this resonance is 1960 MeV/c? with a systematic
error of ~10 MeV/c? and the width is 26%6 MeV/c2 The possible
spin-parities of the resonance dre 1/2%, 3/2;75/2%, or 7/2-.

I'ne resonance 1s produced by neutrons 1in ditfraction-like
processes with partial cross section:

0-B==0.810.1 pb per carbon nucleus,

and with the slope of the differential cross section:

b =9.8+2.5 (GeV/c)™

This resonance cannot be identified w1th the known resonance
A(1950)/ '"/because the width (0.2-0.3 GeV/c?) and the spin-parity
(7/2%) of the latter are excluded in our case.

The narrow width of the observed resonance and its decay into
strange particles suggest the existence of a new five-quark
(uddss) baryon state. The possible existence of such systems as
a narrow baryon resonance has been discussed in a series of pa-
pers, e.g., refs./8
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HabGnwopeuue yskoro 6apHOHHOI'O pe3OHAHca,

POXOEHHOT'O B HeHTPOH—YIJIEPOOHBIX B3aHMOHEHCTBHAX

HaGnopaeTca poxpmeHue y3KOoro pesoHaHca, pacnagawmerocs
Ha 27 (1385)u K" .Macca pesonanca paBHa 1960+10 MsB/c?, a ero
mHpHHA — 26+6 M3B/c”. PesoHaHc poxpaeTcs B AUGPAKIIHOHHBIX
npoueccax nSh B3aHMOOEeHCTBHH HEHTPOHOB C YIIIePOOHOH MHIIEHBI0.
lIpousBeneHHe ceueHHs er'o DOXAeHWs Ha BepOsATHOCTH ero pacmnaja
no HaGmopgaeMoMy kaHany pasHo 0,8+0,] MK6/sappo yriepoga.
BosMoXHble 3HaueHMS CIHH-YETHOCTH pesoHaHca: 1/2% 3/2-, 5/2+%,
7/2".

Pa6ora BumomnHeHa B JlaGopaTopuu BhicOKMX sHepruit OWIH. -

NpenpurT 06BEMHEHHOrO MHCTMTYTa AgePHHX Mcchegosanwii., flybHa 1982

Aleev A.N, et al.
Observation of a Narrow Baryon Produced
in Neutron—-Carbon Interactions

D1-82-921

A narrow resonance decaying into ¥ (1385)and %" is ob-
served. The mass of the resonance is 1960+10 MeV/c? and its
width is 26+6 MeV/c? . The resonance is produced by neutrons
in a diffraction-like process. The partial cross section ¢.B

is 0.8+0.1 ub per carbon nucleus. Possible spin-parities of

the resonance are: 1/2%, 3/2~, 5/2%, 7/2~.

The investigation has been performed at the Laboratory
of High Energies, JINR,
Preprint of the Joint Institute for Nuclear Research. Dubna 1982




