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The present paper is devoted to a search for and an in-
vestigation of the exotic ‘baryon resonances with isotropic
spin I =5/2 in Prtzt and nrie combinations. The reaction

Dp + prtptp—pipn (1)

The analysis of the two-dimensionai plot of My.+ versus

Mnz= shows that the reaction (1) proceeds via four subtrac-
tions:

D+ Pt tr=r=n (13.6+8.2)% (1a)

A" atnTra (304 8.0)% (1b)
> PatrtaT AT (30.5 + 8.0)% . (Ic)
- AY oA (25.4t8.07 . (1d)

Their Pércentage is shown on the right of the subtractions.
Each of subreactiong (1a)-(1d) with the Agg ~resonance of
a 1214 MeV/c mass and a 10 MeV/c? width was simulated using
the FOWL Program. The peripherality of reaction (1) was taken
into account by multiplying the phase Space by the factor
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where ypay (Ypip ) 1S the maximum (minimum) possible longitudi-
nal rapidity of nucleon in the reaction (1) at a given energy,
y1(yg) are the values of the maximum (minimum) rapidity of
nucleon for concrete simulated event ’3/. The coefficient

was determined from the best agreement between the simulated
and experimental mass and angular distributions in the CMS

of reaction (1)..Within a range of 1.61+1.91 the values of B
allow one to get a good description of the angular distribu-
tions of nucleons and the effective mass distributions of Nz ,
Nzr and #7 combinations by the respectively weighted sub-
reactions (ta)~(1d), except the events considered below.

Figure | presents the angular distributions of nucleons
and r-mesons in the CMS of reaction (1). The solid line cor-
responds to the description by subreactions (la)-(ld) at Bal.61,
and the crosses are the same at B =191. Figure 2 shows the
momentum distributions of nucleons and 7 -mesons. and their
description by the subreactions (solid ‘line). Figures 3 and 4
show the effective mass distributions of Ny and 7z combina-
tions. Note that the variation of the percentage of the sub-
reactions within the errors does not change the form of the
simulated distributions.

From Figs.3 and 4 it follows that there are no noticeable
production of Agz (and heavier) resonances in prz~(nz*)com-
binations and of p° meson in ntz~ combinations in the reac-
tion (1) at P,=5.10 GeV/c.

Figure 5 presents the effective mass distributions of p #tr"
(added to nyg~3~"' ), pate (artn~), Pn 7 (natzt) combinations.

The background from the subreactions (la)-(l1d), normalized
to the total number of combinations, is denoted by the solid
lines. No essential deviations from the background are ob-
served in these distributions. . ,

Figure 6 shows the effective mass distributions of A*7* (&),
Atp (A7t and A°r (Atst) combinations. Such an Nz ~combina-
tion is assumed to be Ags resonance the effective mass of
which is within 1174 S My, £.1254 MeV/c2 The solid lines corres-
pond to the background separated on the same condition as for
experimental data.

The effective mass distributions of A% (A™i*)and A°r (Atsh)
combinations are in good agreement with the background, and
the deviations do not exceed two standard deviations every-
where. However, the effective mass distribution of AtH*(A~7—)
combinations differs sharply from the background. This dis-
tribution was approximated by the sum of the background and
three resonance curves with masses of 1438, 1522 and 1894 MeV/c2
and widths of 30,30 and 40 MeV/c®, respectively. The approximat-
ing curve is shown by the dotted line; the solid line is the
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background normalized to the number of background combinations
remaining after the fit. The first resonance is described by
the Breit-Wigner form in the approximation, and the two others
by the Gauss form correspondmg to the experimental mass reso-
the first resonance region,

lution equal to 9.6 MeV/c? in
in the second one and 23 MeV/c

11 MeV/c®
ter than 1800 MeV/c®.

for the masses grea-

To study the problem of real connection between the obser-
ved anomalies and  A*H(A™)
reaction (1), the effective mass distribution of A™%*A™7»7) -
combinations was constructed when the
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resonance abundantly produced in

A,.~resonance was
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Fig.7. The effective masses of

++f%Afn-) combinations of reac-
tion (1), M varies, the width of
A-resonance is equal to 80 MeV/c®

the combination of prt(ns™') with
masses within various intervals.
The result is shown in fig.7. The
intervals of Np masses being
taken as a A-resonance region
are shown at the top of each fi-
gure; the solid lines are the
background of the subreactions
(la)-(1d). The values of y2N are
shown to describe the background in each figure. One can see
that the worst description by the background corresponds to

an interval of ll74<2MA < 1254 MeV/c®. This result is in ag-
reement with that in fig.3 for A**(A”) -resonance, where as
is seen, the maximum of the pn (nn ) mass distribution belongs
to an interval from 1200 to 1220 MeV/c? (a more precisely de-
fined value of M =1214 MeV/c? for our condition). The width
of cutting the A -resonance equal to 80 MeV/c? is also found
experimentally: a wider band around 1214 MeV/c? includes a lar-
ger number of background pr*(ny~) combinations, and a relative
part of real A’s decreases; a more narrow band decreases

the total number of events in the A band. In both cases the
precls1on in determining the production cross section for pos-
sible resonances gets worse though the effect is not very
strong.

As is seen from the above pictures, there is no question »
oh some kinematic mechanism of arising peculiarities in A“**(A )
systems (the production of p-meson and heavy resonances in
Nr 5, Npz , Ap systems), because there is no essential in-
formation concerning the production of known resonances in
reaction (1) at our energies.

Table 1 shows the product1on cross sections of resonances
with isotopic spin 5/2 in reaction (1) decaying into A™»*(A7-)
and their masses and widths at P,='5.10 GeV/c. The central
value of resonance masses 1s determlned with an accuracy of
about 10 MeV/c

The existence is p0381b1e of two more resonances with mas-
ses of l698 and 1826 MeV/c? and widths of approximately
30440 MeV/c? the production cross sections of which are about
3 mb. Based on the available staﬁlstlcs, the accuracy 1n de-
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Table | termining their cross sections
is no better than 40%, and lar-

Meaa,MeVlc*| Feez, MeVd| 6, pb ger material is required to de-
termine them more precisely.
1438 R3 &9123 To estimate the pair produc-
1522 ¢20 k8+43 tion cross sections of the re-
1894 $ 40 5308 sonances, the A%~(A**;t*) mass

distribution was constructed
for events selected on condition that the masses of At (A7)
combinations were inside the mass bands 1415%1460 MeV/c® or
1505+1535 MeV/c® or 1865+1910 MeV/c?, i.e., inside the mass
bands of the studied resonances. The obtained distribution
was approximated by the background and three resonance curves
with masses of 1438, 1522 and 1894 MeV/c? and widths of 30,
20 and 40 MeV/c® The results are presented in fig.8. The sum-
mary part of the resonances in fig.8 is the same as in the
total distribution of A*'s*(A™7") combinations (fig.6). There-
fore one can conclude that the pair production of the reso-
nances is not observed within the accuracy of the present ex-
periment though the statistical confidence of this result is
rather insufficient.

To estumate the spins of the resonances, the angular dis-
tribution of nucleons from the decay of A-resonance was con-
structed in the rest system of A -resonance included in a new
resonance relative to the direction of A-resonance in the
new resonance rest system. All quantities were transformed in-
to the CMS of A-resonance.

The singular distribution for the first resonance (1415 %
$M .5 51460) is presented at the top of fig.9 by black points,
The expected distribution is also shown for the case when the
resonance spin is equal to 1/2% (dotted line) and for the
case of the isotropic distribution expebted for spin >1/2
(point-dotted line). The averaged distribution from the mass
bands on the left and right of the resonance (1340< M<S.1385
and 1475<M< 1490) was taken as a background. Taking a 157
limit for the probability of agreement between the hypothesis
and the experlment, one can reject the value of spin equal to
1/2% .Thus, the spin of the regonance with M = 1438 MeV/c? can
be assumed to be equal to 3/2i 572%

The same distributions for the resonance with a mass of
1522 MeV/c® (15055M,551535) are shown at the bottom of fig.9.
The background was averaged over the neighbouring mass bands
(1475<M <1490 and 1550 < M £1580). In this case one can
choose the spin-parity of the resonance equal to 1/2-, 3727,
5/2% with the same confidence level as for the flrst resonance.
The expected theoretical distributions were obtained by R.Led-
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T T T T 1 Fig.8. The A™7*(Av™) effective
mass distribution of reaction
(1) on condition that Mq:ﬂ_(MAH.'.)
is within some of the three ob-
served resonances.
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nicky and V.L.Lyuboshitz on the assumption of taking into ac-
_count the least orbital momentum required to form J° of the
resonance using spin-particles of A-resonance and = -meson.

Another distribution, i.e., the angular distribution bet-
ween the normal to the plane of resonance decay into 3 par-
ticles and, the normal to the plane of resonance productien,
does not contradict to obtained values of spin-particles
but does not give any additional information because of a
large background (807 for the first and 82Z% for the second
resonances).

In general, statistics should be significantly increased
to draw more detailed conclusions about the spin-parities of
the resonances. '



Table 2 Note that the use of the si-
mulated angular distributions

nrgzay b0 | 3 JMode|  of the subreactions (1a)-(1d)
Exoert | 1438 23 3N A as a background results in the
xperi - 2! . . R
ment | 1522 | €20 [EHReX same conclusions about spin-pa
<40 i VT rity sets for the above reso-
1894 hy _ ! nances,
BM[4s]| 2000 | — [SACS)] — The baryon resonances with
ws0+420, — [z - isotopic spin 5/2 are the exampl
P
ISML6 g — LTMy of multiquark states the exis-
1900 [ - [5.%% ,ﬁe“CZ ofswhich ilsvgo’i (Lf\grb_i)dden
0030 for | 5% | adr y QCD. Systems 337 337 ) can
SR L2110+ 100, g | T2 be constructed of four quarks

and 1 antiquark.

Some predictions concerning the existence and the charac-
teristics of the baryon resonances with isotopic spinl=5/2
have been obtained from the "bag model" (BM)/4:5/, the "joint
string model" (JSM)/GI and the su?erconvergence sum rules for
reggeon-reggeon scattering (sSR)’ 7/ Table 2 shows the experi-
mental data for the resonances with I = 5/2 and the predic-

tions of the above-mentioned models.

The authors are very grateful to V.L.Lyuboshitz and R.Led-
nicky for their aid in the analysis of the data and to all
services of HEP and LCTA, JINR that provided carrying out
this experiment.
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