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The present paper is d.evoted to a search for and an in
vestigation of the exotic'baryon resonances with isotropic 
spin I = 5/2 in Ptr+"+ and ntr-tr combinations. The reaction 

was used that was picked out from S-prong stars of np -in
teractions in the I m hydrogen bubble chamber of the High 
Ener~y Laboratory, JINR. The chamber was exposed to a mono
chromatic neutron beam with a momentum of (S.IO+O.I7)GeV/c 1 ~ 1 
The methods of separation of the reaction channels are desc
ribed in ref/21. The total number of events of the reaction 
(I) was equal to 3088. The isotopic invariance of the reac
tion (I) allowed two interesting combinations of particles 
( p ,+,+ and n ,-·,- ) to be studied and the distribution of 
isotopic symmetrical combinations to be added simultaneously. 
A small momentum spread of the incident beam and a suffici
ent precision in measuring the secondary particles in the 
chamber allowed one to reconstruct the secondary neutron so 
goot that there were no considerable differences in the iso
topic symmetrical distributions of combinations with proton 
and neutron within the statistic errors. 

(I) 

The analysis of the two-dimensional plot of M p,+ versus 
Mn,- shows that the reaction (I) proceeds via four subtrac-tions: 

np .. p "+" +,-i1-n 
(13.6 ± 8.2)% (Ia) 

-+ ll++ ,+, --,- n 
(30.5 ± 8.0)% (I b) 

-+ p TT+ TT +,-fl-· 
(30.5 ± 8.0)% (lc) 

... fl++ TT + TT- fl-
(25.4 ± 8.0)% (I d) 

Their percentage is shown on the right of the subtractions. 
Each of subreactions (la)-(ld) with the ll

33 
-resonance of 

a 1214 MeV/c mass and a JIO MeV/c 2 width was simulated using 
the FOWL program. The peripherality of reaction (I) was taken 
into account by multiplying the phase space by the factor 

expf-·B IY .-z-Y 1rf· expf-·B IY
2

-ymin I l. 
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where Ymax (y min ) is the maximum (minimum) possible longitudi
nal rapidity of nucleon in the reaction (I) at a given energy, 
y 1 (y2) are the values of the maximum (minimum) rapidity of 
nucleon fo'r concrete simulated event 131• The coefficient 
was determined from the best agreement between the simulated 
and experimental mass and angular distributions in the CMS 
of reaction (I). 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 Nrr 
Nrrrr and rrrr combinations by the respectively weighted sub
reactions (Ia)-(Id), except the events considered below. 

Figure I presents the angular distributions of nucleons 
and rr-mesons in the CMS of reaction (I). The solid line cor
responds to the description by subreactions (Ia)-(Id) at B-1.61, 
and the crosses are the same at B. 1.91. Figure 2 shows the 
momentum distributions of nucleons and rr -mesons. and their 
description by the subreactions (solid ·line), Figures 3 and 4 
show the effective mass distributions of Nrr and "" 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 ~33 (and heavier) resonances in Prr-(nrr+)com
binations and of p0 meson in rr+rr- combinations in the reac
tion (I) at Pn .. 5.10 GeV/c. 

Figure 5 presents the effective mass distributions of Prr+rr+ 
(added to nrr_lr_' ), Prr+rr-(nrr+rr-), Prr-rr-(nrr+rr+) combinations. 
The background from the subreactions (Ia)-(Id), normalized 
to the total number of combinations, is denoted by the solid 
lines. No essential deviatio~s from the background are ob
served in these distributions. 

Figure 6 shows the effective mass distributions of tt.++rr+(/fi 77-), 

zT-+,.-(A-ir+) and ~orr-(A+rr+) combinations. Such an Nrr -combina
tion is assumed to be A3a resonance the effective mass of 
which is within 1174 .$,MN77 ~.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 .1++rr-(~-ir+)and A0 rr-(A+ rr+) 
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 ~+1r+(A_rr_) 
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/c: 
and widths of 30,30 and 40 MeV/c2, respectively. The approximat
irlg curve is shown by the dotted line; the solid line is the 
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where Ymax (Ymin) is the maximum (minimum) possible longitudi
nal rapidity of nucleon in the reaction (I) at a given energy, 
y 1 (y2) are the values of the maximum (minimum) rapidity of 
nucleon fo'r concrete simulated event 131• The coefficient 
was determined from the best agreement between the simulated 
and experimental mass and angular distributions in the CMS 
of reaction (I) •. 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 dis-tributions of N11 
N 11 11 and 1111 combinations by the respectively weighted sub
reactions (la)-(ld), except the events considered below. 

Figure I presents the angular distributions of nucleons 
and 11-mesons in the CMS of reaction (1). The solid line cor
responds to the description by subreactions (la)-(ld) at B-1.61, 
and the crosses are the same at B • 1.91. Figure 2 shows the 
momentum distributions of nucleons and 11 -mesons. and their 
description by the subreactions (solid ·lirie). Figures 3 and 4 
show the effective mass distributions of N11 and 1111 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 ,\33 (and heavier) resonances in p 11 -(n11+)com
binations and of p0 meson in 11+11- combinations in the reac
tion (I) at Pn .. 5.10 GeV/c. 

Figure 5 presents the effective mass distributions of p 11+11+ 
(added to D17_7r_' ), P11+17-(n11+11-), P17_11_(nn+17+) combinations • 
The background from the subreactions (la)-(ld), 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 distributio~s of !1.++11+(/f; 17-), 
!f+rr(!r:,+) and ,\0 17-(!1.+11+) combinations. Such an N11 -combina
tion is assumed to be ,\33 resonance the effective mass of 
which is within 1174$,MN17 ::;,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 8"+17-(A-ir+)and !1. 0 17-(,\+ 17+) 
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 ,\+t,+(A-17-) 
combinati~ns 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,~0 and 40 MeV/c2, respectively. The approximat
ing curve is showb by the dotted line; the solid line is the 
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Fig.5.The effective masses of 
Nuu combinations of reaction 
(I). 
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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 corresponding to the experimental mass reso
lution equal to 9.6 MeV/c2 in the first resonance iegion, 
II MeV/c2 in the second one and 23 MeV/c 2 for the masses grea
ter than 1800 MeV/c2. 

To study the problem of real connection between the obser
ved anomalies and ~++(~-) resonance abundantly produced in 
reaction (1), the effective mass distribution of~++"+(~-"-)-
combinations was constructed when the ~33~resonance was 
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The result is she 
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are shown at the 
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shown to describe the background in each figu1 
that the worst description by the background c 
an interval of 1174,S,M/i ~ 1254 MeV/c2 • This re1 
reement with that in fig. 3 for A++(t\-) -resrn 
is seen, the maximum of the P u+{nrr-) mass dis1 
to an interval from 1200 to 1220 MeV/c 2 (a mol 
fined value of M11·1214 MeV/c2 for our condit: 
of cutting the 11 -resonance equal to 80 MeV /c 1 

experimentally: a wider band around 1214 MeV I c 
ger number of background Pu+(nu-) combination! 
part of real li~s decreases; a more narrow be 
the total number of events in the ~band. In 1 
precision in determining the production cross 
sible resonances gets worse though the effect: 
strong. 

As is seen from the above pictures, there 
on some kinematic mechanism of arising peculic 
systems (t~ production of p-meson and heavy 
Nu , N,u , liu systems), bEtcause there is nc 
formation concerning the production of known 1 
reaction (I) it our energies. 

Table I shows the production cross section1 
with isotopic spin 5/2 in reaction (I) decayi1 
and their masses and widths at Pn = 5.10 GeV/c 
value of resonance masses is determined with 
about 10 HeV /c2 • 

The existence is possible of two more resm 
ses of 1698 and 1826 MeV /c2 a~d widths of app1 
30+40 MeV/c2 the production cross sections of 
3 mb. Based on the available statistics, the ~ 



·-'-'-----

Fig.5.The effective masses of 
N rrrr combinations of reaction 
(I ) • 

of 
'on • 

200 

100 

"' ~ 
~ 

~ 
~ 0~ I I I I I I I~ I 
0 
ti 
....... .... ...... 
~ 

~ 
QJ 

o
l._ 
Cll 

-a 
E 
:::! 
~ 

01' I I I I I I ,...., I 

0• 1 I I I I I I:J".I 

1.~ 1.~ t6i t76 i.~ 

Mu·, Gev(e1 

e number of background combinations 
e first resonance is described by 

I"T· '','_.''il ·,' 
.. ,; .. ;.· 

,. ·t'}" 

•'fiY, 
~r 

·~·' 

. 1_~_-.~ ~: __ ···. 
'·,~ 

1· ···:, 
I f) 

·i.: 

il!l 

"I 
I 

e approximation, and the two others -
ding to the experimental mass reso
in the first resonance ~egion, 
and 23 MeV/c 2 for the masses grea-

\~ real connection between the obser
resonance abundantly produced in 
mass distribution of ~++rr+(~-rr-)-

d when the ~33-resonance was 

•· 

!l 
I 

j 
~ 

l 
.i 
~ 0 

.a \IS t.$5. i ••. 

M, ... J'.(a.f'?-, C,V/c1 

Fig.7. The effective masses of 

~++!7+(~-rr-) combinations of reac
tion (I) , M varies, the width of 
A-resonance is equal to 80 MeV/c~ 

the combination of p"+(n"-) with 
masses within various intervals. 
The result is shown in fig.7. The 
intervals of N 11 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 
(.Ja)-(ld). The values of x2JN are 

shown to describe the background in each figure. One can see 
that the worst description by the background corresponds to 
an interval of 1174~,MA ~ 1254 MeV/c2. This result is in ag
reement with that in fig.3 for A++(f1-)-resonance, where as 
is seen, the maximum of the PTT+(nrr-) mass distribution belongs 
to an interval from 1200 to 1220 MeV/c 2 (a more precisely de-· 
fined value of M A• I 214 MeV /c 2 for our condition). The width 
of cutting the A-resonance equal to 80 MeV/c2 is also found 
experimentally: a wider band around 1214 MeV/c 2 includes a lar
ger number of background Prr+(n 71-) combinations, and a relative 
part of real A~s decreases; a more narrow band decreases 
the total number of events in the 11 band. In both cases the 
precision 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 ~+rr+(~-17-) 
systems (the production of p-meson and heavy resonances ·in 
N 11 , N ,~ , ~" systems), b~cause there is no essential in-
formation concerning the production of known resonances in 
reaction (I) ~t our energies. 

Table I shows the production cross sections of resonances 
with isotopic spin 5/2 in reaction (I) decaying into Lt+rr+(~-ir) 
and their masses and widths at P0 .. 5.10 GeV/c. The central 
value of resonance masses is determined with an accuracy of 
about 10 HeV/c2 • 

The existence is possible of two more resonances with mas
ses of 1698 and 1826 MeV/c2 ab.d widths of approximately 
30+40 MeV/c2 the production cross sections of which are about 
3mb. Based oo the available staijistics, the accuracy inde-
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Table I termining their cross sections 

M ..... ,MeV/c1 r"""'·' MeV/~ 
14~8 a;!) 
i522 ,~0 

1894 ,40 

~ J4D 

9.9-t 2.7 
4.8 t (7 
3.3 t 0.8 

is no better than 40%, and lar
ger material is required to de
termine them more precisely. 

To estimate the pair produc
tion cross sections of the re
sonances, the ~ir-(!1++77+) mass 
distribution was constructed 

for events selected on condition that the masses of ~++rr+(~-7i-) 
combinations were inside the mass bands 1415+1460 MeV/c2 or 
1505+1535 MeV/c2 or 1865+1910 MeV/c2, 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 2 and widths of 30, 
20 and 40 MeV/c 2. 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 ~++rr+(~-rr-) 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 ~-resonance was con
structed in the rest system of ~ -reson~nce included in a new 
resonance relative to the direction of ~-resonance in the 
new resonance rest system. All quantities were transformed in
to the CMS of ~-resonance. 

The singular distribution for the first resonance (1415 ~' 
.::O:M res ~H60) 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 expetted for spin >1/2 
(point-dotted line). The averaged distribution from the mass 
bands on the left and right of the resonance (1340$,M51385 
and 1475~,M ~ 1490) was taken as a background. "Taking a 15% 
limit for the probability of agreement between the hypothesis 
and the experiment, one can reject the value of spin equal to 
112± Thus, the spin of the resonance with M -1438 MeV/c2 can • + + 
be assumed to be equal to 3/2-, 5/2~ 

The same distributions for the resonance with a mass of 
1522 MeV/c2 (1505~Mres~l535) are shown at the bottom of fig.9. 
The background was averaged over the neighbouring ~ass bands 
(1475..$M~.I490 and 1550:'> M~J580). In this case one can 
choose the spin-parity of the resonance equal to J/2±, 3/2-, 
5/2+ with the same confidence level as for th~ ·first resonance. 
The expected theoretical distributions were obtained by R.Led-
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nicky and V.L.Lyuboshitz on the assumption of takin, into ac
count the least orbital momentum required to form J of the 
resonance using spin-particles of !! -resonance and 11 -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 production, 
does not contradict to obtained values of spin-particles 
but does not give any additional information because of a 
large background (80% for the first and 82% for the second 
resonances). 

In general, statistics should be significantly increased 
to draw more detailed conclusions about the spin-parities of 
tpe resonances. 
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Table I 
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termining their cross sections 
is no better than 40%, and lar
ger material is required to de
termine them more precisely. 

To estimate the pair produc
tion cross sections of the re
sonances, the ~-.. -(~++17+) mass 
distribution was constructed 

Jlts selected on condition that the masses of ~++17+(~-li-) 
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nicky and V.L.Lyuboshitz on the assumption of takin~ 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 production, 
does not contradict to obtained values of spin-particles 
but does not give any additional information because of a 
large background (80% for the first and 82% for the second 
resonances). 

In general, statistics should be significantly increased 
to draw more detailed conclusions about the spin-parities of 
the resonances1
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Table 2 

M •••. r .... 
(MeV/ c1 ) 11Mev/c1 ) 

Expet"i 1458 211 

Ment 152Z '20 
1894 ,40 

B.M. [4,5] 2000 -
!450+1'170 -

:lSM C6J 
15'50 -

1900 --
~ 

o:30 fo• SSR (7J 1l;(..(l•1?00 Mt-. •. •1438 

Jp 

3/l,'Sfat 
~t,-,. 

-
5fi [5] 

~~~ 
3/2 

12,¥~·.;, 

5/2' 

Mode 

ll.IJC 

u;NJJ 
l;l'lr,N,, 

-
·-

t>1i 

Note that the use of the si
mulated angular distributions 
of the subreactions (la)-(ld) 
as a background results in the 
same conclusions ~bout spin-pa
rity sets for the above reso
nances. 

The baryon resonances with 
isotopic spin 5/2 are the exampl 
of multiquark states the exis
tence of which is not forbidden 
by QCD. Sys terns .!\~~ "+ (.!\sa"-) can 
be constructed of four quarks 
and I 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) 14 ,51, the "joint 
string model" (JSM/61 and the suferconvergence sum rules for 
reggeon-reggeon scattering (SSR) 1 (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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A6~HBanHeB A. 11 ~P-
noHcK H HCCneAOBaHHe 3K30TH4eCKHX 6apHOHH~X pe30HaHCOB 
c H30TOnH4eCKHM cnHHOM I = 5/2 a. peaKI.IHH np .. p,,+,.+"-ir-n 
np11 P8 a/5,10.:t_0,17/ r3B/c 

,ll1-82-241 

Ha 3088 cny4aAx peaKI.IHH np .. p "+" + "- "- n np11 HMnynbce 
/5,10+0,17/ r3B/c H3y4anHCb CneKTp~ 3¢¢leKTHBH~X Mace /';.++"+(fe'"-) KOM6HHa-
1.111~ C-l.lenb~ nOHCKa H HCCneAOBaHHA 3K30TH4eCKHX 6apHOHH~X pe30HaHCOB C H30-
T00H4eCKHM cnL1HOM I • 5/2. 06Hapyl!<eHbl OC06eHHOCTH, npeBbiWa~~He Ha 3+4 CTtiH-

, ABPTH~x OTKnoHeHL1A ¢oHoaoe pacnpeAeneHL1e, np11 Maccax 1438, 1522 11 1894M38/~. 
UIMp11~ nony4eHHbiX pe3oHaHcoa Ol.leHeH~ KaK 23, .$20 11 ~40 M3B/c 2 cooTaeTCTBeH
HO. Ha6op~ cnL1HOB-4eTHOCTeH: AnA pe3oHaHca c MaccoH 1438 M3B/c2 - 3/2±, 
5/2.±, MA pe3oHaHca c MaccoH 1522 M38/c 2 - 1/2 =, 3/2-, 5/2 +. Ce4eHHA o6pa-
30UHHA yKa3aHHbiX pe30HaHCOB B AaHHOH peaKI.IHH paBHbl HeCKOnbKHM MHKp06apHaM. 
0~~4eHH~e pe3ynbTaT~ cpaBHHBa~TCA C pa3nH4H~MH TeOpeTH4eCKHMH MO~enAMH. 

Pa6oTa BblnonHeHa B Jla6opaTopHH B~COKHX 3HeprHH OI1.1H1. 

OpenpHHT 06DeAHHeHHOrO HHCTHTyTa AAePH~X HCCne~OBaHH~. ,lly6Ha 1982 

Abdtvaliev A. et at. 01-82-241 
Search and Study of Exotic Baryon Resonances 
whb Isotopic Spin I = 5/2 in the Reaction n p .. p"+"+"-,-n 
at f!a -(5.10:!:_0.17) GeV/c 

The effective mass spectra of 4++"+(~-"J combinations have been stu
died on the basis of 3088 events of the reaction np-+p"+"+"-"-n at a momen
tum of Pnc(5.10±0.17} GeV/c to search for and to investigate exotic baryon 
resonances with isotopic spin I a 5/2. The peculiarities exceeding the back
ground by 3+4 standard deviations were found at masses of 1438, 1522 and 
189~ MeV/c 2.The widths of the observed resonances were estiffiated as equal 
to 23, S:,2Q andS:,40 MeV/C, respectively. The spin-parity ~ets are: 3/2±, 
S/2± for the resonance with a mass of 1438 MeV/c 2 and 112-, 3/2-, 5/2+ for 
the resonance with a mass of 1522 MeV/c 2. The production cross sections of 
these resonances are equal to some microbarns in this reaction. A comparison 
is made with predictions of various models. 

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