


In this paper we study resonances in various systems with
baryon numbers equal to 2,1,0. As will be shown below, these
resonances are characterized by narrow widths. They are evident-
ly produced by the mechanism of baryon exchange. All the reso-
nances under study have an exotic set of quantum numbers and
can be considered as a system consisting of more than three
quarks.

Data have been obtained in an exposure of the Im HBC of the
Laboratory of High Energies of the Joint Institute for Nuclear
Research to monochromatic neutrons with various energies from
the synchrophasotron. The momentum spread of incident neutrons
is no more than 3%’ for all energies.

1. DIBARYON RESONANCES

The study of resonances in a two-nucleon system is described
in a number of papers. Some of the experiments have been car-
ried out using electronic methods with an investieation of the
behaviour of the scattering cross sections of polarized protons,
the reaction of deuteron photodesintegration, the energetic
behaviour of the reaction »*d » pp and so on. The conclusion of
all these experiments based on the use of phase analysis lies
in an evidence for the existence of four resonances in a two-
proton system with masses near 2.14-2.50 GeV/c? and widths of
50-200 MeV/c?. A detailed survey of this type experiments is
given in paper 72/,

Another group of experiments 1s concerned with a direct ob-
servation of the effective masses of two protons produced in
hadron-nucleus interactions. These studies have been carried
out by chamber method using chambers having different fillers
and various hadron beams. Peculiarities are observed in the ef-
fective mass distributions of two protons with widths from
5 to 50 MeV/c?. To explain the effects, various - mechanisms
are used because it is difficult to interpret unambiguously the
data obtained in nuclear interactions. To acquaint oneself
with the situation, it would be useful to pay attention to pa-
pers 34/ which have detailed references to the experiments
performed in this way.

In this paper we present first results of a study of the
effective masses of two protons from the reaction np »ppn~ at



Fig.l1. The effective mass
distribution of two protons
from the reaction np » ppr~
at P, =1.25 GeV/c; a) events
with Ai*ﬂ-<<—0.45 (GeV/c?)2;
b) events with A2,H,,— >

> -0.45 (GeV/c);

c) events with x*_ >0.1;

d) events with x¥_<0.1. Dots -
approximation curve, crosses -
background.

NUMBERS OF EVENTS [0.0075 GeV/c?

P, = 1.25 GeV/c (1448 events)
and P, = 2.23 GeV/c (2678 events)
and from the reaction ' 7
e 187 199
np » ppr'nTr g at ﬂ1=5.10 GeV/c M Ly
(3684 events). pp (CeV'c?
Figure la shows the effective mass distribution of two pro-
tons fFom the reaction np » ppr~at P, = 1.25 GeV/c. This dis-
tribution is constructed on condition that the 4-momentum trans-
fer squared from incident neutron to s -meson A% =~(E* -E*)2,
+(Pr-Pr)2 - V/c?) ® es afe
n a is smaller than -0.45 (GeV/c?) 2, All values are
calculated in the c.m.s.

[

Yigure iL shuws the effective mass aistribution of two pro-
tons for the events with A®> -0.45 (GeV/c ®2, If a sharp peak
is observed for a mass of 1936 MeV/c 2 in fig.la, no peculiari-
ties are observed in fig.lb.

Figure Ic shows the M®Y distribution of the events with

x;~ = P;_ /P* greater than 0.1.

Figure ld' shows the same distributions for the events with
x¥~ <O0.1. The peak with a mass of 1936 MeV/c? is observed only
in fig.lc. The analysis of the double-plot distribution of A%
versuizx;_—confirms an agreement between the limits of A2 and
x7- (A"<-0.45 corresponds to X}->0.1).

Thus, one can conclude that the sharp resonance is observed
in the two-proton system for the events with a large modules
of 4-momentum transfer squared from incident neutron to »— -
meson (or, the same, from proton~target to the system of two
final protons).

The effective mass distribution was approximated by the
resonance curve taken in the Breit~Wigner form and by the back-
ground curve constructed of a phase space curve (35%) and a cur-
ve obtained from the OPER-model’®’ (65%Z). The result of the
approximation is shown in fig.1 by dots; the background is de-
noted by crosses.
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The values of the mass and the experimental width of the
resonance M. = (1932+2) MeV/c® and I = (6+1.4) MeV/c?, res-
pectively, have been calculated using the maximum likelihood
method. The experimental resolution was I' ®%°l- 6 MeV/c? in the
case of using the mass resolution function in the Breit-Wigner
form for the approximation. Then the real width of the resonance
was I‘::? = (0.0+)1.4) MeV/c¥®,

The production cross section of the resonance having a mass
of 1936 MeV/c® was (63+18) ub for the total cross section of
the reaction np- ppr~ Zﬁual to (1.45+0.06) mb at P, = 1.25 GeV/c.

Figure 2 shows the effective mass distributions of two pro-
tons from the reaction np »pp7w ~ at Pjp = 2.23 GeV/c. The events
with |X¥- [<0.15 are shown in fig.2a; and the events with
iX;—| >0.15, in fig.2b. The average values of the modulus of
4-momentum transfer squared from incident neutron to =~ —meson
[A2| are equal to O for the first case and 0.5 (GeV/c?)2 for
the second one. ,

The distribution in fig.2a is well described by the back-~
ground curve constructed of a curve obtained from the OPER-model
(857) and a curve from the process of diffractive production and
decay of the isobar with a mass of 1470 MeV/c 2 and a width of
200 MeV/c 2 (15%).

The peak for a mass of 1960 MeV/c? is clearly observed in
fig.2b. The approximation by the above background and the Breit-
Wigner curve (the result of the approximation pictured by dots)
gives Miog = (1965+2) MeV/c® and I'S?-f(Q.OiZ.O) MeV/c?2 . The
experimental resolution is equal to 1'7¢S°L 8 MeV/c? Then the real
width of the resonance is I':gy = (1.042.0) MeV/c® The produc-
tion cross section of the resonance 1is Tres (48+14) ub for
the total cross section of the reaction np -»ppr~ equal to
(3.4140.18) mb at P_- 2.23 GeV/c.

Figure 3 shows the effective mass distribution of two pro-
tons from the reaction np » ppr*nr 7 7° at P_ - 5.10 GeV/c. Figu-
re 3a is for the events with A%L*zﬂ < 2 (GeV/c2)? and figure 3b
for the events A® greater than 2 (GeV/c2)2, The distribution in
fig.3a is rather well described by the background curve (except
a small difference near masses of 1936 and 1960 MeV/c?2 ). A
sharp peak is observed in f{ig.3b near a mass of 1960 MeV/c
The maximum likelihood method gives M . = (1959+2) MeV/c? and
l‘ﬁﬁ‘ = (6.5+2.0) MeV/c? for this resonance that leads to the
real width of the resonance M3 = (0 + 2) MeV/c? at I7es0!
= 6.5 MeV/c 2, The approximation by the resonance curve in the
Breit-Wigner form and by the background curve (denoted by cros-
ses) gives o s::(3.9 + 1.1) b for the production cross sec=
tion of the resonance at the total cross section of the reac-
tion np - pprtr~7r~7° equal to (0.39 + 0.03) mb at P =5.10 GeV/c.

The simulated background consists of a number of subproces-
ses, via which the reaction np » pprtr 77 r° proceeds (this is
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T Fig.2. The effective mass dis-

a)

60 ] tribution of two protons from
40;_ : ) L the reaction mp »pps~ at p, =
N ] = 2.23 GeV/c: a) events with
20 - N IX;—I < 0.15; b) events with

L _ {x*~ > 0.15. Dots ~ approxima-
tion curve, crosses - backgro-
und.
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Fig.3. The effective mass dis- }
tribution of two protons from

the raantinn nn .:::+_—;—-”n

at P = 5,10 GeV/c: a) events
with AL L3, < 2 (GeV/c2)2;
b)events with An<,2"> 2(GeV/c2)2
Dots - approximation curve, 1877 ROT RR7 a4m
crosses - background. Mpp (Geviet)

mainly the production of Agzg -isobar in various isotopic
states), and takes into account a peripheral character of this
reaction. The background curve is discussed in more detail in
Chapter II.

The joint processing of the data from the reactions np.,ppn
at Pn =2.23 GeV/c and np » ppr*tr™7™7° at P = 5.10 GeV/c gives
M s = (1962+3) MeV/c® and r'gal— (0.5 + 1.4) MeV/c®. In addi-
tion, an indication (see flg 3b) should be noted of the exis-

tence of the pecullarlty in the effective masses of two protons
at 2171 MeV/c 2

The method of resonance separation, when the events of reac-
tions are selected with large 4-momentum transfer squared from
proton—target to two-proton system (or from incident neutron
to 7 -meson system), can testify that the reaction np » ppr_
is due to the quark diagram (Ia):
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The d- and u-quarks from the neutron are joined with the uud-
quarks of the proton target. The u-quark is joined to them
from the uu-pair pulled out of vacuum. The 6- quark uuuudd sys-
tem is formed which produces the resonance, one of the decay
modes of which is the decay 1nto two protons. The remaining U-
and d-quarks are united into #~ -meson.

In terms of field theory diagrams we deal with diagrams of
the baryon exchange type

e

Yyv

(1b)
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For reactions with a large number of =~ -mesons a greater
number of quark-antiquark pairs can be pulled out of vacuum, but
as a whole the mechanism of diproton resonance production is
the same as for the case of the production of the only = -meson.

If the uidpair is replaced by the s#&pair in the process
shown in diagram Ia, the reaction nP »APK®will be obtained with
a resonance in the Ap-system for sufficiently large 4-momentum
transfers. The masses of these strange dibaryon resonances can
differ from those we have found by the difference between the
masses of strange and nonstrange valent quarks:

res . res _ _ - .
A(MAp -Mpp ) —A(M M) AMpy-M ) 177 MeV/c?
The comparison of our results with the data on Ap -resonan-

ces /6:7/  is shown in the Table (the masses of the resonances
are units of MeV/c®):



Table This agreement between the pre-
dicted and found masses of the
Mres Tes res Ap -resonances can testify to
p,é’é’em MPP 177 M/\P the 6—quark structure of Ap-
paper resonances (note that their
76/ widths are also of the order of
1936 2113 2098 some MeV/c?) and similar mecha-
1962 2139 213077 nisms of resonance production
2171 2348 2359 78/ in the pp-~ and Ap -systems.

The small width of the reso-
nances found makes us examine
an interesting question concer-
ning hadron-nucleus interactions.

To form the resonance with a mass of 1936 MeV/c? in a system
of two nucleons, it is sufficient to collide two nucleons having
momenta of 0.23 MeV/c with one another. Such nucleons are in
nuclel where the Fermi-momenta may stretch farther than the
above value.

Then a rather considerable part of long-lived (as compared
to the time of strong interaction) 6-quark dinucleon states can
exist in nuclei. They can be knocked out of the nuclei and ob-
served as peaks in the effective mass distributions of two not
very fast nucleons. Such formations can be observed in chambers
with heavy liquids. The energy and the type of incident hadron
are of no significance. A similar picture is observed in expe-
rimencs (see ~»* ). It the considered model is correct, the
yield of correlated nucleon pairs will be approximately propor-
tional to the A-atomic number of nucleus-target (the cross
section is normalized to A) for sufficiently heavy nuclei and
will weakly depend on the type and energy of incident hadron.

From the foregoing some conclusions can be drawn:

1). The resonances with masses of (1936+2) and (1962+2) MeV/c?
and widths of the order of several MeV/c? are found in the
system of two protons from np-interactions for energies of
(1-5) GeV;

2). The resonances are produced in processes of the baryon
exchange type. A fraction of these resonances amounts to some
per cent of the total cross section of the corresponding reac-—
tion.

I1. RESONANCES WITH ISOTOPIC SPIN I = 5/2

Since 196478 many authors have studied exotic baryon reso-
nances with isotopic spin 1 = 5/2 using, mainly the bubble
chamber method. Our investigations have been and are being car-
ried out on neutron beams. Our recent results described in pa-
per/g/ are devoted to the study of the reaction

6

np > prtaeta~n"n n

at incident neutron momenta P, = (5.10 + 0.17) GeV/c. The reso-
nances with masses of 1438, 1522 and 1894 MeV/c ? and widths of
=23, <20 and <40 MeV/c?, respectively, were found in the

AL nt(A3gn ) systems. The production cross sections of these
resonances were equal to several ub with an accuracy of +257%.
No double resonance production was found. An attempt was made
to determine the spin and parity of the new particles observed.
In this paper we try, using larger statistics, to study the
production of the same resonances with other projections of iso-
topic spin, namely the systems with 1 = 5/2, Ig= +3/2. We also
discuss the production mechanism of the resonances with I = 5/2
for the reactions studied. o -

Ficure 4 shows the effective mass distribution of Aggn (A33nﬂk
combinations from the reactions np » npatw*tr~r~at P, = (5.10 +
+ 0.17) GeV/c. The Nm combination is believed to be Ajg-isobar
if its mass is M "=(1214 + 40) MeV/c2.

The result of the best approximation of the distribution by
the background and two resonance curve taken in the Breit-
Wigner form with Mg, = 1441, Ty, = 7 MeV/c?, Mgy = 1515 and
Fgo = 7 MeV/c2 is shown in fig.4 by points. The background curve
is constructed of various sutprocesses of the reaction (1) ta-
king i?to account peripheral :haracteristics of nucleons in the
~r m. < Q/A

The production cross sections

360 of the resonances with masses
Mg, = 1441 and Mgg=1515 MeV/c%,
220 having the mode of decay

N*t+H, A;+n+ are equal to o, =

’

2801 = (6.0 £1.6) and oy= (2.0 +
1.3) ub, respectively.

At the same time the effecti-
ve mass distribution of
A;3n"(A+ 7t) -combinations from
the reaction (1) is completely
described by the background.

240
00
160
120

80

NUMBERS OF EVENTS / D02 GeVic?

Fig.4. The effeccive mass dis-
tribution of Aggn+(A§§n_) -
combinations from the reaction

np »prtater~n  at Py=5.10 GeV/c.
Dots - approximation curve,

{ ! i i
132 448 464 180 196

- 12\
MA“«" Mg 7- Gevie? crosses - background.




Let us consider the reaction
+ — ~_0
np - ppr 7w (2)

at P, = 5.10 GeV/c. The investigation of various combinations

of secondary particles from this reaction shows that it proceeds
mainly via three subprocesses with the production of Agg=-iso-
bars in various isotopic states:

np » Agzpr 7 7° 50 % (2a)
> A°33p17+17_17° 25% (2b)
> A;s pn+17_.17‘. 25% . (2C)

Moreover, »° and 7° -mesons are produced in .6% of events from
this reaction.

The reaction (2), much like the reaction (1), is peripheral
in character. The peripheral character of nucleons in this
reaction is taken into account in the same manner as for the re-
action (1) by inserting into the matrix elements of subprocesses
(2a * 2¢)the factor:

exp{~-B|Y YIH-GXP{-BIYz"YminH’

max~

hora Ymaxa,mm)l: Chl weartwom Quiiiwan) iongitualnal rapidity
of the proton in the reaction (2), and Y, (Y ) the most (the
least) longitudinal rapidity of the proton for a given simula-
ted event. The coefficient B = 1.41.

Later on the background for any distributions is constructed
of subreactions (2a+ 2c¢) taking into account their percentage
mentioned above and the peripheral character of nucleons.

Figure 5 shows the effective mass distribution of Ajgn ™ -
combinations from the reaction (2). This distribution is ap-
proximated by the background curve and the two resonance curves
taken 1in the Breit- Wigner form with masses and widths Mg, =
= 1422, T, oy = 11 and Mg,= 1539, F02-IO MeV/c?. The production
Cross sectlons of the correspondlng resonances are equal to

= (11 +2.4) pb and Ig = (2.7 +2.2) pb, respectively. The
background is pictured in fig.5 by crosses; and the result of
the best approximation, by dots.

At the same time the effective mass distribution of A33n+—
combinations from the reaction (2) is completely described by
the background.

Thus, one can conclude that the resonance peaks in the
Asgr—system are observed both with]I |— 5/2 and Ig = -3/2 in
the vicinity of effective masses of 1430 *+ 10 and 1525 +

Fig.5. The effective mass dis-

7 tribution of Ass -combinations
1801 from the reactlon.np-»ppn 7 " q°
I at P, =5.10 GeV/c. Dots - ap-
160 proximation curve, crosses -—
background.
40
R0~ + 10 MeV/c 2, The effective mass
distribution of A%i7° —combina-
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tions (not shown) does not con-—
) tradict the existence of such
peculiarities, but this dis-
tribution is less informative
because the decay of resonances
with I = 5/2 via this mode is
1.5 times less probable than
via the mode A°, n»~

The set of the above facts
from the reactions (1) and (2)
combined with no significant
double resonance production
leads to the conclusion that the
resonances with 1 =5/2 are pro-
dueed Ly wechanisms 0l the pa-—
ryon exchange type.

To produce resonances with I= 5/2, I;= +5/2 in the reac-
tion (1), the corresponding diagrams of baryon exchange can be
shown as follows (consider the combination of prtr™):

JL¢ X
n 4 V\,A% X

5 8 8

NUMBERS OF EVENTS | Q0R Gev/e?

bsN]
o

1 | ] |
1% 148 164 180 196

MA° T (Ge\//cz\

e 44 P n
AV A
4+ (Ila) P (11b)
R +4 4+
th} 4 A ]t%

. N
P " P X

The diagrams with two identical pions produced in the same
vertex cannot be written for Agan—(A+én+)—combinations of this
reaction. Both the absence of double production of the resonan-
ces with I = 5/2 and effects in the A° (A+ *}» combinations
can be explained by processes (I1Ia) ang (IIb)
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For the reaction (2) the following diagram is suitable for
Aggm ™ -combinations:

" P
7{ - A’ P
‘ N A (IIc)
-
A° o

P X°

There is also a diagram for the production of resonance with
I = 5/2, Ig= +3/2 decaying via the mode N**, A;;rr°:

—

14
n + X
+
Aﬂ NH A_-P (11d)
n+
~? 170

“ l LAY
P P
However, isospin branching ratios give no definite prediction’
concerning relative fractions of the diagrams (IIc) and (IId).

At the same time similar diagrams cannot be plotted for the
production of N** decaying into A}sr*. Therefore the A*n* ef-
fective mass distributions form the reaction (2) are completely
described by the background.

Taking into account the above mechanism, an increase of re-
sonance production effects can be expected for the events se-
lected kinematically in accordance with the diagrams considered
above.

In the reaction (1) the diagrams (IIa) and (IIb) are charac-
terized by the emission of both 7~ -mesons into the forward
hemisphere in the c.m.s. for A'%n* -combinations (or by the
emission of both #*-mesons into the backward hemisphere for
isotopically conjugated Aggm?™ —combinations).

Figure 6 shows the result of plotting the effective mass
distribution of A%gr* (added to Agg7™ )-combinations providing
0’;'__ > 0 and cosd% - >0 (cose‘;r+< 0 and coso;+<0). This

1 2 1 2
distribution is approximated by the background curve from the
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Fig.6. The effective mass dis— Fig.7. The effective mass dis-
tribution of A%%~t(Azer T)- tribution of prtrt(na~n 7) -
combinations from the reaction combinations from the reaction
np »prtrts 7 n at P,=5.10 GeV/c np »patatr “rTnat P;=5.10 GeV/c
for events provided that for events selected on condition
cosu9;;‘I >0, cosu‘);‘;E > 0, that cose;r>0, cosf);g >0

(cose;f <0, cose;§<0). Dots - (cos();‘r+< o, cose;z < 0). Dots -
1

AppidAimalivn vulive, wiuddea AppLUALIELLULL CULVE, CLUSSES —

background. background.

subprocesses of the reaction (1)/9/ with c0s86* limitations for
7 -mesons and by three resonance curves with masses and widths
equal to Mgy = 1440, T'gy =95 Mgy = 1517, Tgp = 9; and Mpg= 1583,
Fog= 7 MeV/c®. Under these conditions the production cross sec-
tions of the resonances with the corresponding masses are equal
to 04 = (3.3 + 0.9) wb, g5 = (1.8 + 0.8) ub and og = (1.8 +

+ 0.8) ub. -

" Figure 7 shows the effective mass distribution of prts*
(added to Nn7™ 7 )—combinations from the reaction (1) for events
with 00s0771_>0 and 0050;2_ > 0 (or cosfy . <0 and 0050;E<0 for

nz "7 ). The masses and real widths of the resonances calcula-
ted by the maximum likelihood method are equal to Mgy, = 1443+3,

T = (4.5 % 6.5); Mgg =(1509 % 4), To4s =(0 % 8.4);

Mg = (1592 + 3), T80 - (0 +5) MeV/c®. FNote that the
experimental mass resolution becomes worse with increasing
resonance masses: "% = |0 MeV/c2 near the first reso-
nance, ' 50l = 17 MeV/c® near the second resonance, and
80l = 5/ MeV/c 2 near the third one. Therefore the calculated
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values of the resonance widths must be considered only within
the indicated errors.

The prodBEEion_fross section of the resonance decaying via
the mode N sprtet are equal to o1=(3.1 + 0.9) ub, og =
= (1.5 + 0.9) ub and o3 =(2.4 + 0.9) ub. The comparison of {

these cross sections with those obtained for the decay mode [

N*+*, A§§ntindicates that the resonances with I =5/2 decay

mainly via A%§-isobar.

) As a conclusion one can say that the decay of the resonances

is observed for the total isotopic spin I = 5/2 and projections

Is.=.i5/2 and 14=-3/2, This is a strong evidence for the actual

e*lsFence of those systems. The widths of the resonances are

w1th1? 20 MeV/c2. A possible production mechanism for such sy-

stem 1s the baryon exchange with Agg-nucleon scattering in

the final state. The resonances decay mainly via Agg-isobar.
The results conforming to our data have been recently ob-

tained at ITEP 710/ for the reaction 7tp s patate m O (with

the emission of 7~ backward in thelab.sys.) at P, += 4.37 GeV/c.

III. A POSSIBLE PRODUCTION MECHANISM FOR MULTI-QUARK
RESONANCES AND (7 7~ )-RESONANCE

Let us consider quark diagrams for the formation of dinucleon

resonances associated with tha nvadeasel o _r -
S s - P e ~smsmo e avil v uULIT UL LWU " -

mesons. For reactions such as np - 77 (BB)**(e.g., np - ppm~ ,
np »dr*r™, np - nprtr=) the following diagrams can be written:

d——4 -

rd— &) T
W

(Il1a)

w ++
—d | (BR)
A

W w \}?P*
P w — W an
d— & wer'

3

For reaction such as np » »"7 ~(BB)***(e.g., np- pprn—n—
np - pp1r+1r-1r—1r°, np>nprtete o).
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As 1is seen, the diagrams (IIIa) and (IIIb) have many common
properties: in both of them one or two quarks are pulled out
of the incident nucleon, and one or two quark—antiquark pairs
are produced from vacuum. A six—quark state is produced in the
vertex decaying later in a variety of ways. It is important
that thi 31X Juaih olaitc 1o futwed Ly Lie tapiture UL [1ee YUALKS.
This capture process can be a "soft'" one what means a small
excitation transferred from one part of the six-quark state to
another. If resonances are possible between these two parts,
their masses will be small.

Small excitation resonances are not subjected to any exter-
nal forces because all quark regrouping in interaction has
been finished. At the same time the decay phase is small for
low masses. Perhaps, this is the reason why narrow widths of
the resonances in question are observed.

From this point of view the upper vertex of the diagram
(IIIb) is of interest where two 7~ —mesons have been formed
from two "spectator' d-quarks of incident neutron. The detach-
ment of u-quark from neutron can induce oscillations of
a system of two "spectator'" d-quarks that may be resonant in
character. From the above considerations the mass of this state
(after "soft" hadronization) can be small, and this state can
be long-lived enough. If the potential of interquark interac-
tion is an oscillator-like, one can expect a series of reso-
nances in a (#"77) system placed equidistantly.

Figure 8 shows the effective mass distribution of two #~ -
mesons from the reaction np » pprw™r ™ at P, = (5.10 +
+ 0.17) GeV/c (5735 events). A clear peak is observed in the
vicinity of a mass of 390 MeV/c® The result of approximation
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Fig.8. The (n"n ™) effective mass
300 distribution from the reaction
np » ppn'rw "at P =5.10 GeV/c.
Dots - approximation curve,
crosses - background.

R00
of the distribution in the re-
sonance region using a resonan-
1001~ ce curve in the Breit-Wigner

form and a second-degree poly-
nomial curve as a background

is shown in fig.8 (dotted line).
In this case the experimental
mass resolution is equal to
rresel _7 MeV/c 2. The experimen-
tal width is equal to I’fe’;’ =

= (18+5) MeV{cg,Therefore for the real width of the resonance
we have I'[’¥'= (11 + 5) MeV/c® and M, =(393 + 3) MeV/c2 The
production cross section is equal to ams==(l3 + 3) ub for this
resonance.

Thus, one can conclude that there is a solid evidence for
the existence of six-, five- and four-quark resonances in va-
rious reactions of np-interactions. A mechanism of the baryon
exchange type is probable to produce such states. The widths of
all produced resonances are at least of an order less than tho-
se we deal with in strong interactions. All the observed ef-
fects account for no more than some per cent of the total cross
sections of the corresponding reactions.

To study similar states, considerably larper statistics is
certainly required. Note, however, that experiments of this
type which can be suggested do not require very high energies
and can be carried out using an available equipment. The most
important requirement for such experiments lies in increasing
the measurement accuracy of effective masses due to small reso-
nance widths. Of course, the condition of minimum background
must be fulfilled for these experiments that can be easily
understood referring to the above mechanism of resonance pro-
duction.

NUMBERS OF EVENTS [Q.02 Gev/c?

I I |
028 0s2 0% 100 424

M P (Gev/e?)

REFERENCES

1. Gasparian A.P. et al. JINR, 1-9111, Dubna, 1975.
Abdivaliev A. et al. Nucl.Phys., 1975, B99, p. 445,

2. Makarov M.M. Uspekhi Fiz.Nauk, 1982, v. 136(2), p. 185.

3. Glagolev V.V, et al. Dubna-Ko$ice-Moscow-Strasbourg-
Tbilisi-Warsaw Collaboration. JINR, E}-83-59, Dubna, 1983.

Bairamov A.A. et al. JINR, P1-83-207, Dubna, 1983.
Boreskov K.B. et al. Yad.Fizika, 1972, 15, p. 557.
Ponomarev L.A. ECHAYA, 1976, v.7, p. 186.

Shahbazian B.A. In: Proceedings of the International Conf.
on Hypernuclear and Kaon Physics, 1982, edited by B.Povh
(Heidelberg, FRG, June 20-24, 1982), p. 287. JINR, EI1-82-
446, Dubna, 1982. Nucl.Phys., 1982, A374, p. 73.

PDG. Phys.Lett., 1982, v. IIIB,

Goldhaber S. et al. XII Intern.Conf. on High Energy Phys.,
Dubna, 1964, Atomizdat, M., 1964.

Abdivaliev A. et al. Yad.Fizika, 1983, 37, p. 629.
Melnichenko I.A. et al. ITEP-41, Moscow, 1983.

Received by Publishing Department
on January 20,1984.

15








