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THE NARROW LOW-MASS DIBARYONS
AND THE POSSIBLE EXISTENCE OF A NEW STABLE BARYON

_V.V.Abaev*, V.P.Koptev*, F.Nichitiu

The possible existence of a new stable baryon
R (J =1/2, I =3/2, 1025 MeV) and its connection
with the narrow low-mass dibaryons are discussed.
Proposed is an experiment which can put in evidence
the existence of an exotic baryon, R, as well as
decide the isospin assignment for low-mass dibaryons
(test for I = 2 assignment).

The investigation has been performed at the Labo-
ratory of Nuclear Problems, JINR and the Nuclear
Physics Institute, Leningrad (Gatchina).

Yakue anbapuoHp € HWM3KOM Maccon
U BOSMOXHOCTH CyUWecTBOBaHMA HOBOro crabunbHoro
6apuoHa

B.B.A6aes, B.N.KomnreB, ®.Hururny

0O6cyxnaeTcs BOSMOKHOCTH CYmMeCTBOBaHMA HOBOro CTa-—
GunpHoro GapwoHa R (J = 1/2, T = 3/2, M = 1025 M3B)
M ero cBfishb C y3KHMH AHGapHOHAMH C HHM3KOi Macco#,.
llpepnaraeTcst 3KCIepPHMEHT AJIA BhsSICHEHHHA BO3MOXHOCTH
CYMeCTBOBAHUA SK3OTHYeCKOro GapHOHA R, a raxxe ona
yCTaHOBJIEHHSI H30CHHHA AUGapHOHOB C HH3KON Maccol
(tect Ha msocnuH I = 2). v

PaGora BunonHena B JlaBopaTopuu fAepHHX npobieM
OMSIH 1 MHCTHTYTe sfepHol ¢usuku, Jlenunrpap /FaTumHa/.

In a recent paper’}/ a new mass formula has been pro-

posed for multibaryons, as well as for baryons, which
seems to be in good agreement with experimental obser-
vations. The model also predicts a new stable baryon
state (a nucleon-like baryon) R - of mass = 1025 MeV,
spin J = 1/2 but isospin I = 3/2,

An indirect indication of the existence of this new

baryon state is provided by the cusp-like ﬁpructure ob-
served at /S =2043 MeV = 2-Mpin the PP~ 7 d reacti-

on

/1/ (the threshold for pp -+ RR reaction). As was point

out in ref.”2’ in order to describe the invariant mass
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spectra -mgp from p He— nppd exper1ment/3' in the framework

oﬁ_the OPE mechanism it is necessary that the off-shell

n d— pp amplitude has a structure at its threshold (or
lower) energy which is not far from the 7d — RN subthres~
hold branch point.

Some years ago the possible existence of a new nucleon
state %%/one unitary multiplet with £ (1475) was discussed
in ref.?. The predicted mass of this nucleon state was
in the range between 1100 (or even below the 7N threshold)
and 1390 MeV,

In the present work we shall discuss some consequences
of the R existence, its connection with dibaryons and we
shall propose some experimental tests for obtaining evi-
dence of this new baryon state as well as decide the iso-
spin assignment for low mass dibaryons.

First, if such stable state does exist, it has to con-
tribute as a pole in the N dispersion relation. Taking
into account the present uncertainty in the real part of
the 7N forward scattering amplitude /5:8/ye estimate that
this new pole can give contribution if 8iNR & Q03g§NN.
The smallness of the #NR coupling constant is not unex-
pected because R cannot be a normal SU(6) state but rather
an exotic one (a hybrid, for example). .

Because the R is stable under the strong interaction
(MR<My + M, ) it can have electromagnetic as well as
weak decay modes: R*—s yp ,R%— yn with possible 7 ~ 10%0s,
and R — Nev yith longer lifetimes.

One consequence of the existence of R is its connec-
tion with low-mass and narrow dibaryon resonances.

In the last few years there is a surprisingly large
number of papers which claim to have found narrow diba-—
ryon states. Below the NA threshold these states are
grouped around the following mass values: 1905+5, 1935+10,
1965+10, 2015+10 and 2035+10 MeV. - -

The "errors" shown above in fact reflect the dimension
of the mass "island" within which different authors claim
to have observed the narrow structure in the pp inva-
riant mass. Following A.M.BRaldin and A.B.Kaidalov, these
very narrow dibaryon resonances can be states with I = 2
decaying into pp or ppy via electromagnetic interactions

The NR threshold is /8 = 1965 MeV and a natural hypo~
theses is to consider B3(1965) and the lower states as
possible NR bound states, i.e., a deuteron like struc-
tures. With such a hypothesis, the I = 2 assignment 7/
for these dibaryons is readily understood. Another conse-
quence of this hypothesis is the stability of these di-
baryons. At least, the B,(1935) and if it indeed exists
- B3(1905) should be stable under strong interaction and
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so electromagnetic as well as weak decay modes should be
observed.

In ref.’7’/ are shown the momentum spectra of y as well
as the effective mass distribution of ppy from = “C in-
teractions at P, = 40 GeV/c. In the y spectrum there are
two peaks - one at= 25 MeV/c and another asymmetrical
one at=70 MeV/c. The PPy mass distribution shows a clear
peak at M = 1936 MeV. The authors of this ref./” claim
that the peak observed at =25 MeV/c in the y spectrum is
due to the electromagnetic decays B,(1936) —ppy (Ey =
=28.8 MeV) and Bg (1965) —ppy (Ey= 44.5 MeV). The peak
at 70 MeV/c is clearly due to the =0 decay.

Here we can reformulate the hypothesis and say that
B5(1965) is indeed a I = 2 dibaryon state but repre-
sents a deuteron-like state of nucleon on R. The other
dibaryon state can be a I = 1 or I = 2 state, and the
decay scheme of these dibaryons can be as shown in Fig.l.
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Fig.1

The y spectrum in our hypothesis should show lines at
Ey1~30,Ey2= 60 MeV,Ey3 = 90 MeV (easily induced in the
70 decay line) as well as Ey = 85 MeV from the direct
R6 -+ yN decay. These lines do not contradict the spect-
rum shown in ref.”/

Here we also must notice that the deuteron~like hypo-
theses for Bs (1965) fits the '"rotational mass formu-
1a"/89/M = My + M;JJ + 1).In ref/1%" on empirical rela-
tion is given between Mg and M; established for strange
and non-strange dibaryons:Mg/M, = 185.5 - 3.8M; .Using this
equation we can find the first two trajectories for the
narrow low-mass dibaryons including the deuteron as well

J =1 J =2 J=3
1875 1931 2015
(deuteron)
1905 1965 2048



Therefore, the most probable assignment for By (1965)
is J=2, I =2 and for B (1935) J =2 and T =1 or
I =2,

In order to test this hypothesis as well as the exis-
tence of the new stable baryon state R (1025) we propose
a simple and efficient experiment, i.e., the study of the
inclusive 77 production in proton-proton collisions:

PP — 77+ X.Here X can be pR™™as well as a dibaryon
resonance with I = 2 (B3 ). 1t is necessary to examine
the momentum spectra of 7~ in those regions where the
phase space distribution for 7~ from pp — 7 #¥pp is al-
ready zero. For example, at Tp = 1 GeV, the 7~ momentum
spectra from »*#~ production (6, = 0% is ended at P, =

= 0.5 GeV/c.If R exists, the reaction PP — ~pRT will
extend the phase space available for =~ up to p,=0.62 GeV/c.
In Fig.2 shown are the pion momentum spectra for diffe-
rent R production in PP interaction., The calculations

were done in a simple OPE model similar to pp — #NNcal-
culations’!!/ In Fig.3 shown are,as an example, the diag-
rams used forpp = pR*" calculations. The coupling cons-
tant at the R vertex was taken to be gzNR=(LO3g3NN gi-
ven as an upper bound from the dispersion relations.

For the R* production the maximum cross section in the

7~ momentum spectrum is=0.04 ub in the region between

0.5 and 0.6 GeV/c,

In Fig.4 shown is the energy dependence for the total
cross section of pp— n~pR** reaction. At Tp =1 GeV the
cross sections is ¢ = 20 ub,

In Fig.5 shown is the end of the spectrum for T, =
=] GeV,pp—r~ +X at 6, =00 Experimental points are
taken from ref./lbﬁThe curves show the #»~ spectrum from
pp— 7t 7 pp (dashed line), the n~ spectrum from Dp»ibR++
(dashed-dotted line), theig»sum (solid line) as well as
the possible peak due to Bp (1965) of the I = 2 hy-
pothesis holds (dotted line). The arrow points to the
momentum corresponding to the second dibaryon resonance
(if T = 2). The peaks of By(1965) and B, (1935) at the
end of the »~ momentum spectrum should not depend on its
stability under strong interaction and should exist only,
if 1 =2,

The situation is very similar to the inclusive reac-
tion pp—s 7t + X, where the bound up state - the deuteron,
is seen at the end of the »* spectrum as a very narrow
peak (see Fig.6).

In order to put in evidence this effect of the spect-
rum extension to Pr= 0.6 GeV/c and eventually the peak
due to I = 2 dibaryon resonances the experimental error
must not exceed 0,01 pub,
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An interesting consequence of the R existence is the
non-zero (otherwise very small) cross section for the ele-
mentary double charge exchange reactions mp—-rtR™ ,
7+n —» 7~ R*" ,which can be used for searching for the R.
Inspecting the literature 3/ we can see that no evidence
exist for a R signal in a double charge exchange reaction
on different nuclei. If R production is dominated by a one
pole diagram we can expect that the R production cross
section by pions should be lower by one or two orders of
magnitude than the corresponding R production cross sec—
tion in nucleon-nucleon interaction.

A direct evidence for R can be obtained from np —R +X
at small angles. (The cross section is drastically reduced
when 0 is increased). In an experiment 13/ 3 gearch was
made for negatively charged stable objects arising from
590 MeV proton beryllium collisions. No signal was found
for any lifetime bigger than 26 ns. The R could not be
seen even if it existed because, on the one hand, the
small proton energy and the large angle at which negative
particles were looked for result in a very small cross
section and, on the other hand, owing to the cut in the
mass, i.e., the negatively stable particles were assumed
to have the configuration #~nN with N > 2.

Another reaction which can be used in order to put in
evidence the existence of such an exotic stable baryon,
as well as the possible I = 2 dibaryons, is the double
7~ production below the 3m production np —» ram X,
where X*** - pR™ or Bj*" .The optimum energy for such an
experiment is T, = 930 MeV.

A direct evidence for R state can also be obtained in
"nucleon-nucleon charge exchange":pp—-;nRH at low energy,
i.e., up to one pion production. Neutron detection or/and
positron detection should be an unambiguously indication
of such an exotic R production.
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Yu.A.Shcherbakov, Dr. K.A.Oganessian, Dr.Ya.I.Azimov,
Dr. I.I.Strakovski for numerous helpful discussions.
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