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ENHANCEMENTS OBSERVED IN THE TWO-PROTON EFFECTIVE
MASS DISTRIBUTION IN THE PIONLESS DEUTERON
BREAK-UP AT 3.3 GeV/c

.V.Glagolev, A.K.Kacharava; ¢.I. Lykasov,
M.S.Nioradze] Z.R.Salukvadze* J.Urban

A sample of "non-spectator' events in the pion-
less break-up at a 3.3 GeV/c deuteron momentum has
been investigated by means of a 1 m HBC at the
Dubna synchrophasotron. The two-proton effective
.mass spectrum in the charge exchange channel ex-
hibits two enhancements at masses M, = 2010 and
2160 MeV/c . The experimental results are compared
with theoretical calculations supposing virtual
7 -meson production and absorption by a nucleon
pair.

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

Ha6moneHne ocoGeHHocTeil B cnekTpe 3@beKTHBHBIX Macc
ABYX NPOTOHOB B 6e3Me30HHOM pa3Bajlie HeHTpoHa
npu 3,3 I'sB/c

BE.B.'marones u ap.

HcenepoBanucs ''Hecnexraropsbie! cobriTHs U3 Ge3—
Me30HHOro pasBana gelTpoHa NpH uMmnyiasce 3,3 I'aB/c,
nonydyeHHsle Ha 100 c¢M BOmOpOmHOM NY3HPBKOBON Kamepe
JIB3 OUAH. B cmekTpe 3¢beKTHBHHIX MaCC OABYX NPOTOHOB
B KaHajle C rnepe3apsagkKo¥ HabjnogalTcs ABa MaKCcHMyMa
npH sHadeHusax My, = 2010 u 2160 MsB/c 2 JKcriepuMeH—
TajibHbHIE Pe3yIbTATh CPABHHBATCHA C TeOpeTHUECKHMH
pacyeTaMH, YYHTHIBAOMHMHM DOXIEHHE H IOTJIOMEeHHE BHp—
TYanbHOT'O ¥ —-Me30Ha Ha Mnape HYKIIOHOB.

Pa6ora BrimonHeHa B JlabopaTopuu BLICOKHX 3HEPTHH
OUAU.

In the last few years in two-nucleon systems produ-
ced in nucleon-nucleon and hadron-nucleus collisions new
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effects have been observed, which may be treated as di-
baryon states. A search for such states is particularly
interesting in connection with the existence of six-quark
bags predicted previously. A detailed account of experi-
mental results and their theoretical treatment have been
published in a number of reviews, e.g., 1,2/, However, we
should remark that not in all cases the resonance behavi-
our in cross sections or two-baryon effective mass dis-—
tribution may be identified as a manifestation of diba-
ryon resonances’?’

Using a Im HBC exposed to light nucleus beams,such en~
hancements have been recently observed in two-nucleon ef--
fective mass distributions at 2.040 GeV/c®and 2.140 GeV/c2.
Besides, the%%(ggaks have been observed in proton-proton
combinatigns of the 4Hep»dppnreaction, in proton-
neutron’*’ combinations of thedp » ppn  reaction and in
neutron-neutron combinations of the dp-p# nn reaction
The question arises whether such a structure exists in
proton-proton combinations of the dp-ppn reaction. It
should be stressed that in all the noted cases of the
deuteron break-up only those events have been taken into
account which cannot be classified as quasi-nucleon ones,
i.e., events without spectator nucleons. The 4Hep-+dppn
reaction proceeds mainly via the mechanism in which two
nucleons participate from %He and the remaining deuteron
is a spectator 78/ The situation is quite different in the
dp - ppn channel where quasielastic neutron-proton or pro-
ton-proton scattering takes place in the overwhelming
majority of events. In this case the events, in which the
momentum of the slowest nucleon ("spectator") in the deu-
teron rest frame is large enough, have been conditional-
ly regarded as spectatorless ones. A few boundary cuts
have been taken as 300 MeV/c’/% or 350 MeV/c’/% . If one
applies a cut at too low momentum values, the hypotheti-
cal structure may be hidden due to a large quasielastic
background. On the other hand, a too high boundary impo-
verishes event statistics in the region of our interest.

One of the ways of choosing the cut boundary may result
from the following considerations. Let us try to select
the class of inelastic scattering, e.g., with virtual
7 -meson production and absorption’”-?”. Due to kinemati-
cal constraints on ~-meson absorption with a single nuc-
leon, the overwhelming majority of these events occurs
on a nucleon pair. Figure 1 ghows a plot of the effective
mass of two slow nucleons versus four-momentum transfer
squared from the incident proton to the leading particle.
In our terminology charge retention and charge exchange
channels mean the leading proton and neutron in the final
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state, respectively. It can be seen that the events are in-
tensively grouped according to the quasi-elastic nucleon-
nucleon kinematics. An analogous plot in the dp - pppr™
channel is demonstrated in fig.2.

~N
>

Mppr(GeV /c2)
N ~ N
- N w

~n
o

Mon (GeV/c2

b
-]
T

20

0o 05 1.0

n

00 05 10 15
It 1(GeV/c)]

1.5 2
IH 1(GeVA)T]

Fig.1. Slow proton and
neutron effective mass Fig.2. ppm  effective mass,
versus four-momentum trans— without the leading proton,
fer squared for the charge versus four-momentum transfer
retention part of the dp-ppn squared for the dp - ppprn—
reaction. reaction.

It should be noted that from the kinematical const-
raint for the quantities put on the axes x and y such
a plot reflects only the incident proton momentum loss.
Supposing that in the dp - ppn channel the produced = -me-
son is almost on-mass-shell, the comparison of these two
plots allows us to select the sample of wanted events.
They will lie above the line presented in figs.l and 2.
Such a procedure has been also applied to the charge ex-—
change channel. The momentum distributions for the selec-
ted groups of events are demonstrated in figs.3a and 3b
for the charge retension and charge exchange channels,
respectively. In the momentum distribution of the slowest
nucleon in the charge retension channel figure 3a shows
two maxima which are well divided at a momentum of
=200 MeV/c. The first of them corresponds to a part of
quasi-elastic NN scattering owing to the conditionality
of the lines in figs.l and 2. The second maximum corres-
ponds to the events with # -meson absorption.

Previous studies of the dp - ppn reaction at 3.3 GeV/c
have shown that a high momentum tail in the charge ex-
change channel substantially exceeds that of the reten-
tion one. This phenomenon is explained by contributions
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Fig.3. Momentum distribu-
tion of the slowest wmicleon
in the deuteron rest frame:
(————) for the charge re-
tention and (- ~ - =) for
the charge exchange chan-—
nels. The events are taken
from the "pZion absorption
region'.
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of inelastic processes such

as A-isobar exchange or vir-
tual n—meson/production and
absorption’87 considering
s o the corresponding isospin
PiGeV/c) states. Involving the above
mechanisms has been alsg ne-
cessary in the analysis of “Hep - dppn  at 8.6 Gev/c %%/
According to the foregoing, it is not surprising that
the second maximum preponderates over the first one in
the slowest proton momentum distribution of the charge

exchange channel (fig. 3b).

Applying the cut at p = 200 MeV/c for the slowest
nucleon momentum, the effective mass distribution of two
slow protons is histogrammed in the charge exchange chan-
nel. The result is shown in fig.4a. Two maxima can be
seen at approximately the same mass values as in pn and
nn combinations /3.4.5.6fhe admixture of the second-order
polynom and two Breit-Wigner functions has been fitted
to the experimental distribution with the following re-
sults for maxima and widths:

M; = 2014+10 MeV/c?, ', = 63+28 MeV/c?,
My = 2162+10 MeV/c?, Ty = 18+26 MeV/c?.

A cut boundary of 350 MeV/c has been applied in ref.”.
This choice is justified whereas the admixture of quasi-
elastic events to the charge retention channel at p =
= 200 MeV/c is fairly 1arge as shown in fig.3a.

The authors of ref.’'% have not observed the quoted
enhancements. This is connected with the following fact:
the effective mass distribution M,  contains both
combinations in the charge retention part of the dp-ppn
reaction, and, owing to the high cut value for the M
distribution in the charge exchange channel, statistics
becomes insufficient.
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Fig.4. a) Two-proton effective mass distribution
from the charge exchange channel for both protons
with momenta over 200 MeV/c: histogram - experimen-—
tal results, full curve - calculated result. Curves 1
and 3 correspond to diagrams S5a and 5c, respective-
ly. Curve 2 corresponds to elementary p-n charge
exchange. b) Two-proton effective mass distribu-—
tion for the charge exchange channel for both pro-
tons with momenta over 200 MeV/c. Only events

from the "pion absorption region” are taken.

It should be pointed out that ref./lllconfirms the ob-

served enhancement in the M distribution at 2.140 GeV/c?,
The resonance behaviour of the effective mass distri-
bution of two protons (fig.4a) suggests the question if
they can be treated as an evidence for dibaryon resonan-
ces. The dp-» ppn reaction, in principle, may proceed via
virtual 7 -meson production in the intermediate state and
its further absorption by the deuteron as displayed in
fig.5. Then the analysed two-nucleon distribution is main-
ly determined by the behaviour of the #d - NN process
cross section. This cross section has a strong resonance-
like character observed at Myy=2.160 GeV/c® "1/ and theo-
retically found by A-isobar production in the interme-
diate state’!%/. At Myn=2.020 GeV/c®, what means a 7-
meson almost with zero kinetic energy, strong 7--meson
absorption by the deuteron is expected according to the
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Fig.5. Diagrams used in the calculation.

1/v law, where v denotes the #-meson velocity, i.e.,
at these values of My, the cross section o(nd -» NN)
has to gr:ow/l‘?"14 The effective mass distribution at Myn <
< 2.020 GeV/c?® should be decreased because of the be-
haviour of the studied dp - ppn reaction phase space.
Thus, the observed peaks in the effective masses of pro-
ton-proton and proton-neutron systems in dp -» ppn and
also in a neutron-neutron system in dp - p7*mn
can be due to the mechanism of virtual #-meson absorp-
tion by a nucleon pair. The My, distribution of the charge
exchange channel is mainly determined by the contribution
from the diagram 5a and the M,, distribution of the
charge retention channel from the diagram 5b.

The two-proton effective mass has been calculated tak-
ing into account the diagram 5a for M > 2.020 GeV/c?,
the diagram 5c¢ for M p < 2.020 GeV/c?, and the contrlbu—
tion from elementary p-n charge exchange in both regions.
The detailed calculations are published separately. The
final results are shown in fig.4a.

Figure 4b displays the two-proton effective mass dis-
tribution from the charge exchange channel with the cut
on "spectator" momentum for the events lying above the
same line as presented in fig.l for the charge retention
channel. As is clearly seen, only one of the enhancements
remains in the region of masses 2.160 GeV/c?Z.

The proton-proton effective mass distribution,produced
in the pionless deuteron break-up on proton target at
3.3 GeV/c (dp - ppn) in the charge exchange channel,can be
qualitatively described by virtual = -meson absorption
on the deuteron.However,the disappearance of the first ma-
ximum in the "pion absorption region"(fig.4b)may show evi-
dence that the observed structure is connected with a move
virtual 7-meson or if it is of a deeper physical origin.
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