





EXPERIMENT

The experiment has been performed using the | m hydrogen
bubble chamber exposed to an external beam of 8.6 GeV/c a-par-
ticles at the Dubna proton synchrotron. Films were sScanned for
all topologies. About 44 thousand events (normalization of
3.5 pb/events) were measured and reconstructed in three dimen-
sions using the CERN HYDRA Application Library. Some other re-
sults of the experiment have been published elsewherelllﬂz/.

The results presented are based on the statistics of 3234
events giving a fit to the *Hep—dppn reaction with a y2 proba-
bility greater than 5% and consistent with the estimated ioniza-
tion on the tracks. In 2867 events the identification of the
reaction was unique. To avoid the admixture of nonfitted *Hep—
—dppnr® reaction, only events with missing mass smaller than
1.2 GeV/c were accepted.

A high percentage of unambiguously identified events is due
to the kinematical configuration of the experiment with the
incident alpha beam/!3/,

RESULTS

The two—nucleon effective mass distribution for the 4Hep__..
—dppn reaction is shown in fig. 1 for events with the proton
(neutron) being the fastest particle in the helium rest system.
The diagrams corresponding to these two classes of reactionms,
further referred to as "direct" (2346 ev.) and "charge exchange"
(888 ev.) reactions channles, are shown in fig. 2 a and b, res—
pectively. The mass of the two slowest nucleons in the helium
rest frame has been calculated because it is natural to associ-
ate the fastest nucleon to the upper vertices of the diagrams.

The pn effective mass in the direct reaction has an exponen-—
tially decreasing shape. A fit with an exponential function
leads to a 60% confidence level. The two-proton effective mass
distribution does not exhibit the same behaviour. In this case
the best description has been obtained by fitting the admixture
of an exponential background and two Breit-Wigner functions with
positions Mp= 2035+15 MeV, Mg= 2137+15 MeV and widths I} =
= 30+23 MeV ard I'y = 59+20 MeV (see the curve in fig. 1). In
this fit the slope of the experimental background is found dif-
ferent from that in the direct channel. This can be connected
with the fact that the do/dt distributions are different for the
pn—uop reaction and nucleon-nucleon forward elastic scattering.
The relation of the do/dM and do/dt distributions in elementary
nucleon-nucleon scattering arises in a natural way if we assume
that the background processes mainly proceed via the double scat-
tering on two nucleons, and the deuteron acts as a spectator.

Fig. 1. Effective mass distributi-
ons of the two slowest nucleons in
the helium rest frame for direct
reaction channel (upper histogram)
and charge exchange channel (lower
histogram). Dashed lines are the
prediction in the frame of the
multiple scattering model (see
text).

100

Fig. 2. Diagrams representing "di-
rect'" and "charge exchange'" chan-
nels of the 4He——udppn reaction.

~

N /002 (GevV

-
(1]
QS W

4~
L
™

Qa ©vo 2

19 21 23 M,.(GeV)

The validity of this model is confirmed by the fact that the
deuteron momentum distribution observed in our data is specta-
tor-like. Moreover, the slope of the four-momentum transfer
distribution for *Hep — dppn is rather close to the value predic-
ted in the multiple scattering model for the double scattering
term. This means that it is equal to one half the slope in the
elementary nucleon-nucleon scattering (for large enough t to
neglect final state interactions).

We have used the expression obtained by Bertocchi and Brada-
mante et al/'®!15/ for the proton—-deuteron double scattering
amplitude as a function of relative momentum K = (k, - Ky)/2.
Having in mind that the two-nucleon effective mass squared is
approximately equal to

TR - (K, - k'2)2 ¢ 4m®, (1

we have found that
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where a is the parameter of the helium single nucleon density
in momentum spage
¥(g)=Ae 27, (3

b is the slope of the nucleon-nucleon scattering cross section
taken in the form

- =Ce . (4)

If a is much larger than b, the fall of the do/dMdistribution
depends essentially on the value of parameter

do
dM

= Mexp(—g-Mz). (5)

Extrapolating the avaliable experimental data on nucleon—
nucleon scattering to a momentum of 2, 15 GeV/c, the b value has
been found to be approxlmately 5.4 GeV ™2 for nucleon-nucleon
forward elastic scattering and %pprox1mate1y 3.5 Gev —2 for
the pn-npcharge exchange process /177 This difference in the b
values explains the difference in slopes of the background dis-
tributions. The dotted lines in fig. 1 are calculated according
to formula (5).

We do not claim that the proposed mechanism for the back-
ground process is the only possible, e.g., the single scattering
term leads to a steeper do/dM dependence.

We have analyzed the decay angular distribution in the two-
proton centre of mass frame. The shape of the angular distribu-
tion observed in the experiment does not contradict the reso—
nance interpretation of the effect.

The question can arise why the bumps are seen in the charge
exchange channel only. There are at least two possible reasons
for easier detection of a signal in the proton-proton configu-
ration than in the neutron-proton one: (i) The number of possib-
le resonance states is obviously smaller in the pure isospin PP-
state, (ii) The background of the quasi-elementary change ex—
change channel is several times smaller than the background of
the more frequent direct reaction so a similar signal can be un-
seen there.

In the dp—ppnreaction at a 3.3 GeV/c deuteron momentum simi-
lar effects have been observed in the selected class of non-
spectator events /1819 75 diminish the background, the cut

A

—

on the momentum of the lowest nucleon in the deuteron system
was applied.

We have therefore selected a similar sample for the Hep*dppn
reaction by choosing events where both proton momenta are large
than 300 MeV/c in the *He rest frame. The shape of the corres—
ponding mass distribution closely repeats the shape of the en-—
chancements.

CONCLUSTION

In the two-proton invariant mass in the *Hep—.dppn reaction
the structure has been observed, which cannot be explained in
the frame of the simple multiple scattering model. The observed
enchancements can be interpreted as a result of the production
of dibaryon states with positions and widths M; = 2035+15, T =

= 30423, Ty = 2137+15, Mg = 59+20 MeV. The excess over the back-
ground is 3.0+1,3 and 3.2+1.3 standard deviations, respectively.

There are theoretical indications concerning both structures,
but only the second one has been observed in several experiments.
The position below production threshold and a rather small width
seen in our experiment may be regarded as an argument in favour
of the six—-quark state interpretation.
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