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The y-ray and neutron activities in targets were measured two years after they had
been irradiated by 70-GeV protons. The limit of the cross section for production of
neutron emitters in proton-nuclear collisions was determined.

PACS numbers: 25.40.Rb, 29.25.Ea

This investigation was initiated by the problem of superdense nuclei. The theory
of pion condensation developed by Migdal'-* draws attention to the fact that nuclear
matter, beginning with a certain density, can be converted to a state with a pion
condensate. The existing uncertainty in selecting certain constants does not allow us to
determine the binding energy per nucleon unambiguously for anomalous nuclei as
compared with ordinary nuclei. Most of the experimental studies of superdense nuclei
(see review article’) were targeted on the search for anomalous nuclei with a larger
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FIG. 1. General view of the combined
detector. 1, Scintillation detector; 2, ir-
radiated target; 3, plates of the active
shield against cosmic z rays; 4, neutron
(He®) counters; 5, neutron moderator.

binding energy (sometimes much larger) than that of ordinary nuclei. In this experi-
ment we searched for metastable, superdense nuclei in spontaneous transitions to ordi-
nary nuclei.

To obtain superdense nuclei, we irradiated Al, Cu, and Sn targets each having
~10% nuclei per cm? and a Pb target (5 X 10?> cm ™% by 70-GeV protons at an integral
intensity of ~1.1X 10'®. Although irradiation by energetic, heavy ions is more promis-
ing from the viewpoint of fusion of superdense nuclei,* we should not exclude their
production in a proton beam due to less probable reaction channels and secondary
processes, especially if the large, integral intensities of proton beams are taken into
account.

The experiment was based on observation of neutron and y-ray activities of the
irradiated samples, assuming that the lifetime of the produced superdense metastable
nuclei is 2 1 year.

The experiment was performed using a combined setup (Fig. 1) consisting of a
neutron detector and a scintillation detector. The latter contained about 15 kg of
scintillation fluorobenzene C.F,. The recording efficiency of the fission-spectrum neu-
trons was equal to ~0.5. In the experiment, we measured the y-ray energy and the
number (multiplicity) of neutrons recorded during the presence of a time window
whose start was the pulse from the scintillation detector ( y-ray start) or the pulse from
the first neutron. The starting pulse could be produced only when there were no puilses
preceding it during a time not less than the time window for recording of neutrons.

The operating regime with a y-ray start was used on the assumption that there are
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TABLE I. Effect. Neutron Activity {events sec™ ' X 10%)
Neutron
maultiplicity 1 9 3 4 5
Target\
Ar* -164.488 | 8121 [5.7+104 | 5450 | 2.7+2.0
Cu' 9 +91 51 +22 ~43+105] 2.9+49 |-03+1.6
Sa 162 + 91 58 + 21 1.4+105 | -4.3+4.6 {~0.7+1.6
PL” 104 +90 43 '+22 89 +10.4-59 +43| 3.7+21

Bugorskil et al.

469



correlated “y-n"" events (analogous to spontaneous fission of nuclei), which give a more
comprehensive picture of the investigated transitions.

The range of measured y-ray energies (~ 1.5-10 MeV) was determined primarily
by instrumental loading (600-700 pulses-sec ~"). The duration of the time window for
recording of neutrons was 200 usec. To allow for random coincidences, we used the
generator technique whose starts were statistically added to the neutron and y-ray
starts. The measurements were performed separately for each irradiated metal (Al*,
Cu*, Sn*, and Pb*); the time required to collect the statistical data in each case was
2% 10° sec of the “live time.” The background measurements of nonirradiated samples
of 3.6 10°-sec total duration were carried out periodically during the experiment.

Figure 2 shows the results of measurements with a correction for random coinci-
dences reduced to a time of 10° sec. Table I gives the results of measurement of the
neutron activity, irrespective of the type of start.

The results obtained for each element taken separately do not indicate that there
is a positive effect with a sufficient degree of certainty. The upper limit of the cross
section for production of metastable, superdense nuclei at the 95% confidence level is
estimated as

— ¢ 31074 cm¥/yr

where 7 is the lifetime in years of an anomalous nucleus.

The observed difference in the y-ray spectra of Pb* and the background in the
energy interval 5-10 MeV (Fig. 2) must be measured more carefully under low-back-
ground conditions using a total-absorption spectrometer.

It should be noted that although the existence of superdense nuclei cannot be
determined unambiguously even from a reliable observation of neutron activity, such
an attempt would certainly be of interest, considering the relatively large interval of
time after the irradiation in the accelerator (2 years).

YStaff member of the Institute of High Energy Physics

'A. B. Migdal, Rev. Mod. Phys. 50, 107 (1978).

2A. B. Migdal er al., Phys. Lett. 65B, 423 (1976).

K. Ya. Gromov et al., “Eksperimenty po poisku superplotnykh yader” (Experimental Search for Super-
dense Nuclei), Preprint P1-12527, Dubna, 1979.

4V. M. Galitskii, Usp. Fiz. Nauk 120, 138 (1976) [Sov. Phys. Uspekhi 19, 769 (1976)); Pis’ma Zh. Eksp.
Teor. Fiz. 25, 175 (1977) [JETP Lett. 25, 160 (1977)]; V. M. Galitskii and 1. N. Mishustin IAE-2783, 1977.

Translated by S. J. Amoretty
Edited by Robert Beyer

470 JETP Lett, Vol. 32, No. 7, 5 October 1980 Bugorskit et 2. 470





