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Intzolugtion
Phis paper deals with the weisults of experimonts en the

search for nuclear isooers with a high oxcitation encrgye Flrst
of all, we concerned ourselves wiih dencslty izuouwrs, thongh
suege atategs can be of different naturce According to the plon
condensaticn theory of tligdal et al. / 1/, superdence nuclei can
oxiut; they can be both stable and metustuble againgl the trun~
gition to the normal phase. Implementation of thia or that
vergion depends upon parameters of the modal, in particular
upon the quantity g' which deterwines the strength of the
guort range repulsive spin-isospin lnteraction between nucleons.
It follovs from presently lnowm cstimations of g°' /2,3/ and
fromr Ref. /4/ that 1t might be wmore probable to find metastable
denalty isomers. The excitation energy of an isowmer of the
mag3 number A is B¥ = aB+sA where AB 1a the difference
of binding cncrgles per nucleon in the normal and igomeric
atates. The excltation cenergy range for lsomers like that is

< E* < B(A) where B(A) is the total binding energy of a
nucleus of normal density. This energy will be given off at
the tunnel tranaition through the barrier between the super—
den3e and normal pheses causing multiple evaporation of
nucleond. The probability of the twmel trunsition exponenti-
ally depends on paremeters of the barrier aand on the corres-
ponding masa coefficient. Thercfore, as in the case of spon-’
tancoua figsion, one can expect that life~times of density

igsomers will vary im a wide range.
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In thig papor we huave tried to detect the deoncity
iseaery by culbtiple cuisaion of doleyed rwutrana whon lead
i3 iveciiated by a 12C--hca.m of an cnexrgy cof 15 and 43 GeV.

Vo uged a heavy target (Pb) tuking into consideration results
of Ref. al for the deopendence of the binding energy of super-
dense unclel on the wass pumbure The nsutron decuy clannel
ves chosen since a high efficiency of nceubtron detectors allows
a high sensitivity for the gsearch.. Besides, we have taken
into nccount the conclugsion of Ref. /5/ that emission of
delaynd neutrons at the decay of density igomers is the most
characteristic manifestation of X~ -cendensate.

Note that isowerlic states of wnusually high excitation
energy can have another nature. For example, Wong /6/ inves-
tigated siability of the toroidal and "bubbdble" shape of nuclei.
It was shom on the basis of the modified shell model that
shape isomers may ex:lsf and their excitation energy 1s several
tens of MeV. They are separated from the ground state by the
potential barrier. A decay of these 1sowers must also involve
emiosion of severnl delayed neutrons.

A search for densif:y isomers by neutron activity has
already been described in the literatwrc. For example, Ref./7/
did it for tuorgets irradiated with 7O GeV protouns. The activity
was uweasured under low-backsrom‘ld conditions with a high sen~
sitivity technique, but it was done more than a year efter
the end of the irradiation. In our paper /8/ we measured thg
nsutron radiation of the targets bombarded with relativistic
41!9 and 120 nuclei, i.e. under woxre favourable conditiona for

production of density isomers. The life-time interval from 1 s '
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to 104 3 was covered. The uppor valuea obtainad for the pro-
duction probability of three-ncutron emitteru are within

the runge from 3‘10"6 (for Pe + '2C) to 3’1()"5 (tor Pb + 120y,
In thig pnper'the gengitivity of {he search for abnormal
nuclei has been‘considerubly increaved owing to bhigher effl-

clency of the detector and better backgrouund conditions.

Experimental Technique

The experiments were carried out at the slow extraction
channel of the JINR synchrophasptron. The lead target (diemeiler
45 wm end thiclkmess 10 mm) was irradiated by the 1zc-beam of
the energy of 15 and 43 GeV. A detailed description of the
faclility i3 glven in Ref. /9/; here we will just briefly
characterise some units of i4. The beam intensity was monitored
by measuring the Secondary particles emitted from the target.
For this purpose a telescope of three acintillation detectors
placed at an angle 120° to the beam was used. The teleacope
was calibrated at a lower intensity by means of another tele-
scope of two scintillators piaced directly behind the target,
the first acintillator being of the same size as the target.
The shape and position of the beam were controlled by the
double wire chamber placed in front of the target.

The neutron multiplicity detector was installed on the
concrete roof of the charmel (120 em) 4 a off the boom line,
There 13 a hole in the channel roof designed for perindically
delivering the target to the inside of the detector. The
irradiation time was 100 s in each cycle, the measureament
time (the target is in the detector) was also 100 &, the time

of target movement was = 2 s, The operation mode of the




torget voviag sl Lo wag sob by o spaeial elaalronde da-
vioe cravacted to rhetedisds wendtociag the positdon of the
fargnt.

Phe neutron dotectol conaigty of a moderntor (1:3kye thy--
Tene) mmd 3% prupocilonal cowatera $illed with Jia 4 otn)
mixed with 1% of 002. The counters are ploced iun three rowy
around the central cylindrical hvle in the nodovator. ¥hisa
hole i1s 130 mm in diumeter and 630 mm in length. Each counter
has a preamplifier and amplifier with a differcential dis-
criminator. Their outputs are connected with & summator.
Detection of several neutrons simultaneously produced in the
target resulis in a group of time correlated pulses statisti-
cally dispersed in accordunce with the distribution of the
neutron life~times in the detector. The sumaator output was
attached to a special eletronic circuit /10/ wnich selected
events correasponding to appearance of 1-T7 pulses within
100/;5. Registrotion was carried out by a miltiscaling ana-
lyger of the CAMAC standard with eight inputs /11/. It was
periodically switcliecd on for 100 s as goon as the target
appeared inside the detector. Thus, eight time distributions
were measured at the same Time: for single-~neutron counting
rate and for eventu with detection of 22, 23, eesy 27T
neutrons. Besides, a "background" iime specirum was also
measured when the target w23 under the beem. The analysger wus

blocked during ilie beam dump; it was alao blocked when struy R

v,

pick-up occurred. In the latter case we used an "antenna':

& depressurized counter with the sawe amplifying device as

-

in operating counters.
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The correlation interval wag chosen to be 100 ) pia on the
basis of messurements of the digtribution of neutron life~times
in the detector. The measurcments were performed for neuirons
from spontaneous fisagien of 2380 and for neutroud produced in
the detector by cosuie rays. A multiscalur unalyser was ugsed;
tﬁe first pulse from the correlated group of neutron pulses
triggered it for 107> @ . The mean life~time of the nculron
in the detector was found to be 65/¢s. The interval 100 s

- embraces 72% of the total probability of detection of cach
neutron that follows the starting onee.

The neutron detection efficlency 8, was determined by
means of a calibrating Po-Be source and a sample of natural
urenium. The mean value of &, was found to be 40%.

Our paper 79/ provides detalled calculations of the
detector response function that relates the distribution of
events over the multiplicity (n) of neutrons to the measured
distribution over the multiplicity (m) of pulses in the corre-
lation interval. The efficlency of detection of multiple
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detection of m neutrons as
. a funetion of the mean number
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eventa 8(3\. n) way ealculated on thoe basis of this rzapense
function, the Poisson distribution heing nasumed for the pro-
bability of occurrence of the given number of neutrons at the
moan eqital o r o It 1g shovm in Pig. 1. To b2 nore 2xnct,
the figuce shows dependence of the mean number of measurcd
aventy wibth the wulitiplicity m (por imitfal cvent) upon

bhe moan auwber of noutrong I e

imperinontal Results awl Discugsions

Pipe 2 ghows time distributions of events with one, 22,

=z 3, 24 and 25 neutrony detecteds The data were obtained

Pb +c{15Gev)
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PFig.2. Time distributions
of events with detection of
one,3 2,2 3,24 and25

10 20 30 4 50 60 70 80 50 10 110 Teee Neutrons.
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f1ue ol tha Bapa theouh tha Sargot wng 1,3%10 [ perhielea, the

aovaviventta duraiicn w1 aboutb 7 boneas. tho eaedn etnbvilation

to tl firgst apeatiun i3 mad2 by Lk aondroa ondbiov with

My pp = (4.12 & 0.10) 8. It i3 vnddandioly 17 prodvand ciing
0 the target Iroswentaticn pirociids Tha decny ol Lhiy nneloug

involves emission of the doloyed vritives Lilh o prok hility 95%.
The conidbtont counting rate at T¥ 60 a8 in malaly lue to back-
ground neutrong. In time disiributions of ev<nin with the
multiplicity m 2 2, >3, >4, =5 crn2 nlso obuyerven a pgreat
counting rate in the injtial secticn of tha time scale. loxe
the half-~lifes are respectively 2, 3, 4, 5 timey less thun for
171‘(. This new “activity" should be attributed to chance coin-
cidences (within 109/45) of neutrons from 17“. The intenaity
of chance coincidences becomes nezligible at T > 45 a3, 30 g,
20 3 and 16 s for m 2 2, 2 3, > 4 and > 5 respectively. The
number of events behind these time cuts can be explained by
the coamic background gpecially measured for a long time /9/.
Similor time distributions were also obiained at irradia~
tion of the Pb target by 43 GeV 120 nuclei (the total flux of
12¢ was 2.7'1010) /12/. In thls caze tha data were cupplemsnted
with measurements carried out for 15 hnurs iwmmediately after
switching off the beam (the target was inside the detector).
Thus, we have not found abtmorcal neutron sctivity. To deter-
mine upper limits of cross sections for reactions leading to
production of neutron-active isomers, the values of efficiency
for detection of events of multiple emission of neutrons were used
(Pig. 1). Besides, a factor was introduced to take into account

the dependence of the detection efficiency upom the half-Life.
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Fig. 3. Upper linits of isomer production probabilities as
a function of the supposed half-life for different
values of the mean number of neutron emiited (the

energy of the 12¢ beant is 15 GeV).
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Fig. 4. The same as in Fig. 3, but the 120 beam energy is
43 GeV.
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tor &, « The qeentki
rroductiea probabi chuorenl nuelel in aa daterieiion
sete Por 1 o= 2 the data wiih the podne madiiplicily n oz 2
were used, for larger n the pduiiiua cross seclions wrve
obtained with the data on cvents with m2 4. The confideice
lovel of estimalioma in Fige 3 and 4 is 907, thoy werc oh-
tained with the caloulation technique frow Ref. /14/.

To cgtimate the excitation emergy corresponding to
cnisaion of the given numbexr of neutrona, we made uge of
Ref. /157 where the mean multiplicities of ewvaporated neulreny
had been calculated for nuclei with different A and 2 at
excitation energies up to 1000 leV. Vhen relativistic par—
ticles interact with nuclei, any iuetlope liguter than the
target can be a final product. The nruxima of yields in iso~
topic distiributions of spallation products are in the region
of ncutron~deficlent nuclei. On the other hand, the most stable
nuclei with the JU ~condensate are aulsoe ncutron-deficient/1’16/.
Taking all this into consideration, we have mada a table
ahowing for example exeitation encrgica of 18009 and 1OsIn
corresponding to emission of different number of neutrong.
These nuclei are poaosible interactlon products for which
Z = ?4 + 3 and Z = zA + 2 respectively, where Zy is the
value of Z corresponding i{o /3 ~3tapility at the glven nuss

number 4 .
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Table 1, BLzeltation enexgies (in toV) corvcoponding to

emission of the given meun nuuber of ncutrons 1 .

n 2 4 6 8 10 12
o¥ (A = 180) 30 60 90 140 200 270
E* (A = 109) 40 90 175 300 500

Brilurilon of nonteoong from dgowmers of bBirsh excitatlion
enariy is not the ouly decay chamuel: emis<ion of charged
particles is alzo posuible. loreover, cnission of pvotons is
more probable for the neutvon-deficimmt nuelel wiith 2 < 50,

The gearch for atnormal isonsxi by multiple elasion of delayed

16

protons in the reaction Pb+ 0 (16 GeV) was corried out in

Ref. /17/. This paper embraced a wider range of liile-~t{imes
(from 10-7 to 105 s). Comparison of our data with Ref. i/
ghows that our limits of isouwer production probabilities in
the overlappling intcrvals of the life-times and cxcitation
energies are approximately two orders of magnitude lower.
This is the result of using a high-efficiency neutron detector.
Briefly, the result of the work is as follows: upper
limits of the probability of production of igowmers decaying
through multiple emission of delayed neutrons (\7) have been
determined. It has been done for interaction of a 120 beam
at energies 15 and 43 GeV with the lead target. In the
£irst case the values of W are in the interval from 1.4'10_9
(for 1 = 12) to 4"10"6 (for 0 = 2) for the half-life range
10-105 8. In the other case the sensitivity of the secarch

is a little worse.
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ABnees C.II. U ap. E7-87-580
0 nouckKe H3OMEpOB IUIOTHOCTH NpH B3aWMOQEeHC TBHIL
penATUBHCTCKUX Agep '2C cO CBHHUOM

Mumedr u3 Pb obnyuanace sgpamMH 12¢ ¢ 3Heprreit 15 u
&3 I'B. llepHognueckd MUlleHb OOCTABIANACHL B MOJIOCTE Heil-
TPOHHOI'O RETEeKTOpa MHOXECTBEHHOCTH, KOTOpIT MNO3BOJIAI H3Me-—
PATb BpeMeHHble CHEeKTpH OSif COOpITHIl KpAaTHO 3MHMCCHHU 3a4eD-~
XKAHHBIX HEHTPOHOB. AHOMAJIbHble HelATpOHHBIE H3NyJATeIM He C¢--
HapyxeHbst. OUEHKH BEepXHHX rpaHHn, [JIA BEPOATHOCTHM HX O6ps:. -
BaHASA caesiaHp! O HHTepBaja nepuoaoB noaypacmaga ot 10 sfw
10° ¢ n PA3JHYHBIX CpeaHHX MHOXeCTBeHHOCTeil HeHTpPOHOB fi.
[lonyuennsle BeNnu4MHL JSieXaT B rnpegenax ot 1,4-1079 (pna
fi =12) go 4-10° % (mna @ = 2).

PafoTa BumosiHeHa B JlaBopaTopuu agepHemix npoGiem CHAI.

Mpenpust OObeaMHEHHOr0 MHCTHTYTA AKEPHBIX KcenenopaHmii. [ly6ua 1987

Avdeyev S.P. et al. E7-87-580
On the Search for Density Isomers at Interaction
of Relativistic "2C Nuclei with Lead

A Pb target was bombarded with '2C nuclei of an eneryy
of 15 and 43 GeV. The target was periodically transported
to the inside of the neutron multiplicity detector which
allowed measuring time distributions for events of mul-
tiple emission of delayed neutrons. Abnormal neutron emit-
ters have not been found. Upper limits of probabilities
of their production were estimated for the half-life raunge
10-10% s and for different mean multiplicities of neutrens
n. The values obtained are within the interval from
1.4-107% (for @ = 12) to 4-1076 (for @ = 2).

The investigation has been performed at the Laboratcry
of Nuclear Problems, JINR.
Preprint of the Joint Institute for Nuclear Research. Dubna 1987
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