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SEARCH FOR SUPERHEAVY ELEMENTS IN NATURE BY DETECTION OF 

EVENTS WITH LARGE NUMBERS OV NEUTRONS
*  

E. Cheifetz, E. R. Giusti, K. R. Bowman, R. .C. Jared, J. B. ihinter, and 
S. G. Thompson 

Lawrence Radiation Laboratory,  
University of California . .. 
Berkeley, California 94720 

ABSTRACT  

Some preliminary results are reported on a search for the presence 

of "superheavy elements" in nature. Large samples (10-50 kg) of various 

substances including W and Pb ores as well as manganese nodules were 

examined for the.presence of •spontaneous fission events in which large 

numbers of neutrons are emitted. The method utilized, a large Gd loaded 

liquid scintillator with 60-70% efficiency for detecting neutrons. The 

system was located in a tunnel of depth 'u 275 meters in order to reduce 

interference from cosmic rays. In the materials tested no events above 

background were detected. This limit corresponds to half lives in the 

region 1023  years relative to the principle component of the samples. 

INTRODUCTION 

In recent years various estimates and calculations have been made 

which suggest the possibility that nuclei having atomic numbers in the 

region 108_111  may be sufficiently stable to exist in nature. These nuclei 

are expected to decay either directly by spontaneous fission or indirectly 

4 
by othermodes of decay togive products which would then undergo spontaneous 

fission, 

* 
Work performed under the auspices of the U. S. Atomic Enerr Commission. 
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It is expected that the spontanecus .f±s 	of thee superriairy 

nuclei" would be accompanied on the average by eniusion of about ten rieu-

trons. The enissibn of such a la±ge number of neutrons from each sirule 

fission event isthen a very distinctive indicator of the presence of these 

elements because this property -does not occur in any of the.pesently known 

spontaneously fissioning species in nature. Furthermore, these evaporated 

neutrons would have average energies in the range 1-3 MeV and thus would 

be able to escape the sample and enter the counting chamber. Consequently 

large amounts of heavy materials can be examined with great sensitivity. 

The use of a large liquid scintiIlator is a sensitive and convenient 

method for detecting events inwhich large numbers of neutrons are emitted. 

The efficiency for detecting neutrons is high especially when the scintil-

lator contains an element such as gadolinium which has avery large cross 

section for neutron capture. (16000 barns). Final1y, the liquid scijtil-

lator provides a natural means of detecting many neutrons from single events 

because it makes use of the-wide variation and separation in therma1iztion 

times; i.e. the individual neutrons are separated according to time of 

thermalization and are then captured to p'oduce the photons and light which 

is seen by the photomultipliers. 

In the preliminary work reported here we have used a system involv:rig 

a liquid scintillator to. search for .superheavy elenents in several materials. 

A number of other materials will be examiiied before the work is completed. 

2. DESCRIPTION OF THE DETECTION METHOD 

The.neutrons.are detected by a large gadolinium loaded liquid scm-

tillator with the capability of measuring neutrons with high efficiency. A 

schematic view of the detector system is shown in Fig. 1. Its main bodyis 

a tank with dimensions 62 x 62 X  125 cm which holds a liquid consisting of 

toluene solvent, 8 g/l gadolinium octoate, 0.1 g.1 POPOP and 5 g/l 
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Fig. 1. The gadolinium loaded liquid scintillator detection system. 
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p-terphenyl. Sixteen 5-inch Dumot No. 636k phuto::iilipliers are rnoun:i'on 

glass viewing ports on two walls of the chamber. The inner walls of the 

chamber are painted with. white reflective coating. A tube for holding the 

samples is located at the center of the chamber and has the dimensions of 

11. 1  cm diameter and 105 cm depth. The system is very similar to some 

described already in the iiterature. 	: 

Neutrons produced by any source placed at the center of the cham-

ber enter the liquid and are thermalized by collisions with the hydrogen 

in the solution and eventually are either captured by the gadolinium or 

leak out of the tank. The (n, y.) reaction in gadolinium produces 

" 9 MeV of gamma energy, the energy usually being shared by several gamma 

rays. The electrons createdby the reaction of these gamma rays with the 

liquid produce scintillations which are seen by a few of the photomulti-

pliers. 

The distribution in time for neutron capture is broad and has a 

peak at about 10 psec after the neutrons are emitted. About 90% of all the 

neutrons are captured within 1-36sec after their production. In this way 

individual members of a burst of energetic neutrons ( 1 MeV) are separated 

in time for convenient electronic multiplicity counting. 

3. ELECTRONICS 	 . 

A simplified block diagram of the electronics is shown in Fig. 2. 

The photómültiplier pulses are summed in two banks (8 photomultipliers in 

each). A "tank pulse" is obtained when coincident pulses are observed from 

banks A and B and when the linear sum of all photo multiplier outputs cor -

responds in pulse height to.an energy greater than 1 MeV. This signal has 

the significance that. the light must be seen by at least two photomultipliers 

and have a sum amplitude' correspondmngto an energy greater than 1 MeV. Since 

'at least two photomultipliers must give a signal the effect of random noise 
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from individual tubes is minimized A "tank pu1" tri ingcrs, after a 

0.5 sec delay, a 36 psec gate: (The delay is to nsure that all of the 

prompt gamma rays from a fiion event have been emitted) During the 

36 psec gate interval all tank pulses are countei y a scaler. At the end 

of the 36 3isec period the digital information in the scaler is converted to 

analog pulse heights and transferred to a pulse height analyzer. Then the 

scaler is reset... The next tankpulse. defines a new 36 psec gate interval. 

A spectrum of multiplicity in the range 0-15 is thus obtained in a 

pulse height analyzer.. The system is capable of monitoring a burst of 

neutrons where the trigger can be activated either by the prompt y-rays 

or the first neutron captured. The circuits shown by dotted lines in Fig. 

2 was added in the later experiments to remove events that had cosmic rays 

in coincidence and will be discussed later. 

1. 0PATI0N OF THE SYSTEM 

The efficiency of the system was checked at regular intervals by 

p]7acing a weak 252Cf spontaneous fission source in the center ofthe tank 

and triggering the 36 psec gate by the fission events (using a small solid 

state detector to detect the fragments). The multiplicity distribution 

obtained in this manner for25,OOO fission events is shown in Fig. 3. Its 

mean value is n = 2.14. This yields an efficiency of 65.5% for detection 

of each neutron (using 3.72 as the average number of neutrons emitted in 

252 Cf fission). 

Long term stabilityand continuous monitoring of the system which 

is necessary for this type of an experiment was obtainea in t-iree ways 

i) The singles counting rate of tank pulses was recorded every 2 sec by 

a chart recorder and showed the system to be very stable. 2) The data from 

the multi-channel analyzer were printed out automatically at regular intervals 
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Fig. 2. The electronic system. 
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Fig. 3. The multiplicity distribution observed with a 252Cf source placed in-
the center of the chamber. The 36 isec gate was triggered by a fissio,n 
fragment detector. The average multiplicity was 2.44, i.e. the effi-
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and the multiplicity distributions were found to be consistent (within sta-

tistical fluctuations). 3) In recent experiments photographs were made of 

the tank pulses that appeared during the 36 psec gate, whenever an event 

having a multiplicity of four or more occurred. In principle these events 

can be checked to be certain they have a normal time distribution. How 

ever, as yet, the photographic equipment has not been operating satis- 

fact on  ly. 

When the system operates with the neutron tank pulse as the main 

trigger, it is sensitive to the environmental radiation which consists of 

gamma rays from natural sources (e.g. U, Th, and K) and cosmic rays and 

the products Of their reactions in matter. The gamma rays that arise from 

natural sources appear in general as single random pulses. Accidental coin-

cidences between these random pulses yield a distribution which is repre-

sented by a Poisson probability function. 

P(N) = 8.64 x  l0 (CT) 1  exp(-CT) 
(N! 	T) 

where P(N) is the number of events observed per day appearing to have a 

multiplicity N with a singlerandom tank pulse rate of C (per sec) and a 

gate length of T (sec). At the operating count rate of 600 counts/se.c less 

than 1 event per day appearing as multiplicity four or more can be expected. 

5. RESULTS 

The results of the multiplicity distributions measured on samples of 

lead ore and tungsten in metallic form are shown in Figs. 14  and 5. In both 

cases events with. high multiplicities were observed at a rate that could not 

be accounted for by the expectedrandom occurrence of highmultiplicity 

events. The rate of events with given multiplicity expected from proba-

bilityconsiderations is indicated in the figures by the dark lines and was 
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Fig. 14•  The multiplicity distribution obtained with a lead ore sample. The 
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Fig. 5. The multiplicity distribution obtained with a sample of purified 
tungsten metal. The dots represent the experimental results and the 
dark lines the expected random behavior. 
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calculated from the known single counting rate. For the low multiplicities 

(1 to 3) the observed rate agreed with the predicted random multiplicities 

within the statistical uncertainty. 

The exact number of neutrons that accompany spontaneous fission of 

a superheavy element and the shape of the neutron distribution are not yet 

known. Therefore, we cannot calculate exactly the probabilities associated 

with detecting an event with multiplicity N or more neutrons. However 

when the system operates with 67% efficiency and on the average 10 neu-

trons are emitted the probability of detecting four ormore following a 

trigger by the first neutron is > 60%, depending somewhat on the shape of 

the assumed distribution. We have chosen then to report the results as 

the number of events having multiplicity four or greater. We related this 

to the number of atoms in the sample to obtain the half life. The half 

lives can be compared directly with the results of Flerov et al. 2)  

In Table I we present some results obtained in the various measure-

ments. The results on the lead and the tungsten samples are rather close. 

In the case of tungsten it is reasonable to assume that its homologue 

ekatungsten would be too short lived to exist in nature. Therefore, the 

excess high multiplicity events present both in W and Pb can be assumed 

to come from the interaction of p-mesons with these heavy nuclei. Calcu-

lations based on the estimated flux and known cross sections confirm this 

assumption 

In obtaining the results described above, events following very 

large electronic pulses, were rejected because the sys.tem was saturated by 

the large pulses. This. caused the rejection of p-meson induced events with 

large multiplicities whenever the p-meson passed through; the liquid scm-

tillator. A p-meson loses 1.5 - 2.0 MeV/cm in the liquid, i.e., 30-250 MeV 

a 
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Table I. Results of the Measurcrriert t s a 

Sample 	Countiiig 	Total events Sample 	
weight, Kg 	time (hrs) 	of multiplicity ± 1 e 

XlOyrs 

tungsten 
78 	 43 ± 8 	1 ± 0 3 	

m- 

purew 

le.d 
metal 	33 1 82 	 20 ± 20 	0.31 ± 0.31 

pure Pb 

lead-ore 
22.0 galena,PbS 158 	 13 ± 5 	0 	o ± 0 15 	

COrPQS1- 

tion: 	65% 
leadb 

manganese* 	
7.5 nodules 13 ± 1 	0.1 ± 0.22 	composi- tion:C 

20% Fe, 
11 %Mn 

aThe backgrounds due .to random multiplicities have been subtracted. 
b  
The lead ore is PbS galena from the Sullivan mine, Bunker Hill, Idano. 

CTne manganese nodules (crust) came from a depth 2.I4Km at a position 136 

west of the Mid Atlantic ridge at 45 0  N. 	More details are given by Fleischer 

et al. Phys. Rev. 181, 1393 (1969). 

This experiment was done with steel shielding placed around the apparatus. 

See text. 



-13- 	 UCRL-199 57 

when it passes through the tank, whereas the ener;y from neutron capture 

gamma rays amounts to 9 MeV. 

Our lower limits whicc can be accounted for by the co: ic raj ock-

ground amounted to 3 courits./day/50 kg heavy sample, of multiplicities 14 

or more with 60-70% neutron detection efficcrcy. This lirut is equivalent 
ILI 23 	: 

to a half life of ' 10 y relative to the principal component of the 

samples. Within this limit we are unable to find any evidence for the 

decay of "superheavy elements" in the samples that we have examined so 

far. 

These results are in agreement with the work of..Price 

that set a lower limit corresponding to a half life of 3 x 10 23  years for 

spontaneous fissions In the lead minerals by observing fission fragment 

tracks. 

In Table I, the results are also given .for a 7.5 kg sample of 

manganese nodules. These nodules contained 114%  Mn and 20% Fe. The total 

number of .events of multiplicity i or more was 13 ± 7 in a run of 27 hours 

length. On the basis of the total number of atomsof Mn and Fe taken 

together the half life limit is 1 x 10 22  years. The measurement of man- 

ganese nodules was performed after surrounding the apparatus with steel 

shielding of thickness 5cm. The effect of the shielding is'discussed 

below. 

In the, later experiments steel shielidg was introduced around the 

apparatus in order to reduce the effect of background gamma radiation from 

• the surrounding medium. As a result the single y-ru counting rate was 

reduced from 1u 650 counts per sec to ' 250 count: r:;;ec.  This reduction 

has the desirable effect of reducing the accidental r;te of rkhermultI-

plicity events. çHowever we found that the addition of tkc :hielding had 
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the undesirable effect of i.ncreasingthe u-meson background. The u-mesons 

appeared to produce events of high neutron multiplicity in the shielding. 

Some of these events are produced by muons which do not pass through the 

tank. These events could therefore not be eliminated from the data. 

After introducing the shielding, we also attempted to reduce the 

cosmic ray background by placing a liquid scintillator system above the 

main tank as indicated in Fig. 1. In this case muons coming from the 

vertical direction pass through the scintillator and produce large identi-

fiable pulses which were used to remove associated high multiplicity events 

vhlch appear in the main tank. Also the p-mesons passing through the 

large tank produce a similar large Identifiable pulse (30-250 MeV) that 

was used to remove associated high multiplicity events. Even with these 

systems in operation we were not able to reduce the background below the 

level which existed before the shielding was installed. 

It now appears that the sensItivity of our apparatus can only be 

increased significantly by placing it much deeper underground where the 

u-meson flux is proportionately decreased. Perhaps an improvement by a 

factor of 10 to 50 could be obtained in this way. 
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