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SEARCH FOR_SUPERHEAVY ELEMENTS IN NATURE BY DETECTION OF

 EVENTS WITH LARGE NUMBERS OF NWUTRONS

" E. Chelfetz, E. R. Giusti, H. R. Bowman R. C. Jared, J. B. Hunter, and

S. G. Thompson
Lawrence Radiation Laboratory

University of California
Berkeley, California 94720

ABSTRACT

Some preliminary iééuits are reported on a search for the éresence
of,"superheavy elements" in ﬁatﬁre. Large éamples (10-50 kg) of various
substances including W éhd Pb ores as well as manganése’nodules were'
examined for the.presence of spontaneous fission events in whichviafge

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

" liquid scintillator with 60—70%»effiéiency for detecting neutrons. The
system was located in a tunnel of depth Vv 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’

23 years relative to the principle component of the samples.

INTRODUCTTON

In_recept_years various estimates and calculatioﬁs have been made
which suggest the'possibility that nuclei having atomic numbers in the
region 108-11k4 may be sufficiently stable to exist in naturé.' These nuclei
are expected to decay either directly by spontaneous fission or indirectly

by other modes of decay to give products which would then undergo spontaneous

fission.

® : _ : o
Work performed under the auspices of the U. S. Atomic Energy Commission.
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It is expected:that»the spcntaneous
nuclei” would be acccmpenied on the average by emission of about ten nou-
u-trons. The emissiou bf such a large number of neutroﬁs.ffom cach single
:fissiou event is tﬁen a very distiuctive indicctor of the pfesence of these
elements because thls property does not - occur ‘in any o” tne<preeently knowe
spontanéously fissicuing'species in nature. Furthe more, these evaporated -
neutrous wduld haye average ehefgies iu thefrange 1-3 MeV.ana thus would
be able to escape the sample.end enter the counting chamber..=Consequentlyv
lafge amounts of heavy materiele‘cau be ekamined with great éensitiviti.

tThe use of a‘lafge'liquid seintillator is a sernsitive .and con venien t
'method for detecting_events in.which large numbers of neutrcns are emitted.
The efflclency for detectlng neutrons is hlgh esp~c1ally when the scinti
lator contalns an element such as gadolenlum which has a very large cross
sectlcn for neutron capture (h6000 barns) ‘Finally, the liquid scintii—
lator pfov1des a natural means of detecting many neatrons from 51ngle evenus
._because itvmakes use of the wide variation and separation in thermalizetiou “
tlmes, i.e. thé individual neutrons are separated acco*dlng to time.cf
tnermallzatlon aud are then captured to produce the pnotons and light Jhlch
is seen by the photomultipliers.

In the preliminary work‘fepoftee here we have ueed a system involving
a liquid scintillator tcﬁsearchufor.superheavy elements in several materiele.
- A number of other materials will be examined before the work is completed.

2. DESCRIPTION OF THE DETECTION METHOD

The.neutrons.are deteCted by a large gadoll nium loaded liguid scin-
tlllator with the capablllty of measuring neutrons with high efficiency. A~
schematic view of the detector syste is shown in ?ig. 1. Its main body»is

a tank with dlmen51ons 62 x 62 X 125 em which holds a liguid con51st¢hg of

toluene solvent, " 8 g/l gadolinium octoate, 0.1 g.1l POPOP and 5 g/1
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“Fig. 1.. The gadolinium loaded liquid scintillator detection system.
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p-terphenyl. Sixteen 5-inch Dumont No. 636k ihué@mulk4b iers are mounied'on"
glass viewing ports oa two ﬁalis'bf the chamber. The inner walls of the
chamber are painted with.ﬁhite reflecﬁive eoating. A tube for hoidihg tﬁe
samples is located at the center of the chamber and has fhe dimensions.of
11.4 cm diameter and 105 cm:depth. &he syS£em is very similar to some a
described already in the'literatureul) |
| Neutrons produced by any eoﬁ:ee placed at the center of‘the cham-

ber ehter the liquid and are thermalized_by collisions with the hydrogen
in the solution and eventually are eithei capturea by the gaddlihium or
leak out of the tank. ‘The (n, ) reaction in gadoiinium prodﬁees
v 9 MeV of gamma energy, the energy usually being shared by several gamma '
rays. ' The electrons created;by the reaction of these gamma rays with the
liquid produce scintillations which are seen by a few of the'photomultl-
pliers. | |

The distribution in time for neutron capture is broad and has a
peak at about 10 usec after the neutrons are emitted. Agoui”QO% of all'the
neutrons are captured withia‘l—36‘usec after theifvproductioh. .Iﬁ this ﬁay
individual'membefs of a burst of'energetic neutrons (v 1 MeV) are separated
in time for convenient electrenicvmultiplieity eounting;
3. ELECTRONICS | |

A 51mp11f1ed block dlagram of the elect”onlcs is shown in Fig. 2.
The photomultlpller pulses are summed in two banks (8 DhotomultlplLers in
~each). A "tank pulse" is obtained when coincident pulses are observed from
banks A and B aﬁd'when the linear sum of all photo multiplier outputs cor-
responds in pulse helght to an energy greater than 1 MeV. Thisvsignal has
.vthe 51gn1flcance that. the light must be seen by at . least two photomultlpllers
" and have a sum amplitude'cbrrespdnding”to an energy greater than 1 MeV. Since

'at least two photomultipliers must give a signal the effect of random noise



o

.‘d

-5- : _ UCRL=195957

from individual tubes is.minimized. A "tank pulse" tripgers, after a

0.5 usec delay, a 36 usec gate. " (The delay is to cnsure that 2ll of the

prompt gamma rays from a fission event have been emitted. 0 During'the

36 usec gate 1nterval all tank pulses are counffu Ly v sculer. At the end

~of the 36 usec perlod the dlgltal information in the scaler iz converted to

analog. pulse helghts and transferred to a pulse height anaryzer Then the

scaler is reset The next tank’ pulse defines a new 36 usec gate 1nterval

} A spectrum of multlpllcity in the ranbe 0-15 is thus obtained in a

pulse helght analyzer. The system is capable of monluorrng a burst of

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

or the first neutron captured. ;The c1rcu1ts shown oy 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.

L, OPERATION OF THE SYSTEM

The eff1c1ency of the s&stem was checked at regular intervals by
placing & weak'zsch spontaneous fission source in the center of the tank
and trlggerlng the 36 usec gate by the fission events (u51ng a small solid

state detector to detect the fragments) The mult1p11c1ty distribution
obtalned rn thls manner for 25, 000 flsslon events is shown in Fig. 31 Its
mean value is n = 2.Lk. This yields an efficiency of 65.5% for detection
of each neutron (using 3.72 as the average number of’neutroos emitted in
25%2cs fission).. | |

‘Loné term stebility,end continuous monitoring of the system which
is necessary for thls type-of an experiment was'obtained in three ways:

1) The 31ngles countlng rate of tank pulses was recorded every 2 sec oy

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

the multi-channel analyzer were printed out autometically gt regular intervals
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Fig. 3. The multiplicity distribution observed with a 252Cf source placed in.
the center of the chamber. The 36 usec gate was triggered by a fission
fragment detector. The average multiplicity was 2.4k, i.e. the effi-
ciency = 2.L4/V = 65.5%; (V = 3.72). '
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and the multiplicity distributidné were found to be consistent (within'stéé
tisticalvfluétuafiqns). 3) In recent experimenfs photographg weré_madé.of
the tank pulses tﬁat appearéd during the 36 ﬁséc gate, wﬁénevér an'evént
having a multiélicity'of-four or moré occurred. In principle these evéﬁts~
can pe checked to be certaih‘the§ghave a nérmalxtime distribution. waf
ever, as yet, the photographic equipment has not been operating sautis-.=
factorilf; o

When the system operates with the neutron tank pulse as thg'méin
trigger, it is sensitive to the envirommental radiation which consists of
gamma rays from natural.soﬁrqes Ke.g.'U, Th, and K) and cosmicvrqys 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-f

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

‘sented by a Poisson probability function.

8.6 x 10% ()™ exp(_cT)
(ny - T)

P(N) =

where P(N) is the number of events cbserved per day appearing to have a
multiplicity N with a single random tank puise rate of C'(pef sec) and a

gate length of T (sec). At the operating count rate of 600 counts/sec 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. 4 and 5. 1In both

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

be accounted for by the expected random occurrence of high 'multiplicity

.’

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

‘bility'considerations is indicated in the figures by the dark lines and was

=y

W
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Fig. k. The multiplicity distribution obtained with a lead ore sample. The .
dark line represents the multiplicities expected on the basis of pro- ’
bability considerations and the dots represent the experimental results.
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Fig. 5. The multiplicity distribution obtained with a sample of purified
tungsten metal. The dots represent the experlmental results and the
.dark lines the expected random behavior.
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calculafed from the known-sihgle counting rate. For the low multiplicities
(1 to 3) the observed rate agreéd:with_the prédicted random.multiplicities
witﬁin the stétisfical uhcértaihty.

The exact number 6f neutrbﬁs that accomﬁany spontaneous fissién of
a superheavy element and the sha?é;of the'neutrbn distributiﬁn are nbt yet
known. Theréfore, we cannot calculate exactly the prbbabilities aséociated

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

- when the system operates with ~V 67% efficienéy and on the average 10 neu-

frons are emitted the probébility of detecting four or more followihg a
trigger by.the first neutron is = 60%, depending somewhat on the shape of
the assumed diétribution. We have chosen then to report the result? as
the number of events havingvmultiplicity'four or greater. We related this
to the number of atoms in the sample to obtain'tﬁe half life.. The half
lives can be compared directly'with the results of Flerov Si.él:2)'

In Table I webpresent some results obtained in the various.measure—
ments. The resultsvon the lead and fhe tungsten sampies are rafher close.
In the case of tungSteh‘it is reasonable to assume that its homoiogué
ekatungsten would be too cshort lived to exist in naturg. Therefore, the
e#cess high multiplicity e&ents preéent both in W and Pb can be éssumed
to come from the interaction éf-u—ﬁesons with these heavy nuclei. Calcu-
lations based on the estimﬁted fiﬁx and known cross sections confirm this
assumption. |

In obtainiﬁg the results'descfibed above, events following very
large electronic pulses were‘rejected_because the system was saturated by
the large pulses. This caused the rejection of u-meson induced events with
large multipiicities_whenever the ﬁ-meson passed thiough,tﬁe liquid scin-

tillator. A ﬁ~meson loses 1.5 - 2.0 MeV/em in the liquid, i.e., 30-250 MeV
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. | ‘ _ .
Tahle I. Results of the Measuraments:

Sample '_Countiﬁg © Total events - Hal

; 1f. e
Sample  yeignt, Kg  time (hrs) of multiplicity L+  1ife Renarks
: . : PEN
' *10""y7rs
iungsteh o o ‘ v 'v‘f o O composi- e
metal ' - h9{h B bt k3 x 8 }'4 *0.3 ‘tion:
pure ¥ W
tead 33.1° g2 - 20ta0 0.31 + 0.31 Composi-
metal : o=t R ) tion:

' pure Pb
 lead-ore «22 o R 158 L ' 13 ¢ 5 0.L0 ; O 15 composi-
-galena,PbS * ' ’ ’ - LT tion: 65%

lead?

manganese - : ' ' - composi
nodﬁles 7.5 -1 . 13 £ 7 0.h1 £ 0.22 tiéﬁéc S

C ' ’ 20% Fe,

14% Mn

'aThe'backgrounds'due.to random multiplicities have been subtfacted..

b'I'he lead ore is'PbS éalené from‘the Sullivan mine, Bunker Hill, Idaho.

“The manganese ﬁodules (crust) came from a depth 2.7thm.at a position 136 Km.
west of thé‘Mid Atlantic ridge at 45° N. More detzils are. given by Fleischef;
gz_g;.vphys.bﬁev; 18k, 1393 (1969). o |
% : v

This experimént was done ﬁith,stéelvshielding placed a;oﬁnd the apparatus. =

See text.

>

e
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when it passes through the tenk, whereas the eneryy f{rom neutron capture -
gamma rays amounts to v 9 MeV.
Our lower limits which can be accounted for by the cosmic ray back-

ground amounted to ~n 3 counts/day/SO kg heavy samole, of mu1t1p11c1t1es h

or more w1th.60-70/ neutron detectlon efflC“Cﬂcy This linit is equivalent

to a half llfe of ~ 10 3y relatlve to the prln pal eomponent of the

samples. Wlth;n thls limit we are unable to find any evidence for the

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

. faro

' These results are in agreement w1th the worx of Price et al 3)
that set a lower limit corresponding to a half llfe of 3 x 1023 years for
spontaneous.f1351ons in the lead minerals by observing Tission fragment
tracks. | |

| In Table I,.fhe:resultsAare.also_given_for a %'T;S kg sample of
manganese uoduiee. These nodules contained 14% Mn and 20% Fe. The total

number of.events’of multipiiCityiﬂ or more was 13 % 7 in a run of 247 hours

' length. On the bas1s of the total number of atoms of Mn and Fe taken

together the half llfe llmlt is h X lO yearslv The measurement of man-»

’ganese nodules was performed after surroundlng the apparatus w1th steel
"shleldlng of thickness 5 cm., ,The.effect of the shieldiug isﬁdiscussed

‘below.

In the later experiments‘steel shieliding was introduced around the

' apparatus in order to reduce the effect of bacuground gamma rauratlon from

the Surroundlng'medium. As a result,the single y-roy counting rate was.
reduced from 650 counts per sec to A 250 count:z ~or zec. This reduction
has the desirable effect of reducing the accidental rate of higher-multif

jplioity events;,vHowever, we found that the addition of the shielding had

\
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| - . ‘ . .
the undesirable effect of incréasing'the.u—meson'background. The u-mesons

appearéd to producé events of high mneutron multiplicity in the shielding;.
Some of thésé'events are produéed by'muons'which_do not.paSS thrbugh the
- tank. Thésé'evenfs could théréfofe not Be eliminated from the'data.

. After infroducing tﬁé shielding, we also att?mptea to reduce the
cosmic ray background‘by7plé¢ing a'liquid scintillétor system abq&e fhe‘ ¢
main tank as indicaﬁed iﬁVFig.vl. Invthis case muons cominé frém the
verﬁical direction pas$ thfbugh thé séintillator and produce 1afgé identi-
fiable pulses which were ﬁsed toirémove associétéd high multiblicity.events
which appear in the main tank. Also'the H-mesons passing throﬁgh the
large tank produce a similar large identifiable‘pulée,(30—250 MeV)_that ":v
was used to remove ésspéiated high mulfiplicity events. Eveh with these ‘
systeﬁs in oberation we weré nqt-able to reduce the backgrdund below the
levelvﬁhichpexisted béfore fhe_shielding was installed.

.It now appears that the Sensitivity of our abparatus can only be
increased Significéntiy by placing it much deepér underground where the
u—heson flux is prqportionately decreased. Perhaps an-iﬁprovement by a
factor of 10 to 50 could be obbained in this way .
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