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Search for spontaneous collinear tripartition of 2°°Cf nuclei
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Double arm spectrometer SAVEC has been used to identify spontaneous collinear tripartitiéicfof
nuclei: Moz, — M1z, +Msz,+ M2z, No effect has been observed tdr;>75 u at the level of 7.5 10 © with
respect to the probability of the binary fission proc¢§€556-2818900807-9

PACS numbdps): 25.85.Ca, 27.96:b

When studying disintegrations 6f8U nuclei induced by relativistic protong1,2], a source of spontaneously fission-
relativistic protons[1,2] a noticeable part{1%) of the ing 2°°Cf was used for energy and time calibrations. A part

events could be treated as a collinear tripartition of the calibration data is used here to search for the sponta-
" " " " neous collinear tripartition. The mass of the third fragment is
0Zo— "2y + 323+ 122, (1) limited by the conditionM;>75 u, which corresponds to

ith the f . ¢ a slow ing f Ms7. C the events of collinear tripartition, found in the disintegra-
with the formation of a slowly moving fragmerft3Zs. Com- i< £ 238 ) induced by 1 GeV protons.

paring the results of the two experiments, in which disinte- The main idea is to find the events of the spontaneous

grations were induced by protons with energies 1 GeV an%isinte ration with equal momenta of fragments
11.5 GeV[3], one could come to the conclusion that the g g g

probability of the collinear tripartition increases with the in- P,=P, (4)
creasing energy of the beam. The question still open is
whether this process is specific only for disintegration offor syfficiently large missing mass
highly excited heavy nuclei. In general one could assume
such a process to proceed in a spontaneous disintegration of AM=M3z=Mg—(M;+M,). (5)
a heavy nucleus.

A very simple kinematic analysis of the one-dimensional We have used2E,2V) measurements performed with the
motion of the three positive charggs] shows that the con-  help of the spectrometer of the angular-velocity-energy cor-
dition for the third (innen fragment™sZ; to be at rest for relations(SAVEC). The usefulness of that kind of an instru-

Z3#0 is ment is obvious, though such devices are not used fre-
qguently. The detailed analysis of th@E,2V) method is
M1/Mo=VZ,1Z;. (20 given in[4]. Here we confine ourselves to a short description

Used iahtf dlv. thi . hat b r(])f the device, schematically shown in Fig. 1.
sed straightlorwardly, this expression means that both 1,5 gayEC comprised a vacuum chamber with two

neutron-rich and neutron-deficient fragments should aPP€Y[me-of-flight tubes. At the end of each tube at the distance
simultaneously as a result of the process, while in the exper

t the latt b donlv in disint i d 0 cm a mosaic of eight semiconductor surface-barrier de-
ment the fatter were observed only In disintegrations induce ctors(SSBD) was placed. The detectors were manufactured
by relativistic protons. For spontaneous disintegration, wher%

X g n-type silicon with the specific resistivity of
only neutron-rich fragments were detected, the only pOSSIbI|250 Ohmecm, and a 5Qug/cn? layer of gold. The area of
ity to satisfy Eq.(2) is ' )

each detector amounted to 4.5 Trne of the arms of the
M.=M 7.=7 spectrometer was fixed, the other could be turned in the hori-
1=My, 1=45, 3

which means a symmetritboth in masses and in charges
collinear tripartition with a slowly moving third fragment
Msz.. Considering all available experimental results on the
symmetric spontaneous fission of heavy nuclei, one may
come to the conclusion that the most promising nucleus for
search for the collinear tripartition is a spontaneously fission-
ing isotope ?*Fm. As known from the experiment, the fis-

-
- °
—~—

sion of this nucleus is mainly symmetric in massesMp qe
=M,. The charges of the fragments andZ, are usually *o
considered to be equal to &0though it has never been *e
proved experimentally. It might well be that they are equal to o

each otherZ,=2,), but differ from 5@&. That would be an
evidence for existence of the collinear tripartition process.

Unfortunately we do not have the source of th8Fm. FIG. 1. Scheme of the spectrometer of the angular-velocity-
When studying disintegrations of®® nuclei induced by energy correlation§SAVEC).
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Q UMMM but these events represent a small part of the total statistics.
=, 5000 ] A special analysis showed, that the sizable distortions of the
=[RS ] kinetic energy values are twice more frequent for heavy frag-
QU4000 % 7 ] ment group than for light one. This circumstance allows one
e ] to suggest that the distortion is caused by a Rutherford scat-
3000 - tering of the fragment in the material of details of the
. ] SAVEC construction, comprising nickel foils of the backing
20000 . PR of the 252Cf source and start-signal device, gold layer on the
A whe ] inlet windows of the SSBD, and the bulk material of the
10000 : o : RE SR detector, silicon. The scattering on nickel nuclei, located at a
[ T : ] large distance from the SSBD, can be selected by the mass
o: R Y oy value of the detected fragment. The events which have a
0 1000 2000 3000 4000 5000 fragment mass in the range 55<i1;=<65 u, corresponding

P1 (MeVic) to the natural nickel isotopes, are shown by stars in Fig. 2.

FIG. 2. Two-dimensional ploP, versusP; for events selected AS Seen from Fig. 2, the scatterings on the nickel films rep-
from the total statistics of 1.3810° spontaneous disintegrations of resent only a small part of the events with underestimated

252Cf by the conditionM;>75 u. The events which have a frag- momentum and energy. The main part of the events should
ment mass in the range 55<M;<65 u are marked by stars. be ascribed to the fragment scattering on silicon nuclei,

forming the lattice of the SSBD materialThe points con-

_ _ ) centrating near the axes in Fig. 2 originate from the events in
zontal plane. The weightles®“Cf source witha-particle which one of the fragments hits an insensitive sfrefa-

activity of 20 ..Ci on the nickel backing of 9Qug/cn? was tively smal) of the SSBD. These points comprise also the
placed in the middle of the chambeThe source spot diam- random coincidences of the fragments with numerous 6.12
eter amounted to 1 cm. The detectors in each mosaic welgeqy a-particles from the?5Cf decay.

numbered so that the pair of fragments detected by the cells According to Eq.(3), the hypothetical collinear triparti-

with equal numbers corresponded to maximum collinearity o, process1) could also be detected by the SAVEC. One
i.e., minimal deviation (1.25°) from 180°. The maximum may assume for example the process

deviation for the whole mosaic amounted to 7°.
An independent time-start device for time-of-flight mea- 252Cf— JaNi+ 3900+ s3Ni (6)

surements was located at the distance of 3.7 cm to the source

in the fixed arm of the spectrometer. Secondary electronsimilar to the earlier considered hypothetical disintegrations

from the fragment interaction with a 8%.g/cn? thick start- 23

signal nickel foil were detected in a thin scintillator by a fast 92

photomultiplier. The nickel backing of the source was lo-

— IONli+ 22Kr + 22N 7

cated on the side of the movable arm, so every detecte%nd
fsrg?tnwfgir;t should pass through either backing foil or time- ig?mééNi+ii4Ru+ ZéNi. @)

_ If kinetic energiesE; and times-of-flightT; of two mas-  Taking into account the available experimental data on ki-
sive complementary fragments are measured simultaneousletic energies of the fragments, one can estimate the average
one can determine their masdds~E;T7 and moment&®;  values of the momenta of separating nickel nucleiPag
~E;T;. The latter, together with appropriate angular resolu-=3550 MeVk [2] in reaction(7) and Py;=3940 MeVk
tion, allows one to make a two-dimensional pR% versus  [7] in reaction(8). Assuming that the momen®y; in reac-

P1. Figure 2 shows such a ploP¢,P,) for the events se- tion (6) should be between these values and taking into ac-
lected from the total statistics of 1.830° spontaneous dis- count that the momenta of nickel nuclei, knocked out of the
integrations by the conditioM ;>75 u. nickel films do not exceed 2000 Me¥/we may choose a
Almost all the points in Fig. 2 correspond to the binary range from 2000 to 4000 Me¥/ in each arm of the
fission events in which at least one of the two mométt&s  SAVEC. The condition for observation of the spontaneous
underestimated with respect to the average momentum of thevllinear tripartition events in this momentum range is the
fragmentP,=4575-50 MeV/c. Independent determination equality of the measured momenta, that is a grouping of the
[5] of the fragment kinetic energy by the time-of-flight points near the diagonal, given by E@). The absence of
method and by the ionization loss measurement with theuch events means that we do not observe prdé&ss this
SSBD has proved the existence of the pulse-height defect isxperiment. We do not observe any disintegration of the type
the latter method. Its value is rather small, but it manifestg1) for M;>75 u at the level 7.5 10 of the probability of
itself for all the detected fragments. For the events shown in
Fig. 2 the distortion of the fragment momentum is very large;

2The important role of the nuclear collisions for the fission frag-
ments penetrating a certain thickness of matter was illustrated by a
1The 252Cf source was made at the Kurchatov Institute of Atomic fission fragment track registered holographically in a cloud chamber
Energy in Moscow. filled with the air-argon-helium mixturgg].
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the spontaneous binary fission &7Cf nuclei. If one takes in which eacha-particle should have the momentuRy,
into account the events close to the diagonal in the momer=291 MeV/c.
tum range 1000—-2000 Me¥/ one can specify more accu-  Summing up, we state th&2E,2V) measurements of two

rately 75 w<M3<152 u. separating fragments are quite promising for the search for
One should specially note the absence of any trace of thihe spontaneous as well as induced collinear tripartition of
double a-decay heavy nuclei. Such a search for the disintegratior?8€f
- o4 nuclei allowed to obtain the upper limit for the process with
55 Cf—a+ 5 Put a, (9 the formation of slowly moving massive fragments.

[1] G. E. Solyakin and A. V. Kravtsov, Phys. Rev. 52, 1798 [5] S. A. Kassirov, G. G. Kovshevny, A. A. Kotov, V. R. Resnik,

(1996. G. E. Solyakin, and N. K. Terent'ev, Nucl. Instrum. Methods
[2] G. E. Solyakin, Yad. Fiz60, 35 (1997 [Sov. J. Nucl. Phys. 119 301(1974.

60, 30 (1997]. [6] Yu. A. Chestnov, V. D. Lebedev, B. Yu. Sokolovsky, and G.
[3] B. D. Wilkins, S. B. Kaufman, E. P. Steinberg, J. A. Urbon, E. Solyakin, Report No. PNPI N 2121996.

and D. J. Henderson, Phys. Rev. Le@8 1080(1979. [7] G. E. Solyakin, in Proceedings of the 13th Meeting on Physics
[4] Y. S. Kim, P. Hofmann, H. Daniel, T. von Egidy, T. Haninger, of Nuclear Fission in the memory of G. N. Smirenkin, edited

F. J. Hartmann, M. S. Lotfranaei, and H. Plendl, Nucl. Instrum. by B. D. Kuzminov, Obninsk, 1998unpublished
Methods Phys. Res. 829, 403(1993.

017601-3



