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DETECTION AND STUDY OF THE «-DECAY
OF THE COMPOUND STATES 1880s

J.Andrzejewski, Yu.M.Gledenov, Yu.P.Popov, P.V. Sedyshev

The paper reports on the results of the study of the a -decay of
highly excited states of 1880g The experiment was performed by the
time-of-flight method and utilized neutrons from the IBR-30 booster of
the Laboratory of Neutron Physics, JINR. For the first time one has suc-
ceeded in measuring,with the help of a two-section ionization chamber
with a grid, a -widths of (6.8 £1.0)-107° eV and (2.0 £0.3) - 107° eV
for two resonances at Eo =947eVand Eg=12.7eV, respectively.
Average a-widths were found to be (17 210)-107° eV and (6.3 ¢
+£4.7)-107% eV over two neutron energy intervals from 38 to 53 eV,
and from 53 to 150 eV, respectively. Experimental alpha-particle strength
functions are compared to those calculated within the model of “the
black nucleus”.

The investigation has been performed at the Laboratory of Neutron
Physics, JINR.

O6HapyskeHHe U UCCNeNoBaHMe anbda-pacnana
KoMnayHa-coctosuuit 88 Os

10.AnpxeeBckH u ap.

INpuBonsrcsa peaynbr?gjéx HCCteloBaHuii anbda-pacnaia BbICOKOBO3-
6y>KOEHHbIX COCTOSHHIA Os. H3aMepeHHs NpoBOOKAKCH C HCTIOIB30-
BaHHEM MeTO[a BpeMEHH MpoJjieTa Ha MyYKe HEHTPOHOB MMILYJIBCHOTO
Gycrepa UBP-30 JIHO OMAH. Briepsbie yaanoch ¢ ROMOLIBIO IBYXCeK-
LUHOHHOH MOHH3AUMOHHONH KaMepbl C CETKOI NMONywHTh amba-1LIH pHHBI
nByx pesoHaHcoB ¢ E 4 =947:Bu  Ej =12.7 3B, xoropsie pasHs-
forca (6.8 1.0) -107° 3B u (2.0 £ 0.3) - 10™° 3B. Ina nuTepBanon
JHepruu HeiTpoHoB 38 + 53, 53 + 150 3B nonyueHs! cpeaHue 3HaYeHHA
anbda-wmpun: (17 £ 10) - 107° 3B u (6.3 £ 4.7) - 10”° 3B coorser-
CTBEHHO. JKCNepHMEHTAIbHbIC BENTMUMHBI aJTba-YacTHUHONH CUIIOBOI
YHKUMH CPaBHHBAIOTCA C PaCCYHTaHHOM MO MOJENMH YepHOro” Ampa.

PaGora Boimonnena B JlaGoparopuu HeiiTpoHHo# ¢uaukun OUSAM.

The study of «-decay of neutron resonances, being carried out
for many years, has provided us with vast information on average a-
widths for a wide range of nuclei 60 < A <180 1/ The experimental
data are well reproduced by the cluster model of a-decay /*/ . How-
ever measurements of the thermal neutron induced (1, a)  reaction
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cross section of 238U have yielded/s' 4/ 4 -widths six orders of magni-
tude different from those calculated in the cluster model. What is the
reason for that? Is it a new mechanism of the a-decay of heavy nuclei?
In this connection the measurement of the !870s(n,a) reaction is
of interest, since it is a further step towards heavy nuclei region.

Two earlier attempts /5-8/ have only allowed the determination

w
of th;‘: upper limit for the average a-width: <1"g > < 6-107¢ eV and

«r3"™> < 0.43 -10°% eV. The experiments have however failed to mea-
sure the I, for individual resonances.

The present measurement was carried ?‘9‘% with a two-section ioni-
zation chamber with a grid. The isotope of ~~ 08 enriched to 99 % was
used as a target and had a thickness of 2 mg/cm?® . It was irradiated by
neutrons from the IBR-30 booster. The reduction of the background
of electrons and y-quanta, produced in the (r, y) reaction having an
8 orders of magnitude larger cross section, required the pressure in the
chamber to be 30 % lower than that at which a-particles from the tar-
get have flight paths equal to the distance to the grid. This circumstance
and also the large thickness of the target did not allow the identifica-
tion of transitions to separate levels. The obtained data are thus a re-
sult of averaging over the lowest levels of the final nucleus. Values of
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Fig. 1. The time of flight spectrum of the 18708 (n, a )184w reaction. Arrows
show positions of resonances from /8! Also there are shown energy intervals for
which averaged parameters of the reaction were calculated.
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Fig. 2. The amplitude spectrum in . 5 6 7 8 9 E4,MeV
the time window of the resonance ™ ETTVTTCCTTTIOr TS
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E ,= 135.5 eV from Refs. /78’ - \ 3
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simultaneously passed through
two targets ( 1870s and 143 Nd)
at an angle of 4° with respect to
their surface. Signals from two electronic circuits were fed to a mini-
computer, 184

Figure 1 shows the time of flight spectrum of the 1870s(n,aq) %*w
reaction measured in the amplitude window corresponding to the ener-
gies of a -particles from a compound nucleus 1880s. Two resonances
at E;,=9.47eV and E, = 12.7eV and a bump in the interval from
38 to 53 eV corresponding to a group of 5 resonances ’%’  are observed.

The (n, a) reactions were identified for individual resonances and
given energy intervals by the method reported in Ref.”?. Figure 2
illustrates the amplitude spectrum in the time window of a resonance
at E o= 9.47 eV. The dashed line shows the extrapolated background.

Table 1 summarizes the data on the number of a-counts and
calculated a -widths for two resonances. The data acquired for two
energy intervals are shown in Table 2. The values for l:? T <op.ay>
are obtained in the same way as described in Ref.” %  and tha o .-
particle strength function is determined by a formula /1.
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where <I', > is the averaged over a given interval a-width; I' ;P ,

the single particle « -width for the transition to a given state of a final
nucleus; D, the mean level spacing of the neutron resonances with
spin-parity J7 at the compound nucleus.

The largest contribution to the errors of a-widths is connected
with the resolving of the background and with the errors due to a finite
number of resonances in an interval AE. The obtained values of the

39



Table 1.

E,eV Ng r,,ev-10"°
9.47 177 + 22 6810
12.7 155 + 21 2.0+0.3
Table 2.
E,eV Ng <00 ay > ub..<I >,eV-10° s, S, MeV~ 1.10°2
38—53 312185 2216 1710 23114
53—150 259+180 5.4+3.8 6.324.7 8.6+6.4
over reso- : 44+2.6 6.0:3.5
nances .
9.47.and 12.7

a -particle strength function may be compared with sh =
=48-10"2 MeV~', the a -particle strength function for the nucleus
1870s, calculated in the frame of a “black nucleus’’ model as Kadmen-
sky et al. did in their work/}!/, The strength function exceeds a little
the S in the first energy interval, while in the second and in the
interval of averaging over two resonances it coincides with the S‘;" ,
j.e. the <[y >gz, does not show a considerable rise over the cluster
model value for A = 188.

It would be of interest to compare the obtained results to the
values calculated with account for the deformation of the nucleus
and correlations among channels, since these calculations have shown
a decrease of the value of SB® for several nuclei.

The obtained values of average a-widths have confirmed the
fact that the a-decay channel is very narrow as compared to the
channel of radiation capture by the 8708 nucleus and, therefore,
can be neglected in making estimates for the decrease in number of
18795 nuclei in the process of nucleosynthesis.
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