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It is known that. quite a number of ‘experimental data (spontane;
ously fissioning. 1somers/1/ modulatlon of subbarrier resonances/Z/ ‘
k ang,ular distribution of fragments near the threshold/3/ etc)does not
enter 1nto the scope of earlier concepts ‘of the fission barrier, All.
these" phenomena marufest themselves in the subbarrier region and
4reflect therefore a structure of the fission barrier for heavy nuclei.
Qualftatlvely, the character of the.above phenomena could be. explal-
Aned by the two-humped barrier hypothesls/4/ Hdwever, exper1mental
results obtained by now do not allow to perform a joint analys1s
of dlfferent subbarrier effects ‘though these considered: separately
provide a possibility to determine various characterlstlcs of such
a barrier. Of interest is the comparison of these: parameters (hexght
of the first and second barr1ers, depth of the second m1n1mum) rela-
‘ted to the same nucleus ‘but obtained when analysing the data on
various classes of. subbarrier phénomena. However, experlmental data

of this kind’ on one and the same nucleus are not ava1lable. The

isotope 2_41 Pu with which the modulation of subbarmrier fission reso-

nances in the reaction (,f) /5/ and the existence of a spontaneously
fissioning isomeric level in' this nucleus 16/ have been discovered

for the first time may serve: as one of such nuclei, .This nucleus

~

could also be produced via the reaction Pu(y ,n) 241Pu . As was
shown in the previous ‘paper, /7/ the study of the (}’.n) reaction
resultmg in the formation . of spontaneously fisslonmg, 1somers ‘per-
mits establ1shmg with a rather good: accuracy an exc1tat.10n energ,y :

,

of such a state. -



This paper presents analys1s of the mvestxgatlon of this reac-
tion on the nucleus -**Pu- . ) ‘ i

The measurements were performed in the tnicrotrone of the
Physical Problem Institute of the USSR Academy of Sc1ences. The
method was described in ref/ .
‘ To detect fission fragments a spark counter was employeéd;

" a target thickness was 0.9 _mg/cmz. To. avoid diecharges in the co-
unter due to quanta which caused a b:ig dead time of the counter
( =~ 500 ¢ sec), the voltage on its electrodes during the pulse was
decreased. Thus the detector was insensitive to fragments of the
prompt fission and to: intense ﬂux of y-quanta. The voltage on the
counter was fully reproduced in. about 2 ¢ sec after the end of y -
quanta pulse and fragments of delayed fission were detected J.he'
isomer formed was identified by its half-life, The pulse t1me d1str1bu— .
t1on shown in Fig. 1 gives the value of the half-life T I —23 + :lusec.'.

The ca11brat1on of the counter effic1ency was made by the sponta—

neous fission of nuclei of 2*2py target,
Fig. 2 presents the delayed fission as a function: of a bounda-
ry energy of = y-quanta (or of an electron energy) The calculation
of excitation function for determining’ its threshold : for the reaction
242 “Puly,n) 17 Py was made as follows: \ ‘ ’ ,
. The relative integral yield ref -delayed fission was calculated
» by the formula:
B

Y(Eb ?=kEfn af(Ey)[l—exp(f-;-—L'I-‘—)]CI)(E),-,EO )dEy'

where . E, - the electron energy,
' Ey ‘= the' quantum energy,

¢(E i O )— the bremsstrahlung spectrum’ function,

En - the reactlon threshold »
; T - the nuclear temperature S P
S, = the cross sectlon of photoﬁssmn obtalned from the
measured y1e1d of prompt’ fission. “This cross section makes a cer—

tain part of the cross section of the compound—nucleus format1or1."
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Fig.2. Dependence of the fragment yield of the prompt (*) and
delayed ( é) fission. Y against the boundary energy of y —quan-
ta. E, in the reaction 2*?Pu+ y. | - : ) k
I -'the calculated curve at T =15 MeV'and the threshold
energy E,= 9,1 MeV, . g :
23-at T=15MeV , E, = 83 MeV(2) and E , =9.5 MeW(3).
. 6 - . .



K =the . coefficient: mvolvmg the- expemmental geometry and the
quantity. of "the target material, : -
The - curves of integral yield were. calculated at different magni-
tudes of the reaction threshold in the'range of 8,3 to 9.5 MeV. The
‘best agreement, as seen in Fig, 2, was obtained at E=9.1+0.15MeV,,
In these calculations ‘T =0,7MeV and T =1.5 MeV and the dlf—_
ference between the obtained curves is not very large,

_ The energy of isomeric state of 241 Pu was determined as a
difference. of the thresholds of. reactions resulting in. the isomeric
(9,10£0.15 MeV) and ground (6.21_—1;0.02 MeV) states., This difference
amounted 2,9+0.15 MeV., ‘ ’

X At 12.5 MeV electron energy the rat1o ‘of y1e1ds of the delayed
( Yyi ) and prompt (Y )_ flss1on4was also deterfmmed

The voltage on the.counter was not decreased during the pulse,.

The radiation intensity was . diminished up to a wvalue at which there

were no discharge because of . ~rays. ) . .
The ratio Yyi /Yyr = (1.15:::0 25) 103, hence the cross sec-
- tion ratio at this energy o lo, = (2.5+0.5) “10’3_was calculated
with the account of the bremsstrahlung spectrum of 3 -radiation.
The cross section ¢ , was determined from the measured ‘integral
vield of the prompt fission fragments (Fig. 2) using the "photon dif- .

ference" method, At 12,5 MeV energy we obtained o, = 135 mbarn

that is the value = (3 4+0, 7) 10728cm2, The measured cross sec-

Uyl
tion allowed us to determine also the value T /T,= 2.7 N

_ It follows frem this estimate and from the magnitude of Oyl/ °o,
that the isomeric ratio o, /Uyn = (9+3)+10™%, ;

In the two-humped -barrier model there the isomeric state is
interpreted as a low state in the second well. Thus its energy
is the difference of energies E* =~ between the second and the first
minima . of potentiall energy,

The isomeric ratio %0 / o in the same. model c\orres}poinds
to that of the level densities in the second and first ‘wells, the level
density in the first ‘well béing correspondent to the neutron binding
energy and in the setond one- to the energy at which the. fission
widthr(l",v) 'is. comparable to the radiation one '(l"y ~ 0.02 eV).

- .



in ref. / 8/ there is the ratio of the level densities ‘in: the first. ‘and
second wells revealed from the ana1y51s of subbarmer resonancesls/
at the. 5.5 ‘MeV neutron binding . energy in . 24-1 Pu | It turned. - out to‘
be -of about 2:10-2 that.is 10.times greater than the estiméte .obtained - ‘
in our work, This dlfference seems to be due to the fact that when
'analysmg isomeric ratio .the level densities’ in the .second. well should

be taken at a somewhat lower energy when F ~1" . 4. The ana1y515'

of the fission résonances in the same nucleus 241 Py  provides
1.7 MeV /8! to 2.1 MeV/5/ for AE . These data: differ considerably
from the isomeric state energy (= 2.9 MeV)‘measiJred' in our expe- -
riment. Two assumptions can be made on such a disagreement- (within
the framework of the two-humped barrier model): =~ . ‘
(i) the isomeric. state observed is located higher (t6 about
800 keV) than the bottom of the second well; .
A(ii) the parameter of the level densities from strongly deformed~
states has no abnormally big leue( 40)
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