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ABSTRACT- Experimental fissility data from photofission reactions
of 232th, 238y, and 235y nuclei at 52 MeV have been obtained
using monochromatic and polarized LADON photon beams and dielec-
tric fission-track detectors. These data, along with literature
data for 237wp, 235,238y, 232qn, 209gj, 208ph and 174Yb nuclei have
been analysed within the framework of a simple two-step model for
photofission reactions, i.e.,absorption of the incident photon by
a neutron-proton pair followed by an evaporation-fission compe-
tition mechanism for the excited nucleus. Estimated figsility for
nuclei in the Ta-Np region clearly evidentiates shell effects in
the ;icinity of 208pp., 1In the case of 238y the effect of photon
pelarization on fission direction has been also studied, and

isotropy was cobserved in the fragment azimuthal distribution.

PACS 25.85. - Fission reactions

PACS 25.85.Jg - Photofission
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The influence of shell effects on fissility of nuclei in
the vicinity of 208pp has been studied by us in a previous paperl
which reports both experimental and calculated results on
fission cross section and fissility for a number of nuclei for
incident photons of 69-MeV mean energy. For target nuclei in the
region of actinides, the photofission cross section has shown
almost to exaust the total reaction channel,whereas for nuclei
with A £ 210 the total fission probability amounts to. 10-3-10-2
oenly , reaching values as low as 10-8 as one goes towards the
lanthanides.

The experiment reported in Ref.l has been performed by
using the monochromatic and polarized LADON photon beams ob-
tained by laser light backscattered against high-enerqgy electrons
circulating in the storage ring ADONE (Frascati National Laborato
ries)2:3. The data collected from this experiment as well as
those obtained in other laboratories have been interpreted on
the basis of a simplified model for the photofission reactions.
Following this model the primary interaction is described accor-
ding to Levinger’s quasi-deuteron mechanism of nuclear photoabso-
rption and ‘is followed by a process of evaporation-fission
competition for the excited nucleus. The trend of fissility with
parameter 22/A calculated for nuclei along the p-stability val- .
ley, from silver up to neptunium, has shown structures due essen-
tially to shell effects ,mainly in the region of 2=82, N=126,

where the data have been reproduced quite well. Since the model
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predicts that such structures should occur more cleafly at lower
nuclear excitation energies, wé felt therefore worthwhile to
extend our investigation of shell effects by a study at an
incident photon energy of 52 MeV.

In the present paper we report the measured photofission
cross section and fissility data for some actinide nuclei
(2327h,238y  and235y) at 52-MeV photon energy,together with fis-
sility wvalues calculated according to the previous model for
nuclei in the Ta-Np region. No attempts were made to measure
photofission c¢ross section - for nuclei of mass number A £210 in
view of both the low total fission probability expected for such
nuclei at 52 MeV (less than 10-3) and the value of the total
dose (~1010y's) which can be attained during the exposures.

The experimental procedure has been described in our pre-
vious paperl, but some details of interest to the present
measurements are given as follows. The target materials (0.21-
0.30 mg/cm? thin films of 232Tho,, DNatypz, and 93% - enriched
235U03 oxides prepared on mica sheets as supports) were contacted
with a 100 wm-thick makrofol N (Bayer AG) which served as detectors
for fission fragments. In the case of thorium the micas themsel-
ves were used as fission-track detectors . The total effective
number of target nuclei (in units of 1018 cm=2) for the different
stacks was 3.4, 8.1, and 1.9, respectively, for 232qy, 238UIr and
235y, The packs were exposed perpendicularly to monochromatic
(with an energy resolution of ~ 10% FWHM) and fully polarized
LADON photon beams of maximum photon energy of 59.5 MeV and

intensity of 105 y/s. The integral photon doses taken by a large
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Hai(Tl) ciystal monitor were 3.7x102 for 2327h and 235y targets,
"and'é;4x109 for 238y target.The eﬁergy spectra continuously taken
by a magnetic pair spectrometer did not show significant devia-
tions from the mean energy profile. An effective photon mean
energy k = 52 MeV has been deduced. The background contribution
due to continuous Bremsstrahlung over the entire energy range was
estimated to less than 1%. The track-etch detectors were proces-
sed and analysed by the methods previously describedl. The data
have been treated by considering the geometry of exposure,
statistics, counting and registration efficiencies, and fission-
track background from both spontanecus (in the case of 238U) and
low-energy {( ks 30 MeV) photon-induced fission (for all cases
studied). The final numbers of photofission tracks were 62%8,
26819, and 112#11, respectively, for 232rh,238y and 235y, By
taking into account the associated mean total efficiencies (89~
96%) we obtained the absolute fission cross sections at photon
energy k= 52 MeV .

Results have been reported in Table I (4th column) together
with those obtained in other laboratories. The errors indicated
represent a combination of statistical plus systematic errors
associated with the different quantities directly related to the
determination of the cross sections.

The effect of photon polarization on the direction of the
fission fragments has been investigated in the case of 238y
nucleus by measuring of the azimuthal angle ¢ of the recoxrded
fission fragment tracks. The ¢ -distribution obtained (Fig.l)

did not show meaningful anisotropy in 238y- fission under the
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conditions -of the:presenf experiment. This result may be an
indication that 'fer'incident phbtqn energy of 52 Mev, fission
occurred rather afteﬁithe primary photoabsorption stage of the
reaction when the absorbed energy was already completely
distributed into the whole nucleus.

Nuclear fissility (total fission probability) has been deduced
for the nuclei listed in Table I by taking the ratio of/ ol of
the photofission to the total nuclear photoabsorption cross sec-
tions. This latter quantity has been evaluated by using Levin-

ger’s modified quasi-deuteron model 11, according to which

oaT(k,A) = L(NZ/A) og(k)exp(-D/k) , (1)

where og is the total photodisintegration cross section of the
free deuteron, NZ is the number of neutron-proton pairs in the
nucleus, and D and L are parameters depending on mass number A. A
systematic study of total nuclear photoabsorption cross section
data by Terranova et al.l? has shown that the parameter D can be
evaluated by D = 0.72 a0.81 Mev . As far as the parameter L is
concerned, a very recent re-evaluation by Tavares and Terranoval3
gives L = 6.8 - 11.2 A-2/3 + 5.7 A-4/3, Taking 04=0.152 mb for
the cross section of free deuteron photodisintegration induced by
monochromatic photons of 52 Mev1l4, we evaluated the ozT-values
and, accordingly, deduced the fissility values for the nuclei
under study. These data are reported in Table I (3rd and Sth
columns, respectively).

A comparison between each other fissility data shows that

quite good agreement is found in the case of 235y, The experimen-
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tal results for 238y are scattered ‘within the range ~0.6—1.é,
but the weighted mean value of 0.9%0.1- from all gquoted results
indicates that the photofission reaction almost exaust the total
reaction channel. The large differences observed in the fissility
data in the case of 238U may be ascribed to rather different
experimental procedures (photon sources,target preparation, and
detection methods) used in such measurements as well as to some
systematic errors, the origin of which is difficult to detect.
For 2327h, the result of the present work differs from the inter-
polated value of the data reported by Lepretre et al.5 by ~30%
{ a weighted mean fissility of 0.4610.04 is found in this case}.
Some disagreement is noted also when the results for 209Bi are
compared with each other, but all measurements lead to fissility
data of the same order of magnitude, giving a weighted mean value
of (1.0610.08)x10'3. Finally, the results gquoted for 208pp show a
difference of ~ 35-54% when compared with each other.
Experimental fissility data 1listed in Table I have been
‘compared also with values calculated for incident photons of 52
MeV by applying the previously discussed two-step model for
photofission reactionsl. The calculation has been extended, in a
systematic way, to nuclei located along the f-stability valley
from Tantalum up to Neptunium. A detailed description of the
model, also with the values of the different physical quantities
involved in the calculations, has been presented in Ref.l. ‘As
remarked before, the present calculation does not apply to
preactinide nuclei, since for these nuclei the lack of experimen-

tal data prevents one from evaluating the ratio af/ap of the level
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density parameter at the fission saddle poinf_to ﬁﬁat .of the
residual nucleus after neutron evaporation. ‘ ._

When comparing calculated with experimental fissility va-
lues one observes that the calculated ones as a whole fit the
experimental data within a factor of 2, which can be considered a
satisfactory agreement (a exception is found in the case of
174yb nucleus, for which a discrepancy of about two orders of
magnitude is noted). Substantial agreement is indeed found for
varjious fission cases studied sucﬁ as 237wp, 235y, 238y
(Refs.4,5), 232Th (Ref.5), and 209Bi (Ref.6). Deviations are noted,
on the contrary, for 238y (Refs.6,7 and this work), 2327h
(thié work), 203Bi (Refs.8,9), and the data guoted for 208pp.

Fig.2 reports all fissility data plotted as a function of
22/A. It is seen that at incident photon energy (excitation
energy) of 52 MeV the calculated fissility extends over six
orders of magnitude in the Ta-Np region. Calculated fissilities
at 69 (previous workl) and 52 MeV (present work) rather coincide
in the region of actinides, where for the heavier nuclei fissili-
ty is found close to unity, in agreement with experiments. As
expected, remarked differences (one order of magnitude on the
average) appear when comparing the trends of fissility obtained
at 52 and 69 Mev for nuclei of Z2/A g 33.3. For target nuclei of
A< 210 both trends exhibit similar structures, particularly in
the region of Z=82, N=126, where shell effects are clearly mani-
fest. In addition, such effects are seen indeed more pronounced
at the lower excitation energy.

In concluding this paper we would stress the fact that, in
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spite of a limited number of fissility data obtained from photo;
fiasion experimenté at 52 MeV, and of their uncertainties,
results reported here clearly indicate the presence of shell

effects in fission of nuclei in the region around the Z=82,
N=126 shell closures. For actinide nuclei both experimental and
calculated results give a total fission probability close to
unity and which seems to be independent of excitation energy in
the quasi-deuteron region of nuclear photoabsorption. The pre-
gsent results, together with those achieved in the previous
experiment carried out at 69 MeV, seem to indicate that the
proposed mechanism of photo-interaction is wvalid in describing

photofission reactions in the energy range considered.
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FIGURE CAPTIONS

Fig. 1- Azimuthal angle distribution of 238y fission fragments
obtained from normal incidence of a.polarized and monochromatic
photon beam of 59.5-MeV maximum energy (photon beam energy of 52
MeV).

Fig. 2- Nuclear fissility plotted against parameter z?/A. Experi-
mental results (points) obtained at 52-MeV photon mean energy
are those as reported in Table I:W,237Np and 238y (Ref.4); O,
,2350, 238y, and 232tn (Ref.5); A,238y,209Bi ,and 208pb (Ref.6);
V¥ ,238y (Ref.7); [1,2098i (Ref.8); V/ ,209Bi (Ref.9); A ,209Bi
(D.18rck et al., quoted in Ref.9); ¢} ,208pb (Ref.10); @ ,235U,

238y, and 2327h (this work). The broken lines connect fissility

values estimated at 52 (this work) and 69-MeV {Ref.l) excitation

energy. The dashed lines are used for regions of Z2/A where the

ratio af/ap is not known from experiment (for details see text).
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TABLE I - Absolute photofission cross section and fissility at 52.MeV photon mean

energy.
Target Total nuclear ._PhotofiSSign Nuclear fissility
nucleus 22/A photoabsorption cross section
cross section - og (mb) - exp. cale.
oal (mb) ’
237Np  36.49 17.6 2028 1.10.1 0.97£0.01
235y 36,02 17.6 16440 0.9140.23 0.85+0.04
16+2¢ 0.91£0.11
238y 35.56 17.5 16+2b 0.91+0.11 0.81£0.05
‘3242d 1.8%0.1
14228 0.80£0.11
- 25438 1.4+0.2
10£1°€ 0.57+0.06
2327h 34,91 17.5 8.620.6P 0.49+0.03 0.55+0.09
6+1¢ 0.34%0.06
d
209gi 32.96 17.4 (16£1)-10-3  (0.92%0.06)-10-3  (0.72%0.21)-10-3
£
(70412).10-3"  (4.0%0.7)-10-3
(2413)-10-38 (1.4%0.2)-20-3
h
36.10-3 2.1-10-3
208 d 4 4
Pb  32.33 17.3 (1.940.3)-10-3 (1.1%0.2)-10- (0.50£0.14)-10"
i
3.0.10-3 1.7-10-%
d
174y 28.16 16.7 (3.2£0.5)-10-3 (1.9%0.3)-10-6 (2.3%0.7)-10"8

8 extrapolated value from data of Ref.4; f Ref.s;

b interpolated value from data of Ref.5; & interpolated value from data of Ref.9;
€ this work; h p. Turck et al., gquoted in Ref.$9;

d Ref.s; i Ref.10;

€ Ref.7;



CBPF~NF-027/91
-12~

" REFERENCES

~ *Permanent addreés: Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico-CNPq, Centro Brasileiro de Pesquisas
Pisicas-CBPF, Rua Dr.Xavier Sigaud 150, 22290 Rio de Janeiro-
RJ,Brazil.
1l7.8.Martins,E.L.Moreira,0.A.P.Tavares,J.L.Vieira,L.Casano,
A.D’Angelo, C.Schaerf, M.L.Terranova, D.Babusci, and B. Girolami,
Phys.Rev. C (in press).
2L.Federici,G.Giordano,G.Matbne,G.Pasquariallo,P.Picoéza,R.Caloi,
L.Casano,M.P.De Pascale,M.Mattioli,E.Poldi,C.Schaerf,M.Vanni,P.Pelder,
D.Pfosperi,s.Frullani,and B.Girolami, Nuovo Cimento B, 59, 247 (1980).
3M.P.De Pascale,G.Giordano,G.Matone,P.Picozza,R.Caloi,L.Casano,
M.Mattioli,E.Poldi,D.Prosperi, and C.Schaerf , Appl.Opt. 21, 2660 (1982).
4p.1.Ivanov,G.Ya.Kezerashvili,V.V.Muratov,V.G.Nedorezov,A.S.Sudov,
and V.A.Zapevalov, International Conference, Fiftieth Anniversary
of Nuclear Fission, Leningrad (1989).
5A.Leprétre,R.Bergére,P.Bourgeois,P.Carlos,J.Fagot,J.L.Fallou,P.
Garganne,A.Veyssiére,H.Ries,R.Gabel,U.Kneissl,G.Mank,H.Straher,w.
Wilke,D.Ryckbosch, and J.Jury,Nucl.Phys. A472, 553 (1987).
6L.G.Moretto,R.C.Gatti,S.G.Thompson,J.T.Routti,J.H.Heisenbery,L.
M.Middleman,M.R.Yearian, and R.Hofstadter, Phys.Rev. 179, 1176 (1969).
7R.Bernabei,V.C.de Oliveira,J.B.Martins,0.A.P.Tavares,J.D.
Pinheiro Filho,S.d’Angelo, H.P.De Pascale,(.Schaerf, and B.Girolami{
Nuovo Cimento A1Q0, 131 (1988).
8J.D.T.Arruda-Net.o,M.Sugawara,T.Tamae,O.Sasaki,H.Ogino,H.Miyaae,
and K.Abe,Phys.Rev. C 34,935 (1986).



CBPF-NF-027/91

-13-

9H.—D.Lemke;B.éiegler, M.Mutterer, J.P.Theobald, and N.Carjan,
Nucl.Phys..Aigz;_37 (1980).
10J.D.T.Arruda-Neto,M.Sugawara,H.Miyase,T.Kobayashi,T.Tamae,K.Abe,
M.Nomura,H.Matusuyama,H.Kawahara,K.Namai ,M.L.Yoneama, and S.Simionatto,
Phys.Rev.C 41, 354 (1990).

11 j.s.Levinger, Phys.Lett. B 82, 181 (1979).

12 M.L.Terranova, D.A. de Lima, and J.ﬁ.Pinheiro Filho, Europhys.
Lett 9, 523 (1989).

13 o.A.P.Tavares and M.L.Terranova, Report CBPF-NF-15/91, Centro
Brasileiro de Pesquisas Fisicas, Rio de Janeiro-RJ (éubmitted to
Europhys}Lett.)

14 p Rossi,E.De Sanctis, P.Levi Sandri,N.Bianchi,C.Guaraldo,
V.Lucherini, V.Muccifora, E.Polli, A.R.Reclon, and G.M.Urciuoli,

Phys. Rev. C 40, 2412 (1989).




