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ABSTRACT

The bremsstrahlung-induced fissibn-cross section of
232Th-was-measureduinuthe.energy-region:of the Giant Dipole
- Resonance. The &ata analysis, performed in terms of the
bremsstrahlung spectrum-calculatéd in thg Davies-Bethe-Maximon
‘approximation, guégested that the photofissicn cross section

.'measuredgat Livermore is corriect, and that the (v,f} data from

fsaﬂﬁy are highly .questionable.

-
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- Keyword abstract

NUCLEAR REACTION 2327h (y,f)., E = 20232 Mev,

bremsstrahlung photon beam;  measured o(E). Deduced
the strength for the fission decay of the.giant dipole’

rescnance. Natural targets.

PACS: 24.30.Cz , 25.20.+y ;, 25.85.J9 , 27.90.+b
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The characteristics of the fission decay of the
isoscalar Giant Quadrupcle Resonance (GOR), namely, branching

ratio,andhst:ength-distribution,for actinide.nuclei, have been

studled by means: of hadron-— and electronelnduced reactions. The

results from all these studles are controversxal and somewhat
obscure (Refs._?Iand.Z and references thereln). The,analy31s
of" electxon—lndeced reactlons [1nclu51ve electrof1551on (e £}
and,c01nC1&ent eleCtIOfLSSlon (e e'f)} requlres the knowledge

For the

of precise photofission cross. sections T £
. . A
(e,f)'data.analysis-,the' UY f'_-arenusedwin the subtraction of
. - . r . B
the: Giant Dipecle Resonancef(GDR}ﬂcqntribution.to_the total
1 2)

electrofission yieldi” .IngthegahalysiS;of,thef(e,gff}rdata

the: photofission cross: sections:are. necessary: to: the evaluation

of the;formrﬁactorsuat-the~"photon{poipt¥3‘4).

Therefore,.the
photofissien.croes*sedtipns,play.a crucial'fole'ﬁpthedelnmﬁthm
of the GOR fission decay parameters.

Since.the advent of monocenergetic-photon -beams,
the photoneutron cross-sections.have-beeh-meaﬂnxﬂ,sysﬂmatﬁxﬁly

for-most of the. nnclldes throughout: the periodic tables)

“Such
investigation: has been-carrled out'partlcularly by the_leermore
and Saclay laborateries. As a result from this:effo;t, the
parameters of the GDR have been-delineafed and;theeneutrons and
Fission branching_iaties have: been dete:minea as well. However,
by: examining::the Livermofe—andiSaelay results we notice that the
cr059vseﬂtioneafrommthese two laboratories present serious.dis—
crepancies, especially regarding abselute: values. It seems. to
us that the most alarming'diecrepaney-ieafound;in the photo-
232

fission cross section UY £ of Th , because the integrated
s

18 o
cross section Aer = f GY f(w)dm cbtained at Livermore (w is
5 - :

2.

the excitation energy in MeV) is about 40% bigger than the one

obtaihed at .Saclay, while the shapes of the ¢ xw from these

Y £

two laboratories are in-good agreement.

This -fact.motivated us :to perform-a-careful measurement
of the bremsstrahlung-induced fission.cross section for 2324y |
The main characteristics-of;this experiment, when compared. to

the photofission one5’7), ares

(1) the intensity pf.the.bremsstrahlunq photon heam

_propitiates the obtention of fission yields with much better

statistics;

(2) the fission fragments arerdetected.directlz'dsing_mica-
foile track detectors aveiding, therefore, the ﬁeed'of fission

neutron multiplicity calculation;

{3} the bremsstrahlung-induced fission dB £ jis,sehsitive

to the photofission area A f . -because
. , .
E
e

B, £Fe) = %y, £

o

o {w) N> (B owldw, o (1)

where Ee is the electron incident energy; and _NB' is the

bremsstrahlung spectrum.- As -Ns -is to a reasonable approxiration

1 2}

proportional to we observe that « B(ET)

Gvi .Pf B
where B(E1} is the reduced transition probability for the GDR,

and Pf is the fission probability. However, mR,B(E1).Pf7m

By.er
in the case of assuming -all the GDR .strength concentrated in a
gingle isolated level vy (the resonance peak).
We measured " o (E)) ;, for E ranging from 20 to
B, £ e e :
32 MeV, using the electron beam of the University of Sdo Paulo
Linear Accelerator and mica foils as fiseion detectors at

different angles with respect to the. incident beam direction.
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2320n  target, 153 pg/cm? thick, was

The aﬁsolute mass of the
determined by aipha counting to *4%. A copper radiator,
870 mg/cm2 thick, was attached behind the target and the set
was placed in the center of the reaction chamber making an angle
of 45° with the electron beam. The electron beam was monitoréd.
by a secondary emission monitor. (SEM), bgfore the radiator and
the-target} the calibration of the SEM was acdomplished by
using a Faraday cup to =*3%. Contaﬁination {of the order of
10%) of the photofission yields with electrofission events was
accounted for by means of the method déveloped by BarberB}.
Also, the data were corrected for the finite thickpess of the
radiater utilizing the. procedures described in Ref. 9. Other
details concerniné the beam monitoring'device, reaction
chamber, accelerator, etc., ﬁere published elsewhere2'9}.

Figuré 1 shows the results (data points} of tﬁis
work for UB’f;' the error flags. contain the propagation of
both count-rate statisties {~ 1%} .and sfstematic uncertainties
{(in the target thickness, detectors solid.angles, and beam
monitoring device), and are typically -~7% . The shaded bands
were obtained by numerical inteqratiOn'of_the photofission
‘eross sections from Saclay and Livermore iﬁ the kernel of egn. T,
using the bremsstrahlung spectrum calculated in the Davies-

10)

Bethe-Maximon approximation (DBM} , which is the most

appropriate approach in the energy'regiqp;here-investigated11);
The- UY’f were cbtained above 18 MeV by extrapblation pf the
experimental points below. 18 MéV, by means of a Lorentz curve
up to ~.30MeV. However, thefintegral'crqss.sections UBJJEQ
for Ee > 18 MeV are nearly insensitive to small changes in.
fhe tail of the GDR till -~ 30 MeV .

In Fig. 2 are shown the ratio of ¢ measured

B,f

4.

dn this Laboratory to those generated from the o .of the

Y £
literature (see Fig. 1). -In.order -to simplify the notation we

name these ratios as SP/L and . 8P/5, standing for Sio

Paulo/Livermore and Séo-Paulo/Saclay,_réspectively- The mean

values are
<EZ> = 1.09%0.05 cand . <==> = 1,75+ 0.08

As mentioned before,_the.§iscrepancies exhibited by
Livermore and Saclay data are-not ;estricted to the 232Th
photofiséion cross sections. -Recently, .Wolynec et gl.12)
showed that the-differences,bé£Ween.the Saclay and Livermore
{y,n) and_(Y,Zn) cross seétions arise from the neutron multi-
plicity sorting, and that preliminary data. for T81Ta- indicate
that the neutron multiplicity sbrting carried cut by Livermore
is correct.

As illustraticn, in Fig.3 is shown how the utilization
of the availabie_photofission dataLaffects the interpretation
of an_electrofission_expérimeﬁt; .In-this figure .the data points

are 232Th electrofission cross sections measured at Giessen13)

v
and the curves were obtained by.integrating the photofission
cross sections with the E1.vir;uélfphoton spectrum; theréfore,
they nearly correspond to a pure ET electrofission process.
Using Saclay's fesults {cuxve '8 in Fig. 3) in the . data

232Th (e,f) process cannot

interpretation,.wé'conclude-that the.
be.explained.as proceeding through pure E1 transitions. On the
other hand, the Giessen electrofission cross section falls
systematicaliy below -the Livermore El-curve {curve L in Fig.
3); therefore, no physical info;mation ¢an be outlined. It is

possible to speculate about miscalculation of the E1 virtual—
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photon spectrum, as suggested-recently14); however, it is worth

remembering that the E{1 virtual-photon spectrum calculatibn was
tested: experimentally again in a recent work carried out at-ther
NB511}. Wejare-performing-very detailedﬂmgasurementsfof the
232Th electrofission cross section, in the energy rénge

5 = 32 MeV, which will be the subject of a forthcoming publication;
the preliminary results indicate that thé«Livermore photofission

232

cross section for Th accounts for the majority of the

electrofission process.
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FIGURE CAPTIONS o R | o]

Fig. 1 - Data peints: bremsstrahlung-induced fission cross

232, Shaded bands: photofission cross . ’ :

sections fér
sections from Saclay (8) and Livermoie (L) integrated
in. the bremsstrahlung spectrum (detailé in the text) ;
the. width of the bands represents the expe'rim'ental

uncertainties associated With the photofission ¢ross : O

sections. : ' 10 -

Fig. 2 - Ratio of the bremsstrahlung~induced fission cross
sections; from the present weork {SP), to those generated

from the Saclay (S) and Livermore (L) photéfission

O
cross sections. E
e

Y

232 13)

Fig. 3 ~ Data points: electrofission cross section of . Th . . - [
Curves: photofission c¢ross sections from Saclay {8} b
and Livermore- (L) integrated in the ET wvirtual-photon 1

spectrum. ’ L . ' 10 —
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