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ABSTRACT

Thé-e]qcffofisﬁidnhcross section for 234 from 5.5 to 25.4 MeV has
Been measurea. ;Ffpm é combined analysis of it and the prévfous]y
‘measured phqtofission Cross section; using virtual-photon spectra cal-
jéufated in the distorted-wave Bprn_appréximation, the E2 photofiésibn
.érosSAsettion has been determined. Paramaters of the fissioh—decdy'
“branch of the GQR for this nucleus have been obtained. A comparison
- of the EZ and E1 integrated photofission cross sections for the even
uranium isotopes shows' that theiE] fission channel increases in strength

more rapidly with fissility than does ‘the E2 channel.
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The fissipn decay of the isoscalar Giant Quadrupole Resonance

(GQR) for the actinide nuclei has been studied recently through the

- 5-
utilization of both e_]_ectm_na_gnetiQ.I 4 and_hadponic f 7

since its first determinatibn] for 238U. However, the hadron-induced

probes,

fission experiments have yielded contradictory results and have not yet
helped to establish the characteristics of the fission channel of the
GQR with confidence; in this regard we refer the reader to Ref. 3.

On the other hand, electrofission studies performed at this Laboratory

238 236

.have shown that for both U and U sizable E2 strength is concen-

trated in the fission channel. An E2 fission probability Pf of

238

40 T 10% near 10 MeV was estimated for ““°U, in accord both with

statistical calculations3 and with.prelimipary (e, e'f) coincidence
-measurements.4

The present work was motivated by the necessity to study the GOR
fission decay for the actinide nuclei systematically, and in particular
to try to understand the role played by the nuclear fissility in the
- .concentration of E2 strength in the fission channel. The experimental

technique and the method for data analysis that we used for this work

238 236U. The electrofission

234

were the same as for the study 1,2 of U and

and bremsstrahlung-induced fission cross sections for U, in the

energy rang: 5.5 to 25.4 MeV, were obtained by irradiating thin (255
pg/sz) targets of 3% enriched to 99.%% with the electron beam of

the University of S;o Paulo Linear Accelerator. Hica foils served as

the fission-fragment detectors. The details of the experimental apparatus

and procedures and of the data reduction are described at tength in Ref. 2,




- The e}ectrof1ss1on cross section Ue, as a function. of 1nc1dent

electron enerqy E , is g1ven by

cre(Eo) Z j E)N )Ef]'d-g o o m

:where A 1dent1f1es the e]ectr1c or magnet1c character of the transwt1on

AL

and L 1ts mult1polar1ty, N is the vjwtﬁﬁl photon spectrum ca]culated

in DNBA (Ref 8), E is the rea] or v1rtua1 photon energy, and the photou

' f1ss1on cross section o is given by

AL : : | | |
.,((E) “;Y (E). : o (2)
- AL . :

Combining Eqs. (1) and (2), for AL = EY, E2, and M1, we obtain the

cross-section difference

_ _ Eo- _
-‘iaqe(E_o.-) = Gé(Eq’) —[G;(E)NH(E,EO)E‘%EE ce(EO)-ce*(&‘o) =
' 0
o , | _ .
- [ Add(E)[ (E,E) - NE’-‘(E,EO)]"E“‘dE - (3)
0 - .
_ J : B
- Y Y - . E2

We refer the reader to Ref. 2 for further details and for the justification

for inclusion of only the E1, E2, and M} multipoles in the analysis.




The results for o, are shown as the data points in Fig. 1 (a),
‘along with oe* {the solid line), obtained by numerical jntegration
of the product of the measured photofission cross_sectiong and the
.E] virtual-photon spectrum (see E_q.:‘(3_))-;_:0;f represents.mps;]y_E}

contributions. Figure 1{b)shows the cross-section difference Aoé

Add
Y

so]v1ng the 1ntegra1 equat1on (3) us1ng the 1ea<t structure unf01d1ng
10

(the data points with error f]ags) F1gure 2 shous gy obtained by

method of Cook The dashed 1ine in Fig. 1 (b) represents the fold-
back of the result for O#Add shown in Fig. 2; insofar as this dashed
1ine passes through the data points, the result obtained for O#Add
~is valid.

At this point, certain aspects of the method employed here (and
in previous work*’z) should be stressed:
1) The neglect of contributions froﬁ the EO and E3 multipolarities is
justified.?
2} The photofission cross section is not assumed to be totally El
(see, for example, the detailed analysis presented in Ref. 1).
3) Above the GDR peak the integral cross section Ty is no longer
sensitive to the E2 cross section GYEZ, because above n 20 MeV the
very large integrated E1 {as compared to EZ) strength disguiseshthe
F2 contribution. Therefore, the (e,f) cross section need only be
known accurately below ~ 20 MeV, down to the fission barrier {v 5.5 to
6 Mev']).
4) There is no need to make any a priori assumption for the location
of the GOR; its peak is determined clearly {see Fig. 1 (b)) by the

inflexion of the cross-section difference Ace (which is a strong

function of Eo at low energies)




5) _There is no need to extrapolate the photof1ss1on cross section
'UY(E) above 18 NeV in order to de]1neate the isoscalar GQR. For

 example, from n20 to 25.4 MeV (the highest-energy experimental

234

point for U presented here} the magnitude of the cross-section

difference Ao, is insensitive to the choice of ay(E) at energies
“above 18 MeV between 0 and ~ 20 mb.
6) Moreover e]ectrof1ss1on experiments above E ~20 eV only

poorly determine the GQR parameters; for example, in an electrofission

232, 238 237

'study on Th, U, andr Np covering the. energy range from 20 to

120" MeV, shotter gg.gl,]2f6und substantial concentration of E2 stréngth
" in the fission channel but were unable to determine its assignment
1 either:to‘an isoscalar GOR at ~ 9 MeV or to an isovector GQR at n22 MeV,

From the result for U{Add shown in Fig. 2, and using the same-

238 236

‘reasoning as in the analysis for 8y and

conclude that the cross section UYAdd for 2'34U represents mostly E2

U (Refs. .1 and 2), we

_coﬁtributions with some sma11~ﬁ1 strength near 6 MeV (according to a
preliminary analysis df the fission-fragment angular distributions),

répresented by the shaded region of Fig. 3; a detailed analysis of the

13

angu]ér distributions will appear elsewhere. The shaded region can be

converted to the M1 photofission cross section by dividing the difference
between the upper and lower curves by the factor F(E), which is equal

to 3 in tiris energy region.
Add, _» _ _ E2 .
Thus., o, (ER7.5 MeV) = o, (E). However, the present technique

does not differentiate between first-chance fission OY ?2 and second-
' :

chance fission o E2_ In order to subtract g - E2 from o E2’ we have

E2

is the same as
L,nf

assumed (as in Refs. 2 ‘and 3) that the rat1o o Efﬁo
that obtamed,expermentqﬂyM for E1 transitions for 236U (that ratio

is not yet available for 23%y).  The result of this (tentative)




subtraction is shown in Fig. 3.

It should be noted that the subtraction of the second-chance fission
cross section does not change the energy of the peak of the GQR, and
the total E2 fission strength is reduced by only 10%; however, the
width of the GQR is reduced appretiably; from 7.4 MeV to 5.5 MeV,

234U are

Thus the resulting GQR parameters for the fission decay of
(a) peak energy: 9.5 ¥ 0.4 MeV; (b) width (FWHM) : 5.5 % 1.0 MeV;
and (c)} strength: 875144 of the isoscalar-E2 energy-weighted sum.
rule (EWSR).
The two main socurces of uncertainty in the present determination
of the GQR parameters (éspecially the strength) are (a) possibly
serivus systematic errors between the electrofission cross section
Ty (measured at this Laboratory) and. the photofission cross section
oY (from Ref., 9), working in oppasite directions, which would result
in a Ao, with no physical meaning and (b) large uncertainties associated
with the DWBA ca]cu]ations of the vitual-photon spectra NE] and NEZ'

In order to discard the former possibility we measured the brems-

strahlung-induced fission cross section ob(Eo) for E0 =9, 11, 13, 15,

- and 17 MeV, and compared it to

E
Gb(E6)= oz(E) Nb(E,EO)dE
0
obtained from the numerical integration of'oY {from Ref.9) in the
thin-target bremsstrahlung-spectrum kernel Nb (corrected for the
finite thickness of the radiator 2). The average ratio between the
two sets of values for o, Was found to be ctose to unity. The latter
possibility can be discarded as well, based upon the experimental tests

15,16

performed for these two $pectra. The assumption of an upper




L
gt

- and .

, iimit of ~ 20% for the uncertainty in- N 2, as establ1shed in Ref. 16, results

in a lower T1m1t of 60% (of one E2 - EWSR un1t) for the GQR fission strength,

~which still is larger than that for the GDR (~ 45%9).

236

In Fig. 4 the present result for'234U is compared with those for U

238U by plotting the 1ntegrated photofission cross sect1ons as' a funct1on

. '~of the fxss111ty parameter x = = 7 /50 13A; a1so shown are recent EI ‘_ photo-
"~ fission results (from Refs. 9 and 14). It can be seen that the strength concen
-itrated in the fission channel increases faster, as a function of x, for £
~ transitions than for E2 transitions for the even uranium isotopes. Still, the

| fission process is more strongly favored in the decay of the GQR than in the

decay of the GDR for 234U. A possible explanation for this behavior, at least

at low energies (< 7 MeV), in terms of the relative location of the lowest 1~

“and 2% fission barriers, is given in Ref. 3. Clearly, further systematic

fission studies, both theoretical and experimental, are needed
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. The s50}i1d curve is the "additional" cross section GY
1234
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FIGURE _CAPTIONS

(a) The data points are ‘the present measured electrofission crass-

Lo _ \ e 234
section Ue(to)_F°r~

U. Except for the point at 5.5 MeV,
the statistical uncertaihties are.sma1lér fhan the plotted
symbols. The solid curve is ce*(Eo), which was obtained by
integrating the measured photofiééioh cross section of Ref. 9
with the E1 virtual-photon spectrum of Ref. 8; it represents
mainly the E1 component. -

(b} The data points (with error flags) are the electrofission
cross-section differences AGE(EO) between the data points and
the curve of part (a). The dashed curve is the fold-back of

oYAdd (shown in Fig. 2) in Eq. (3).

Add () for

U, which represents contributions from mu]tipoiarities other
than E1, and was obtained by solving the integral equation (3)
using the Teast-structure unfolding method of Ref. 10. The shaded

error band contains both systematic and statistical uncertainties.

Add

. ~The upper curve is cT from Fig. 2. Subtraction of the Mi

contribution, represented by the shaded region (see text) yie]ds
the Jower curve below ~8 MeV. Subtraction of the second-chance
photofission cross section o(y,nf) from the total photofission

cross- section o(y,F) yields the first-chance photofission cross

section o{y,f) which is the lower curve above the (y,nf) threshold

an = 12.3 MeV. Thus, the lower curve represents the fission-

decay branch of the GQR.
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“4. The data points are the fntegratéd photofission cross sections

for the E1 and E2 multipolarities for the even uranium isotopes,
as labeled, The lines illustrate the steeper dependence of the

El strength on the fissility Zz[A‘than that of the E2 strength,
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