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Introduction

The measurement of the cross section of the heavy nuclei
fission by photons and electrons ig of great interest. PFirst,
the absolute values of these cross sections will allow to
judge about the mechanism of interaction of real and virtual
photons with nuclei. Second, the energy dependence of these
cross sectiona gives information about that of the total cross
section of the photon absorption by heavy nuclei (see ref.1)
These measurements are especially interesting for the nuclei
with Z > 90, for which the photoabsorption and photofission
cross sections are equal, as with the increasing energy of
the gamma-quanta the fissionability orlsuch nuclei approaches
unity. |

The works on the measurement of the cross section of elec-
trofission in the energy range up to 1 GeV [2,4] suggest, that
the interactions of real and virtual photons with nuclei are
of alike character. In this aspect it is interesting to con-
tinue the studying of the electrofiassion on heevy nuclei in
;the region of higher energies, where the prodlem of virtual
photon shadowing remains open and thers are no sxperimental

data.
The cross section measurements of the photofission of 2350

and 238y in a wide energy range will allow to determine the



relative fissionability of these nuclei at high energies, this
being of practical interest in connection with the use of
photofission to determine the total cross section of the had-
ron photoabsorption. _

The results of measurements of the electrofission cross
section and the photofission yield for four values of the elecs
tron energy (and the maximum photon energy) within 1-5 GeV are
presented in this paper. These result. are obtained in the
experiments using low-pressure multiwire proportional chambers

(LPC) to detect the fission fragments.

Measurement Procedure

The measurements were carried out on the extérngl beam of
the Yerevan synchrotron. A schematic diagram of the set-up is
shown in Pig.1. The electron beam, passing through the collim-
ators C1 and C2, was formed bty the doublets of lenses L1L2
and L314, the deflecting magnets M1 and M2 and ‘hit the LPC
detector of fission fragments. Ehe proportional chamber (PC)
was to measure the beam profile and the quantaﬁeter Q - to
monitor the electron and, photon beams, The radiator R was to
obtain bremsstrahlung photons and was removed when measuring
the electrofission cross section.

The LPC is a multiwire. proportional chamber filled with
heptane vapours under 14 torr..The target is glued on the
high-voltage electrode of the chamber [5]. Uranium targets
’(235U 238U) electrochemically deposited on aluminium support-
ers of -20 um thickness were used. Their lpecitioationa ars '
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given in Table 1,

Table 1
Target Area Weight Number of nuclei
cm2 mg per cm2 of area
235, 33.9 33.1 2.5.1078
238y 30.8 30.2 2.48-10'8

The noﬁo of LPC operation 1s chosen such to detect only the
heavy fission fragments, not involving the significant contri-
bution of of -particles produced in the decay of the uranium
isotopes.

A pure electron beam with no admixture of bremsstrahlung
pa~tons is required in the measuremnt of the uranium electro-
-fission cross -oction.lrho sleotron beam is cleered by two-
stage bending of the electron path and by the beam's passing
through a vacuum line (see Pig.1). But there is an 50 cm air
&ap between the vacuum tube and the vacuum chamber, whioch is
a source of bremsstrahlung photons. This ie the reason why in
the electrofission oross section measursd there is a certain
skare of photofission ! the velue of which is determined ex-
perimentally. To do that, the magnet M3 is connected up to |
deflect the electron beam from the track. The LPC target would
hit only the bremsstrahlung photons produced when the electron
beaw passes through the air geap. Then the LPC responses will
coincide with the events of photofilnion of the uranium nucle-
us by the bremsstrahlung photons produced in‘the air gap and
with the ol -particle beckground,

5



To measure the uranium photofission yield ;.continuous
spectrum of bremsstrahiung photons obtained on an aluminium
radiator of 0.034 xo thickness mounted under the electron
beam before the magnet, is used., The maximum energy of the
bremsstrahlung spectrum corresponds to that of the extracted

electron beam.

Results of Measurements and Discussion

The results of the measurements‘'of the electrofission cross

section and the photofission yields of the 235U and 238U nuc-
‘lei for four values of the energy of incident electrons are
presented in Table 2, Statistical errors are only'g;ven. There
are also .nfS% of éyutematic errors connectad with ihe elect-
-ron and photon beams monitoring.

Fig.2 shows the our measured electrofission cross sections
together with the analogous data from refs. 2-4 . As is seen
from the figure, our resulte aré in good agreement with thoase
available in the region of lowor'onergies.

Fig.3 shows the energy _dependence of the yield of photo-
fission of the muclei 237y and 238y, The results of ret. 6
are also presented for comparison. It is seen that all the re-
sults are in quite good aggieement with each other.

Pig.4 shows the energy dependence of the ratio of the cross
section of 235U to that 61 238U rér the processes of photo
and electrofission. Data in the rodion up to 1 GeV are taken
ioom ref. 7 . As is seen from the figure, tho_i.tio decreasesn:
with increasing energy, this indicating to equal fissionability

of thess nunclsi ai high ansargies, Note that thegs results of
. _ 6 :



the cross section ratio .2350/2380 are devoid of systematic
errors due t.o beam monitoring, since the nouurénont. on both
of the nuclei are carried out simultaneously, under quite
identical co;xditionl.

In Pig.5 the energy dependence of the ratio 6! the our ob-
tained results of the photofission yield and the electrofis-
sion cross section for the nuclei 235y and 238y are shown to-
gether with the analogous data from refs. 4,6 . Pull curve is

the dependence taken from ref. 1 :

Jas ___%
Ges 2o ClnEefme ’

where ol = 1/137, m, and E, are the mass and the energy
of electron. As is seen from the figure, the experimental re-
sults are in good agreement with the theoretical dependence
between the electrofission cross section and the photofission
yield, )

Thus, using & LPC as a fission-fragments detector situated
under electron and photon beams will allow to measure the
heavy nuclear fission oross sections with good ucﬁrsoy.



Table 2

Energy Cross section 235U 238U
1.33 Electrofission 13.5440.2 Te56+0.1
Photofission 3784A,6 24313.7
2. 26 Electrofission 17.57+0.6 9.77+0.37
) Photofission 370,746 26045
Electrofission 18495+0.13 11,8240, 1
3.33
Phototission 435.3+7.9 307.7+5.6
. FElectrofission 19.68+0.2 12,3440, 12
32 ]
Photofission 480.07+8.3 306.8+7.5
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Figure Captions

Schematlc diagram of the experimental set-up.

c1c2 - 'collimafors; . LPC - laow-pressure chamber;
M1,M2,M3 - magnets; PC - proportional ché.xnber;
L1-L4 -~ lenses; R - 'radiator‘;
VC = vacuum chamber; Q - quantameter.
The energy dependence of the cross section of electro-
fission of the nuclei 23y ana 238y, |
¥ - (a1 P L N d 235y
o - 131 P% +/f 238

235;

- our results 238U

?

The energy dependence of the photofission yield of the
nuclei 235U and 238U.

+ - 235U ‘ = our results .,
¢ - 238, 4
The energy dependenbe of the ratio of the cross section

of fission of 235U to that of 238y,

a

+ - [7] for photofission
4 - for electrofission

. our results A
+ - for photofission S . s

The energy dependence of the ratio of the photofission

U, S

yield to the electrofission cross section..

(1]

~-ratio of the results of ref. 4 and ref., 6
Q@ -3y ¢ - 238 (our resultsde
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