
Preprint YERPHI-1104(67)-88

bPWULh a>hSh4U3h MUShSHhS
ЕРЕВАНСКИЙ ФИЗИЧЕСКИЙ ИНСТИТУТ

YEREVAN PHYSICS INSTITUTE

E.A.ARAKEmN, H.L.BAYAT^N, N.K.GRIGO f̂AN

, A.T.MARGA^N, G.G.MARIKJ?CN

MEASUREMENT OF THE CROSS SECTION OF

PHOTO AND ELECTROFISSION OF 2 3 5 U

and 2 a 8 U IN THE ENERGY RANGE 1.33-4.32 GeV

ЦНИИатоминформ
Л II IQfifi



- 1Ю4(б7)-в8

и. ч. иъзидзш), и. э . ипг^ирзиъ, ч.. я.

2 3 5 и щ 2 3 8 и
ич ti.wspn\rtiuPb идт-ивппрзи'и sin*, 1,33-4,32

bli 2 3 5 U Ь. 2 3 B U

рр L Фпи1пбЬгцэ1ГшЪ b^pbpp ^ш^шЪ wpqjnLiiplibpti 1-5

bpqpiujp /Ъшк

Ч икГшрч июшдфиб

[идЬЦЪЬр[1 ЦрршгиГикГр iTp£nLl{^iupp бЬг̂ рсГшЪ рЬ^прЪЬрр

1968

i £? Центральный научно-исследовательский инстмтус информации
I и технико-экономических исследований по атомной науке
\ и технике (ЦНИНатомииформ) 1989 г.



- ! - . - • • - - " г •;

Preprint YBKPHI-1104(67)-88

E.A. ЛЕШ ELI AN, H.L. BAY AT I AN, N.K. GRIGORIAN,

S.G. KNIAZIAH, A.T. MAHGARIAM, G.G. MARIKIAN

MEASUREMENT OP THE CROSS SECTION OV PHOTO AND

ELECTROFISSION OP
 2 3 5

U and
 238

IJ

IN THE ENERGY RANGE 1.33-4.32 GeV

The results of the electrofission cross section and the

photofission yield measurements using low-pressure multiwirc

proportional chambers to detect the fis3ion fragments of the

nuclei •*!] and U are presented in the. energy range 1-5 GeV

of electrons and the bremsatrahlung beam.

Yerevan Physics Institute

Yerevan 1988



Препринт ЕФИ-1104(б?)-88

Е.А.АРАКЕЛЯН, Г.Л.БАЯТЯН, Н.К.ГО1Г0РЯН,

С.Г.КНЯ8ЯН, А.Т.11АРГАРЯК, Г.Г.МАРИКЯН

ИЗМЕРЕНИЕ СЕЧЕНИЙ ДЕЛЕНИЯ ЯДЕР 2 3 5 U И 2 3 8 U ПОД

ДЕЙСТВИЕМ ФОТОНОВ И ЭЛЕКТРОНОВ С ЭНЕРГИЕЙ

1 , 3 3 - 4 , 3 2 1ЭВ

В patfote приведены результаты измерений сечения электроде~

леняя и выхода фотоделения на ядрах 2 5 5 U и 2 3 e l i для че-

тырех значений энерпш электронов (и максимальном энергии фо -

тонов) в области энергии 1-5 ГаВ, подученные в экспериментах

с использованием многопроволочной пропорциональной камеры низ-

кого давления (КНД) для регистрации осколков деления ядер.

Ереванский физический институт

Ереван 1988 }



Introduction

The measurement of the cross section of the heavy nuclei

fission by photons and electrons is of great interest. First,

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 sections 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, aa with the increasing energy of

the gamma-quanta the fissionability of such nuclei approaches

unity.

The works on the measurement of the cross section of elec-

tro fission 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 electrofission on heevy nuclei in

the region of higher energies, where the problea of virtual

photon shadowing remains open and there are no experimental

data.

The cross section measurements of the photofission of

and 2-38u 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 th« use of

photofission to determine the total cross section of the had-

ron photoabsorption.

The results of measurementa of the electrofission cross

section and the photofission yield for four values of the elec»

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 external beam of

the Yerevan synchrotron. A schematic diagram of the set-up is

shown in Fig.1. The electron beam, passing through the collim-

ators C1 and C2, was formed by the doublets of lenses L1L2

and L3L4, the deflecting magnets M1 and M2 and hit the LPC

detector of fission fragments. The proportional chamber (PC)

was to measure the beam profile and the quaAtameter 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 H torr. The target is glued on the

high-voltage electrode of the chamber [5]. Uranium targets

( U, •3t4J) electrochesically deposited on aluminium support-

er» of - 20jus thiokneaa were ueed. Their «pecifications are '



given in Table 1.

Table 1

Target Area Weight Number of nuclei

cm mg per cm of area

2 3 5
U 33.9 33.1 2.5-Ю

1 8

2 3 8
U 30.8 30.2 2.Д8-10

18

The mode of LFC operation is chosen such to detect only the

heavy fission fragments, not involving the significant contri-

bution of cC -particles produced in the decay of the uranium

isotopes.

A pure electron beam with no admixture of bremsstrahlung

i»'i?tons is required in the measuremnt of the uranium electro-

fission cross section. The electron beam is cleared by two-

stage bending of the electron path and by the beam's passing

through a vacuum line (see ?ig.1). But there is an 50 cm air

gap between the vacuum tube and the vacuum chamber, whioh is

a source of bremsstrahlung photons. This is the reason why in

the eleetrofission oross section measured there is a certain

share of photofission > the value of which is determined ex-

perimentally. To do that, the magnet 113 is connected up to

deflect the electron beam from the track. The LPC target would

hit only the bremsstrahlung photons produced when the electron

beam passes through the air gap. Then the LPC responses will

coincide with the events of photofission of the uranium nucle-

us by the bremsstrahlung photons produced in the air gap and

with the oC-pftVtlole background.



To measure the uranium photofission yield a continuous

spectrum of bremsstrahlung photon* obtained on an aluminium

radiator of 0.034 X
Q
 thickneee 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 photof ission yields of the
 2 3 5 l

J and
 2 3 8

U nuc-

lei for four values of the energy of incident electrons are

presented in Table 2. Statistical errors are only given. There

are also ~ 5 # of systematic errors connected with the elect-

ron and photon beams monitoring*

Pig*2 shows the our measured electrofission cross sections

together with the analogous data from refs. 2-4 • As is seen

from the figure, our results are in good agreement with those

available in the region of lower energies.

Fig.3 shows the energy^dependence of the yield of photo-

fission of the nuclei
 2 3 5

U and
 2 3 8

U. The results of ref. 6

are also presented for comparison* It is seen that all the re-

sults are in quite good agreement with each other.

Pig.4 shows the energy dependence of the ratio of the cross

section of
 2
^ U to that of

 2 3 8
U for the processes of photo

and electrofission. Data in the region up to 1 GeV are taken

x.'om ref. 7 • As is seen from the figure, the ratio decreases*

with increasing energy, this indicating to equal fiseionability

oJC the»» qucl»i ai Ы&.вдвд!*** Vote that +he.i# .result» .of

6



the cross section ratio **Vf ^TJ are devoid of systematic

errors due to beam monitoring, since the measurements on both

of the nuclei are carried out simultaneously, under quite

identical conditions.

In Pig.5 the energy dependence of the ratio of the our ob-

tained results of the photofission yield and the electrofis-

sion cross section for the nuclei **U and
 2
^TJ are shown to-

gether with the analogous data from refs. 4,6 • Pull curve is

the dependence taken from ref• 1 t

where об • 1/137, m
#
 and B

#
 are the mass and the energy

of electron. As is seen from the figure, the experimental re-

sults are in good agreement with the theoretioal dependence

between the electrofission oross section and the photofission

yield.

Thus, using a LPC as a fission-fragments deteotor situated

under electron and photon beams will allow to measure the

heavy nuclear fission oross sections with good aocuraoy.



Energy

1.33

2.26

3.33

4.32

Cross section

Electrofission

Photofiesion

Electrofission

Photofission

Electrofieeion

Photofisoion

Electrofieeion

Photofiasion

235
T J

13.54+0.2

378+/.6

17.57+0.6

370.7+6

1
?
8.95+0.13

435.3+7.9

19.68+0.2

430.07+8.3

Table 2

238ц

7.56+0.1

243+3.7

9.77+0.37

260+5

11.82+0.1

307.7+5.6

12.34+0.12

306.8+7.5

e
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Figure Captions

?ig.1 Schematic diagram of the experimental set-up.

C1C2 - collimators; . LPC - low-pressure chamber;

M1,M2,U3 - magnets; PC - proportional chamber;

L1-L4 - lenses; R - radiator;

VC - vacuum chamber; Q - quantaraeter.

i'ig.2 The energy dependence of the cross section of electro-

the

235
T

fission of the nuclei
 3

*U and

if - [2] & ^ U

6 - [3] 2 3 8 U
235и

- our results „
Q2 3 8
U

'ig.3 The energy dependence of the photofission yield of the

nuclei
 2 3 5

U and
 2 3 8

U .

* - our results

ig.4 The energy dependence of the ratio of the cross section

of fission of
 2 3 5

U to that of
 2 3 8

U .

- [7] for photofission

Л - for electrofission
our results

- for photofission

Lg.5 The energy dependence of the ratio of the photofission

yield to the electrofission cross section.

-ratio of the results of ref. 4 and ref. 6
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