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Abstract. - The yields of ternary fission of 93Nb and natAg

nuclei induced by bremsstrahlung photons of 0.8, 1.0, 1.4

and 1.8 GeV end-point energies have been measured by using

the 2ir-forward geometry with thick target metal foils in

contact with makrofol polycarbonate sheets as fission-track

detectors. Absolute mean cross sections per photon in the

range 0.8-1.8 GeV have been obtained as 0.3±0.3 yb and

0.5±0.4 yb, respectively, for 93Nb and natAg nuclei. These

correspond to a probability of ternary fission of ^ 10

for both nuclei. Results are discussed and compared with

previous ternary fission data obtained by us for nuclei

of A < 90.

Key-words: Ternary fission; Nb, Ag natural targets;

0.8-1.8 GeV bremsstrahlung; Makrofol detector; Photofission.
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In a previous paper (11 we reported results on cross

section and nuclear fissility of ternary fission of some light-

and intermediate-mass nuclei induced by photons of 0.8-1.8 GeV

as incident particles. The process, i.e., the break-up of the

nucleus into three fragments of comparable masses, has shown

to be a rare nuclear decay mode since a probability of ternary

fission of t 10 has been obtained for Al, Ti, Co, and Zr

nuclei. Data have indicated, however, that the ratio of ternary

to binary fission cross sections (a^/a^) varies from ^ 10" to

y 10~ as one goes from Al to Zr. Besides, a comparative study

on a number of o_/on-values taken from the literature for
• • ID

different combinations of target nuclei and incident particles

and energies as well [1] has shown that oT/ofi seems to increase

towards the intermediate-mass region of target nuclei

(100 < A < 200). In the present work we contribute to new data

by reporting the results we have obtained for ternary fission

of Nb and Ag target nuclei induced by 0.8-1.8 GeV photons.

These new data have shown to be consistent with the trend

exhibited by the o_/oB-ratio as mentioned previously.

The experiment consisted of stacking thick metal foils

of niobium and silver target elements placed in contact with

sheets of 100-um thick makrofol polycarbonate track detectors

(2ir-forward geometry). These were exposed perpendicularly to

high-intensity bremsstrahlung beams of 0.8, 1.0, 1.4, and 1.8

GeV maximum energies at the Bonn 2.5-GeV Elektronen Synchrotron
13 2

(2] (typical doses were *v 3x10 equivalent quanta/cm*). Track

etching proceeded by the usual way (6.25 N NaOH etching solution

at 70°C during lh), and the scanning of the detector surfaces
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and the measurements of the geometrical quantities of etched

tracks were carried out by using an Olympus CBB213 microscope

'fitted out with calibrated eye-pieces inside occulars of 10X

and a dry objetive of 40X magnification. Under these conditions,

and apart from a large number of single etched tracks observed,

a number of double divergent tracks from a point inside the

target materials has been also observed. These double tracks

may be related to the occurrence of ternary fission and,

therefore, based on the fission mechanism and track registration

properties of the detector used, the methods, to ascertain and

to discriminate ternary fission events against other types of

events have been established, thus making it possible to

evaluate the ternary fission yields.

The reaction yield, i.e., the cross section per

equivalent quantum oQ at maximum bremsstrahlung energy EQ, is

given by

" -

where N_ is the number of true ternary fission events identified

per unit area, Q is the number of equivalent photons incident

on the target-detector stacks per unit area, and N is the

"effective" number of target nuclei of the thick sample per

unit area, i.e., the number of target nuclei which contribute

effectively to the observed number of ternary fission events.

Thus, N defines an "effective thickness", x -. Since the

results reported here are part of an experimental systematic

investigation we arc doing on photon-induced ternary fission

of complex nuclei, we left to previous papers (1,3) the detailed
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description of the criteria of identification and recognization

of true ternary fission events as well as the method of evaluation

of x -. In Table I we list the main data from which the ternary

fission yield (last column) have been obtained (only statistical

errors are indicated).

In order to determine the cross section "per photon"

o(k) at photon energy k we used the 1/k approximation for

.bremsstrahlung spectra, and, by assuming o(k) constant within

a small energy range, one obtains

d 0Q
— S — , (2)

v d(lnE0)

i.e., the slope of the curve aQ veA&ui lnEQ. Fig. 1 reports the

measured ternary fission yields as a function of inE- where the

linear dependence is the most appropriate one to fit the data

(the point enclosed by parentheses shows to be far from the

expected increasing trend of aQ and, thus, it was not consi-

dered in the least-squares analysis) . Therefore, the absolute

mean ternary fission cross sections per photon in the range

0.8-1.8 GeV have been obtained as 0.3±0.3 pb and 0.5±0.4 Mb,

respectively, for 9 3Nb and n a tAg nuclei.

Finally, we evaluated the probability of ternary

fission (nuclear fissility of the ternary fission mode) by

calculating the ratio f • IJ/Õ. of mean ternary fission cross

section (o) to mean total nuclear phótoabsorption cross section

(õt). As explained in [1], for photons of energy in the range

0.8-1.8 GcV õ". s 180 A pb, where A denotes the mass number.

Table II reports mean values of fissility so obtained (last column)
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Also in this table are shown the mean values of nuclear fissi-

lity of the binary fission mode from our previous work (fifth

column) to allow a direct comparison. In spite of the large

experimental errors quoted» which are due mainly to poor statis-

tics, results show that ternary fission of the target nuclei*

considered here is a very rare nuclear de-exciting mode

following the absorption of intermediate-energy photons by the

nucleus (the probability of ternary fission mode amounts to

.* 10"*5 only).

A comparative study of the data of the present work

with those obtained in [1] is presented in Fig. 2 where we

chose to represent the ratio of ternary to binary fission cross

2
sections, o^/o^, as a function of parameter Z /A. The result

by Khan and Khan [6] of 7-GeV proton-induced fission on Ag nu-

cleus is also quoted to a comparison (open circle). As can be

seen, oT/ofi varies by almost three orders of magnitude in the

2
range 6-22 covered by Z /A-values. Within the large uncertainties

referred, results indicate the existence of a maximum for the

ratio oT/ofi of the order of * 10"
1 in the vicinity of Z2/A z 18.

The trend depicted in Pig. 2 shows that °T/oB should decrease

for Z2/A > 18. . This was demonstrated experimentally by Khan

and Khan [6] for 7-GeV proton-induced fission reactions on

nuclei ranging from Ag to U. The data of the present work point

towards a similar behavior if intermediate-energy photons be

used as incident particles. New experimental results in this

line are called for to confirm (or not) such a prediction*

i •
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FIGURE CAPTIONS

Pig. 1 - Ternary fission yields, expressed as cross section per

equivalent quantum (oQ), are plotted against maximum bremsstrah

lung energy E Q (log scale). Points represent the results obtai-

ned in the present experiment for Nb and Ag. The straight lines

are least-squares fits to the points.

Fig. 2 - Ratio of ternary to binary fission cross sections,

o_/on, plotted as a function of Z /A of the system target nucleus

plus incident particle. Data are as follows: • , 0.8-1.8GeV

photons + 27A1 and natTi (2it-forward geometry with CR-39 de-

tector) and + Co and n Zr (2n-forward geometry with makrofol
108

detector), Vef. [1); O , 7-GeV proton + Ag (Daicel sandwich

detector), ref. [6]; • , 0.8-1.8 GeV photons + 93Nb and natAg

(2w-forward geometry with makrofol detector), this work. The

curve is an eye-fit to the experimental points.
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able I. - Relevant data regarding the determination of the ternary fission yields.

arget
idcus

Effective thickness
of the target sample

Effective number
of target nuclei
N (1018 cm"*)

Bremss trahlung
maximum energy

E n (GeV)

Number o£ Area of
equivalent photons scanning
Q (1012 cm"2) (cm2)

Number of
ternary fission
events• N

Ternary fission
yield, C

t3Nb 0.05810.007 0.32±0.04

0.093*0.009 0.55i0.05

0.8
1.0
1.4
1.8

0.8
1.0
1.4
1.8

28.4
29.6
30.0
30.0

28.4
29.6
30.0
30.0

2.0+0.2
1.810.2
1.820.2
2.2±0.2

1.610.2
1.010.1
1.210.1
1.610.2

713
813

1013
1314

612
713
913
612

0.410.2
0.5±0.2
0.610.2
0.610.2

0.2410.09
0.410.2
0.510.2

0.2310.08

Mean mass number taking into account the isotopic abundances of the naturally occurring isotopes.



Table II . - Mean values of binary and ternary fission cross sections and f i s s i l i t i e s of Kb and Ag
by photons in the energy-range 0.8-1.8 GeV. •

Meau ciotis sectiou per photon» 0 (yb)Nucleus r a t l o

binary fission(a) ternary fission (ternary/binary)

Mean nuclear flsslllty» J

binary fission(•) ternary fission

93Nb

07.8

6±4

12±4

0.310.3

0.5±0.4

(*) Data taken from Refs. 12,4 ,5] .

5x10
- 2

4x10
- 2

(4±2)xlO

(6±2)*10"

- 4 (2±2)xlO - 5

(3±2)xlO -5

I—

?
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