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Abstract

The aim of this study was to calibrate the Soli@t&tNuclear Track Detector (SSNTD), CR-39 for the
identification of spontaneous fission produced fritva Cf>%. The calibration of detectors was carried out with
Solid State Surface Barrier Detector and the Ra&tiemical Technique. A number of CR-39 detectorsewer
exposed to the fission fragments of €in vacuum at 45and 96. The detectors were etched in 6N NAOH at
40° C to reveal the tracks of spontaneous fission. gthbed tracks recorded by CR-39 were scanned tising
optical microscope at the magnification of 40x (kedrthoplan). The actual diameters of the traclerew
measured using the projected lengths and depthes.gfdphs of the lengths and diameters were drawa as
function of % yield from the obtained data. Nowstdiata was correlated with the results obtaine8hyitt. He
used a solid state surface barrier detector. Otactles provide us an offline technique. The calilbn curve
between the track diameters vs the ffs energiesdnrasn. It was observed that the accuracy in méagtne
masses and energies of the ffs is preserved inaug.

1. INTRODUCTION OF NUCLEAR FISSION

Shortly after the discovery of neutron, Fermi bomdlea uranium with neutrons in an effort to produce
transuranic elements (elements with nuclear chamgater than 92). He found that the neutron irtadia
Uranium was radioactive. They were not able to peithe process.

It was left to Hahn and Strassman (1939) to clattiy issue. They proposed that the Uranium nuclaftsy
capturing a neutron, breaks up into large fragmdrits process is called Fission (Rehman, 1977).

2. MECHANISM OF NUCLEAR FISSION

2.1 Bohr and Whealer Theory

Bohr and Whealer explained the Fission phenomeritm definite quantitative results. They assumed tha
Atomic Nucleus is analogous to a liquid drop. Ealtlei, like article in the liquid drop, interactgjually with
its nearest neighbors therefore the (B.E) is priiqaal toA (mass number).

Nucleus, like liquid drop, has close packing oftjgtes, constant density and short range forcednAlse liquid
drop, particles on the surface will have smallemhar of nearest neighbors than in the interiois therefore
necessary t/o decrease the B.E e.g. volume enedggad by an amount proportional to the surface afdéhe
Nucleus, A?>.

2.2 Liquid Drop Modél

In the case of liquid drop, the dissipative foraeing between the constituent molecules are coacted by the
surface tension forces. Very large drops are iniplessince the surface tension forces are feebdetla@refore
there will be a certain critical size of drop whicdinnot exist permanently.

In nucleus, short range forces keep the nucleusttieg, while the electrostatic repulsive forcesneen the
protons tend to disrupt the stability. If the nudeexceeds to that of a critical size, it will shawendency to
break spontaneously.
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Region 1l

< >Complete Separation

Fig.1 Potential energy of a deformed nucleusesasation between the ff's.

As indicated in the Figl, if the nucleus is defodnthe surface energy will increase, but the coblamergy
will decrease because the repulsive charges maue @perald, 1966).G; the terms in the main formula i.e.)

E = 477/RZS+§(C)2/4A <R ,,

Hence S is the surface tension, the surface enpengynit area and R is the nuclear radius.
Let us consider a drop of liquid to which a forsapplied so that it is set into osscillation esvat stag-wise.

(i) (ii) (iii) (iv) v)

O O (> OO0

In the steps (ii) and (iii) the volume energy rensaconstant but the surface area has been incraaseid the
volume energy exceeds the surface energy, thewdibpgain return to its original state. Here theface energy
is greater than the volume energy which providdsesive force. The steps (iv) and (v) occurs onlyhi

deforming forces are sufficiently large. Conseqlyetiie liquid drop breaks up and yields two droplethe

Nuclear Fission is similar to the breakup of aiijdrop.

2.3 Critical Energy for Fission

According to calculations based on the liquid dnopdel, the critical energy for fission should dese as the

value ofZ**increasesZ andA are atomic number and mass number respectivedy)h& fission should occur
more easily ag”” increases. WheE”is less than about 35, the critical energy is spelahat neutrons of very
high energy would be required to cause fissionfbutnuclear havingz?” values more than 35, the critical
energy is down to 6 MeV, which is of the order ofding energy of a neutron (Samuel & Alexendar, 7)96

It is seen that for the fission nuclides Uraniund 2%d Plutonium 239, the neutron binding energyeeds the
critical energy for fission. Hence the capture ofieutron of zero energy would provide sufficientiéaion
energy to permit the compound nucleus to underggidin. This explains why these nuclides are fisdite by
neutrons of all energies.

To make fission occur we must supply an amounnefgy.

E. = Eb - Ef (see Fig. 2)

a
WherekE, is critical energy for fissiorts is the energy released in fission dds known as the potential barrier
height against fission. For the nuclei of very higlass numbe(rAZ 260), these nuclei would undergo the
spontaneous fission within an interval of?8ec.

2.4 Energy Released in Fission

The amount of energy released in the Nuclear fissam be calculated by considering the net decrieasmss,
from the known isotope masses and utilizing thesteim mass — energy relationship. The fission reachay
be represented (Approx) by:

Uranium — 235 —  Fission Product A + Fission product B + Energ
In Uranium 235, the mean B.E per nucleon is aBcuiMev, so it is possible to write

92 p+143n —>» Ur-235+ (23%.6) Mev.
(p & n represent protons and neutrons respectively)
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(The mass numbers of the two fission products avstlynin the range of 95 to 140, where the B.E per
nucleon is about 8.5 MeV; hence

Q2p+143n—> Fission product B& (235 x 8.5)MeV.

So upon subtracting the two B.E expressions, theltres 200 MeV (Approx:)

The energy released during fission is the sum efKtE of fission fragments, K.E of the emitted mens, the
K.E of the gamma rays etc.

The major proportion — over 80 percent of the eyesffission appears as a kinetic energy of theidis
fragments and this immediately manifests itseleat.

Actually the whole decay energy appears in the fofrheat, it may be stated that if pound of fissilaterial

should be capable of producing the same amounteifgy as 1400 tons of 13000 Btu/lb of coal. Thaltot
energy, (200 Mev) available per fission is abo@t8. 10 'watt sec, so that 3.1 x 1Y fissions are required
to release 1 watt-sec of energy. In other wordsdiss at the rate of 3.1 x1¥ per sec produce 1 watt of power.

25MassYield in a Nuclear Fission

A detailed study of the slow neutron fission of hitan — 235 has shown that the compound nucleuts spdiin
more than 40 different ways, yielding over 80 priynfission products (or fission fragments). Thegamf mass
numbers of the products is from 72 to 160.

The fission yield is defined as the proportion gercentage) of the total nuclear fission that femoducts of a
given mass number. The masses of nearly all te®figproducts fall into two groups, a “light groupith mass
no: from 80 to 110, and a “heavy group” with maesfnom 125 to 155 [5]. The most probable typeis$ibn,
comprising nearly 6.4 percent of the total, givesdpicts with mass numbers 95 and 139. It is appdnen the

1

slow-neutron or the thermal neutrcr4na eV fission of Ur — 235 is asymmetrical in greatjondy of cases

(Schmitt et al.,, 1966). As the energy of the neunmereases, the probability of symmetrical fissialso
increases.

Corresponding to the distribution of mass numbg#rste has been observed a distribution of Kinetiergy.
Two distinct K.E groups have been detected. Theskate 67 MeV (Approx:) for the heavy group and 98W
for the light group. The ratio of 98 to 67 is abdw6 and this is very close, as it should beéf tftomentum is
conserved, to the ratio of the mass numbers fomi@eimum yield i.e. 139 to 95 or 1.46.

During the fission process many of the orbital #lmts of the atom undergoing fission are ejecteith the
result that the fission fragments are highly chdrgene lighter fragments carry an average positiverge of
about 20 units, whereas the heavy fragments camnyes22 positive charges. Such particles, movinthat
speeds of order of cm/sec are able to produce considerable ionizatiotheir passage through matter.
Because of their large mass and charge, the speéaifization is high and their range is therefoetatively
short.

2.6 Critical Energy as Function of Distance between Fission Fragmentsand M ass No: a.

If the mutual potential energy of the two fissimadments is plotted against their separatioh 4 curve is
obtained (Figure attached). This curve manifests th@ potential energy is changed as a functiosepfration
between the ffs. It is evident from the curve thiathe point E, the two ffs are far apart and avalht the P.E is
zero.

i. As the fragments are brought closer, there is arease in P.E due to the electrostatic repulsiathef
positively charged nuclei. When the ffs reach thap“C”, the attractive forces become dominant and
the P.E decreases towards A. the figure (2) (atthetith), shows and two ffs £ and BF’. It exhibits
the P.E as a function of Distance between the fsiadrf the Fig (1).

“Ef" is the excess energy of the compound nucleuss iground state.
“Ep" is known as the potential barrier height agafisstion.
“Ey" is known as the “CRITICAL ENERGY” or “ACTIVATIONENERGY” for fission.

In the figure (2.4) (attached with), the criticaleegyEa is shown as a function of mass numbeE, is at first
very large, but decreases with increasing mass aurfior the nuclei of very high mass numitgrndE,
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curves cross, showing that no critical energy igired for mass numbers exceeding about 260. Tigdei
would undergo “Spontaneous fission within an inééof 10%sec.
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3. EXPERIMENTAL METHODOLOGY
3.1 Preparation of Samples

3.1.1. Exposure (Irradiation)

The Solid State nuclear Track Detectors (SSNTDs)particularly well suited in the field of nucleghysics,
especially in the study of nuclear fission readioAs they are capable of registering low fluxesfis$ion
fragments so, remaining unaffected by very largge$ of lightly ionizing particles. In their abylito withstand
high temperatures and being able to discriminagenat) high backgrounds they produce less ionizadiation
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(gammas and alphas). They have chief advantagetdbeir small and flexible geometry (Ashenbac®y 3).

In our project we have used the plastic detect@R;39 (Columbia Rasin, comp: Homopolymer of alloy
diglycol corbonate, GH150;) of thickness 600 micron. A number of these detscivere irradiated in vacuum,
both perpendicularly and angularly (a#by the fission fragments of €f (a source of spontaneous fission). In
this way samples were irradiated. These detecters developed by Intercost Europe Co. of Pharraby, It

The kinematical analysis of events is based upenntkasurement of geometrical parameters. The ddph
track is measured by focusing the microscope orstag and at the end point of track with the haflpinear
displacement transducer attached with the stadieeoficroscope. Whereas the projected length ofrduk on
the surface of the detector is measured with tHp bé a tracing optical tube attached to the micope.
Afterwards, simple geometrical calculations give #ttual lengths of the tracks.

3.1.2. Etching

The irradiated CR-39 detectors, after the exposueee etched in 6N NaOH at the temperature 8fGi€or one
hour to reveal the tracks. It is worth mentioniregéhthat the successful etching of the tracks digpapon the
fact that the velocity; of the etchant along the damage trail is highanttihe general (bulk) velocity, of the
etchant in the material. Once the etchant has eghttte end point of the track, the velocity of gtehant along
that direction reverts to its general vaMg It is expected that the more inclined is a trackt the etched
surface, the track would be lost and consequertly smaller depth would be resulting etch pit beedoo
shallow to be recognized. A steeper (more vertitallk, however, should continue to be recognizedriuch
longer period of etching.

The process of etching introduces the importaninpheena. This consists in the fact that there noist ex
critical angle of etching below which the tracks fa be registered. The reason that track becorisgisle at all

is that the damage trails are etched preferablyhbyetchants, in other words the velogjtyoff the etchants
along the track is greater than the general bulicity V, along any other direction in the medium.

An important consequence of the existence of thiearangle, and of the fact that smaller it Ise tgreater the
efficiency of registration of a given particle, tisat it over-rides the ordinary solid angle consitiens in

detection efficiency.

The ffs tracks are made visible through etching fordong etching times, a linear dependence betwibe

surface area of pits and the particle velocity whserved.The diameter of the etched tracks thusedaied to
the energy of the ffs (Khan & Durani, 1972).

3.2. Scanning and M easur ements

The etched samples were scanned with an opticabstope (Leitz-orthoplan) at the magnification bbat
40X. Hundreds of events were scanned from threg@lesmTwo samples were irradiated angularly’Y4®d one
sample was irradiated perpendicularly. We meastivedrack diameter of the tracks.

3.3 Track Diameters

The sample used in measuring the track diametessewposed at 90Firstly the events were scanned with a
compatible grid (Patterns of numbered squares). ddia of projected diameter was traced by using@ny
tube. The actual diameters were obtained by myitiglthe projected diameter with the calibratioctda.

Actual Diameter= Measured D x CF.The measured gabfi¢he track diameters are given below in thel@ab

4. EXPERIMENTAL FINDINGS

4.1 THE PLOT OF TRACK DIAMETERS

Firstly the track diameters were plotted against ftequency of occurrence, Fig.4.1. The figure cispthe
relationship between the diameters of the etchakérto the energy of the ffs. This yielded twoksed he data
containing information about the energy (MeV) doé,fbobtained by Schmmit et al, was correlated witih o
experimental data, fig 4.2. Some points on the gaighh were selected with the error bars. The Gaussgs
been fitted to the data to obtain the mean valukthe standard deviation. The result clearly dermates that
the energy of the ffs increases as the track diemietreases. The energies of the ffs can be ditednif we
have a data of track diameters, fig 4.3.
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Figure 4.1. Frequency distribution of the tracknaiéders (um) of the ffs

Figure 4.2

Figure 4.3
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5. RESULTS AND DISCUSSIONS

The mass distribution is probably the most impdrtamaracteristic of the fission process. Large nemdf
experimental data on the mass distribution in theidn process for various nuclei under varietyofiditions
has been carried out by various scientists, usoligl State Nuclear Track Detectors (SSNTDs). Thewlrdge

about the fission phenomena was repeatedly enhanmsieag the SSNTDs. The fission fragments (ffs) and

energetic heavy ions create tracks in the insudatwhich can be made visible with an optical micoge of
high resolving power. This can be made only possidien proper etching is carried out.
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In our project the etching process was done by &OMN for one hour at 40C to reveal the tracks. Further
information’s about the related parameters of tlaekis viz track lengths, track diameters, tracktidlegnd
corresponding energies and masses are obtaireab lieen shown earlier that the diameters of tedttracks
ffs on the glass detectors are related to the gnefrdission fragments (Ashenbach, 1973). The dualf the
energy resolution thus obtained depends upon theeaf the glass and etching time. In this work hese
represented some of the experimental representiditiongh the graphical data using the plastic dete€R-39.
This data was correlated with the data obtaine&lggn et al and Schmitt et al, those who used ddimical
technique and the solid state surface barrier tateEhe results were utilized to calibrate ouredédr with these
detectors.

6. CONCLUSIONS

The main objective of this study is to calibrate tR-39 detector by computing the masses and @seojithe
ffs yielded during the spontaneous fission. Thecdetr was standardized by correlating our resuiis; \8chmitt
et al results who found the relationship betweenphlse heights (Energy of ffs) and the numberonfnts. He
used the solid state surface barrier detectoridsséore.

To fulfill this purpose, fission fragments of €fregistered on CR-39, which is solid state detectas used. A
number of CR-39 detectors were exposed to theofisfiagments of Gf? in vacuum at 45and 96. The
detectors were etched in 6N NAOH af’ 4Dto reveal the tracks of spontaneous fission. tbhed tracks were
scanned using optical microscope 40x (Leitz-ortaopl It is worth mentioning here that the actuabtas and
the diameters of the tracks were measured usingrijected lengths and depths. A graph of the tianiths
was drawn as a function of percentage fission yiglth the obtained data. Consequently the masseofigsion
fragments was obtained. A graph of the track diansetvas drawn as a function of % age fission Viedch the
obtained data. Consequently the energy of theofisBiagments was obtained. Finally a calibratiarve was
drawn to verify the accuracy of our detector. Aftmrrelation, the reliability of the plastic detectwas
calibrated with the detector used by Schmitt astimeed above. On the basis of this study it is ethed that
the plastic detectors can also be used successfullthe study of fission phenomena to calculae fission
fragment masses and energies. It is also concliaedhe masses ffs is inversely proportional ®tthck length
and the energy of ffs is directly proportional bhe track diameter.
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