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Democritus was
of the opinion
that the divisi-
bility of parti-
cles comes to an

end, he termed
this ‘indivisible’

matter ‘Atomos’

or ‘Atom’.
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Take a cake of cheese, bisect it, then bisect it again, then again...
could we carry out this process infinitely? These kinds of questions are
those that kept early philosopher’s up at night. Democritus was of the
opinion that the divisibility of particles comes to an end, he termed this
‘indivisible’ matter ‘Atomos’ or ‘Atom’. These atoms he believed were
infinite in number and variety, and they were in constant motion in the
vacuum that is our universe, ever since then the curiosity of what consti-
tutes us only grew with the different hypotheses of the atom. John Dalton
(1800s) postulated that the atom was a solid ball (like a billiard ball) that
combined with other atoms to form compounds via hooks! In his time his
‘billiard ball model’ was one of great critique, a major reason being its
lack of reference to charge. J.J. Thomson’s model attempts to resolve this
issue by letting the atom be a solid sphere of positive matter with nega-
tive charges embedded in it like “plums in a pudding”. It was to verify the
plum pudding model that a series of experiments were carried out by
Marsden and Geiger under the direction of Rutherford between 1906 and
1913, what they did was direct a beam of radiation (alpha particles) at a

18598 2024 13
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thin gold foil and observe the deflection paths of the alpha particles by studying the scintillations
the particles induced.

The results of the experiment changed the world forever, the results were so contradictory and
astonishing that Rutherford famously said it was as if you had fired a 15-inch shell at a piece of tis-
sue paper and it had bounced back and hit you! Rutherford then proposed the nuclear model of the
atom; ”The Planetary Model” consisting of a dense nucleus with a relatively large charge concen-
tration, the Bohr model then introduced the electron shells and later it was found that the nucleus
contained positively charged “protons” and the neutral “neutron”. So finally, the planetary model
was complete! But this only begs the question, are we sure we cannot bisect the nucleus even fur-
ther?

Take two solids and throw them at each other, what could possibly happen? Well, they could miss
each other entirely, they could bounce off each other, and they could also break apart on impact.
This is precisely the logic particle accelerators were built on. we would like to collide particles at
such high energies they quite literally tear apart revealing the particles they are made of. Two com-
mon tactics are ‘moving beam’ and ‘fixed target’. In fixed target we direct a beam of particles at a
stationary target particle, we have a much higher probability of a successful collision at the expense
of less initial energy in the system (as there is only one beam), in moving beam we direct two
beams at each other, this leads to significantly higher initial energy in the system at the expense of
lower probability of successful collision. Alright, these tactics are all good and well but how do we

create a particle beam in the first place? That’s where particle accelerators come in.

Photo Credit : CERNZcom
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The LINAC or Linear accelerator is a first-generation particle accelerator, it
consists of a series of tubes of increasing lengths arranged in a straight line
with a constant gap kept between tubes, then each of these tubes are alterna-
The main issue tively connected to a constant period AC power supply meaning each pro-
with this model ceeding tube has the opposite charge to that of the preceding tube (positive,
is that it takes negative, positive). Hence, there exists an electric field in the gaps between
up a lot of tubes. A charged particle will accelerate in this electric field as it moves

space, in order through the tube. The main issue with this model is that it takes up a lot of

. . space, in order to sufficiently energize a particle for modern particle physics
to sufficiently P ¥ SIetE P P Py
) ) experiments the track would have to be many kilometers long!. What if we
energize a parti- , , _

could bend this track or compress it? Better yet what if we could turn the
cle for modern . . . .
particle and accelerate it in the same gap over and over again? This is the

particle physics kind of argumentation that led to the second generation of particle accelera-

experiments the

tors; the cyclotron. The cyclotron consists of two hollow semi-circular

track would ‘Dees’. These dees are connected to a constant period power supply and the
have to be many dees are spaced adequately such that an electric field exists between the
kilometers dees. Now when a charged particle enters the electric field between the dees
long!. it accelerates towards the oppositely charged dee, now in order to ‘turn’ the

particle, a permanent and constant magnetic field is applied perpendicular to

the plane of the cyclotron.

B8O O mEIBG 18598 2024 15
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This causes the particle to travel in a semi-circular path while in the dee and accelerate in the
same gap many times. The cyclotron also comes with its unique issues, the main one being that a

cyclotron can’t be used to energize a particle once it has reached the speed of light, this problem

magnifies when dealing with smaller particles like electrons that reach light speed faster. The rea-

son this issue exists is because of the constant period of the power supply or the constant magnet-
ic field. Resolving one of these would resolve the energizing problem for the most part. The syn-
chrocyclotron tackles the problem by implementing a varying electric field and the synchrotron
implements a varying magnetic field. The LHC (large hadron collider) at CERN utilizes the syn-

chrotron mechanism.

Well, has it paid off? What have learnt in our years using the particle accelerator? First of all,
yes, turns out the nucleons were divisible, they are made up of particles called “quarks” which
there are 12 of. Through theoretical prediction and experimental observations, the standard model
was created. The model that compromises of those indivisible particles (or so thought at current
time) that make up our universe. We have categorized them as follows. Particles can be primarily
grouped as Fermions or Bosons. Fermions being the particles that have mass and Bosons the par-
ticles that mediate the forces (gravity — graviton (not observed yet), electromagnetic force — pho-

ton, etc.).

Photo Credit : PSl.ch
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The Fermions further group into Leptons and Quarks, protons and neutrons
are composed of quarks and the electron is a lepton. All these particles were
detected in particle detectors almost always after some type of collision, it
just so happens at the resolution we study the universe at nowadays we need

particle accelerators to induce these collisions.

So, do we need more particle accelerators? While it cannot be argued the im-
pact of particle accelerators in the fields of medicine, (specifically diagnosis
and treatment techniques) from a purely theoretical standpoint new particle
accelerators are in my opinion slightly redundant. For truly we do not learn
much from simply observing a new particle and naming it. The real innova-
tion is in the clever detectors and accelerators we have devised to detect the-
oretically predicted particles. What I believe is, we need more efficient and
interesting accelerators and detectors, and for that we need to better under-

stand the particles we hope to detect. Hence the delicate balance between

particle accelerator/detector technology and particle physics is established.
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Megatons to Megawatts program

S tarting from 1987, the United States government, upon agreement with countries be-
longing to former USSR and Russia started converting nuclear weapons war heads into
tons of uranium nuclear fuel that was used to power up Nuclear Power Plants (NPP) to
produce clean nuclear electricity. Since, uranium in contained weapons are weighed in
megatons and energy from uranium fuel are measured in megawatts, it was named so. The
program was considered to be one of the most successful nuclear disarmament programs
in history, and from this USA was able to buy cheap nuclear fuel for energy production
relative less than market value till it ended in 2013. Therefore, it was not just disarma-
ment, but also helped on converting nuclear weapons from something destructive to hu-

man to most useful energy without wasting them in storage.

The process requires what is called down grading of nuclear material, in weapons grade
uranium in war heads. These war heads contain, uranium metal with its isotope U-235 en-

riched up to 90% of its mass.
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It is thus called Highly Enriched Uranium (HEU or weapons grade).
This isotope is the only material needed in nuclear power production,
but in ordinary NPPs' nuclear fuel it's only needed to be present be-
tween 3 - 5 %, and such uranium is Low Enriched Uranium (LEU).

The Author Mr. Positha

Dabare works as a Sci-
tons of LEU extracted from a ton of HEU would be more than twenty entific Officer of Life Sci-

-fold. About, 15000 tons of LEU was obtained from 500 tons of  ences Division of the Sri
Lanka Atomic Energy

Board. He plays an ac-
mining and milling of raw uranium from ores, was saved. Also, these tive role in nuclear pow-

Therefore, in the down conversion from HEU to this LEU, number of

weapons stockpile of Russia. In this way time, money and energy for

weapons contained a considerable amount of Pu-239 which was also er program of Sri Lanka.
fissile material used in reactors, and also came in the Megawatts of
energy extracted. positha@aeb.gov.lk
This was highly advantageous, that USA kept nuclear fuel out of var-
ious trade embargoes sanctioned upon Russia. Therefore, was a game
changer. Even USA itself contributed some of its weapon stockpile

for this conversion program in a later time.

MEGATONS TO MEGAWATTS

GROUNDBREAKING

TREATY FOR
DISARMAMENT

Russian nuclear material
equivalent to 20,000
warheads supplied 10%
of U.S. electricity from
1993-2013
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- Nuclear Technology has a wide range of applications in many fields that can make a
significant contribution to the development of medical, agricultural, industrial, en-
ergy and environmental sectors of a country. In Sri Lanka, SLAEB has the responsi-
bility of facilitating the utilization of nuclear technology in the above-mentioned
sectors and providing services with special regard to safety and security. We are
providing wide spectrum of services to fulfil the needs of Sri Lankan Business and
Research Communities using Nuclear and Radiaton Technologies. Our competent
human resources together with modern laboratory facilities provide services ac-
credited for international standards.
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Ministry of Power

State Ministry of Solar, Wind and Hydro Power Generation Projects Development

NATIONAL SERVICE PROVIDER ON NUCLEAR & RADIATION TECHNOLOGIES

We are providing wide spectrum of services to full fill the needs of Sri Lankan business and research

communities using Nuclear and Radiation Technologies. Some of them are...,

*  Gamma spectrometry for food and other commodities *  Microbial testing services for food and medical products

*  Gamma sterilization of medical products and food items *  Radioactive waster management

*  Non destructive testing services *  Provision of trainings on non destructive testing

*  Radiation exposure monitoring using TLDs *  Provision of trainings on radiation safety and security

*  Workplace monitoring for radioactivity and contaminations *  Provision of analytical services using ICPMS and IRMS

*  XRF analysis for gems, alloys and cultural artifacts *  Calibration of radiation measuring instruments

*  Analysis of water quality *  Manufacturing of radiation detection kits for school children

*  Consultancy services *  Repair and maintenance of radiation measuring equipment
Central Laboratory Complex Sri Lanka Gamma Centre National Centre for Non-Destructive Testing
60/460, Baseline Rd, Orugodawatte, Wellampitiya. BEPZ, Block A, Walgama, Malwana. 977/18, Bulugaha Junction, Kandy Road, Kelaniya.
Tel: 0112533427-8 Fax: 0112533429 Tel: 0112487756-7  Fax: 0112487758 Tel: 0112987854-6 Fax: 0112987851

E mail: officialmail@aeb.gov.lk Web : www.aeb.gov.lk Email: officialslgc@aeb.gov.lk E mail: anura@aeb.gov.lk
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