. WS

N NI
HBEOD LIOEES

ENVBHOOD) 2R3 48 2022 ISSN: 2386-1096
S P \\
_ A ; .
et L RN .
\la . e T X o

863038 - 211 (211AL)

BE® 0eBE 9T D WO, OBCen B0 C
@D, FE M Go@ De®ID 3OLEDIB W



B0 e >> god Bednd

Priyanga Rathnayake Sri Lanka Atomic Energy Board
Advisers No: 60/460, Baseline Road,
Prof. S.R.D. Rosa -Chairman (SLAEB)

Orugodawatte,
Mr. T.M.R. Tennakoon (Director General)

Wellampitiya

Mr. Prasad Mahakumara (Director— RPTSD)
For contributions & To subscribe:

Design Studio Log on to: www.aeb.gov.lk
Priyanga Rathnayake Call:+942533427 -8

Email: subscribe@aeb.gov.lk
List of Authors

_ For marketing and advertising:
Poshita Dabare

Dulanjalee Rajapaksha Email: advertise@aeb.gov.lk
Priyanga Rathnayake Call:+942533427-8
Nadeera Dilhani

For more information, visit:

www.aeb.gov.lk
Coordinator

Pradeep Lasantha

H383m weces

5583 BECH

5H383® weCes

Disclaimer

The views and opinions expressed by the authors are not necessarily those of Sri Lanka Atomic Energy Board,
and it assumes no responsibility for the same.

008 8Ed @B ©:® BBw1BBI® Om 91 81O § o 8C&ren ACETE LS BE @nw Bowdsmw
©25%0d. Yol @ReWT (0O 801D QBB VeRLEH BEunm yBenBsy wi dmw D5 Lo HE e®® 5:®

CBu® s0Bm 90 gdsenw »OE.
All rights reserved.

DV DCDB) 2RIV ¥A 2022 2




Wg?ﬁf *Pwnga, Rath HEVELG

o ““"“n&ba

@008 19 Descemw, FCOES , @BV MO0, OO BEE Dod e®F e oW ®0d
Om 8B @801 @ endE Bod N3O Bow SEwd. HNB a8 V®® BDED 9DwE®D
98, CewLsT cul® Youldm 0f, ¢e® uem® A o of BwceB. ac 8O acy
)8 EBEDBIB) BOBY &05Y. @B e PECH DL 805Y & 0B VR WHIB WIEW & BE o
RBemO® B edmww, ¥e®I® 9Ty edmu. 9B a8 edme ©DF, D ewie
PCBDBEY 0O WsIH YOO BEwd. 88 O VOB WHEID OB EDBE WO Vesdo
DHABID ¢80 yOOs]. mHEI® PITBeRe 0O SYeRDDO Des YIC aCH. & Bl
5583 e ent 830D ewitr ®BSHT a8 aes esNeme HBNGE.

Ewo® OB 5NB®



5580% 3@€es  >> CONTENTS

Neutrinos: Ghostly particles of the Universe 5

MO0EE DD “aesoda’ - 211

(211At ) 88x» couse 9cmn B0, 8BS

BBA®IC R @¢, F ™ o De®ID™ 1z
e3®es0B ™’
10 BEMNDrdw edmed mE By® 16

50O IAEA ymoases..

"5y O3 5% HHBYOD® BV e3&wWo
eneB®m o en 8B 8Ry® /GO 27
B88ae axfeuin "

cesed oug 8e3sT 8e®I® BEDrene ®E
@30 28

DV DCDB) 2RIV ¥A 2022 4




“The

neutrinos
where first
hypothesized
in the 1930’s
by renowned

physicist

Wolfgang

Pauli”
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Neutrinos are a type of subatomic particle which is of high im-
portance in modern particle physics research. According to the
standard model, the currently accepted explanation for the properties of
elementary particles, it belongs to the type, leptonic fermions. It has no
electric charge with a minute mass. Neutrinos have half integer intrinsic
angular momentum, a spin 'z particle just as other fermions such as
electrons, muons and tauons. Because of the infinitesimal mass, they are

capable of travelling approximately at the speed of light.

The neutrinos where first hypothesized in the 1930’s by renowned phys-
icist Wolfgang Pauli, to explain the wide energy spectrum of beta parti-
cles (B) emitted during a nuclear disintegration of certain radioactive el-
ements, known as beta emission, as shown below. Here the beta particle

may be positive or negatively charged.

2p 2 » + hi
—P = - - + b~ 4+ nothun
Z Z +1 p g
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Photo Credit : https://www.wm.edu

Ever since 1920’s various experiments showed that beside of having a single energy as an alpha
particle, the beta particles’ energy spread across a broad range, with a minimum energy equal to
the rest energy of an electron to a maximum energy equal to the difference between the mass of

the initial parent nucleus and daughter nucleus created.

This became a puzzle for many physicists, even calling that beta emission violated energy conser-
vation. But Pauli explaining this as three-body process introduced a third particle that carries away
a random amount of energy at each disintegration. It was further mentioned as very light particle
that explain the minute difference in mass, and is uncharged for charge conservation and spin half

to conserve momentum.

Because of being neutral and minute mass, it was known as neutrino. In 1956, Fred Reines and
C.L Cowan discovered the neutrinos, through an experiment using a nuclear reactor at Savannah
River in South Carolina as an anti-neutrino source and a detector of water with dissolved cadmium

chloride. 1996 Fred Reines received the Nobel prize in physics for this discovery.

In most disintegrations the beta particle is similar to an electron and it accompanies an electron an-
ti-neutrino. This is the most common beta emission in almost all radioactive elements found in na-
ture as well as artificial ones. The disintegration of Potasium-40, one of the most abundant radio-

nuclides in soil and vegetation is an example.

amK amc L
—K = —Ca + + v
19 20 P ¢
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Actual electron neutrinos are emitted during positively charged beta particles, known as positrons
are emitted. This is quit a rare case among the radioactive elements commonly found in terrestrial
environments. But, Potassium-40 mentioned above, rarely disintegrates emitting a neutrino and a

positron with a probability of 0.001% Into Argon-40 as in,

40 40 +
19K—>18Ar+,8 + v,

In another disintegration mode of the same Potassium-40, where an orbital electron is captured by
the nucleus to become stable an actual neutrino is emitted without any charged particle been emit-
ted. This is called “electron capture” that has a probability of 10% in Potasium-40 is another pro-

cess of neutrino production from radioactive decay, happen as in

40 40
—K e — — Ar v
19 + 18 t Ve

Furthermore, explained analytically that it is actually a proton which is converted to a neutron dur-

ing positron and neutrino emission as,

pon+te+u,
and, neutron been converted to a proton during beta particle and anti-neutron emission.
n-op+e +1,
Since, positron emission along with neutrino emission are rare among the terrestrial radioactive el-

ements, most of the neutrino that we experience on earth are received from the Sun and as cosmic

radiation from far away stellar bodies.

14" Volume June 2022 7
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Neutrinos are formed, inside our Sun and stars similar to its mass, as a result of the proton-proton
fusion reaction (P-P process) and rest of the chain reactions associated. The creation of deuterium

from protons.
2
p+p = [D+e’+v,

4
%HE +p - s Het e+ 1,

Neutrinos also created from Carbon-Nitrogen-Oxygen fusion cycle (CNO Cycle) which is form of

fusion in massive stars several time larger than our sun.

The neutrinos are highly penetrable, that the solar neutrinos produced in the mentioned process
pass right through the center of the body without interacting with matter. This is due to neutrinos
being uncharged particles with minute mass and therefore interaction probability is very low in
orders of 10", The neutrino density on the earths surface is about 336 m™ and it found that about
60 billon solar neutrinos pass across on square centimeter of our body per second, which makes

us living almost in a “Sea of cosmogenic neutrinos”.

The neutrinos come in three flavors electron neutrino, muon neutrino and tauon neutrino each
corresponds to the three basic leptons electrons, muon and the tauon. The muons and tauons are
type of leptons like the electron but massive than the electron. Where the electrons rest mass in
0.511MeV/c* a muon has a rest mass of 105.7 MeV/ ¢ and of tauon it is 1.777 GeV/ ¢*. Each fla-
vor of neutrinos corresponds to these three leptons and therefore is created during reactions in-
volving these leptons. The muon neutrino is generated during the decay of Pions along with the

muon as

nt = ut 4+ vy,

14" Volume June 2022
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The creation of neutrinos during nuclear interactions and reactions is best explained using the theo-

ry of “weak interaction”. First introduced by Enrico Fermi, it brings out another set of particles the
gauge W+/W- bosons and Z boson. They are massive virtual boson with mass of 80GeV that con-
nects the initial nucleons (proton, neutron) with the final nucleons, electron or positron and corre-
sponding neutrino or anti-neutrino. According to this theory, first a W boson is created virtually
out of thin air at the proximity of the nucleon, which carries away the excess energy of it and final-
ly the W boson decays to the corresponding beta particle and neutrino pair, in the following way.

The Z boson is responsible for neutrino scattering from nucleons and particles such as electrons.

Another remarkable phenomenon associated with the three flavors of the neutrinos is the neutrino
flavor oscillation. 1t is the effect expressed by a neutrino that keeps changing its flavor from elec-
tron neutrino, muon neutrino and tauon neutrino in a cyclic manner through time during its flight
since it was created. First, predicted by Bruno Pontecorvo, this strange behavior can only be ex-
plained if a neutrino just as quark particles is not in single particle state but a quantum superposi-
tion of the states that corresponds to the masses of the three neutron flavors electron, muon and

tauon neutrino. If mass of the neutrino is taken as quantum state it can be written,
Ve 1y
Uz Uz

Here the U™™® is the Pontecorvo—Maki—Nakagawa—Sakata matrix. According to this, an electron
neutrino detected at one position in space can be detected as muon neutrino, or tauon neutrino at a

far distant point.

14" Volume June 2022 )
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Neutrinos are responsible of another phenomenon called “inverse beta emission” in which a neutri-

no spontaneously creates its corresponding lepton particle upon nuclear interactions with nucleons,

v,+n -p+ e” o,+p >n+et

. The combined ef-

fect of this with neutrino oscillation results a beta particle detected at one point in turn be detected

neutron or proton. It is given by and

as a muon or a tauon at another distance point in space.

A hypothetical phenomenon called “neutrino-less double beta decay” in which radioactive nuclei
decay by emitting two beta particles simultaneously without a neutrino, also suggest that a neutrino
is the same as its anti-neutrino. Such particles are called “Majorana particles. In this case the neutri-
nos created by two successive beta emission are cancelled as result of the particle-anti-particle anni-

hilation. This effect is still not observed.

Detection of neutrino is tedious task and also a great challenge for the scientist, as neutrinos unlike
other particles, has a very low interaction probability with matter. Detection of a subatomic particle
requires it to interact with the electrons of materials to produce electrical or light signals, and this
cannot be directly achieved for neutrinos. The only way to accomplish this are the nuclear interac-
tions of neutrinos such as inverse beta emission that produces secondary particles such as electron,
protons or neutrons, that indicates the neutrinos. This was the method used by Reines in its first dis-
covery in a nuclear reactor through secondary positron emission that also result in neutrons cap-
tured in cadmium chloride solution to produce gamma photons. These are called scintillation type
neutron detectors. Modern detector uses very large water masses consisting Ultra-pure water
(UPW). In such detectors, neutrinos create leptons that travel in near light speeds that in turn result

in “Cherenkov radiation”.

Photo Credit : www.space.com
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These visible to UV secondary radiation pulses are identified with neu-
trino interactions. But still complex signal processing and statistical
methods are required to exactly filter out the neutrino pulses, since sig-
nals may be produced by other terrestrial and cosmic particles. This re-
quires coincidence matching for differentiation. Such detectors include
Super Kamiokande detector in Japan, Irvine—Michigan—Brookhaven de-
tector in USA. The Antarctic Muon And Neutrino Detector Array
(AMANDA) and the IceCube neutrino observatory uses large glacier in
Antarctica as neutrino detectors by mounting photomultiplier tubes be-
neath. All these projects expect to detect neutrinos from the sun and the

far away cosmic revealing detailed information about the universe.

Reference:

INTRODUCTION TO NEUTRINO PHYSICS, Paolo Lipari, Dipartimento di Fisica, Univer-
sit'a di Roma, Italy.

AMANDA's First Six Years. https:/phys.org/news/2008-02-amanda-years.html
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Albert Einstein aZa
0ld Grove Rd.
Hassau Point The United States has only very poor ores of urenium in moderate ..

Peconic, Long Island

August 2ad, 1939 quantities. There is some good ore in Canada and the former Czechoslovakia,

7.D. Roosevelt, while the most important source of uranium is Belzian Congo.

:;R:d;::':f the United States, In view of this situation you may think it desireble to have some
Vashington, D.C. permanent contact maintained between the Administration and the group
of physicists working on chain resctions in America. One possible way

Sirs of achieving this might be for you to entrust with this task a person

Some recent work by E.Fermi and L. Szilard, which has been com- who hae your confidence and who could perhaps serve in an inofficial
munioated to me in manuscript, leads me to expect that the element uran- capacity. llis task micht comprise the following:
ium may be turned into a new and important source of energy in the im- a) to approach Government Departments, keep them informed of the
mediate future. Certain aspects of the situntinn.ihlch has arisen seem furtiher develepment, and put forward recormendations for Government action,

Vg hfuly

@ozs)é @Qé&o@odw ©D%ed D Cy®

ities of new radium-like elements would be generated. How it appears which have the necessary ejuipment.

almost certain that this could be achieved in the immediate future. 1 understand that Germany has actually stopped the sale of uranium
This new phenomenon would also lead to the construetion of bombs, from the Czechoslovakinn mines which she has taken over. That she shbuld

and it is conceivable - though rmuch less certain - that extremely power- have taken such early action mizit perhaps be understood on the ground

ful bombs of a new type may thus be constructed. A single bomd of this that the son of the German Under-3ecretary of State, von Veizsicker, is

type, carried by boat and exploded in a port, might very well destroy attached to the Kaiser-Wilhelm-Institut in Berlin where some of ﬂu

the whole port together with some of the surrounding territory. However, American work on uranium is now being repeated.

such bombs might very well prove to be too heavy for transportation by Yours very truly.

air.

(Albert Einstein)
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" Nuclear Tech

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.

Sri Lanka Atomic Energy Board

Ministry of Power & Energy

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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