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SUMMARY

The present Wwork has been based on the studyv of

collisions of elementary particles.

An Introduction gives & brief summary of the
properties of tritium and L—-mesons.

This thesis consists of four chapters.

The firste chapter coptains the wathesatical

derivation of the cgifrerential cross—-section for

the reaction,
(HIY,+u ~ (uHD) +(HYY
using the distorted wave method.

The second chepter contaelins the calculstions (-3 4
the twoO Have fanctions corresponding to the
relative motion of p -meson in field of (HI), mclecule
and of (uH) in the field of (LHY) molecule.

The difference between the correspondinc levels
of vibrational and rotaticonal eneroies of (LHY end
(eH?YY molecules has beenp calculated.

The third chapter contains the calculationrs of
the tWo wave functions representing the motion of
the electron in the field of (H}), and (LH]) molecules
and the integrations of the electronic Wave
furncticons over the element dr are calcualated.

The fourth chapter contaips the celculations
for excited states of the two Have fupctiors
corresponding to vibretional and rotational meotiorn
of the nuclei of (HY), and (1)) molecules. Rlso the

Integratjion over the elements p, . ¢ are calculated.
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The dirrerential cross—secton for the present
reaction are calculated for different values of

eneroy levels.

It is found that calculated cross sections gre

cosparable wnith the theoretical maxiBu®m ones.

f; PRV 11 /yémi [>€?5+
Vr{/D"' A ‘A_\‘la‘l‘l:; gy e
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INTRODUCTION

lpn this thesis we avre ool1ng to sTtuUuav a chemical
reaction, S0 We have to know first sSome bropertiles

ot the componentse of thilis reaction. POy the pDresent

secticon, these components are ftritium ang .-7l856035 .
Tritium
The Tritium is the heaviest 1sotope of the
element nydrogen and the Qnly one whCon 1S
radiocactive. Tritium occurs in very small amounts

in nature pbut 1s generally prepared artifi1cially DV
processes known as nuciear transmutations. Lt 18
widely used as a tracery 10 chemical and biociogical
researcth and ig a components ot the so-caileg

thermo—nuclear of ydrogen omb. it 1s commonly

represented by symbol &Y . i1nGiCAaT:nQ THRat 1= nac
an atomis numpoer of : anc an atoaom:ic mass o S O
by the special svmbol ©. For intormation atbout The

other hydrogenrn 1scoltop8s PropeEYyiies.

Both molecuiar tritrum, . ang 1ts coumter
paert mvdyogoen, E; are gases unger Crginary
conditions. Because of the greact diTterence )

mass, many ot the properties of triTium cirrTrevr

supstantially trom Tthose o crogilnarwv myaragen,
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chemically, tritium bBehaves Qquite E1milariy to
hydrogen. However. because of 1t8 larger mass. Mmany
of 1ts reactions take place more sSlowiy than do
those of hydrogen.

The nucleus of the tritium atom, otten calleg a
triton ard symbolized t, consists of a proton and
two neutrons. It has a mass of 3.061700 atomic fhass
units (amul), a nuclear spin of é s and a magnetic
moment af 2.978B nuclear magnetos.

¢t underges radiocactive decay by emission of a

p-particle to leave a nelium nucleus of mass

[\l
Fd
0

v= rays are emitted 1n this process. The nal“—i:1*e
for the decay 18 12.26 vyears. The most energetic ot
the fr—particles emitted by traitaum rave the
comparatively low energy of iB8.6 Kilce electron
volts (KeV), E-particles are completelvy stopped by
7 mm of air or by 0.01 mm of paper or E1miiar
material. The average engsrgqy of the g-particie 18
S.&T KeV.

Whan tritium 1= bombavroed Wi T deutsrung o
sutficient eneray. 2 nuc.ear reactionr ¥ 0w &<
TUS1Gn OccUrs and energy tonsiderably c-eater tnan
tnat of the pombarding particle 1s released. The

reaction mav be written as
H>+H > H,e*~n.-18 MEV

one ot those which supply The enarawv =i the

thermo-—nuciear bomoD,., It 18 &lso ©f malIoy LMDpOYIaTCE
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e ThHe development T CoRTrol lec THEerYrmo=nNUdliear

[

FEACTOrS. EOOTYMOUS guantiries ot TE:T UM Wil
regquired 1f such veacrors aAre pertectec enc Broughtt

into use as electric power agenerators.

Natural Occurrence

Before the start af thermo—-nuclear weapons

testing in 1954, rainwater containes approximately

1-16 atoms of tritium pe- 1T aTeomse o v OroCeE” .
Sucr Tritium origin ator Ltarga’- o ThE
oombardgment of mitrocen 1 The Uit ne ETmMosCTere

wilith nmneutrone and pgrotftons TYom COsSMmIc Yave

v
in
"
2

reaction (2). pDecause the hal+t-lite

of Tritium 1ise short 1F Compavison Wwilth T=g

< Time
yeoulireco for Mmix1ng o f the ccEar WeTwevY s, The
concentration of trairtaium 1N the ocea™ 1S mMucrs [ ower
+hanr 1r ralnwater—-before 1934 The Totel AMGoTT -

tritium on the Eartn’s sur face was estlmataec BT

igCC g. Of whict about 1ig was :r the atm

in
0
B
1]
A
b

ard 13 1 groundwaters. TesTt:ing st rHBvymMo—roTiear
weapers Hhas resultec 1T sEharo vises 1r The Tryitium

conternt of rainwatery o VELLES &

n
"3
™
8]
x
it
W
3
-
s
’
9]
=t
i

oe- (77 2-ome of hydrogen.
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Freoparation

Tritium was first produced 1n the laboratoryvy bwv
bombarding compounds ot gJeuterium WITH fIQR=FREeray

Hdeuterons., as 1n the reaction
H:-H*-HY+H:

A number of cther nuclear reactions also give rise
to tritium. The most important of these 1€ the
absorption of slow neutrons by thre liathium 1sctopeEe

of mase 6. According to reacTion . Hy 1vraciating
£ : 3 4

gnviched lithium=-&, 1n the form ef an aliov with
magnesium oY alaminum, withr neutrons Trom & nNucleay
reactor, tritium mav be orepared or a laroe sca2le,.
itseEs &g a result of 1ts progQuctiliaon tor Lee ir

NMuti@ar weapomrs, tritium has pEcome availlal

D& i
Large guantities at VEYVY 10k CODST. it 12 wasC -
agmi>ture wiitr zZ:Nc sL:tige ur THE oY oCudT LT P
luminous Daints, wRioh have ia-gely raciaeler tre
raglum tormerly usec on watch fials, suCh ML =tures
are aisuo usec to proguce smal.. Dermane~mrt LamenT
sgurces.

Tritium absorbec o Mmetale 18 usec 1o Tarcets
‘o the proguct:or 0f fest rewtvrons oy hompevament
Wit deuteronrns, Tr:itium Nas bee: my T Y= P
rydrolooical studies, s:inge 1t im o&ar 138l T Al e

tor water movement.
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Some studies depend ar  natural tritiusr o~ that
introduced by weapons testing in other CasES ::&vAae
amaunts of tritium are deliberately added.

Ilnvestigations include the distribution of
groundwater in oil fields; the tracina of springs,
rivers, and lakesi water seepaqe ana laose trom
resarvoirs; and the movement of glaciers.

Tritium has also been used as a tTracer for
Aydrooen 1n the study of Chemical react: oriw. Thne
most wWwigespread used cf tyitium has probabls peean
in biolpg:ical researcrn, Wwhere 1t has beer used both
as a hyaorogen tracer and as a meolecular labe:l in
studies of metabholism. bicsvnthes:is, Anc cytology.
in particular, tritiated thymigine and nther
ruclectides ang nucleosi:des heve Deer extens: valy
used 1m studies of the tormaticrn «f D& amnc KNA,

Compounds. veavry tew compounhds 2t pure T

= itzum
nave beer preparec anc stunlec. Sucor coTRDoU e S
wollid unde~ no geceomposition Quite raig:iwv urmaer
the action of the tratium t=radiatior. S S AR T
Oxide. 1,0 ' mas been Dveparec hy o igaTion oo
+ritium gas witkh hot copper oxide o Dy DasElnc ar
glectric spavi through a mixture eI A AN, ang
oxygen. 1ts meiting puirT 1 4.4%°7 . comperes Wzt
C° for oardinary water. O0F much greater ARt ol Tl
are compounds, especraily orqQaris SoMmpDEe S O o
Wwhich & small fract:orn 3 R Rvcvoger &t o R
meer. rehbilacec bv tritiuvm, Huoch labe!]ed Soomo et
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are employed in teacer studies; suQl cy- Those
irdicated above. Tritium=—labelled compounds Mmey DE
prepared by ordinary synthetic chem:ical methods,
such as the zatalytic additian of tritium=nydroqar
mixtures to unsaturated compounds. Jritium may be
exchanged for hydrogen in the presence of a
catalyst such as platinum or a strong acid.

In recoil labelling, & wmixture of an arganic
compound and a lithium salt are 1rragrated with
neutrons 1m a ruclear reactor s some =t the

enpraogetigc tritons producec are 1noovrpoyater

i1
3
+
s

the organic comMpound.

Ancother important labelling pracedur s corsists

o<

of the exposure of an Drganic CcOmMpOUnc TGO

Lr1TIum
aqas in a sealsad vessel s the tritium r=radiat:or
tacilitates the gxchanae of hydroQer 1 the

compoaund wWwith tritium 1n the gas. Some SLwmDownos i
biological interest have been preparvrenc Ly orawinc

o-ganisms 1 tritiated water.

Analysis

Because of its weak B=-radiat:on., triTiur 1s 0OT

reatdilly measured by the aordinrna- v cer gu-=Mul i &
courmtevy. More efficacious 1s “the 1nt-adustioan  of
Triftium as a gas rn s.de the cGeTtTing TubdeE.

Alternatrvely, the ionrizat:on of a aas Caussec (=Y

the E-radiation may be measurec in ar 1on-.Z2ATION
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chamber, ov the tritium CcomMpoung meéy D& fis

n

= =
in = suitable solvent contairhing 2 phaspkor anc The
light pulses excited by the g-pariiclies thaen mav Je
counted with a scintillation counter. lvrataium oas
containing oniv small amounts of ordinary hyarogep
may be analvzed Wwith & mass spectrometer or v
measuring the density of the gas. Because of the
very short range of the tritium f-particle,
avto-radio—qraphy, the exposure o f radicactive

materie. To a photograptlc plate

,;
bl
&
R
i
3
[
0
b
"
B
4

locate precisely the poesitrian tritivm 7 2100

material. I[13

The y—meson

Studies of CoOSMIC rave teaan atter *ne tirgT

wovigZ wat ard 1t hasgs oeer one o TREe mOeT teou T
in moderr phwvsicse leading Lo o the direove v as The
cas: tron, The o:- S™E T MmNy &m0 T e R P
parti<cles. The impurtence o = roE <o
geonphys:cal ang cosmoloCcical reseav ot menory @l 18
alsc wvery Dreat,

A SBarch was made fgor particles ot Tros romer
o mas: ;0 thHe ragc:al:icl gt Ses JEVE: al' T AL - e
ialloweld shortlv aftes v Dhreet 20 Lrewenn.in,
drscover TRhem odiude Ihambear T R R U T T SR
Hy hmes mard companett, herause TR - Massecs & o
;L Er Mkl AR BRLWEE"™ TooRne o LRI L T L e o
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