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PLASMAENERGYDEPOSITIONFROMTHE NUCLEARELASTIC
SCATTERINGOF TRITONS ON TRITONS

by

JosephJ. Devaney

ABSTRACT

The rateof energyloss in a tritonplasmasufferedby
tritonsfromnuclearforceselasticscatteringplusnuclear
Coulombinterferenceis calculatedup to 3.5-MeVtriton
energy.

I. INTRODUCTION

In computingthe energydepositionor lossby heavychargedparticlesin

a Plasma,one must considerthe energy 10SS mechanismsof the particle(a) to

electronsby Coulombinteraction,(b) to nucleiby Coulomband hadronic

elasticscatteringplus theirinterference,(c) to nucleiby nuclear

reactions,and (d)by nuclearBremsstrahlung(small). Manyplasmatexts,for

example,Ref. 1, provideformulasfor the pure Coulombicprocesses. This

papergivesthe energydepositionfrom the nuclearelasticscatteringplus the

interferencewith the nuclearCoulombscatteringof tritonsfroma triton

plasma. Togetherwith the electronicand nuclearenergylosses,one thenhas

the completeenergyloss savefromnuclearreactions,nuclearBremsstrahlung,

and collectiveeffects.

Note thatthe electronicand nuclearCoulomblossesare densityand

temperaturedependent. However,the nuclearforces-nuclearCoulomb

interferenceand the hadronictermsare not densitydependent(untilnuclear

matterdensitiesor higher),i.e.,no cutoffis required. We approximatethe

theoryby regardingthe mean relativevelocityof tritonto tritonto be the

velocityof the incidenttriton.Consequently,our resultsare inaccuratefor
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incidenttritonenergiesnot largecomparedto the tritontemperature.We

giveour results in a form convenientfor correctionof the pureCoulombic

energylosses.

Sincethe Coulombscatteringof the chargedfl~ritonby both electronsand

tritonsis stronglypeakedin the forwarddirection,a usefuldescriptionis

the energylossper unitpathlength. However,hadronicscatteringcan be

largeat largeangles(hereisotropicin the centerof mass up to 3.5 MeV) so

thatits contributionleadsto a more erraticpath. (Notmore than 45° per

collision,however,for we followthemost energeticresultantand

Etriton>>kT.)Nonetheless,energydepositionor lossper pathlengthwas

judgedappropriatebecausesuchlossesare then in the usualCoulombicloss

format,are relativelyeasyto obtain,and are matterconfiguration

independent.MonteCarlotypecalculationsmightbe consideredfor a next

step in refinement.

Becausewe dealwith identicalparticles,we are facedwith a choiceof

whichparticleto followsubsequentto a collision.We chooseto followthe

most energeticresultingtritonso thatthe maximumlaboratoryscattering

angleper collisionwill be 45°. We thusgive the averageenergylossas a

functionof pathlengthof themost energeticremainder(triton)of each

collision.

II. CALCULATIONS

We use the theoryof Devaneyand Stein2for spin 1/2particles. For

nuclearand totalscatteringcrosssections,we use the R-matrixanalysisof

the six nucleonsystemby Hale.3 He has analyzedthe existingdata to -2 MeV

and extrapolatedhis theoryto 3.5 MeV. He calculatesan isotropicnuclear

(hadronic)scatteringat all energiesin the centerof.masssystem. As a

consequence,use of the approximateformulaeof Devaneyand Steinis, in fact,

precise. We writefor the differentialcrosssectionsin the center-of-mass

system:

do—=
de “ ‘ (b/sr) (1)



~ is the crosssectionand 6 is the center-of-IllasSScatteringangle. Let Et

be the energyof the originaltriton,Nt be the tritonparticledensity,and x

be the path lengthof the most energetictriton,i.e.,originallythe incident

triton. Let s referto the totalnuclearscattering,c to the nuclearCoulomb

part,N to the hadronicpart,and I to theirinterference.Then the total

scatteringcrosssectionis composedof the otherthree:

(.2)

Devaneyand Stein2givefor themean energylossfrom hadronicplus

interferencescattering(spin1/2 or O):

,.24 dEt
YE—”— = & [60d-!tn2+ 130~(f3= 90°) ~

‘tEt dx N~

+ lbo~(e = 60°) + 0~(13= o)] (barns) , (3)

definingY, and for the totalscatteringcrosssection:

d- 2 4
0’ = 0’ + +d +dp +dp, (4)s c (, - P2) o 2 4

wherep = cose. To evaluated- in Eq. (3), we take 6 = 90° or u = O and find

for Devaneyand Stein’s2

~4 e4

o: (e =900) s 2
e4

E2 ‘~ ‘
t t

(5)

wherefor tritonsthe chargenumber,Z2 = 1; e is the electroncharge.

We use the Devaneyand Steinestimateof the interferencedifferential

crosssection:

3



(6)

so thatfrom Eqs. (4)and (2)at u = o

d- = Oj (e = 90°) - ($) - O~(e = 90°) .

t

(7)

(Theterme4/E~must be multipliedby 1024to givebarns,i.e.,it becomes
1024e4/E~,Et here in ergs.) Equation (7) substitutedintoEq. (3) giVf3S our

resultfor the hadronic”andCoulomb-hadronicpartof the full energy-loss

term. The totalenergylossshouldincludethe electronand nuclearpure

Coulombterms(fromanothersourcel)plus collectiveeffects,if any. We

obtaino:(I3= 900),o~(e= 90°)= o~(13= 60°)= ofi(13= O) (sincespherical

symmetricup to 3.5 MeV) fromthe resultsof Halesto give the valuesof

TableI and Fig. 1. In TableI, we alsogive the actualenergylossfrom

Eqs. (7) and (3) for a nominalmass density,p = 1 g/cIn3,[Nt = 1.9967(23)]4,

by the followingformula:

dEt ‘tEt ~
dx N~ ‘p “ (8)

The resultsof TableI and Fig. 1 are well over an orderof magnitudegreater

than the estimatesof Perkinsand Cullen.5 The differencemay well be due to

theiruse of 3He-3Hecrosssectionsas an estimatefor the T-T crosssections.
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Fig. 1. Energylossof t fromT(t,t)T
(includesCoulombinterference,but not Coulomb).
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