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Momensum Conservation in Binary Reactions
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Tn the IARA Nuclear Dara Section, we recently had occagion to re-examine the old topic of
seuiron soures reactions, such as D)3 He. As part of this work, I programmed the formulae
from page 26 of the GROUPR manual, Chapter V1 of Los Alamos report La-12740-M. Thad
to make some modest interpolation of the description there to allow the treatment of an incident
particle other than a nentron. For example, I mtmgxet the guantity A us the target mass, relativae
10 the incident particle muass, whether or not the midem pasticle i a newtron.

Appendix A contsing a Hsting of & shor test pmmm that computes spectra from the
kinemuric formoulse in the masusl for zero-degres smission. Thé most interasting result for the
present purposes is that T added coding 10 check af the answers and, at first, the answers failed
this test. The cade firet caleulanes the energy of the recoil nuclens, in this case 3He, by
conservation of energy, and thew it checks e msuiis for momentum conservation. With the
eriginal formualas, the resull docs not quite conserve momenturn. Aftera small amount of
experimentadon, I found that momenturn and cmzwy are conserved if I replace the “target” mass
with a mass computed from the total waass of the produa!s {eiectile + recoil) minus the mass of
the projectile. This differs from the exact target mass by the Q of the reaction {(expressed in

o AMU. With this change to the formulae, momentum is now conserved.

I Appendix B is Hsted the results of running &c code with 6-MeV deuterons incident.
For this test, the code was compiled with REAL»&% and execnted on the NDS AlphaServer
2160, The messtre of Tomentis conservation is the variabls “forbal” which changes from
2.5247932311044398-4 with the ungorrested mass 1o «8.769962616701378B~15 with the Q-
subrscted mass. Thus, It appesss tatthe manna@ at least, needs a small correction bhere, Itis
currently unclear what, if any, chenges may sctually be roquited in GROUPR.
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appendix &. Test Program SPECL

program specd
test mementum conservation effects in connection

I
& with binsry reaction kinematics. ss represented in
< formulae in the njoy/growpr manual, egs. (75=77}).
o E
e et constantes for D&, n)He3 reaction, with energles
& in mev and masses in ami. ;
¢
g=3.268%3 :
e deursren mass {particle 1 = projectile)
xmli=2.01410 § .
< helion mass {parcicle 2 = racoil}
x*m2e=3 . 01803 5
o BEUTTON MEss {particlie 3 = ejectile)}
=1 . 00866 §
< deuteron mass {(particle 4 = targsi)
xmég=d 01410 f
istartsl
@
e read in the deuteron snergy {(in MeV)
mit& {a&y&} T8
weite (*,%) ' enter &’
read {(*,*} 23
< . .
<] eisctile is esitved in forward divection in lab.
omegasl . &
a N
@ calowlate ejectile energy inm lab,
50 continue 3
assund Sand

aprime=zm3 /xmi :
faclssqgrt {(a* {a+l . ~aprine) faprine)
faclumsgrti{l.={a+l.} ¥ {~g)/{2¥al}}
r=faci*fac? :

el solve sg. {76} for gprime
aprimam{amega*z,*r+1~%r**2}ﬁa@rima*eli(l.+a}**2

G

print results
wrice {(*,*} * °
£ write (*,.*} * eoprime =', eprims

check yesults

ai=altg-aprime

pl=gort (2. Fxmd*eld)

pl=ggrt (2. *xml*all

p3=sgre (2. fxmdteprime) .

vacnil must be smitted in either the forward ox
prackward directions in the lak.

forbaleapl- (p3+p2} '
bakbalupl-{pI-pi}
wrice (*,*) * ¢ _
write {®,%} * forbal,bakbal =', forbal bakbal
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dizgnose result
if {istart.eg.0) po to 100
istactwl

compube targeb mass from othe* Lhxas
wrice {*,*} * °*

write {*,*) * old taxgeﬁ,mass =, xmé
xmémxmﬁéxm3~xmi

write (¥ *} ¢ ¢ :

writa {*,*} ' npew target maus =', xmé
ge te &0 :
continue

stop

and

Appendix B. Result of test run with SPECY

<TAEAND» § zun specd

enter &l

&

" eprime =  9.20805448330349 |
forbal,bakbal = 3.524793231104439E-004  1.21220139506198

old target mass =  2.01410000000000

new Larget mass ®m  2.01055000000000

eprine = §.30758018321335
forbal, bakbal = ~%. ?69563&1670&3?3E~6i5

p 5;1’{4&( ALY

1.21258866601587



