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A matrix zne%hodfor the spkmbpendent part of the neutk@Q’o

~;> \~~+/>> .“>.,
deuter~um scattering cross section is worked out in detail~ The metl&l follows

closely the treatment of Condon and Shcmtley for the evaluation of the dot
.&

product of matricese
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SPIN-DEPENDENT PART OF THE NEUTRON - DEWI’ERIUMCw%’ SECTTO~. “~,<\.:,..7, .

\

%..,0. .:‘a .,’<,.. .. \ -k..,-, ., , ~.b.

We wish to present a method for the spin-dependent ~.~ ~f t~~. k-.’L’.~“..),. .\Y+,...-

soattering cross section for slow neutrons froiicmtho and para

To introduoe the problem lek us

~a ~merm.~hl) ~

We wish to ce~culate

process in whioh a neutron with

quote from a forthcoming gapzr

the differential cross section

momentum p“ collides with a D2

for a soatteriug

noleoule with

momentum -p” in the Wternal state specified by the ~ibrational~ rotational and
*

spin qvantum numbers VS JS SS thereby producing a neutron with momen$um p which

ohas been scattered through the angle H into the solid angle dQO leaving the

molecule in the state characterized by ‘p~ ve~ J$8 S~O The differential orosg

2)
which differs forma”l$yfor tho oorresponding H2 moleoule cross section only

.

by the replacement of ths pnserical factor 4Q 9* the square of the reduced mass

of the neutron - ~ moleou?.esysteme by 16~259 the square of the reduced mass

of ths neutron - D2 molecule systemo These reduced mass faotors arise

1)o Sohwinger and %mmermesh~ ths scattering of slow neutrons by ortho and
deuteriunm To be published in the Physioa~ Rev’iew~

2)o Schw~er and TellerO Phys Rev 52. 1937$ 286-295 equation 21
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in oaloulating the number of final neutron states per unik‘$~e’ of.~;e“-,> .
.4,‘4* .’.,:\

total energy$ and in the value of the neutron fIux relat ivq tjo.,the“molccw!leo m
‘... ,A ‘!
~).-:j

Now we know that the interact b.n man be written as ,:,,Z:,-> i‘~ .~..
...,:(“* -./1.. .. ‘.,..

where N is the mass of the neutron;

for a neutron - deuteron quadruplet

interaction respeoti.velyj~~ and a2

tka

and

me

and

C and S) and we follow their

* Let us set

spin vector of the neutron: r~8

is the Dirao delta funotiomo

e3/2 -d a~2 are the scattering amplitudes

interaction and a neutron - deuteron double%

are the spin veotors of the deuterons~ an is

r2 and rn are the respective position vectors

Units are such that the spti of the neutron is

halfo The nature and use of these vectors is exaotly as that given in Condom

Shortley ‘tTheoryof Atomic Spectrans Cambridge 193S (hereafter referred to as

● a=

method in deriving the interaotion matrices.

4a3/2 + 2a~2

2b3/2 0 $@

1
(~n-r2)J

T

(3)

(4) ~<-

3)CI One way of deriving this formula is given by Sahwi.ngerand Hammermosh and
leads to their equation (6)Q The zipparet difference is due to their
definition of as in particular Un . W$asemgep

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.%.
‘,

- ‘. “-.–L,.
., ‘t...

‘}-<-

-’5’=
.“ r,,;,.A -’.... .I

where

II~2 = StQM with U2

Ih5t us

‘lBl + ‘2*2

) (7)

(81

G

and
i
are

and is their

Be . sw with% (~

the #’inaland initial spatial wavs functions of the whole

coordinate spacea

Sn the following we wish to show the method for evahattig Al and A20

reoall that

m = z oomponent of’neutron spin

% = z oomponent of the rotation wotor of the molecule

% = z ooskponentof U1W2

Our problem is essentially to obtain th8 elmdx of the ms~rioes dn”(01W2j
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sum over js Jz where

‘1 =

J2 =

‘J =

Jz =

al + ‘2
-+ 5--
‘“+ &

‘n

al.t.a~+aa

the z component of J

the remaining variables completing the set

and small letters denote the ei.genvaluesof these vari.ables~ Tienote that

J2 and al now satisfy the conditions for vectors P am.dQ as given by C and

)

our

s

page 70 where a scheme for the evaluation of P-Q is glveno

The

quanti%ies of

quantities in

matrix elements of P“Q are seen to be evaluated in terms of two

the form ( ‘—) -d (‘; Q: —j P! ‘) CI The evaluation of these

detail is given by equation C and S 105 2a and ld 2b0 Their sub”

stitution into the evaluation of 123 2 then gives P“Qa

For a given molecular spiR S9 the values of J, J1 and J2wi~l dete-e

the role of the second deuteron spin so that we may apply the argument of C and

S regarding relatiw phases (cfC and Ss last paragraph of page 6~ with the

following results: $or elermmts diagonal in j, jl and 32 tb -IUO of’

an~a2 are the samej elements off the diagonal are

fore the diagonal elemsnts of anO(03-a2) are zero

an0(C1W2) are zeroe

This means that collisions in which the

the negative of eaoh

and the off-=diagonal

total molecular spin

i~eo only dus

crnooz and

other~ There-

elenents of

I

changes .

to U2S the
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Sntisyme%rical part of the interaction~ ;C:%’:h.,”$$y” ‘O1e””lar
Thus for %

,.:.

spin ahanges Al ‘“~~$$l~ar~y .!in%o cases h,v O and we need to evaluate only 420 ,
/d<,,.> %.’. x.

individual cases by the msthod outltied above:
“P

By our previous argumwats regarding an”(alw2) the ~trti a + ~no(~lez) is

diagonal (u being just a oonstant)o Substitution into the formla for PoQ also

shows that two elements with the same j and diffe~nt ~= are equal, The summation

owr Jz therefore gives

in all symsmtrio

IA us now look et all the

Case 1=1:

The ozil.ypossible eigernvaluesare

$ =ti2s jl= 09 $2 = 112

(10)
. .

and (- :Q—) = 3./2
● .

h detail

Substiinxtionof these values in PoQ gives 6n0 (a1W2) = O

Henoe

A. * ?&Z

\
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Hence A~=6a2+3~2

Case 1 - 3

There are two

s goes from 2—’2

possible sets of eigenvalues

j571ti2s jxm2. 32m U2

Here ~no(al@2) : 03/2
.

or 3=21/2,31.2, 32 d/2

Here Ono(apu2 )=1

Henae Al = 30a2 + J.542
.
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By snalagous arguments to the symmetrical case we

.‘:. r> +, . --\“/.,.3 .=.. ‘. \
-.

‘ “(>... ..’.< .,*..
‘6 .*.. ,’:. ,-, ●. \..-...- - -7, .

J ., : <., . ‘.:\

Ob%a%.Av~..0“’ma.\

:—) ha$ theIn all anty%ymmetrical eases (—!P:

on different values as listed in each casea

For this case

There are two

s goes from 0-+1

@——:Q: —~ =+%

possible sets of etgenvalues

or 3d l/2. j~-o+l. &p=312

Here ano{aa=w$2)*O

Hence “ A2 . 4/2

,.-. J ,, ... . p ,>
“q; , -1 ). ‘“i“\:,.”’-b, .,.

Clr, A 7(. \=’\ y - I-.,
.<’ ‘a%

\\
.\.,

.,-.
“).. ‘+ ““’ \

value )/2 end $~:- )%akes.*

Case 11 - 2

s goes frolll1+0

This is analagous to the 0~1 case, end y$elds

AZ = 449

*
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Case II - 3

For this case

There are two

S goes from 1*2

(-jQ;—) -+m

possible sets of eigenvalues

Hencw
A2 = 6/$2

.,

+, “+.\ ““;,-
“.’- () ‘.
.,...,.\

..“,-),‘- -- ““.\.... .

Z!hsabove method is interesting largely

to other elements with relative easeo

The calculation of the hydrogen caae is

because it can be extended

almost no extra work onoe

the deuterium ease is dealt witho If the interaction is written of the form

of equation (4) where u and#s imply hkve a different meantig then the velues of

Al and A2 just evaluwted change only beoause of a changed (—~ ~— ) ~ (—fQ:—)

.:

in the ease of hydrogem

We are eoratemplatingthe extension of this method to C% and possibly

%3°
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