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deuterium scattering cross section is worked out in details The methéd follows

closely the treatment of Condon and Shortley for the evalustion of the dot
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SPIN-DIPENDENT PART OF THE NYEUTRON = DEUTERIUM CRQSS' SECTION" ‘-,\
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We wish to present a method for the spmwdopsndent part of the
scattering cross section for slow neutrons from ortho and para douter:uum» \\“ LN
To introducs the problem let us quote from e fortheoming paper by Sc\;‘gv;nger )
and Hammermeshl) :

"We wish to celculate the differential cross section for a scattering
process in which a neutron with momsntum p9 collides with a Dy molecule with
morentum =p° in the jnternal state specified Ly the vibrational, yotational and
spin qvantumﬁumbers vy, Js S, thereby producing a neutron with momen‘?:im p which
has been scattered through the angle into the solid angle d«, leaving the
molscule in the state characterized by =p, v¢, J', S% The differential oross
ssction, as computed by the Borm approximation, is

s s
T (¢ 2L YR = 55 1

p® 2(2540 (2050 nlml, mly my my,mg

('fs’j .é%%g u¥,) iﬂ-— (1)_
which differs formally for the correspondipg Hp molecule cross section 2 .only
by the replacement of the pumerical factor 409, the square of the reduced mass
of the neubron = Hy molecule system, by 16/25, the square of the reduced mass.

of the neutron = Dy molecule systeme These reduced mass factors arise

V. Schwinger end Hammermesh, ths scattering of slow neutrons by ortho and
deuteriume To be published in the Physical Review.

2)e Schwinger and Teller, Phi{s Rev 52, 1937, 286-295 equation 21
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in caloulating the number of final neutron states per unit range of the,
P R
total energy, and in the value of the neutron flux relativg‘{;g"the moleculeo™
Now ws know that the interaction can be written as 3)/’, R
.;2.".- -_;.,':{" '\‘ .\' \“{\\\
: .ﬁz A T oo
== ZR.M {43 s/2 * 2'3‘1/2} + 2(ay foeay o) oy ("1*"2)] %(rn‘?ﬁ ;ﬁ_{(r‘n‘\‘}'a’) o
. el \ \
- 2 (ag/p=01/7) 0y°(0779p/ | | (rpry) = (vyory) T

where M is tho mass .of‘ the nsutronj e3/2 and al/z ars the scatiering amplg:budes
for a noutron = deuteron quadruplet intersction and & neutron = dsuteron doublet
interaction respsctively; oy and g, ars the spin vectors of the deuterons) g, is
the spin vector of the neutron; vy, rp and r, are the respective position vectors
and is the Dirac delta funocbion. Units are such that the spin of the neutron is
one halfo The nature and use of these vectors is exsotly as that given in Condon
and Shortley "Theory of Atomic Spsctra”, Cembridge 1935 (hereaftsr referred to as

C end S) and we follow their method in deriving the interaction matricese

let us set
¢ = 4 + 2a
_ 3/2 1/2 @
ﬁ = 2(&3/2 = 81/2)
thus
PP | S,
U= 5 |° 450, (07 +0,) (rpory) +  (zyro)
(4)

M

2
~2nh [/;’ono (clwg)] [J(l'nﬂ'])" J7(rn‘fz)‘]

2o One way of deriving this formula is given by Schwinger and Hammermesh and
leands to their equation (G)o The apparent difference is dus to their

definjition of o, in particular Op = (1/ 2 "sdmringer
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We note that U is divided into a symmetricel end ant1~symrget;:.cal part

rewrits U as
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Further we may rewrite the summetion part of (1) using this symbol:.sh as

- - JEEA .
"0 —
.
kY

ey .

'jf‘\
and
N

% ovh
z
;1 3 j’ ‘f{j-,,_ =2y TY = A,B; + A,B, (e
n 9mJ,ms 111MJ9mS
where 2
S 1.1
m pms mgms
Az = s8me with ‘Uz\
and
z i
By = > gé' (« ; ;AT
Mo (8)
B, = seme withsf'-)
where and are the {inel and initial spacial wave functions of the whole

i

system and is their coordinate spaceo

In the following we wish to show ths method for evaluating Ay and Ay
Ist us recall that

m = g component of neutron spin

B, = 3z component of the rotation vector of the molecule

My = 2z component of 04409

Qur problem is essentially to obtain the elements of the matrices 6,,° (0y40,)
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and mg,

sum over J, ;}z where

Jd =07 ¢ Gy + Op
J g = th2 £ component of J

,7 = the remaining variables completing the set

and small letters denote the eigenvalues of these variablese We note that our
J2 axd 01 now satisfy the conditions for vectors P and Q as given by C and S
page 70 where o scheme for the evaluation of P-Q is giveno

The matrix elemeunts of P°Q are seen to be evaluated in terms of two
quantities of the form (-'-',{ Q%—-—) and (-v-' P. ——). The evalustion of these
quantities in detail is given by squation C end S 10° 2a and 10° 2bs Their sub-
stitution into the evaluation of 12° 2 then gives P°Qe

For a given molecular spin S, the values of J, J; and Jp will determine
the role of the second deuteron spin 50 that we may apply the argumsnt of C and
S regarding relative phasaes (cf C and.S, last paragraph of page 88) with the
following results: for elements diagonal in j, Jy and jp the velue of ¢, °C, and
0,#0p ars the same, elements off tho diegonal are the negative of each other. There=
fo;-e the diagonal elements of op° (01°62) are zero and the off-diagonal elements of
ope (04~0p) are zerc. - | |

This means that collisions in which the total molecular spin chenges

are due only to interaction terms of the form Oy° (lez) isec only dus %o UZ’ the
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antisymetr:cal part of the interactioms Thus for '%"3 opse :m whic total molecular
spin changes Al « 0 and we need to svaluate only Az" —rsiml,arly J.n 8 cases in
which the total molecular spin remains unchanged Az = 0 b,gd wg neea\t 'lua’cg

only Al o,. —70/\ .
The possible velues of § for deubterium are O, 1 snd 2,\ f&et us n ‘.,

._.« ;_ .
treat the individusl cases by the method outlined aboves ¢
Io SYLMETRIC
AZ e 0 and
Z. %..- (j°39\ a 4/3 Ope (0y4a3) ljjﬁlz) (9
j’Jz j ﬂj [ 4 ) : .

By our previous srgumeats regarding cné (01'4,02)' the matrix a + O,° (01402) is
diagonal (o being just a constant)s Substitution into the formla for PoQ also
shows that two elements with the same j and diffepent Ja ave equale The summation

ovar jz therefore gives

2
A - Zj. (2j+]). { a.+,'&no ("1""2)_} (10)

In all symmetric cases (-‘—-SP,E-‘*) = 1 and (--Q-~'—) 1/2

Let us now loock at all the possible symmetric cases in detail

Case I=l:
S goes from 0-+30
The only possible eigenvaluss are
3§ =12, 3,20, Gy =1/2
Substitution of these values in PeQ gives oo ("1“’2) =0
Hencs 3
AL:: 2 R
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Coase I =~ 2

S goes from 1--91

There are two possible sets of eigenvalues

j =12, i =L 32.1/2

Hore O o ) = 1
n (°1w2
or j =11/2, Jp =l §, = 1/2
Here 9. (61402) - 1/2
Hence A =6 a? & 3,482

Case 1 = 3

S goss from 2-—)2

There are two possible sets of eigenvalues

3 =1 VY2, iy =2 3, = 12

Here 0,° (olwz) ; <3/2

or j=21/2, 3y = 2 i = 1/2
Here e (clwz) =1

Hence A, = 10 az + 15,&32
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By analagous arguments to the symmetrical case we obtein, A 7 0 and ) "\

. )
L .J

2 2 AN \ NN\

= 2 ) { ° =7 g ",\'7

3 ( 3+ A %" %y az)j @ ,C3:'9 . \;( %
r'-)‘)‘ -

In all anty-symmstrical cases (--—~P foer) has the value 1/2 and L dQ ) \bakes

on different values as lisgted in each caseo

Case II = 1
S goss from Qa~3 ]
For this case (w-:Q =~) =Y2/3

There arc two possible sets of eigenvalues

j = 1/2, Jp = 0=l 3y = 1/2

Here 00 (alu\rz) = yz
or 32112 30091, J,=1/2
Here R (aavcz) = 0
Hence - ' A, = 4:,82
2

Cage 11 = 2
S goes from 1—Y0

This is analagous to the 0—>1 case, and yislds

Ay = 437

i
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Case JI - 3
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S goes from 1l—2

For this case (--— Q) .

' 2Y%
There are two possible sots of eigenvalues
| =112, § =192 J-= J,{z
Bere S o (olc-cz) Y15

or i =21/, 3 =12 3y . 1/2

Here o 0(01 2) -0

Hence

2
by = 54

The above method is interesting largely because it can be extended
to other slemsnts with relative easeo
The calculation of the hydrogsn cass is almost no exl;ra' work once
the deuterium case is dealt withe If the interaction is writtem of the form
of equation (4) where a and /2 simply have e different meaning then the veluss of
4y and A, just evalunted change only bscause of a changed (—-—-gPé---) and (-—-gQ::—-—-]
in the case of hydrogeno

Wo ere contemplating the esttension of this methed to CHy and possibly

N'Bso

Ly 1oAY
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