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Abstrect

’

Feasurementas have been mede of the scattering of a monocenergetic.
beam of neutrons (E = 0.07 ev) from ordinery water snd from heevy water.

In the case of ordinary water a diffraction peek was found at eboud

c
=1
512_312 = 0,16 A
A
but this pesk wes smell compared to the diffuse scattering. With heavy

weter two diffraction peeks wers obteinsed st

o

-

and at about 0.25 A respectively.,

LS
: )\ %

These peeks fall at the sams value of Eiﬂ;?ZE, as the first two peaks
for the case of x-ray diffrection from weter where they must be dus to
diffrection by oxygen etoms. In the cese of neutron diffraction from

heavy water there is reason to believe from the height of the first peek

thet there may be some contribution by diffraction from deterium.
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NEUTRIN DIFFRACTICN IN WATHR AND IN HEAVY WATER

E. 0. Wcllan end R. B, Sewyer

Introducticn'

An interesting question in connection with the scattering of
neutrons is whether or not one gets meesurable interference effects from
hydrogen or deuterium. It is to be exﬁected from the theory of th3 deu-
teron thet the coherent scattering of neutrcns from hydrcgen nuclei wculd
be sméll even if tnese stoms were regularly arranged in & crystel lattice.
This arises frem the fact that for scettering corresponding to the singlet
state of the deutercn the phase shift is negative while for the triplet
state the phese shift is positive and hence there is pertial destructive
interference between the scattered waves from the two stetes. The co=
herent scattering by hydrogen in a liquid would slgc be reduced by the
more or less rTandcm orientation of thas atoms.

With Dy0 the scettering theory is not well developed and the
amount of coherent scattering to be expscted in 8 given case cannct at

present be predicted.

Experimentul Arrangsmesnt

The neutrons from the pile were brcugh£ out threugh a slit 3"
wide by 1" high eﬁd made to fall on a rock salt crystal setvto reflect
at a glsncing angle of abo,ut.11°° This crystal was shielded with four
inches of péraffin in front. Boron carbide and cadmium were used to ab-

sorb the slow neutfcps and & layer of four inches cf lesd surroundin

et
g T
-
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the whele shield eliminated most of tﬁe fpamma reys. .The reflectcd neu=
trcn bean emerged frem the shield threcugh & cheannel which mede an engle
of 22° with the main beem. This first reflected‘berm <f neutrons for
which & = 0,07 ev end A= 1.07 2 passed over the éanter of a spectro-
meter tesble on which the HpO end DoO samples were held. The semples were
conteined in parallel sided cells two walls of which were mede of thin Al
shest. Dummy cells of the same type were ﬁsed for maasuriﬁg the backgréund.
fo simplify ebsorption ctérection; the normals to the cells were maintained
- et ean enple of %/2 with the mein beam where ¢ is the scattering engle.
The scettared rediation wes measured with an enriched BF; counter
2 inches in diemeter ond 18 inches long filled to a prqaéure of sbout
30 cm Hp. To reduce the backgrcund the counter wes shielded with a layer
of boron csrbide 3/8 inches thick end this wss surrounded with about 3
incﬁeslof varaffin.
| The slit at the ccunter subtended a hbrichtgl angle from the

sample of ebout 5°.

Results
The uncorrected data (readings with samplé less reedings with
dummy) for the intensity of scattering of moncenergetic neutroms (A = 1,07 X)
from Hy0 end Dy0 es e function of acatteringlangle are shown in Fig. 1.
The'HZO dete were cbtained with a sample thickness of abcut 3/16
inch for which the log of the transmission mt = 1,0. With this sample
thickness there will undoubtedly be some multiple scattering in fha cell
and for this reason the date ere only éignificant in sghowing the presence
of & diffraction peek et ebout 22°. This peak is most prubably due to

interference betwesn oxygen atoms.
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/ut = 5,55. 1In this case there will also be scmemltiple scatteriuyg but it
ghould represent only a emall fraction of the single scattering intensity.
With DyC two peucks were observed, one at 20° and ocne at ebout 30°. For

©
A = 1.07 A these angles correspend to

s 2 0-1 . X 0”1
sxn)\ w 0,16 A end 0.24 A respectively.

This corresponds to the positions of the first two peaks obtéined for x-
rey scettering by 320.

The date for Dzo‘ corrected for the chenge in sbgorption and
scettering vclume sre plotted egain in Fig. 2 in terms of the number cf
‘neutrons scattered between @ and @ * d¢ &s ordinate and scettering angle ©
gnd EEE;?ZE. as sbecissa. This involved multiplying the original data.
by coe é/é exp (/ut/bcs ¢/2) sin §. The positions of the psaks obtained
by x-ray scattefiug from watef ars shcwn by the érrows.

Since in the case of watef the diffraction peaks must be due.fo
interferénce between oxygen atoms it might be logicel tc interpret the Dy0
det: in the seme way. It is interesting, howaﬁer, ﬁo meke & further study
of this point. If the interférance is whclly attributable to oxygen one
can gubtract the écattering from Dzo which should then bs sphericelly
symnetric. From the relative scattering cross sections of o*ygen and deu-
terium the fraction of the total scattering by deuterium has been calcula-
ted as the lower broken curve, the duéneu curve being the assumed average
gcattering by 020. On this basis the scaettering by oxygen should b~
given by the difference between the experimental curve and the dashed curve.
After meking this subtraction one obtsina the solid curve of Fig. 3. The
lewer deshed curve is the x-ray scatfering by H2C on en arbitrary scale,

Te compere the x-rey deta with the neutron diffraction data cne must
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corract for the effect of the atomi? gtructure factor on x-rey sca.l.ering.
If cne divides the x-ray deta by the squere cf the atomic structure fec-
ter, fz, cne cbteins the broken curve of Fig. 3. This curve should pre-
sumcbly be domperable to the neutrcn scettering surve if all the inter-
ference effects erise from oxygen.

The first pesk is sesn tc be much more pfonounced in the case
of the écattering of neutrons from DyO then for x-rey.scattering By HZO.
This mey indicate that deuterium nuclei contribute to this interfersnce
peak. Before one can analyse such a ourve it will be necessery to atudy
the ihterference effects from deuterium in,ﬁhe'z?re ideel situation ob-

teining in crystels. .A:
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