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ABSTRACT
Total neutron cross sections on deuterium in the energy range
1 keV to 1000 keV have been measured, snd basically agree with our

previously reported results.

. Total neutron éross sections on deuterium provide a basic test for
nuclear three body theory. The most recent continuous energy measure-
ment in the MeV region was repcrted by Clement et al'. These measurements
covered the neutfon énergy range 0.5 MeV to 30 MeV. The only extensive
measurements below 0.5 MeV were recently reported by the presént
authors.é -They found a rapid rise in cross sectioh for decreasing
neutron energy helow 300 keV. The experimental results were well ex-

plained by three body theoretical calculations of the quartet n-D

scattering.
The present communication reports a remeasureument of the totel cross

section below 1.0 }MeV, under somewhat differcut cxperimental conditions,
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wnd & confirmation oi the resutts ol Ket. Z.

The experiment, as in the previous reportz, ves performed in two
pafts. vThe first part used & continuous energy pulsed beam of neutrons
produced by the Rensselaer electron linac.' The neutrons were detected
and energy sorted by ordinary time of flight techniques. The detector,
a !'98,C slab viewed by four photomultiplier tubes, was 33 m from the
neuﬁron source. 'The deadtime of the system was 32 ns SO that more than
oﬁe neutron could be detected per neutron burst. (In Ref. 2 only one
neutron was detected per neutron burst.) The deuterium sample consisted
of a 1.0 m long tube containing D2 gas at 1000 psi. The sample was con-
tinually cycled into end out of the beém in five minute c¢ycles. For
greater detail of the experiment the reader is referred to Ref. 2. The
resulting céntinuous enerzy data contains a continuouvs time dependent
background component which is accounted for in the second payt of the
experiment.

The second pert was identical to the first part, except that an
eight inch thick iron block was placed in the ﬁeam. Nearly all the
neutroné were filtered out of the beam, except at those.energies corres~
ponding to deep minima in the iron total neutron cross section. This
provided a beam of neutrons having_disérete energies,émd smell, easily
determined background between these energies. The resulting neutron
spectrum is shown in Fig. 1.

The total neutron cross section was evaluated at these discrete
energies. Comparison of these riltered beam results" with those re-

ported in Ref. 2, showed agreement within the strbistical uncertainties
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of itne data. T0e present i poerea peam’ reSulls were then combined with
those of Ref. 2 to somewhat improve the overall statistical precision of
the cross sections. The results &re indicated in TFig. 2 by solid black
dots with error bars. From analysis of previous works"3 ot higher cner-
gies, but using similar experimental procedures and apparatus, it is felt
that the overall accuracy of these measurenents are in the vicinity of 1%
or better, which is about the magnitude of thie stgtistical error on most
of the points shown.

It is noteworthy that the present cross sections joih smoothly to
the thermal measurements of Dilg ct al." end Fermi and Yiarshall®. They
also substantially egree with the measurements of Clement et 51.1 gbove
0.5 MeV.

A time dépendent packground function wag determined vhich normalizes
the continuous energy cross section of the first part of the experiment
with the "filtered peam" cross scctions of the second part of the experi-
ment. The resulting cross sectioﬁs gre shown in Fig. 2 as vertical bars
which represent two standard deviations of statistical preciéion. These
results, compared with Ref. 2 indicate no substantial intrinsic strugture
Between the filtered beam points. 1t is felt that the slight indication
of possible small structure in the present continuous energy Cross section
as well as in Ref. 2, are probably due to the incomplete subtraction of
time dependent background. |

The solid curve in Fig. 2 is the result of the three body calculation
of Ref. 2. The good agreement between the present experiment and theory

tends to substantiate the reéults and conclusions of Ref. 2. The hatched
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7Cﬁrye;is‘the evaluatlon bv ‘eagrsve“,'andethe open triangle at thermal -

:Venergies is the coﬂblned rcsult of mcesurements of Gis sler7;,ahd
- Bart011n1 ‘et al.‘ Both are in. dlsagreement Wluh present results., e _
se shlfts and fzf'

Flnally9 van Oers and beagrave9 haVc anelyzca n—D pha

”V,ﬂfouna them to: be conslstent W1th the quartet and doublet scatterlng

“&lengths which, 1n turn, are con51otent w1th the total cross section

n by Seagrave at therm¢1 Lnergles._ The e scatterlnv length

fevaluatlo
1vvalues are. za'éld‘;s 0. 05 fu1 and Ya = 6 13 0. Oh fm.,AHowever, due to,f“nﬁ
che large quoted error" 1n the ens vzed phaa .mhlft 5 1t appears as 1f ¢uf,ﬂ'“

?the phase shlft analy 1c is Louu]ly cou51stent thh the scatterlng

'"=lcngths embodled 1n the thcorehlcal cu;ve of Flb. ? the present experl—v;”ff

::{mental results, and the thermal measurements of Dllg et al Tnese areq_a

~n N o
U UL dllle

S




REFERENCES

M 4
Vork partially supported by the United States Atomic Energy Commission

under contract No. AT(11-1)-3058.

TNational gcience Foundation Undergraduate Summer Research Participant.

1.

J. M. Clement, P. Stoler, C. A. Goulding and R. W. Tairchild, Nucl;

Phys. A183, 51 (1972).

- P. Stoler, N. N. Raushal, - T. Green, B. Harms and L. Laroze, Phys.

Rev. Letters, 29 No. o6, 1745 (1972).

Cc. A. Goulding, Y. Stoler and J. D. Seagrave, submitted for publice-
tion in Nucl. Phys.

W. Dilg, L. Koester and W. Wistler, Phys. Lett. 36B, 208 (1971).

E. Fermi and L. Marshall, Phys. Rev. 15, 578 (1949).

J. D. Seagrave in "The Three~Bod& Problem", edited by J. s. C.

McKee and R.‘M. Rolph (Worth~Holland, Amsterdam, 1970) p. hi.

V. Giésler, 7. Kristallogr. 118, 49 (1963).

W. Bartolini, R. E. Donaldson and D. J. Groves, Phys. Rev. 1T4,

313 (1968).

J. D. Seagrave, op. cit. p.-h6; V. T. H. van Oers and J. D. Seagrave,

Phys. Lett. 24B, No. 11, 562 (1967).

1



Figure 1.

Figure 2.

FLGUKE CARLLOND
The spectrunm of neutrons after passing through 8 in. of iron.
The nwnbers ghove the peaks correspond to the energy of the
peaks in keV.
Total neutron cross seclions of dcubterium bélow 1000 keV.-

Filled circles, results of the jron filtered beam experiment

" as discussed ip the text. These are the results of the pre-

sent experiment, combined with the results of the experiment
reported in Ref. 2. Filled squares, obtained from the higher
energy measuremnents of Clement et al. (Ref. 1). Vertical
lines, results of the conbinuous energy experiment as dis-
cussed in the téxt. The open circle and solid triangle near

on of Ferml and

[

7.ero enargy cepresent. the thermal CrOsE gect
Maershall (Ref. 5) end Dilg et al. (Ref. b4), respectively. The
open diamond is the thermnal crosé gection deduced from the

works of Gissler (Ref. T) and Rartolini et al. (Ref. 8). The
dashed curve, below 300 keV, is evcerpted from +he evaluation
by Seagrave (Ref. 6). The solid curve 1s aue Lo & three body

theoretical calculation (Ref. 2); The errors shown reflect

statistical uncertainties only.
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