


DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



-

1100-305*- - 41

Total Cross Section of Neutrons on

Deuterium in the keV Region

.t

P. Stoler, N. N. Kaushal and F. Green

Rensselaer Polytechnic Institute

Troy, New York 12181

--.*e........-.....

ABSTRACT

Total neutron cross sections en deuterium in the energy range

1 keV to 1000 keV have been measured, and basically agree with our

previously reported results.

Total neutron cross sections on deuterium provi de a basic   test   for

nuclear three body theory. The most recent continuous energy Measure-

ment in the MeV region was repcrted by Clement et all. These measurements

covered the neutron energy range 0.5 MeV to 30 MeV. The only extensive

measurements below 0.5 MeV were recently reported by the present

authors. They found a rapid rise in cross section for decreasing
2

neutron energy below 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 remeasurement of the total cross

section below 1.0 MeV,  under somewhat  difiereiit experimental conditions,
V
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and a confirmation of the results or Aer. 2.

The experiment, as in the previous report2, was performed in two

parts.  The first part used a continuous energy pulsed beam of neutrons

produced by the Rensselaer electron linac.  The neutrons we
re detected

and energy sorted by ordinary time of flight techniques.  The detector,

a 1 084( slab viewed by four photomultiplier tubes, was 33 m from the

neutron source. The deadtime of the system was 32 ns so that more than

one 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 02 gas at 1000 psi.  The sample
 was con-

tinually cycled into and out of the beam in five minute cyc].es. For

greater detail of the experiment the reader is referred to Ref. 2.  The

resulting  continuous  energy  Antm.  anntai ns  a  continuous time denendent

background compohent which is accaunted for in the second part of the

experiment.

The second part was  identical to the first part, except that an

eight inch thick iron block was placed in the beam.  Nearl
y all the

neutrons 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 discrete energies,and small, easily

determined background between these energies.  The resultin
g neutron

spectrum is shown in Fig. 1.

The total neutron cross section was evaluated at these discrete

energies. Comparison of these "filtered beam results" with those  re-

ported in Ref. 2, showed agreement within the statistical uncertainties

l
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oi the data.  The present "liluerea. Deam- results were then combined with

those of Ref. 2 to soinewhat improve the overall statistical precision of

the cross sections.  The 
results are indicated in 

Fig. 2 by solid black

dots with error bars.  Fr
om analysis of previous w

orksl,3 at higher cner-

gies, but using similar e
xperimental procedures an

d apparatus, it is felt

that the overall accuracy of these measurements are in the vicinity of

or better, which is about
 the magnitude of the sta

tistical error on most

of the points shown.

It is noteworthy that the
 present cross sections j

oin smoothly to

the thermal measurements 
of Dilg et al. 4 and Ferm

i and Marshalls.  They

also substantially agree with the measurements of Clement et al. above1

0.5 MeV.

A time dependent background :1'uncti c,n  wns  determined which  normalizes

the continuous energy cross section of the first part of the experiment

with the "filtered beam" cross sections of the second part of the experi-

ment. The resulting cross sections are shown in Fig. 2 as vertical bars

which represent two stand
ard deviations of statist

ical precision.  These

results, compared with Re
f. 2 indicate no substant

ial intrinsic structure

between the filtered beam points. It is felt that the sligh
t indication

of possible small structu
re in the present continu

ous energy cross section,

as well as in Ref. 2, are probably due to tlie 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 agre
ement between the present

 experiment and theory

tends to substantiate the result:s and· conclusions of Ref. 2. The hatched
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curve is the evaluation by"Sea
graveb, and the open triangle 

at thermal

ener.gies is the c6mbined result of measurements of Gissler'' and    

Bartolinia  et. al.     Both·.are  in  disagreement with.present. results.

'

Finally, ·van Oers and Seagrave' have analyzed n-D phase shifts and

found them to·be·consistent wi
th the·quartet and doublet sca

ttering · 

7,8

, lengths which, ..in turn, are consistent with the total cross 'section

 ,                                    evaluation  by  Seagrav& at thermal enerkies. These scattering' length

values· are 2a=.0.15.t.O.05 im and'48= 6.13 i 0.04.fm.1 However,  due to

,
the large. quoted. errors in the analyzed phase shifts, it appears as if

the.phase shift analysis is equally consistent with the scattering

lengths embodied in' the theoretical curve·of Fig.  2,  the present, experi-

:.mental results, and the  thermal measurements.of Dilg et· al. These are

&2 =' 0.65 + 0.04. fm and a,'= 6.35 f 0.02 fin.
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FIGURE UAP.1'.LU.NS

Figure 1.  The spectrum of neutrons after passing through 8 in. of iron.

The nwn'ocrs above the peaks correspond to the energy of the

peaks in keV.

Figure 2. Total. neutron cross sections   of deuterium below   1000   ke
V.

Filled circles, results  of  the iron filtered beam experiment

as discussed in t
he text. These are the res

ults of the pre-

sent experiment, combined with  the  results  of  the  experiment

reported in Ref. 2. Filled squares, obtained from the higher

energy measurements of Clement et al. (Ref. 1). Vertical

lines, results of
 the continuous e

nergy experiment 
as dis-

cussed in the text. The open circle and solid triangle near

zero energy reprpsent the thermal cross section of Fermi and

Marshall (Ref.  5)  and Dilg et al.  (Rof.  4),  respectively.   The

open diamond is t
he thermal cross 

section deduced f
rom the

works of Gissler 
(Ref. 7) and Bart

olini et al. (Ref
. 8).  The

dashed curve, bel
ow 300 keV, is ex

cerpted from the 
evaluation

by Seagrave (Ref.
 6).  The solid c

urve is due to a 
three body

theoretical calcu
lation (Ref. 2). 

 The errors shown
 reflect

statistical uncer
tainties only.
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