LA--1279 v

CIC-14 REPORT
e.3 EPRODUGTION

CopPY

- LOS ALAMOS
SCIENTIFIC LABORATORY

OF THE

UNIVERSITY OF CALIFORNIA

CONTRACT W-7405-ENG. 36 WITH

U. 5. ATOMIC ENERGCY COMMISSION

A ST et It L L ’: i “:.
E—Eg P = T -

. 9—__0 sem T "’ )
EE=E==LO R o
== PR .
S=—=M =X .
I==10 i L
=0 E e .
il e .

E=—=0 Weua= s -
=== 00 Pt S = Lo
3% v] == -

. 1 m - e -
§—=o) = = -

——Avl —= SN -

- o ooy S




LAB. UIBS.

S

|

LOS ALAMOS NATL.

,
:
:
N !

——

I

=

I

=

LI

|

i

C. /f
LOS ALAMOS SCIENTIFIC LABORATCRY

of

THE UNIVERSITY OF CALIFORNIA

July 16, 1951 LA- 1279
TOTAL CROSS SECTIONS FOR 14-MEV NEUTRONS

Work done by: Report written by:

D. I. Meyer D. I. Meyer

Warren Nyer Warren Nyer

- |
%' PHYSICS AND MATHEMATICS )
i T
TN
M -
0
(3]
3
o
™ _



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



PHYSICS AND MATHEMATICS

Abge 10 1951

Los Alamos Document Room
J R. Cppenheimer

STANDARD DISTRIBUTION

Argonne National Laboratory

Armed Forces Special Weapons Project

Atomic Energy Commission, Washington

Rattelle Memorial Institute

Brush Beryllium Company

Brookhaven National Laboratcry

Bureau of Medicine and Surgery

Buresu of Ships

Carbide and Carbon Chemicals Vivision (K-25 Plant)
Columbia University (W. W. Havens, Jr,)

Columbia University (G. Faillas)

General Electric, Richland

Idaho Operations Office

Tows State College

Kansas City Operations Branch

Kellex Corporation

Kirtland Air Force Base

Knclls Atomic Fower Laboratory

Mallinckrodt Chemical Works

Massachusetts Institute of Technology (A. Gaudin)

Massachusetts Institute of Technology (A. R. Kaufmann)

Mound Laboratory

National Advisory Committee for Aeronautics
National Buresu of Standards (R. D. Huntoon)
Naval Medical Research Institute

Naval Radiological Defense Laboratory

New Brunswick Laboratory

New York Operations Office

North American Aviation, Inc,

Oak Ridge National Laboratory (X-10 Site)
Oak Ridge National Laboratory (Y-12 Site)
Patent Branch, Washington

Rand Corporation

Sandia Corporation

Santa Fe Operations Office

LA-1279

N

FHPREOFWHNFRNRWHRREOMREPNEEHR SRR O




Technical Information Service, Oak Ridge

U. S. Geological Survey (T. B. Nolan)

U. S. Public Health Service

University of California at Los Angeles
University of Colifornia Rsdiation Laboratory
University of Rochester

University of Washington

Western Reserve University

Westinghouse Electric Corporation

Sloane Physics Laboratory

duPont Company

Savannah Kiver Operations Office

Aircraft Nuclear Pronulsion Project, Oak Ridge

SUPPLEM:NT ARY DISTRIBUTION

Atomic Energy Project, Chalk River

Chief of Naval Research

Yo K. Ferguson Company

Harshaw Chemical Company

Isotopes Division (Mr. McCormick)

Library of Congress, Acquisition Department (J. W. Cormn)

National Bureau of Standards

National Research Council, Ottawa

Naval Research Laboratory

Nevis Cyclotron Laboratories

Nucleonics

Oak Ridge Institute of Nuclear Studies

United Kingdom Scientific Mission (M. Greenhill)

USAF, Eglin Air Force Base (Technical Library)

USAF, Wright-Patterson Air Force Base (Rodney Nudenberg)

USAF, Wright-Patterson Air Force Base (CADO)

Use Se Army, Army Field Forces (Captain James Kerr)

U. Se Army, Atomic Energy Branch (Lt. Col. A, W, Betts)

Us S. Army, Director of Operations Research (Dr. Ellis
Johnson)

U. S. Army, Office, Chief of Ordnance (Col. A. i, Del Campo)

Use Se Army, Office of the Chief Signal Officer
(Curtis T, Clayton thru Major George C. Hunt)

Ue S. Army, Technical Command (Col. J, He Rothschild
Attn: Technical Library)

UT-AEC Agricultural Research Program (Charles S, Hobbs)

LA-1279

whkHEWOWNHEEsHEFMMDMEND O

[T
HFw N HFE PRPUFFPOFRROHRFROREH RS




Total cross sections of carton, polyethylene, water, heavy
water, formic acid, nitrogen and copper for 1l,2-Mev neutrons were ob-

tained from "good geometry™ transmission experiments, Neutrons were

produced by the T(D,n)Heh reaction on a Cockeroft-Walton accelerator
operated at 250 kilovolts, The analyzed diatomic deutercn beam was
used to bombard a thick zirconium=tritium targetl. If the reacticn
energy is taken as 17,60 Mev, the neutron energies ranged from 14,08
to 14.35 Mev at the angle (70° to the beam) at which the measurements

were made, The effective target area, and hence the neutron source

size, was limited to a circle about 1/} inch in diameter.

Copper strips 3/8 inch x 12 inch x 0,003 inch, wrapped in
tight spirals, were used to detect the neutrcns by the Cu63(n,?.n)Cu62
reaction?, The strip was wound in a helix asround a Geiger tube for
counting, Scattering samples and the detector spirals were suspended
from a taut music wire and aligned with a transit., The scatterersg were
located midway between the source and the detector., A detector spiral
and a monitor spiral were 90 cm from the source and were 90 cm apart,

Background activity due to room-scattered neutrons was de-
termined by placing a 25-inch long copper bar between source and detec-

tor. A simple calculation shows the t ransmission of neutrons through

l. Graves, Rodrigues, Goldblatt & Meyer, Rev. Sci. Inst. 20, 579 (1949),
2, J. L. Fowler and J. M. Slye, Phys. Rev, 77, 787, (1950),
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such a bar is negligibly small, The measured activity of the bare de-
tector was 3% of the activity without the bar and had a five minute
half-life. This is characteristic of the reaction Cu6s(n,1r)0u6h which
is excited chiefly by slow neutrons, Shielding the detector with cad-
mium reduced this background to 0,3%,

All scattering samples except copper were 1 inch in diameter,
The copper samples were 1/2 inch and 1 inch in diameter, This corres-
ponds to maximum angles for scattering of neutrons into the detector of
1.70° and 3.50° for the 1/2 inch and 1 inch samples, respectively., In
general the length of the scattering sample was such as to give a trans-
mission of approximately 0,5, The transmission is defined as the ratio
of the neutron flux as measured by the detectoer with a scattering sample
in the path of the neutrons to the neutron flux with no scattering
sample in the path of the neutrons.

Effects of small-angle scattering and multiple scattering
were found to be negligible for copper, which is the case for which
such effects would be greatest., No difference in cross section was
observed with copper scatterers of 1 inch and 1/2 inch diameters,
within the limit of error of the measurement, The statistical errors
in each case were 0,8%, Furthermore, no multiple scattering effect was
observed when copper samples with transmissions of 0,50 and 0.26 were
compared, The statistical errors here were also 0,8%. The magnitude

of the error in the cross section due to elastic scattering of neutrons
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into the detector by the scatterer can be estimated by the method of
McMillan and Sewell3. This error would be 1% for the measurement using
the 1 inch diameter copper scatterer and 1/4% for the measurement using
the 1/2 inch diameter copper scatterer, In all other cases this correce
tion was less than 1/2%. No correction for this effect was applied to
any of the measurements, ‘

In all measurements except those with nitrogen, the largest
knoun error was the statistical error in counting., The standard devia=-
tion of the observed transmissions was 0.6%. An error of this magnitude
in the transmission would cause an error of 1.2% in the cross section,
The cross sections for hydrogen, deuterium, and oxygen were determined
from differences and hence have larger errors., Liquid nitrogen was
used for the nitrogen measurement and in this case the determination
of the density was the largest error.

The formic acid and polyethylene samples were chemically analyzed
by A. R. Ronzio, of Group H-4, who found that the chemical formulas and
masses of these samples were correct to within a few tenths of a percent,

The purity of the other samples is not known, but is believed to bt~ high,

Cross sections were evaluated by the relation 0 = mlc log %—;

where n is the number of atoms or molecules per cm3 s X is the length of

3. Edwin M, McMillan & Duane C, Sewell, U,S.AEC publication MDDS-1558,




the scattering sample in centimeters, and T is the transmission correc-

ted for the effect of room-scattered neutrons,

the table below,

SCATTERER MOLECULAR CROSS
SECTION (barns)

TOTAL NEUTRON CROSS SECTIONS AT 1k.2 MEV

ELEMENT ELEMENT CROSS

Results are listed in

SCATTERERS USED
SECTION (barns) FOR DETERMINA-
T10N OF ELEMENT
CROSS SECTION
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have been reported by Ageno, et alh and Lasd&ys.

4. Ageno, et al, Phys. Rev, 71, 20, (1947)

S. Albert H, hSday’ Phys. Rev, ‘q_l_’ 139 (1951)
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CHy0,, CHp
D,0,H,0,CH,,C
N
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Total cross section measurements in the same energy region




DOCUNENT ROOM

REC. Fovy L, 4 .....
DATE. .. F=€-5/ .

REC.&Z__NO. REC. ._____.




