Lawrence Berkeley National Laboratory
Recent Work

Title
High Energy Neutron Detector

Permalink
https://escholarship.org/uc/item/2hrovivg

Author
Wiegand, Clyde

Publication Date
1948-06-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2hr6v1v8
https://escholarship.org
http://www.cdlib.org/

UCRL__ /R~

7

UNIVERSITY OF
CALIFORNIA

Special Review of - ,’ ’
Declassified Reports :

Authorized by USDOE JK Bratton |

Unclassified TWX P1822062Z May 79 ’

REPORT PROPERLY DECLASSIFIED

A X-/6-79
Authorized De| ivative Classifier

Date

~ BERKELEY, CALIFORNIA -



DISCLAIMER

This document was prepared as an account of work sponsored by the United States

~ Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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 its 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, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Y . an
My, s o

UNIVERSITY OF CALIFCLNIA
RATTATICON LABORATCRY

Routing Sheet | IFDEX ¥0. |4 @ R A - /287

Do not remove this page This %ocument contains ¢ pages
plates of figurel.
£ of_é? Serlesﬁ
AR ! » .

3 mﬁﬁsmmm monr

BY THE s iBioadiofon COMMITTEE

Each person who receives this document must sign the cover sheet in the spaée
below, Please return the document to the Information Division. Do not send it
to the next person on the list.

=
Route to | Noted by Pate Route to Noted by Date

et e ek —

—_—




Special Review of Declassified Reports

Authorized by USDOE JK Bratton
Unclassified TWX P182206Z May 79

CLASSIF! "ATimy

RIPORT PRUPERLY DECLASSIEZD | gy 077

' D.:L
: *—M—%
Alforiz tier

ed De;rivé e (lass

g A o

=06-19

e

UNIVEI}SIIY"OF CALIFORNIA
Radiation Laboratory

Contract Np, W-7405-eng—48

HIGH ENERGY NEUTRON DETECTOR

- by I
Clyde Wie gand

April 27, 1948 o I

Berkeley, California ‘



A

- CLAssPhysicsrInstrunentation

oo .. <gLAUTHORITY
BY THz by s ., .- R
st SR COMMITTER
Standerd Distribution ' Copy Nose.
Argonne Nationel Laboratory 1-8
Armed Forces Special Weepons Project 9
Atomic Energy Commission 10-11
Battelle Memorial Institute ' 12
Brookhaven National Laboratory : 13~18
Carbide & Carbon Chemicels Corp. (K-25 Ares) 19-22
Carbide & Carbon Chemicals Corp. (Y-12 Area) : 23-26
Columbie University (Dunning) . 27
Columbie University (Faille) 28
General Electric Company 29-32
Henford Directed Operations ’ 33-39
Iowa State College : ~ 40
Kellex Corporation 41-42
Los Alamos 43-45
Messechusetts Institute of Technology 46
HMonsento Chemical Company, Dayton 47-48
Netional Bureau of Standards : 49-50
Neval Radiological Defense Laboratory 51
NEPA : 52
New York Directed Operations - 53-54
Oek Ridge National Laboratory 55=62
Patent Advisor, Weshingbton : 63
Technicel Information Division, ORDO : 54=78
UCLA HMedical Research Laboratory (Warren) 79
University of Celifornie Rediastion Laboreatory . 80-84
University of Rochester : 85-86
Western Reserve University (Friedell) : 87
Chicego Directed Operations - 88
Declassification Procedure =~~~ =~ = '
Declassification Officer 89=-92
Publications Officer 93
Patent Dept. 94-95
E. C. Lawrence 96
Area Maneger 97
Information Division _ 98
Chemistry Department 29
Totel 99

University of California
Radiation Laboratory
Berkeley, Californie



UCRL-125
CL~°°r‘"A1xow @hﬂ@iﬁﬁﬁ;§?$rg@ﬁﬁ&ﬁ éon

T TAE DISTRICT ENGL
BY th. DECLASSIFICATION COMMIT’I‘EE

ABSTRACT

It is the purpose of this paper to describe a neutron detector suitsable
for monitoring e flux of neutrons whose energy is greater than about 50 Nev.
Detection of the neutrons is accomplished by their ability %o induce fission in
heavy elements. Kelly and W:‘Legand(l) studied the neutron fission of Bi, Pb, Tl,
Hg, Au énd Pt'at various neutron energies and the presently described counter is

an epplication of this worke.
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(Dxe11y ena Wiegand,Phys. Rev. 73, 1134 (1948)

HIGH-ENERGY-NEUTRON-DETECTOR
By: Clyde Wiegend, April 27, 1948.
To be published in Review of Scientific Instruments

Contract No. W-7405-eng-48
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HIGH ENERGY NEUTRON DETECTCR
Clyde Wiegand

April 27, 1948.

It is the purpose of this paper to describe a neutron detector suitable
for monitoring a flux of neutrons whose energy is greater than about 50 Mev.

Detection of the neutrons is accomplished by their ability te induce fission in

" heavy elements. Kelly and Wiegand(l) studied the neutron fission of Bi, Pb, Tl,

Hg, Au and Pt at various neutron energies and the presently described counter is
en application of this work.

For the detectors currently in use at thé Radiation Laboratory bismuth
weas chosen as the element which undergoes fission because it has a larger fission
cross section than the elements Pb through Pt. The limited range of the fission
fragments introduces the usual problem of gétting a sufficient emount of the
fissionable meterial into a position such as to enable it to projec’ frag-
ments into the sensitive region of the chember. The best solution to this probiem
sppeared tobe to use & multiplicity of plates connected in the menner of a fixed
capacitance, air dislectric radio condenser. A.schemétic drawipg of the cheamber
is shown in Fig. le It is self explanatory to a large extent. ‘The original models
used 28 plates of which 14 were coated on both sides with Bi. The coated plates
were connected to & source of collection voltagé (-800 volts). Only the high voltage
electrode plates darried Bi in order that the dispiacement of negative ions (electrons
would be maximum end thus give larger pulses. In order to prevant leakage of charge
across the surface of the polystyrene dises through which the supporting roas peass,
guard rings were made by epplying Aquadag to the discs in such a way as to make a

1 .
( )Kelly and'Wiegand:*PhysomRéﬁ;fZ§,“I134 (1928) s "
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grounded barrier betwsen the supporting rods. The plates were made of aluminum
1/32 in. thick onto which was evaporated about 1 mg em~2 of bismuth. The area of
each plate was 18 cm® end the specing was 7/16 in. (1.1 cm). The maximum number
of plates will be determined by the amount of capacitance that can be ‘tolerated
acrossvthe input of the.first emplifier tube. Since the ionization produced by
fission fregments is high compered with most ionizing parficles the cepacitance
can Ee proportionately largere. In the chember i}lustrated by ¥ig. 1 the cepacitence
between collector plates and ground (with a one microfarad condenser cbnnected
between coated plates and ground) wes aporoximately 100 mmfd about half of which
was due Eo.capacitance between the plates and the side walls of the chamber .

That the meximum alloweble capacitance was not reached in the pre;ent
model chambers was indicated by the following experiment: to test the operation
of "the chamber before plecing it in the neutron beam & small amount of Po was
placed where its alphe particles were projected into the sensitive region between
the plates. Upon increasing the gain of the oscilloscope, alpha particle pulses
were observed which were 4 or 5 times the height of the amplifier noise backéround.
This test indicated that the input capacitance 9ou1d be increased considerably.
However, if the pulses from a week source of alpha particles cen be made visible
on an oscillogreph screen the experimenter can readily determine whother or not
the counter is in operating condition. The alpha particle pulses do not cause
background counts when the detector is adjusted for fission counting bscause the
ionization produced by the alpha particles is small compared to that from fission
fragments. Some efficiency wes sacrificed by not making the bismufh layers thicker.
This was done in order to secure a counting rate versus bias curve for constent
neutron flux which was not too steep (Fig. 2)« Then with proper setting of the
operating bias small changes in the characteristics of the chamber, emplifier,

and digcriminetor circuits would net sericusly affect the counting rate. The
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ionization chamﬁer utilizes electron collection which gives a rapid time of rise
(about 0.5 microseconds) of the fission pulses so that severe differentiation can
be employed in the amplifier circuitse The short decay time (about.s microseconds)
allows the emplifier to discriminate between fluctuating background ionization
end the bursts of ionization from fission fragments. The fast rising pulses and
the short decay time means that the emplifier is insensitive to frequéncies in the
audio range and therefore will not respond to microphonics and ordinary mechanical
vibrafion. Tests with & squafe wave pulse generator indicate that the emplifier
has a time of rise of 0,2 microseconds; | I

The chembers are filled to e pressure of one atmosphere with 96 percent
argon plus 4 percent carbon dioxide. It is important that the gasses be pure.
Good results have been obteined using Linde argon which is prepared for use in the
arc welding of aluminum. Carbon dioxide supplied for medicinel purposes has been
found satisfectory as the moderating.gas to increase electron mobility.

Fige 3. is a graph of counting rate versus collection foltage with constant
bias and with the counter in a constant high energy neutron flux,

The efficiency of the counter was obtained by determining its counting
rate in 9Lpeg§gr§d_neutron f}ux. T@e gfficiency measurement was made with the
bias of the counter set at the usual operating point on the n;mber versus bias
curvees The result was that the probability of a neutron meking a fission in passing
through the chamber was about 1076, This value of the efficiency could quite con-
veniently be doubled by inereasing the number of layers of bismuth.

In e separate experiment by Kelly and Wiegand the fission crosé section

of bismuth was determined by counting the fissions from a thin layer of bismuth

. . ewgd & 2
exposed to a measured neutron bsam. The cross section was found to be 04,05 x 10 2% omd
witt'n sbout a factor of two in a beam of neutrons of average enorgy 84 lleve If

this value of the cross section and the known amount of bismuth which a neutron nust

traverse in passing through the chember are used to calculate the efficiency of the
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counter a result about three timeé higher than the measured efficiency is obtained.
The reasén for this epparent discrepency in the thickness of the layers means that
of the one mg cm~2 of bismuth deposited on each plate only 0.3 mg om'zlis effective

in projecting fission fragments into the sensitive region of the chamber.

Information Division
6-11-48/hw



~

Figo 1.

Figo 2e

Figo 3e
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CAPTICNS FOR FIGURES

Schematic drewing of the high energy neutron detectore. The over-all

length of the chamber was 16 1/2 inches.

Counting rate versus discriminator bias with constant collection voltege

end constent neutron flux.

Counting rate versus collection voltage with constant bias and constent

neutron fluxe
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