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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.
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A SIMPLE PULSED NEUTRON SOURCE
BASED ON CROSSED-FIELD TRAPPING

James D. Gow and L.awrence Ruby
Lawrence Radiation Laboratory

University of California
Berkeloy, California

Docember 18, 1958
Abstract

A simple pulsed neutron source has been constructed which coneists
of an anode formed by a cylindrical-shell porrnanont nfxagnet. and of two
disk enthode'a{ One of the cathodes !orm_a the neutron‘-pmdueing- target and
the device ic exhauoted adjacent to ti:e other. In operation, the ancde is
puloed pooitive at 140 kv for 1 psec at up to 200 puloas por sec. Continuous
oporation has also been achieved in a slightly different configuration. Iono are
produced adjacent to the anode in a toroidal trapping region which exists an
a result of the cronsed elcctric and magnetic fields. The ionization is
tmlanced! by the action of electrons reflecting through the inside of the
magnetic shell. As a consequence of this trapping, large fluxes of soft

xn-raysc are created which may be injurious to personnel.
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BASED ON CROSSED-FIELD TRAPPING
James D. Gow and Lawrence Ruby
Lawrence Radiation Laboratory

University of California
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Decomber 18, 1958

1 that

On the banis of the exporimontal sboervation by J.D. Gow et al.
certain configurationo of croosed electric and magnetic fieldo efficiontly trap
and accelerate charged particles, a particularly simple puloed neutron cource |
has been conotructed. As shown in Fig. 1, the device concioto meroly of a
permanent magnot encaced in a stainless steel shell which constitutes the anode,
and two diock clectrodes which conctitute the cathodeo. The anedo is pulood
positive and the cathodos are maintaincd at ground potential. Thko cnthodo at
the right of the figure has fastoned on it a neutron~producing tergot contalaing
occluded douterium or tritium. The othor cathode io similar excopt that it
hao no target. It hao, however, several holes spaced arocund the periphery
for the purpose of exhausting the system, and one omall opening connccted to
a oupply of deuterium gac. Not oecn in tho figure is a 3-inch induoctrial glacs
elbow which joins thin cathode with a metal mercury diffusion pump. Two
picces of 3-in. industrial glacs pipe, each 6 in. long, form the insulating wallo
of the cystem. Thoy will otand off, in dry air, up to 140 kv pecak. The glace
pipes make O-ring ocalo onto braso flangeo at each end, and the whole
structure io bolted togethor with bakelite otudo. R.ecéntly. theoo have boon
replaced with threaded nylon rodo, which have much lees tondency to shear when
tightened.

?Wark done under the auopices of the U.8. Atomic Encrgy Commisoion.
Jamos Donald Gow, Lawrencc Ruby, Lloyd Smith, and John M. Wilcoxn, The
Trapping of Charged Particles in Axinlly Symmetrical Systems of mectrtc and
Magnetic Ficlds, UCRL-8156, Jan. 1958.
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A pketch of the mognet and magnot case i6 chown in Fig., 2. The
presence of soft-solder jointe exposeé to the ﬂasma seems to cauoe no
difficulty. The projections of the étainleas‘ stael at ench end conotitute Shielda
which minimize heavy electron bombardment of the glass wallo. Indox V |

2

ceramic magnets” in the form of face-magnetized rings were chooen, as they

are capable of an unusually .high residual field. The rosultant ficld distribution

has been describod elsewherog

in another connection.
Tho anode {0 pulsed by means of a high-voltage transformer which is
driven by n pulse-forming notwork. The lower limit on the pulee width in
about 1 microsecond, as thie is the characteristic buildup time of the dio~
charge. The upper limit is doterinined for this eystem by the external thigh-
voltage standoff, but a somewhat modified configuration has beon- run both
with long pulses and with d.c. The upper limit of the pulse-repetition rate
is limited by heat dissipation in the device. With a l-psec puloe, saticfactory
operation has been achieved over a long period at up to 200 pulses per cecond.
As a circuit oclement, the device presents an impedance that is a
i@aﬁon of both voltage and deuterium precourc (see Fig. 3). Below about 9
microns of deuterium pressure, c¢oesentially no current io drawn as a result of
pulsing the anode. However, at this value a rather abrupt change occurs, reculting
in 1 amp or more of tube cu;rrent, which incroosca either with additional voltaghs
or with additional presoure. Tho upper preccure limit io determined by
internal arc breakdown, which cets in at progressively lower pressures as
the high voltage io raiscd. Representative operating parameters are 125 kv
‘peak, 15 amp tubo current, and 12 p of deuterium. A significant experimental

obgervation io that irreopective of the type of gno uoed, the operating range

zMade by Indiana Stecl Products Company, Valparasico, Indiana.
37.8. Rechen and 4.C. Jorden, Jr., Rev. Sci. Inotr. 28, 584 (1957).
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as meacurcd by an ion gauge ic the same. _That {o, the aoperation of the dovice
dopends only on the tonizabllity of the gas and not on the aboolute presours.
The table below liste some neutron yields for the Hz(d. n)He3 reaction.
Recently, the devico has been situated at the Livermore Laboratory, where

neutronsc from the Hs(d. n)H04 reaction have been cmployod in criticalpnsoembly

experiments.
Yiold from H2(d, n)He> . Peak voltage
(neutrons/usec) u )
0.8 x 103 70
2.2x 103 85
48x10> | 195
8.1 x 10° 110.
16.6 % 10° | | 125
23.7% 10° 140

- In order to obtain otable operation on a d.c. basip, it ‘wa.n found

neceseary to increase the anodo-cathode opacing, and to install wgiter cooling
on both electrodeu. Such a device has been conetructed by using a"i 2-£oét length
of 4~inch {.d. industrial glass pipe as an insulator (see Fig 4). Y‘ields in excess
of 10 neutronse/sec have beon obtaincd from the roaction H (d.n)Ha% at 100 kv
and 3 to 5 ma. \k \\

' The theory of operation of this neutron source evolved from’ thé\ study of
several other crossed-~field ion~trapping devices. 1 Ceonsidor the rcgién adjacent

to the side of the anode corresponding, for example, to the north magnetic polo.

An electron born in this region is accelerated toward the anode by the eloctri}: field.

X
\~
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Tho radial component of the magnetic field acting on the axial velocity thus acquired
tends to doflect the motion towards the positive azimuthal direction, finally returning
the particle to the axial plane from which it originally came. The force due to thev
axial component of the magnetic field on the azimuthal component of velocity is
directed toward the axic, and results in a composito motion in the form of cycleido
which encircle the axis. During these excursions an lonizing collision may occurx
which roleases at;other low-energy olectron and movee the average axinl position
of the firot clectron slightly townrd the anode. Thus olectrons can be trapped
and multiplied in cuch a configuration of fieldn. We have termed this the “omnitron
eifect. " |
Actually, the foregoing oxplanation is highly oversimplified. Integration
of the equations of motion with an analog computer has nhbwn certain conditions
to be iequized for trapped orbito. 1 ln‘particular. from the values of eloctric
-fields required, it can be said that the abovo mechaniom io principally effective
in firot cotabliching a region of intenoc ionization, which results in a radical
alteration of the clectric potontial distribution. Thus, after a microsccond or
two, when the discharge has become otable, practically all the poténtia,l drop
occuro within a centimetor or so of :E_e cathode. E)ectrona on tho axis of the
device arc not trapped by the mechanisom described but are ncceleratod into tho
throat of the magnot. Emerging on the other side, they are reflected by the
dececlerating cloctric ficld, oo that the magnot throat region becomes another
source of intence ionization. Thic second region merely augﬁaentﬁ the ion
curreont roaching the targets, and, in fact, if the throat ie plugged, both sections

of the device operate independently. Othor a&"vantages of the double-ended design
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" over the cimpler configuration, such as shown in Fig. 4, are the avoidaiico
' 9! | the intence bombardment of the anode by an axially collimated electron boam,
and the poosibility of vmaintainiag the pump-out flange as well as the target
ﬁ@ge at ground poténtial but at opposite emlsj of the device.
\ éacm:sa of the existence: cioae to the anode of o reglon of high-density

elactrons, i.e., about lt)m/‘:m3

. with average energies in the kilovolt range,
this type of device 1o a very intense sourco ;f soft x-rays. Within o motor
~ of the npp@rams. the flux io dangerous to peroonnel at repetition rates ac low
as 1 pps. .‘E:or the d.¢. device, operating with 100 kv potential -diff_arencc at
3 to 5 ma, -;*adiatian levels of about 80 r/hr are observed at 8 in. from the
glass tube. Electron hombardment also produces radiation damage to tho glacs
insulators, as evidenced by a dincoloraﬁon and ﬁnaily by a crazing of the inside
auriace; especially in the area édjacem to the anode. |

We have found that it is not possible to use this type of neutron spurce
for energy-calibratian purposss. where it is desired that M-Msv monoenergetic
neutrons be obtained from the reactien H (d a)}!e .  Because the tritium
target ie bathed in a geutgrium'atmoephete at least a thousand times as dena# ac
is common in deuteron accelerators, pragres&ivﬁ éxchange of the tritium has |
been found to take place. The magnitude of the effect is easily obrervable as
a gradual degradation in yleld zmd as a dilution of the onorgy opectrum with
neutrons of 2.5 Mev cbtaine& from the reaction H (d,n)ﬂe . This effect should
not be confused with the usual gradual loss in -yieid associated with uaé of tzitium»
targets in accelerators, which arises from a dbuildup of an ofl film on the surface

of the target,
We are indebted to Dr. .John M. Wilcox and Lloyd Smith for collaboration ia

bcth the expertmeatal and theoretical investigationo which led to the dovelopmont of
this device, and to Richard B. Crawford, John H. Jordan, Jr., Wing G. Pon,

Jooeph B. Rechen, and Tony Vuletich for technical asoiotance.
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‘ LEGENDS
Fig. 1. Pulsed neutron source exclusive of vacuum system, deuterium supply,
and pulser. |
Fig. 2. Bketch of anode assembly.
Fig. 3. Yield versus preésure at various voltages for the deﬁce shown in
Fig. 1.
Fig. 4. Oibnfixiu_ouavaautrcn source exclusive of ‘vacuum system, deuterium

supply, and high-velitage power supply.
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