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. ABSTRACT
A pulsed neutron generator has been developed which emplo;rs"-__
an Orbitron ion source, and is capable of producing 108 neutrons .i'n_‘:“ '
pulsed of 3 usec. The ion source, which is unusually simple in '
r
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,one of these employs a novel spark-type device

" of the ion source. This is usually done by trapping the electrons in
. crossed electric and magnetic fields. The use of an electromagnet adds -

. appreciably to the size, weight, and power requirements of the system.

e .UCRL;11727'&.

Introduction . : . ' B ' ' B S . '

Several designs of pulsed neutron sources of a small self-cOntairxed;

8) ¥

tube variety have appeared in the last few 'yearsi- . As an ion source,

1 4 T "'"-:
), and the others use -

s

sorrie form of gas discharge. The occluded—gas spark source has the

inherent dlsadvanta.ge, for some appl1cat1ons, of a varying shot-to- shot

1nten51ty and a rela,tlvely short lifetime.. Gas —f111ed tubes,‘on the other |
hand, produce uniform shot-to-shot neutron pulses, have lifetimes of ’severaf 8
hundred thousarxd shots, vand in some cases can operate dc. | > .. ¥ , o
In a sealed-off gas -filled neutron tube, the ion source operates at’
the same 'pressure‘ as the accelerating gap. This pressure must be high f'i: |
enough to allow appreciable ionization, yet low enough to prevent an arc l
~ discharge. In general, th1~s pressure range extends from 1 to 20 p. To
produce appreci.able ionization at sucfx low pressures, the effective pa.th =

‘length of the electrons must be extended far beyond the linear d1mens1ons

|

- This report describes a gas-filled neutron source which operates

at 3 to 15 p pressure without the use of a magnetic field. Long effective...

electron path lengths in the ion source are obtained byv radial trapping of

electrons in orbits between a cylinder and a positive coaxial wire, a.nd
by axial reflection at the nearly closed ends of the cylinder. ~This type

of ion source, called an "Orbltron", was investlgated prev1ous1y by

11) at, 12)

McClure 10), Rupf a,nd Mourad et. :

~

R. H. H00verman has
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; cylinder (see fig. 1). The Orbitron consists 346’£'£af_2"-in. .

long, 1-1/2-in. -diam cylinder closed at each end, along whose axis
 hole by further passing through a 0.010-in. hole in a Kovar disc which i's_'i"" |
- brazed to a ceramic insulator and centered on each end of the Orbitron. . 1;.

‘around the Orbitron cylinder for radial ion extraction, The Orbitron is

‘ attached to the pumpout flange. In a completely sealed-off version,'.the‘h

£ sanes S

Description of the Tube.

Several different tube geometries ‘have been ihvestigated, all of i

which involved rad1a1 extractmn from the source.

The verszon to be -

and operatmg pressure.

The Orbitron ion source is located coaxially within the target'

runs a O;OOS;iri.' t\ingst_eri wire. The wire PaSSGS'Vthrough '0"090*rin;

holes in each end of the cylinder, - The wire is centered in each end-

-

vcylinder. Slxteen slots, each 1/16 by 1- 3/4 in., are cut longitudinally

.

Supporteci inside the neutron tube by an extension cylinder connecting it :

to the pumpout flange. The axial wire is connected electrically by meana'i,_l

of a lead down the center of the extension cylinder and a ceramic feed-

. . l ) ..
through in the pumpout flange. The gas inlet and a Pitani gauge are also"’

FR

gas inlet would be replaced by the usual internal gas reserv01r2’-3).-_‘ :

The target con51sts of tr1t1um absorbed in a t1tan1um f1lm wh1ch

” has been evaporated on the inside of a 3-1n. -dlam. Kovar cup.' Photo- L
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' .‘voltages from 2 to 14 kV. Currents of a few m1ll1amperes, dependmg on_

pressure, are common,. The other mode, of‘much lower 1mpedance, e

' the low-current mode. The pulse length 1slun1ted in the h1gh-current

" This time varies from about 5 to 20 psec depending on initial voltage and

3. Sl UGRL-11727

Operation of the Tube - !

The Orbitron ion source is pulsed by a thyratron and pulse-line -

combination., It operated in either of two mod.es, with a distinct transi-?-_ o
tion between them. One is characterized by a high impedance and can .

occur at low pressures,u ' 0.1 B and lower, and within a range of 1mpressed

i

sets in at a rather sharp-lower pressure limit.' ‘This lower pressure .
11m1t is a functlon of geometry, and will be’ d1scussed later. The low;f;_',"
-impedance mode is characterlzed by arc drops of 500 to 1000 V, and

currents of 5 to 30 A, depending on the external driving-circuit -

impedance, voltage, and tube pressure. ‘The Orbitron can operate dc at l‘

mode by heating of the central wire. As a h1gh—1ntenS1ty ion source, the
h1gh current mode ‘is of prlmary interest.

In pulsed operation, the Orbitron always remains for some time

in the low-cu"rrent mode before going over to the high-current ‘coridition, . ,

pressure. I—Iigher voltages and higher preSSures tend to shorten the time. -
Typical Orbltron voltage-and current- -pulse shapes are shown in, f1g. 3.

The voltage pulse shape is that of an unloaded pulse line unt11 the tranS1—

tion to high current occurs. At this time the pulse line is nea.rly matched,
and proceeds to discharge completely in its characteristic tlme of 5 Husec, o

g1v1ng a rectangula.r current pulse. The target.ls pulsed to h1gh voltage

. Neutron y1e1d was measured at varlous target voltages and orb1tron

currents usmg a Pb actwatmn detector deVeloped by Ruby\and Recheni‘%)
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Representative data are"plotted in fig. 4, Neutron yield and target B

-~ current vary d1rectly with orbltron current for a constant target
voltage, Varymg the tube pressure throughout the operatmg range,

.'i. e., 3to 15y, ‘has only a small effect on the operating charactenstxcs‘;ﬁ:‘f;
" When the pressure is reduced below 3w the high-to-l6w-impedance
transition time in the Orbitron b.ecornes erratic, and. at still lower
pressures the low -impedance d1scharge cannot be ach1eved The upper
pressure 111‘1}1.112 is determined by target hlgh-voltage breakdown. The data
presented here were obtained with a tube pressur‘e of'7 p.. o AR .‘,f\:: o

Neutron yields of 108 in 3-psec pulses were obtained con81stent1y o

w1th a target voltage of 190 kV, a target current of 304, and an Orbltron
~__current of ZOA Neutron y1eld variation from shot to shot was W1thm theH,.;g'

: 2% counting. statlstms of the detector system.

Conclusions

The observed target current of 30A should have produced neutron

yields greater than 109 per pulse. . For even if the most conservati’ve‘ 0
as sumptlons are made, i.e., pure molecular ions and a secondary- EER
" emission coeff101ent of 7 for the target, there must still exist a real -

ion current of at least 4A. This would predict a theoretical thlek—

" target yield for the D-T reaction greater'than 109, based on an assumed . i

1:1 target-loading rativo. This number might be reduced somewhat by 1ons‘ ‘j,}'
- formed at 1ntermed1ate points in the acceleratmg gap which would not be
- subgected to the full voltage. - However, the number of these ions is ’ ¢
thought to be Small for the following reasons‘ The mean free path of
: ‘_ B electrons at th1s pressure is many t1mes the gap length Also, no

strong dependence of target current on pressure was observed expen-.

,mentally, as would be expected 1£ 1on1zat10n were occurrmg m the gap.
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‘ and H. Hughes in the constructlon of the tube. The ass1stance of

‘discrepancy. : - ' o

-J. B Rechen in the neutron y1eld measurements 1s‘-also greatfully

A UCRL 11727
- The quahty of the target and extent of loadmg was not known with

certainty, and in this factor probably lies the major source' of the

It should be pOinted out that the design PreSented:here should nots}'t
be oonsidered optimum. No attempt has been mad..e to dotermlne the
most efficient slit area, and no means of shielding the glass V_Vall from :
ion bombardment has been provided. Shielding the g.lass wall .w‘ould

improve its voltage-holdmg properties, ‘and allow the tube to be shortened

considerably. In workmg with Orb1trons of other smes, it was foﬁnd that
reducing the cylmder dlameter lowers the trappmg eff1c1ency, and re= ;f'- '

qu1res a higher minimum operatmg pressure. : For example, a 1-—1n. d1am '

Orb1tron had a minimum operatmg pressure of 8p.. _ Th1s is st111 low

N

enough to be used in a neutron tube and would allow a smaller overall

tube.d1ameter.- - O

-
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