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ABSTRACT 

·' 
.. 

A pulsed neutron' generator has been developecJ which employs 
·.:;.-' 

-~-.-- ,-.. -

an Orbitron ion source, and is capable of producing 108 neutrons in 
. ; -~-

:- ~" 

--~ ,·~- .: .... 

pulses of 3 f.LSec. The ion source, which is unusually sirnpie in · 

design, requires no magnet ar>;d operates at pressures as low as ~f.L~. 

Operating characteristics {lave been determined for a 3-in. -diam '., 
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Introduction . ·. . .. r~df?~~:\ 
Seyeral designs of pulsed neutro~ sources of a small self-contained' :tO:> ', .'· .! .·-. 

_'_.~~ : :" -·~:-··;. ~~ .. : \·' 

tube va;iety have appeared in the last fe~ year~ 1 ..;
8

) •. A~ an ion source, ~. ··> . ·:.>;·;~(~~'. 
, one of these employs a novel spark-type device 1), and th!e others use '·. 

some form of gas discharge. The occlud~d .. gas spark source has the 

inherent disadvantage, for some applications, of a varying shot-to-shot 

intensity and a relatively short lifetime. Gas -filled tubes, on the other 

hand, produce uniform shot-to-shot neutron pulses, have lifetimes Qf several 

hundred thousand shots, and in some cases can operate de. 

In a sealed..:off gas-filled neutron tube, the ion source operates at' 

the same pressure as the accelerating gap. This pressure must b~ high 

~~ 

. ~. '~-· 

··.~- .,.,·. 
':!·.,.· 

~-

·.,· 
' . 

enough to allow appreciable ionization, yet low enough to prevent an arc .lj( .· .· : . .--... 

discharge. In general, this pressure range extends from 1 to 20 .,._. To \ . : .. ' ·. 

produce appreciable ionization at such low pressures, the effective path 

! ~· 

. ' 

length of the electrons must be extended far beyond the linear dimensions.. '" ~- ·: :· . -:' 

of the ion Source. This is usually done by trapping the electrons in 

· crossed electric and magnetic fields. The use of an electromagnet adds .. , 
t '; ,' ·,. ':.· ,·:~; .'. 

appreciably'to the size, weight, and power requirements o£ the system. '· .\ 

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

at 3 to 15 .,._pressure without the use of a magnetic field. Long effectiv_e_. . . ~ .. 
·~-:·· ', •' 

electron path lengths in the ion sour.ce are obtained by radial trapping of_ 

electrons in orbits between a cylinder and a positive coaxial wire, and 
', . ~ l' 

by axial reflection at the nearly closed ends of the cylinder. This type ~ .. ,; ,< ::;; ~; '~: ~;~ ,i: }.>.:. 

of ion source, called an "Orbitron" 1 was investigated previously by · . , ·: _.· 

. . 9, 1o) 11) · . . ·. . 1z) .·· . . . ' · 
McClure . 1 Rupf . , and Mourad et, a~ •.. • R. H. Hooverman has · 

made a~heo:retical study of the electroD.:_irbits:·irt:the Orbit~o~1 ~).·:;_;·_ ." '::/~:, 
. . . •7;:;·~.~--- • . ... :· ·.~ .. , ,, ; .. :.- ~ ~ :, ._ .. ··_.. . .. ; ,•. . <-:' ' · . .'.' 

~ '•' ' I'~ ~· ... · .. \ ..... :: ·.~ .. · ~..... . ·' 
"' • : • r._ ,. J" .. ·~ ....... ; ~- ' 

·.Y / _. ·,_.: ,' • ' 

',•> 

*. ·:· ,• ·. 
' .. ; 

·, ~ 
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:.: ·. ·.':. \/ ::·:·:;:)> -z-

Description of the Tube , ,:;t::;;'"' 
S~veral: different tube geometries have been investigated, all of · ·. '<;·~ ::: 

which involved radial extraction from the source. The·v~'~sion to b~ : ... ::.;.~~./{{\;; 
. described is a compro~ise with respect to .suitable size, voltage holdo££;.::;> (;, 

and operating pressure. 
. ' ~- .;~1 ·\._: 

, ,), :~{'~ ~:l~ I 

The Orbitron ion source is 
\- '1. . • ~ . ~ 

located coaxially within the target '<t-~.:;-;.,;<;' . . ::· ··., 1 .·'' 
1 A •• ~ •• •' f' Jr • f , , ' ' ' , ( 

• ·.":,.. \ - ~. . '.t. 

~:~::d:: 1~::in~i~~i:~ c:::::b:::::::·::::·,::·' :::~~whoa e axis ·:;-, Ji; \ :.<~'·.<, i 
runs a 0.008-in. tungsten wire. The wire passes through 0.090-in, 

. ' 
,'' ' ·; 

- ••• _.,J 

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

hole by further passing through a 0.010-in. hole in a Kovar disc which is ·.·· 

brazed to a ceramic insulator and centered on each end of the Orbitron .· 
1

:. · .... · . 

cylinder •. Sixteen slots, each 1/16 by 1-3/4 in., are cut longitudinally · ·\\ : .. ;··': . _., ~~-. 
"'-'· 

around the Orbitron cylinder for radial ion extraction. The Orbitron is '. :<_;, 

supported inside the neutron tube by an extension cylinder connecting it 

to the pumpout flange. The axial wire is connected electrically by means 

of a lead down the center of the extension cylinder and a ceramic feed-
·' ,·,_:, .. 

through in th~ pumpout flange. · The gas inlet and a Pirani gauge are also:-.. ;:·>· .. ,: -. <~··. 
. " . -~ . ' _... . . . .. 

In a completely sealed-off version,. the·'-~-.: .. ,::, 
. -~ .-' r,.: • 

gas inlet would be replaced by the usual internal gas reservoir2' 3> •. '·. · .. ·- .• ~·.,; .. , 

.•, . 
attached to the pumpout flange. 

; . 

·, ·,.,1:_ . 

The target consists of tritium absorbed in a titanium film ·which:··:·-~. ,:~.::: .. 
. ·~ .. ·: •• ",1 

has been evaporated on the inside ~f ~ 3-in._-diam. ,.Kovar cup •. Photo.:'·. <· ~] ~.' .,,_ 
' • I ~-

graphs of the tube showing the Orbitron and target'before and .aftel;. ·.~ < '!/ .·· 
. . ·, ; ' ···. ,;_ ...... ·' ' 

assembly are shown. in J..iig. 2i: .;.The. two' flanges a~e'desigrted t~:be: 

: heliarced ~get~er. . .•. ; ' i .· ' •<''• . ' ~;~i:1l;(~+ ·. ·;!~M/:~\ 

~---·~ . '. ; 

. ,' . . ! . t : ~ ', .. 

. ·1 

·' 

"'~" .. } . ·. 7 . 

' ' £• ) :' . i ... 

·· · A~.;lii,:.~•':fBr:';~·{ ··;::;; · ··.· . ' 

:-.. 

~ ... 
'·· ' ' .· ~~ 

~'· .': / ;: 
' . . . . ~ 

···_;, ·'·:• ... ,· 
"I·' 
. . t; 

.·~~.; 

· ..... 
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'· .. 

Operation of the Tube 
. ~ ';. . 

. 't .; .f' 

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

combination. _It operated in either of two modes, with a distinct transi.;, ... :· 

·:i::u:e:~:: :::~ur:::.~sO~;:r::e;::::~ :; ::::in~P::::fa::::Ssed .:-\.;;).,:~; 
voltages from 2 to 14 kV. Currents of a few milliamperes, depEmding .on· 

. ' 

pressure, are common. The other mode, of much lower impedance,. · · .. '.\ 
· · "'..-s ~ ~ I' ·, ,-~ ~-· • • ::~ 

sets in at a rather sharp. lower pressure limit.· This lower pressure :::. _:. ~-.'.: ~~ .:'; · · .:· 
' . ·"' •, . . :··', . ~ ·. . ..... 

: . ~. 

limit is a function of geometry, and will be discussed later. The low.::.: .. \···; . , . ;. ·~· 

impedance mode is characterized by arc drops of 500 to fOOO V, arui ''-',i'F < ' , '~', :' ' , 
·- .. ·. · . 

. , . 

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

impedance,· voltage, and tube pressure. The Orbitron can operate de at lf · . , :: 
. . . . ... -.:.\\~~--~ .. -~:~_ :·. 

the low-current mode. Th.e pulse length is limited in the high-curr~nt , · ··. . . ·" 
. ,.· ,-

.{ ~-.: -~ : 
mode by heating of the central wire. As a high-intensity ion source, the · ·. ·,· ~ . 

high-current mode is of primary interest. · -. -· ... ,t. '· •. r· 
···.": .. :-.·· .. · .,.·-: 

- ,., 
' . ' 

In pulsed operation, the Orbitron always remains for some time 
,.,_.·.' ).., 

in the low-c~rrent mode before going over to the high-curr'ent condition •. · ;::;,,.j>·~ 

This time varies from about 5 to 20 JJ.Sec d~pending on initial voltage and ·. ''" 
. ;:-··-

pressure. Higher voltages and higher pressures tend to shorten the time. 
~ 

Typical Orbitron voltage-and current-pulse shapes are shown in, Tt.ig. 3. .· .. · 
''· 

' ' 

The voltage pulse shape is that of an unloaded pulse line until the transi-: . . ; · . 
< .\ 

tion to high current occurs. At this time the pulse line is nearly matched,· 

and proceeds to discharge completely in its characteristic time .of 5 .JJ.sec, 

giving a rectangular current pulse.· The target. is pulsed to high voltage . ' .. 
' ~ .· . ; ~- .. __ 

· during the high-current portion of the Orbitron pulse, as shown in ~:fig. i. >~ ~ < ,:; 
Neutron yield was measured at va~ious target voltages and O.rbit.ron·· 

currents using a Ph-activation detecto~ '~·evel~ped .b/Ruby.a.nd R~chen·1 ~)~ • 
.. ,.,. " .. ···: .. :·;·:_~,-,::.:·:-A;J5.;i-.:·~';.· . .~,y'i ,. ,;··:~.·;";.:!~~-·-.:. 

·' ~ .. ;'" ·.' . 
• 8 •• 

. I . ·· ..... · > •• t J • • ~. 
.. ;.., . ,.,· .... 

·· .. ·: .. < .,· 

', ' ~~. •' .; . 
. ~- . , '. 

~- ... •· 
·~ : . "' 

l 
··'k •. 

·'· . 
'l . 
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Representative data are plotted in fig. 4. Neutron yield and target · · 

current vary directly with orbitron current for a constant target 

voltage. Varying the tube pressure throughout the operating range,·· 
··,_ .!' I'. 

,i.e. 1 3 to 15 fJ., has only a small effect on the operating characteristics~ 

When the pressure is reduced. below 3 tl the high-to-lbw-impedance 

transition time in the Orbitron becomes erratic, and at still lower 

pressures the low-impedance discharge cannot be achieved.· The upper _ 

·,;, ... 

pressure li~it is determined by target high-voltage breakdown. The data, ~ 

.• 

·· ..•. 

presented here were obtained with a tube pressure of 7 fJ.• " . ,. ' .. ~. 

. " - ·~ ' 

Neutron yields of 108 in 3-fJ.sec pulses Were obtained consistently 

with a target voltage of 190 kV; a target current of 30A, and an Orpitron . ·· .. 

current of 20A. Neutron-yield variation from shot to· shot was within thell; -· 
:\ ' ., ' 

.. ··i'" 

2% counting. statistics 'of th~ detector syste~. : .. ·. ···'' 

Conclusions 

The observed target current of 30A should have produced neutron _ ·_·. , ... · ·, 

. , ' 

yields greater than 10 9 per pulse. 
. ' ·' \ 

. . -~ 

':· ~ '•i ~ 
For even if the most conservative· 

·.:. 

asSumptiOnS p.re made, i. e. 1 pUre mOlecular iOnS and a SeCOndary• 
_.,. ' ... 

.. , .. · ' . 

emission coefficient of 7 for the target.; there must still exist a real 
' . f ~. : 

ion current of at least 4A. This would predict a theoretical thick-

target yield for the D-T reaction greater than 109,. based on an assumed. 

1:1 target-loading ratio. This number might be reduced somewhat by ions·~-. t- · >, . ,· 
' '• 'f -~ > 

formed at intermediate points in the accelerating gap which would not be ·.. · !· · 

subjected to the full voltage. Howev'er, the number of these ions is : 

thought to be small for the following reasons: The mean free path of 

. electrons at this pressure is many times the gap length. Alsoj no 

. strong dependence c;>f target current .. on p~es~ure· Was' observed experi:. .· .. : .:.·:· ·· 

. mentally,. as would be e~ected if i~~izati~n ~er~.oct-~rri~g in ~he ga~;._,; , ·· · 
'. . .. ·. '. ·>·' ' .. . ' · •. - . . .•.. ' ;).<:1~> . . --~ ··\: . , .. •. ' 

t,~· ·-·~~ ·,t'~:-.-_~--~ ····' ·~· .• -;~ 
. ',' •. . . :.··. :-··. :! . ;.·~- . ~ . ' ' . ; . ,, ···t:: -~,. ' . . ~· -~ .. 

,· ... : 

., 

:· ... 

,. _ 

._ .. , 
•. ,.·";: 

·_., 
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The q~ality of the target and extent of loading was not kno~n with 

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

be considered optimum. No attempt has been made to determine the 

most efficient slit area, and no means of shielding the glass wall from 

ion bombardment has been provided. Shielding the glass wall would 

improve its voltage-holding properties·, and allow the tube to be shortened. : ·, ., 

·.~. ~. ·.~ ~·-

considerably. In working with Orbitrons of other sizes, it was found that\ , 
.: ' .. ~ ' 

reducing the cylinder diameter _lowers the trapping efficiency.,. and re.:.. 
. ~: ... ' 

quires a higher minimum operatingpressti.re •. For example, a 1-~n.diam_::· ~ ... · 

Orbitron had a minimum op~r~ting pressure o£ ~~· · ,This is .stilllo~ ·.(··;~z:j:h; 
. • . .·- t 

". ~. 
,<1 

.. · . 
,·,··, 

enough to be used m a· neutron tube and would ·allow a smalle~ .overalL. ··· 1• • ,._ .,.· .. 
... ' ""' . 1. • • 'r \. • • • ,. - • ' • i . . . .. . :.· ... : ~ .:~ 

=-·- '. 
tube diameter.· .. , ·•'· .t;: :~ •·· ·~:·· ·· · 

I 1 • ; • ' of ' ., • '• • l~ 
. ~"' .. 

~~-~;~;~~:,.. '\,_. . '· 

. ~ ~ .. ·~·.·,,, .. .,_ .. ,-: l ; . ~ '/ 

\: ····· ... 
Acknowledgments 

The authors would like to acknowledge the help of T. •· .: 

I ·., 

and H. Hq.ghes in the construction of the tube~ . The assistance.o£ 
·. . 

J. B. Rechen in the neutron-yield measurements 
• .. ' ... _ •. • '•.f~ -. :'"' f ; ~-.1~-~!. •• • 

ackno~ledged.: 

I. 

~ .. i 
~· · . 

. ·. '' 

. ' 

... 

I' 

.. ; 
. •. 

. ,,:·. 
',,.. 

;,y. 

' 

.,:,.$· 

'j --~~~ 
·; .... ......... 

:;_. ,. \ 

.·;·· .. ·· 

.· 
. ;-: 

' .. ·. ' 
; . ,;'.!: < 

.\ ._: 
'··. ·,• 

·.;_ .:.:. \' ... 
'I'·., 

-·~, : . 
. ' ·-~. : .· _.: ''• 

-~: . 

'-. ·: . .- ..... 
~· . 
./ .. ..:.~.,.£., 

',, ·' 

·:·~: :1 ·_ ·. '· 

..: 
.• .'. <~ 

., 

. ···: ~ . 



I. 
I 

"-•' 
, ... _ ,., .. 

' . 
-6- · · ·. · 'UCRL-11727 > ',·~ , ·>' 

·" .·· .:.:··· . 
. ~- .. . ( ... 

- .. ~ 

. ~. ,.(,. ..... : , 
~' •: · .. : 

FOOTNOTES AND REFERENCES'/ ' , • . , ?p;;j/i:;'j 
* This work was performed under the auspices of the U.S. Atonilc Energy, ... , ~ ·: .;, :·:~. 

Commission. , :_;.;;?":;:>;~::·:.;~·. · 

• t Now at W. M. ·Brobeck and Associates, Berkeley, California. ··- .. ;. ··\ .... · .. _ .... 

1) 

2) 

3) 

4) 

. 5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

J. D. Gow and H. C. Pollock, Rev. ·Sci. Instr. 31', 235 (1960). · - . . 

P. 0. Hawkins and R. W. Sutton, Rev •. Sci. Instr. 31, 241 (1960): :·:: ---- . ·'. ~. 

., .· .. 
B. J. ca·rr, Nucleonics ..!!• No. 2, 178 (1961). ' . . . . 
0. Reifenschweiler, Nucleonic's 18, No •. 12, 69 (1960) •.. 

., 
J. D. L. H. Wood and A. G. Crocker,_ Nucl. ~nstr. Methods · 

·. ·.:· 

. 21, 47 (1963). 
-~ ·. ~·' ' 

· ........ . 
·, 

R. D. Kelley, i. C. Hamilton, and .L. ·C. Beavis, Rev •. 'sci •. Instr •. · . 

32, 178 (1961). . .... 
l 

P. D. ~omer, J. D. L. ·H. Wood,· and R. C. Bottomley, 

lnstr. Methods 26, 7 ( 1964). . ._, ;-·r. ~> ;· ··._. 
A. Schmidt, Die Neutronen blitzrohre-eine starke, gepulste · .\ : ,; 

Neutronenquelle, Diskussionstag~gfr uber· Neutronenphysik, 

:t-··· 

.. 
·. · ... :. ..... 

·. 
'-.' ., 

\ I ':'' 

: .... · 

•• , !;,; 

-.:'. ;'• 

•.;. 

. ' · .. 

. ~· 

.. : -"- . . :·· ...... 

SCTM 361.:.60 (51), {1960). 
"t j. -~ , •• 

.· .. ·, . . . . . ~~~~ 

John Rup£, Sandia Corporation Technical Memorandum SCTM 251-61< >·:·· 
< < • ' • ; \•..-::-1'·· r:, 

(51), '(1961). j ·•· ·.:.: ~ ·. : . . . ·. " 
,•.;'. ;~ :~.~:. ': . " .. 

··'· .. ·· 
' . 

W. G. Mourad, T. Pauly,. and R. G. Herb, Bull. Am. Phys. ·Soc •. ·' .:·. 
~ . ~ .... ~ 

8, 336 (1963), Rev. Sci. Instr. 35, 661 (1964). , · .'. ~: ·.. . .. ~ ,.·" ·.. . '. : 

·.· . ,' t~; : 

13) ·. R. H. Hooverman, "Orbits in Logarithmic Potential" Dept. of.·.'~. :.•: 

14) 

Physi~s, University of Wis.consin,· Apri11963 •. · · 
· .. ·. . · ........ 

• . . • • 't. 

L. Ruby_and J. B: Rechen, Nucl. ,Ifiatr• Methods 15, 7 4 ( 1962). ,, 

. . ' · .. ·<_:: '~.~~---~t;!}l~:i)·; .. -; ·: . ' i ' '· . ' 
\. .·.l~ 

\ ... ~ . 
•. :·. 

., 
~\ ·>~>;)~;~ :~·.. . ... ·~·~~' >-- :. ' 

. . " 
~ ... -\ . ,, .. ·.~ ·': . .-· 

.~ ..•.. 

. ;;'' 



~:Jws .. 
:·1 

I 

'". 

'· 
'. 
' 

' ,. Fig •. 1. 

•Fig. 2. 

Fig. 3. 

Fig. 4. · 

t .Q 

·, 

···' 

_;_' 

': ·' ·.' ... ~. 

FIGURE LEGENDS-~· 
·.r 

Diagram of tube. 
. ·' .. 

:.··· 

Orbitron and target {a) unassembled and {b) assembled. ·,. 
I ~· • , ' 

·.Typical pulse shapes. and relative timing. ' 
:\ ~~ •' 

~ --~- ._... 

Neutron· yield vs 

t .· 

·:'. 

,.· 

··-~ ... 
.. ·•. ··:-;\;. 

't· 

i . 

·:: .. . .. 
··. 

··.•. 

I ., ··' 

.. 

· .. 

-.:, 

'·. 

·., .... 
·"'' ·.·.;:'. " _.,. 

... 

_(_ 

. ' . -~ 

' ·--"'···. 
" ·' 

. :·· 

·. ' 

... ·. 

.... · 

_.,. 

;' 

. \ . 

. ,; 

i -~ ··~ 

,ih 

_;.,,,_ 

.j 

.,, 
·-·~ ,:_-~ ''-f'\ \ 

.. -~ ·, . :-~ . .. ~~-

~- .:· 

f\ •!• :" 

:;-.. ! :·-:.: 

. ··~ ~- ~ ' .. ·. 

. :'·(':•_'-' 

/ ,·. 

-~-. 

..... -: 
..~ ' 

·· .... ·.;· 

_)'· 

.. ~~ .. ,.;· ~-~--- :·. ; 

-l; 

·:""' . ,.. 

"._·. 

- '~ ', 

, .. 

·'· 

--: 

: < ., 

. ·. -~~ -~ 

..-..r· 

. :~ 
\ 

·1·,' •. -· 

'•,.• 
'::·.· 

:,.'·' 

.-.: 

... 

., . 

... 

·" 

... 

\ 



1 

wire 

Orbit ron 
cylinder 

-8-

Kovar disc 
each end 

Ceramic 

Ti target 
coating 

insulator at each end 

Fig. l 

Pumpout 
flange 

Pi rani 
connection 

MU B-4330 



-9-

(a) 

(b) 
ZN - 4 5 37 

• Fig . 2a 2b 

' 



• 

-10-

Orbitron voltage 

.__...... -500 v 

3 J.L sec .. 

current 

Target voltage 

-30A 
~-Target current 

MUB-4331 

Fig. 3 



Q,) 
(/) 

:l 
a. 

....... 
(/) 

c: 
0 
lo.. -:l 
Q,) 

z 

I OB 

-11-

b.o o 5p. corrected pressure 
'V 7 fL corrected pressure 

I 0 6 L----.L.----'----..1-.--..I-.--..l..---...1-------" 

80 100 120 140 160 180 200 220 

Target voltage (kV) 

MUB-4332 

Fig. 4 



. 
t 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 




