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Jo Do Gow, Ed Seaman, Wing Pon, R. Brumbaugh

Radiation Laboratory, Department of Physics
University of California, Berkeley, California

July, 1951

The problem‘of prodﬁcing a pulsed source‘of'neutrons of extremely
high intensity having a duration of the order of 1 microsecond or leés
has been of interest for several years. A method for building such a
device was_prpposéd by one of the authors of this report in the féll of
1950 and subsequént work on this scheme resulted in & tube which does
meet the requirements. Although the original scheme has been modified,
the basic ideas are uséd.in the present tubeo The original proposal was
to load a filament madg of one of the hydrogen 6ccluding metals (such as
i;; Ti, etc.) with deuferiqm, place a target of a similar metal loaded
with tritium nearby, explode the filement electrically having provided a
ééﬁential difference b;tﬁeen the filament and the target of the order of
100 kve The thoughtwaé that the filament would reach a temperature of
10 to 20 thousénd degrees C which would ionize an apprecisble emount of
ﬁhé deuterium in the filament, These ions would then be-accelerated
fédiall& to the target by the high voltagevéupply; Calculations sﬁow
thgt the D ions would reach the targét in fhglorder of 10=8 ééeog while
néﬁtfal ges liﬁerated at the time of filament exploéion-would take of
the order of microseconds to reach the target by thermal velocities ,
hence electfical breakchn.of.the vacuum would be sufficiently delayed
to make the scheme work, An axial magnetic field was provided to return

photo electrons to the target to prevent breakdown from'thisicauseu
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Fig. 1 shows & sketch of the scheme as originally proposed.

<

" Positive Ion Emitting Filament

The first suprising discovery éamé about early in the work. This was
that a ;itaniumvor zirconium fil#méht which was lda&ed with deuterium could
not be exploded ﬁith the expected voltage and reasonable size édpacitorso

In fact;.t6 é§ expiode such a wiré it is nédésséfy.to ha;e the of@ér of.
.100 times as muéh energy;as is reqﬁi}éd”to ekpiSAé”the séme wife which is
not loaded with gas; 'In#éstigainn di§c1osed that the gaé is iiberated |
from the filament so fast thét ‘there is a gas sheath ét qﬁite high pressures
éfbund'thé filament before th9  metal héé"beén rgiséd"td incandescence.
Since the voltage across the filament is high (5 - 15 kv) this gas sheath
Wiil ioniighghd carry the current which prevents further heating of the
ﬁires the‘afc resistance being very IOWo‘

The arec formétion time is und;ubtedly a function of the rate of rise
of curreﬁt in the filement, With good'fast capécitdrsg end a low induc-
faﬁce circuit dumping them into the filaméntg the arc seems to fdfm‘in the
'ordef of 107 seco The diséhargeufrom the capacitors becomes oscilliatory
‘at the time of arc formation since the resistance of t?é circuit drops to
an extremely low.value, and the arc persists until the energy of the cap-
acitors is dissipated in the éircﬁito Wifh our typicél operating.values
this takes of the order of 1 to Zimicrosecondso,lit is also found that a
éﬁall fraction of the total gaé storage in the fiiamént is uysed in any-
one pulse. Since no damage is done to the filament.in the éfoceés described _
tﬁe filement can be pulsed many'ﬁimeS'beforé all of the gas is used up and

it burns out like an unloaded wire.
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TheAion output of the filament con81sts of a mixture of D* and Dz
or molecular ions, A s1mple mass speotrometer was built 1n which the
-ions were accelerated through a slit in front of the filament and bent
magnetically to form an image of the‘slit on a fluorescent screen, From
this experiment.it was found that the major portion of the ions were;in_
the 132" bean vrith less than 1/3 of the total currvent. being D"’o_ ‘There is
- some ev1dence that this measurement may be in serious error. io-check
'this a carefully made 60° spectrometer is under construction° )Data on -
this machine w111 begin to be taken around August lo o |

The mechanical d951gn of the filament.for use in the tube was purely
‘an experimental mattero Many schemes were tried before a'Satisfactory
filament was developeds The filament is pulsed by connecting it across
8 capacitor of around O. 02 mfd which is charged to 10 = 15 kv using a
5022 hydrogen thyratron as a switch, The current is of the-order of 5000
amperes with a rise time of the order of 10“7,3509 With such currents.
considerable difficulty was met in providing contact between the filament
and its.support leads. Various clamping arrangements and Cu plating were
tried but results were ‘erratic due to contact resistance troubleso The
solution con81sted of using oopper support rods which‘were drilled and
then sweging the filament into the copper rod at each end (Flgo 2)o Thiek
technique has prov1ded filements of good reliabilityo The metal totanium
wes finally selected as a filament material although there ie little
evidence that other occluding metals used the sane way would'not be as
éoodo The filaﬁent is cut from Q0002 in, titanium sheetafisaof.the order
" of 0,020 - 0,030 in, wide and 1/8 in. to 3/16 in, in length, ' These dimen-

sions provide a filament which will ﬂgo“iﬁith'reaSOnably low”electrioal
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energy requirements and has reasonably good meohéniéal propértieso

f_ In the first of the tubes & stainless steel eylindrical target which
surrounded the filament was used, This target was coated with a thin layer
of titanium and could be loaded with either deuterium or tritiun depending
on the desired reaction. Using the yield values given by Taschek and
Williams (Rev. Mod. Phy809>00t°9 1949) adequate numbers of neutrons should '
be available from such a target; Tt ﬁﬁs later found that their number
as given by their D=D yield curve is high by a factor of éppfoximateiy 267
Fér the‘experimeﬁtél tubes a coating of deutero wax is used which has a iow
enough vapor préssuré‘td pérmit its use in‘a continuously pumped'tﬁbe; and
has a higher deuteron to electron ratio Whiéh giveénlarger yield then the
TiD, targets. For sealed off tubes it is planned to use LiD or some similer

‘hydride, its metallic mémber having low Z.

Linear Geometry Tube

Dus fo troubles with electrical breakdown which were'experienced>with
%he 6ylindriqal geometry tube a linear tube was built as shown in Fige 3o
éﬂe target'is a flat disk appfoximatély 3 in. in diamter, coated with
déuteré*wako This was the first successful tube from a standpoint of yield
and relisbility. The tube consists of & four inch industrial glass tee
gasketed to a flange on a porcelain insulator. The filament rods extend
downward from theytop'of the tube, projeqting a short distande»into.ﬁhe
porcelain high voltage insulator, In this tube 2 filaments were so mounted.

-

The vacuum pﬁmp is connected to the side arm of the T, the lower .arm of
. v

v‘thé tee being’connectéd“to the grouﬁded*flange of the high voltage insulator.
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The térget is supported from the lower end of this‘insulator'and is
recessed up into the insulator such that the target to filament distance
: : N

is around 2 in.

Measurement of Yield

The entire tube (as shown in Fig. 3) is mounted on a péraffin moderator.
A chennel ﬁhrough this moderator permits a silver foil to be inserted. In
measurement of yield the silver is placed in the moderator, the tﬁbe is
‘firéd and the silver is quickly tranferred to a Geigér counter. The decay
of the 23 sece Agll0 formed in the reaction AGMO%(n,7)acllO is counted.
No}mally thisvis éounté& for one minute. Typical iﬁdueed activities are
from 100 to 1000 counts in one minute, depending on the details of the geo-
metry, with a ﬁackground of 20 counts per.minute, Sincévgéémetrical fac=
té:s_wﬁich would be difficult to evaluate aré present the yield is not cal-
gulated diféctlyvfrom the\geomefry and the éétivityo Instead a calibration
is made using a Ra - Be source of-kpown-étrength‘which“is.placed;inrthe tar-
get position for a known length of time. The silver is irradiated in the
same position as it is during ‘& tube run, then counted in thé same wayo
Thg-ﬁumbér of neutrons/éeco for the source was determined by c@mparison
with a source célibrated at Los Alamos,

To prbduce'réasoﬁable acfivity in the foil and to minimize errors in
time of exposure the ﬁiﬁé-bfviffadiéﬁidn of the foil dufing calibfation.
~ must be reasonably long. For ébnvenience it is.chosen to be 23 sec. or
6ﬁe half;life of the Aglosractivityo A mathematical correctiqn must be
éépliéd'ﬁo arrive at the equivalent "instantaneous® yield corresponding to
a giveﬁ total number of neutrons supplied by the source, With the geometry

‘as shown in'Fig° 3 one count/hiho qorrééponds to apbfoximately 1,7 x 10
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neutrons emittea from: the target, or 60 counts above background corre-
sponds to roughly 108 neutrons,

For‘reaséns'of convenience all work to date has been done with the D=D
reaction. Siﬁée.eﬁéntﬁali&'éither the target or the filement will be
loédéa&Wiéh ﬁ}iti&mffHé“yiéld with the D-T r;actiqn is'of gréater interest,
The retio of the thick target yield éoiﬁg.from the D;D reaction to the T=D
reaction is givenmby Tuqk as 77 at 100 kv which we take as out effecﬁivé‘v
energy. This ratio is not too sensitive a function of energy in the region
of interest varying smoothly from 77 to 100 kv to a maximum of ~~ 110 at
'200 kv and then falling slowly., Since we have & mixture of D* and Dy”
ions striking the'tafgét'thé‘éffective value of this rétio will be'écme-_
where between that for the applied voltége and'for 1/2 the applied voltage.

An additional factor which affects the yields févbrably is ﬁhat we_pian
 to use the D=T reaction rather than the T=D reaction. This'gives‘én in-
creased yield from the greater penetration of the deuterons and the greater
energy available in the center of mass with the lighter particle accelerated.
Putﬁihg in these corrections the ratio of the D-T to D=D yiéid will be

above two hundred.

Electrical Cifcuitry

In order to produce neutrons with the present tube two basic electrical
‘requirements must be met. The filement current must be switched on through
& ‘low inductance path from the capacitors, and sometime during the filament
bﬁise there must be a voltage of around 200 kv appearing between the fila-
_ment and théuﬁafgeto The first of these requiréﬁéhté is met-by'a coaxial
pulser using type 5C22 hydrogen thyra%foﬁ to diséhafgevfﬁo "Glass mike®

0,05 mfd capacitdrs in series into the‘filamentso‘ The pulser circuit is
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as shown in.Fig9'4; Filaments have been run in parallel'dbnnéctidn, series
connection, and separately, successfully. Series connection is the pre=
ferred arréhgemeét;‘ The'condéniefs are charged to 10 = 15 kv before firing.
The choice ofﬂéépédity is_relatively néﬁcfiticalo'

_In the early éxﬁé}imenés‘a fized d.c. potential of around IOO‘kv was
Qséd3betwééh téfgeﬁ_and filament for acéeleraﬁiﬁg the ions., The troubles
encountered with.electrical breskdown in the vacuum coupled with the need
for 200-kv to produce an efféctive deuteron energy of 100 kv for the Do beam
led to the use of pulse trahsformers of the Baker-Kerns type which were
developed in this laboratory. (see UCRL=357). Thess transformers provide
‘an excellent.squréé of high vblpage.pﬁlsesjin_fhel10m7 to lQ=5 seconds
range'with ful}y;éggggatelrisé time.fbfvour'applicationa The presént transe
' férméf ﬁili?aqiivé}:aiﬁﬁléé Wiéh around 3 or 4 x.10*7 s§cdnd.fise and an
oéen'dircgiﬁ folfaée of ov;r 300'kvo 'Méasurementé iﬁdioa%ed avpulse gener=
afor impedanc§ of the transforme?.oﬁtput of around 3000 ohms. Since the
total current of the tuﬁe is aroundiso'émpefes.the voltage applied during
a’neutron'producing pulse is around éOO.kvn The pulse shapé i§ smooth |
having half voitage points separatéd something likg 0.3 to 0e4 microseconds.
Since thé“yield vs. voltage of D=D or D-T reaction is a éfeep function of
£bé énérgy of thévincidéhtipartiélés énd an additional factor of E5 comes
iﬁ due to tﬁe‘ion currents probably being space charge limited, practically
all of the output is within 0.2 psec. |

The transfo#mer'ﬁiimgry,is pulsed by switching 3 .03 15 kv capacitors
,écross_it usiné a SCZZ hydrogen thyratfdno Alfhough'from a standpéint of
current bothﬁfhyratrons are grossly overloddea,'due tb'the extremely low

‘duty cyéle,:hOjﬁfbﬁblé-hasfbéen éx@erienoedo‘ Normaily both the filament
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end the high voltage thyratrons'are tfiggered Simultaneously; the rise

time of'theitransfbfmer providing suffi@ient délgy_in the high voltage to
allow the filament to reach its operating condition. The timing is relafivew
ly noncritical, Delays of the or&e; of 0.1 microsecond to the filament or
bdoﬁ miérosecond to the high voltage produced little if any reduction in out=

put.

Vacm;g

The tubes,éave been continuously pumped using an MC 500 pump with a
liquid air trap to catch any oil between the pump and the tube. In general
operating pressures were maintained at 2 to 5 x 1076 mm Hg on & tfapped
gaugéo A.sefies of éxperiments were run to determine'ﬁhé effect of highef
pressures using air, Hz and D2° In all céses no effect of pressure was Ob=

4 pm. At arownd 107° mm appreciasble loading of the

served up to 5x 10"
pﬁlse_t:ahsfprﬁér began to be notived, ‘The only vacuum precaution required
is-fo'keep the trap full to prevent'ﬁhe release 6f'large amounts of oil

vepor which if allowed to condense on the target can éefiousiy dégrade the

energy of the impinging ions before they reach the target.

Mark II Tube

The above data refer to the Mark I tube which was in operation early
in June. During the last week of June a new deisgn was developed which

out performs the first tube in every respect. This tube hasibpnéiderably

JkﬂS;e;§ié1dfé£ISOme slight increase in complexity. The basic charge stemmed
from an attempt to shield the discharge region from the insulator, It
proved that tﬁé’iﬁéﬁl&térféééihg the ‘discharge was a bad thing from a stand=

point of holding voltage and the changes enabled smbdth’opération of the
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tube at 200=250 kv. _This also improved the space chafgé problem and the
available output seems entirely limited by the impedence of the pulse .
-generatoro A sketch of this tube is éhown in Fig. 5. The'éhange& from
the Mark I geometry consist of blacing a copper piece around the filaments
extending down to within 2 1/? inches of the targetg and bringing a copper
pipe up from.the target oﬁtéidelof and concentric with fhé‘filament shield
pipe. |

Operatioﬁ of this tube is somewhat different than that egperienced with
the Mark I tubeo Firét; it is no longer pérmissible.to'fife the high volt-
ége and the filament simultaneously. Instead a delay of the order of 1
migrosécond is required which apparently permits fhe upper pipe to become
filled with ionso When the high voltage is pulsed‘fhe current which will
be drawn depends on how much enérgy‘was dumpéa into the filament circuit
and how much delay is used. Since the current is now being drawn from &
large surface the spaée charée limitations have dropped from sighf aﬁa the
currents cén be made as large as‘the pulse.trénsformer will take. _With
this geometry pulses of 3 x 10% neutrons on the D=-D reaction are normal
and at optimum operation 5 x 108 is not inffequent; Lower impedance pulse'
transformers are under way which should matérially increase the above
figureo

H Another interesting feature of the MarkaI tube is that the filement life

‘i§ extended.gre'a"cly° It is suspected that this results from the fiiaments
being recessed in the shield which prevents the high voltage .pulse from
striking arcs to the filaments. The upper limit on filament life with this
geometry is at present uﬁknowno'"One set of filaments were 6peratéd fo:

over 600 shots with no evidence of potential failure.
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Conclusions

At the present state of the project it is possible to say that pulsed
néutrén source tubes of ﬁheAtype'discuésed can be constructed which will
give yieids of 109 neutrons in a‘time of the order of 0.2 psecond. . There
is no apparent reason why such tubes can not be made in a éeéled ?ff-form
and éﬁpéiied with'highiy portable powér.supply equipmenﬁ° It further .ap-
pears likely that with a somewhat morevbulky power supply and & somewhat
;afger tube neutron pulses of-overulolo‘in 0.2 usecoﬁd can be'produéed;~

Such a'simple device'with'this'outputdshould prove useful in neutron physics.

-Information Division
scb/8-28=51
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