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RECENT DEVELOPMENTS IN HIGH- RESOLUTION NOBLE LIQUID
' COUNTERS '

ABSTRACT

In an effort to deveiop a liquidéfilled high-resolution wire chamber

we have studied the multiplicatién-of ionization e‘l'ectro_ns in liquid argon

‘and liquid xenon near the surface of fine wires from 3.5 to 13 p in dia-

meter and near etched tungsten tips from 1 to Zp.ln diameter. ' The

pulse height and shap'.e depend on the vfa.pp‘lie'd volt .Ya'-nd (in liquid argon)

on the hydr‘dstativcv pr'eésui'e. The pulses are 10 -4z “ to 10 1Ov coulombs
in size with a rise time of 5 to 10 psec in liqﬁid argon and < 5 nsec in
liquid xe.ﬁé.n. | |

Using a 3.5-p tungsten wire in veryvpure 11qu1d xenon, we have
obtained our best results: a charged—partmle detection eff1C1ency greater
than -30% and a time resolution of 100 nsec. In addition, a 3.5-p wire in
liquid xeﬁon acts as a dc spark counter, delivering pulse.s 100 nsec wide
and .5.to 10 V high into a 50-oh‘rﬁ load. With somewhat larger wires or
when liquid argon is uséa, electron avalanching is unreliable and occurs
at places only sparsely dié-tribu'ted'along the length of the wire.

In order to devélop'a practical high-resolution counter, we propose
to use cénducting strips attéched to a dielectric substrate,r We show
how it is even possible to deposit a row_of sharp points on each con-
ducting strip. .We also present‘ a new séheme that should be _c:apablé of

automatically reading out thousands of closely spaced conductors.



1. INTRODUCTION

This'papér describes‘the progress we have‘r'nade towar-d reali—
zation of a high-spatial-resolution detegtor using noble liduids. | In
Section 2 we éhow a éaléﬁlatidn of momentum error for several spec -
trometers, indicating how noble liquid detectors c;Ln be used to achieve
high-momenfum resolﬁtion, | In Sections 3 and 4 we show how our tech-
niqﬁes have advanced since our laét report, 1 We have studied electfon
amplification in 1iquid argon, both on fine wires (Section 5) and on éharp
points (Section 6). Se‘c‘tién 7 presents some preliminary results in liquid
xenon, and in Section 8 we presenvt a scheme for building 01;derly arrays

of points and i'eading' them out,

2. ACHIEVING‘HIGH SPATIAL RESOLUTION *

As we probe the structure of mattér at highef and higher energies,
it becomes advantageous to use a pé.rtiéle detector that has thé automatic
readout of the Wiré. Spark chamber but a greatly improved spatial resolu-
tion, Figure 1 ShO\;VS the ad\}antages-in spectrometer size gained by

using a high-resolution detector,  Curve A shows the momentum resolu-

‘tion as a function of momentum for a large conventional spectrometer .

with 20 kG meters of magnetic field, 1-meter spacing between detector
planes, and 250~ spétial resolution, Below 12 GéV/C' the momentum
deferminat_ion is better than 1%. To maihtain the same momentum
resolutién at 120 GeV/c:, one can either tri;ﬂe the magnetic field integral
and triple the spacing between chainber pairs (curve B) or use a detector

with 25-p spatial resolution (curve C). For many experiments it will
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Fig, 1. Comparison between three spectrometers (see text).
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be impossible to tri;ﬁle itl:1e.l_i‘nea.r’dim.ensions of the éxperirnéntal apparatus,

and a detector with 25-u or better spatial 'res'_v_olut'ion becomes necessary,
'I.‘he_' discovery1 of electron avalanche in the noble liquids makes

possible, we believe, a particle detector v&.rith'.a. thickness of 100 p or

lebsvs, ‘with a 'svpati_a,l resolution of + 10 e Such a detector would introduce.

<0.005 radiation len'g.t’hs:.' The anode plane would consist of én’ insulating

sheet supporiihg many c-.ondlic.tip'g strips, each with a width of a few s

spaced aboﬁt 20 p apart,

3. EXPERIMENTAL PROCEDURE

Our work s0 far has involved chambervs cdnsisting of single wires
and single points in liquid ar’gbn and liquid xenon. Ohe year ago we -
reported1 on the characteris_tics of singlé -wire chambers in liquid érgbn.
Since that time,. by improving our experimental techniques we have
sigrﬁficantly-improved"tlie perfoi'rhance of our chambers and the reproduc -
ibiiity_of their behavior. In this section we discuss these techniques vin

detail.

Chamber Construction

Figure 2 shows the construction of a single-wire cylindrical
chamber. The glass—to-metal joints are Kovar seals, and stainless
steel tubiﬁg is used for the rest of the ch'amber. Every time a central
electrode is installed the chamber is washed with a series of solvents
(trichlorethylene and 'et.:hyl alcohol) in an ultrasonic cleaner and baked in

an oven at 110°C for 40 min.,
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The single-point chambers are similar, except that a tungsten
needle is supported from the upper connector so that its point is located

near the center of the cath’bde region,

- Vacuum’ P'\impdut

Thé charr‘lbversl‘Wer‘e_.evacuated' to < 2X 1078 mm Hg by pﬁrﬁping
overnight at room terﬁpérature with a 'rnércufy diffusion pump, and then
were valved off for 30 min, During this period.the chamber pressure
was mdnitdred with a Philips ionization gauge tb estimate the vapor pres-
sure of any con'taminant.s. F.Iri tvh'e~ abseﬁce of ajleak', the pressufe always
reached a steady state ,wi.thin‘15 m1n The vapor pressﬁre was almost

always below 10-4 mm‘I'-Ig,~ and 'was'-quite often below 5% '10—6 mm Hg.

Gas Preparation

The purificatioh'sys’éem is”designed to reduce tﬁe electronégative
impurity gases in the stream of noble gaé, specifically argon and xenon,
to a small fraction of avI-:a.rt per million. The argon used is supplied
by a 'commerc‘ial vencior in a standard ZOO-ft3 tank, and fhe xenon is
supplied in vsrna.ller tanks conltgaining 1 f’c3. - The purifier is capable of
removing OZ’ Nz,- Co, COZ’ and wéter. _ At. present we are capabie of .
monitoring the oxygen content of ai‘gon to an accuracy of about 100 parts
per billion, using a Beckman Model 8.0. oxygen analyzer. In the future,
with the aid of a Varian model 1732-2B gas chrématog'raph, ‘we will be

able to monitor the other impurities to a similar accuracy.
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The argoﬁ pﬁrifief,'ﬁiock diagrafn 1s s.;hown‘i-nj.f-Fig. 3 The gas

- is circulated cdnt-inuously_tﬁrbugh fhe pu’rifvievr by a small bo.sitivédi_s -
plé.(:ementvpump (Air Control Iﬁc. model 08-8_00?-70, Norrist.own,,‘P‘a. ).
The total volume of the syétem is aBout 4‘ liters. Argon supplied at
2.5 ppm 02 .

lion in less than 8 min.

impurity is reduced by our purifier to 100+ 50 parts per bil-

A separate xenon purifiCaﬁon systefn v.va.S built containiﬁg only cal-
cium chips and Linde molecular sieve 4A., Once pressurized, the system
is capable of filling our chambers with pure xenon and then emptying :
them without any los's of xenon, | | |

For further details concermng the pur1f1er and its opera.tlon se'é_

Appe ndix B.

Refrigeration

Purified gaseous argon is condensed in the c‘hambers by immersion
v1n a ba.th of b0111ng 11qu1d argon (ava11able at a cost of $26 per 100 liters).
Purified gaseous xenon is condensed in the chambers by immersion in
melting Freon-14, The .Fre‘oh-ii is kept cold byvmeans of.coils cérrying
liquid nitfogen. A xenon vapor -pressure thermometer controls the flow

of liquid- nitrogen through the coils.

4. IONIZATION PULSES IN LIQUID ARGON

If more than about 100 keV is deposited in our chamber by vionizing
radiation and the liquid is sufficiently puré, it is possi‘ble to observe the

liberated electrons, with the help of a c_:harge-sensii:ive amplifier (ga_.in
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of 0.4 V/pC) These ionization pulses a‘re due to ‘the motion of 'free’
electrons toward the p.ovsitivexelectrode (anode). In Fig 4 we show a
pulse -helght d1str1but1on for Compton electrons i)roduced in the chamber
(see Fig. 2) by 1.1- MeV ga.mma rays from a 65Zn source. The'deV1at10n
from the pred1cted curve is probably due to the loss of energet1c Compton
electrons from the chamber before. the end of their range |
The size of the ionization pulses from a standard source is the
best bgaxtlge of the purify of the 1iqpid. * Electronegative impurities cap-
ture the electfons to form hea.vY .hegative ions which because of their
low mob1l1ty, are not observed Flgure 5 shows the correlatmn between .
oxygen: 1mpur1ty (as measured on our Beckman 80 analyzer) and ioniza -~
tion pulse S1ze_. Oxyge‘n‘conc__entratmns,zof 1 ppm dra.st1ca11y reduce pulse ‘
size. For thinner ch'a.mhers larger concentr‘atiovns of irnpurities could
be tolerated: perhaps a's much-.a..s 50 pprh- for a '100-p.-thi¢k chamber;
Since a minimum -ionizing‘particle loses only 21 keV when traversing
100 |J. of liquid argorx., multipliCation in the iiquid,is essential for a prac- |

tical high~resolution detector.

1

5. AVALANCHE PULSES NEAR FINE WIRES IN LIQUID ARGON

Amplified pulses occur when free electrons gain sufficient energy
from the electric field to ionize ‘argon atoms, produc1ng more free ' -

electrons. We have observed such amp11f1cat1on to take place near the ’ o

* . ) '
Recombination is unimportant at the fields we work with, The fraction
surv1v1ng recomb1nat1on is approximately 1/1+k/E) for minimum ioniz-
ing particles, 2 where k = 1,1+ 0.2 kV/cm and E is the electric field,

L
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surface of fine wires Wh"en. fhé_ calculated field s_treﬁgth is of the order
of 2% 106 V/cm and thé ga:s; purity is better thaﬁ several ppm. U.nlike the
ionization pulses, however, the avalancvhe pulses ﬁsuallyhave a very
narrow pulsé—height di‘stributi'on, as if there were some sorf of saturation
pvrocess taking place“(see Fig. 6). We have only.rarely seen pulses that
had ver‘lough Vérié;tién 1n siée to indicate tha_t proportional xhultiplication
might be occurring, The efficiency of our counter, defined as the ratio
of avalanche pulses to ioniza-tion_ pulses, has always been low: never
greater than about 20%.

Moreover, it é.ppears that the ampliﬁca.tidn process on fine wires
in liquid argon is unreliable. 3 Fluctuations in the count rate are observed
on time scales of seconds, minutes, and even hour‘s. This is true even
when external Q#r_iables such as tempgréytul_'e, preséure,v and voltage are

rigorously held constant, There are also periods when the counter is

"dead, " with no detectable source effect,

Hot SEots

In order to investigate the low count’ing efficiency of the wire, we
built a collimated 24:1!\.1:'::1 source, . This source, a brass cylinder with
6 -mm-thick walis and a Z-rﬁm.Opening at one end, provided a beam of
60-keV x rays that was 3 mm in diameter when it reached the chamber.
With this source we found that only certain regions of the wire could causé

an avalanche. These regions are usually qu_ité narrow (see Fig. 7),

although they have been seen 1 cm wide.
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(a) _As a 3-mm-diam cylindrical beam of 60-keV x rays from
an 24 Am source is moved along the wire, (anod_e 13 -p~-diam
stainless steel wire; cathode: :8-mm-diam Kovar cyhnder, ‘
(b) Same chamber as above after being empt1ed warmed,
evacuated a.nd refilled..
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These 'hot spots'' can appear a.ﬂ_d _disappear_ovéf the pé.ssage of)
"'Vi;?clime, after sparking, or after thé 'ar‘gion has beerf dﬁmped and-r"eplacevd
v'with freshly prepared argon (cdmpare Figs. 7 A and 7B). Aé Fig. 7
shoWs, some hot spots are 'jrn'ore ‘persi.st:ent than othe'rs'. We _have bﬁilt :

-a. chamber in which the centra‘lvwi're can be 'm.oved a few mm with re spect
to the cathode and have found that tﬁe hot spots move as the wire is mov.ed.
But although the hot spots must be associated wifh some feature of«‘the
wire, we have been uxié.ble to determiné wh_at thé.t feature is. 'Microéc0pic‘
.examination of these regions both during running (=4 pn ﬁzisual resolﬁtion)
and after dumping and warming (#2  visual resolution) reveals, at most,
very small pieces of‘ du_ét,' no different in appearancé from those seen

all aloﬂg the wire, Our 13 ;p;diam' stainless steel wireé do not shév)

v

imperfections, even when viewed with the scanning electron microscope

(see Fig. 8). The surface roughness has also been measured (indirectly)

b}} reversing the voltage, making the wiré negative With respect to thg
outer cylindei‘. Field emission is not .obsel;véd until fhe surface reaches
a field of '1.rnil'1ion V/cm (calculated by abssuming the wire to be a per-
fect cylihder), which is as high as that achieved by most smooth metal

surfaces,

| We have never been able to céntrol thée number of hot sﬁots that
appear on our wires, or their'positions. They have been an unreliable
phenomenon associated v}ith the wire and possibly due to impurities or
very small imperfection.s. We. ha.ve attempted to inc reé.se the‘ efficiency
(i.e., the number of hot spots) by raising the voltage, but found that if |
the voltage is increased much above that needed for avalanche pulsés, Qve

observe spontaneous spark breakdownall along the length of the wire.

.
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Fig. 8. Scanning electron micrographs of (a) a 0.2-mil tungsten
wire and (b) a 0.5-mil stainless steel wire.
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The sparks are quite audible and bright, and 's.h.ow ne dep:e.ndence
on the pre‘senc"e of ionizing radiation. We do not underst.and the mechanism
of this breakdown. Cathode field emissien by itself does not seem to be
the caase of the spa.rkiag, since when we replace the fine-wire anode with
a much larger wire, the spafks do not OCCU,I"', even fer highef cathode
fields.‘ If, through some mechanism, a feﬁ electfons are liberated into
the liquid, then pefhaias a combination of anode-cathode effects can lead
to breakdOWn, as discassed by S\&an and LeWis. >

As ment1oned in reference 1, we observe that the he1gh£ of the
avalanche pulses in 11qu1d argon is a functmn of the hydrostatm pressure.

. Flgure 9 shows thlS dependence We Shc 11 discuss this dependence

turther in Section 6.

6. AVALANCHE PULSES FROM SHARP POINTS IN LIQUID ARGON

Motivation for Using Points

According to the work of E, W. M\'iller and K, Bahadur, 6 argoﬁ
gas is ionized in the presence of electric fields of the orde_r of 100 million
V/cm. Bob Henson7:has vrepeated some of Miiller's experiments in
liquid argon, and although he has no direct measurementv ef fhe electric
field strengths on the tips of his chemically etched tungsten points, he
concluded that field ionizatioﬁ in the liquid is essentially the same as
that in the gas. Since Henson claimed to be able to hold off 100 million

V/cm in the liquid, and our wires were s.v;pportirig only a few million V/cm,
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we decided to repeat Henson's expe‘ri'ment' using our chamber geometry -

and our liquid argon, but substituting a point for a wire. : .

Point Construction

 Our tungsten.po.intsv were made By following the procedures described
by E. W.v Miiller, 8 A tungstén wibr'e', 0.005 in. in dié.meter, or a tungsten
rod, 0.06.0 in. in diva.mevt;ez.', is dippe& .in a di;lute. solﬁtion. of so’dium | . ;
vhydroxide. »A ﬁickel éiectrode is alsvo dipped in the solﬁt‘iovnv, and a 5- to |
10-V aﬁ current is pas'serd lvset‘wvvée_:jrvlk the nickel eiectréde and the tungsten
rod. Wi;hin a few rhinutes the tungsten hé.s béen etched to a tip ra‘dius
that cannot be resolv.ed with an optical mic.x-'osco.pe".l In f‘ig. 10 we show
a typical tip, etcﬁed from a 0.060-in. tungsten rod and rﬁagnified with
T a sca._nnihg electroh microscope,

Th'ése tipé, whep.immerse.d in liquid argon, drew currents of <1

nA when voltages >3 000 V were applied to them—results similar to
HensOn's;':’. Té o'uf amazement, we 'di:scbveréd that when we brought a

65

" Zn soﬁrce of 1.1-MeV gamma rays near the tip, w;e detected avalanche
pulses. A>'collirn'ated soﬁrce.-3 mm in.diameter pbroved that the avalanching
was indeed takihg placé only in the' region of the tipf' At the time of this
wrifing we have run.e':ight'v-such t1ps, arici'-alvl"eig}’flt h'a.'ve" sﬁ.cc‘:e.s‘.éfﬁ’ll'y

produced avalanche pulses. ' , . : -

Stability and Lack of Time Variation
The appearance of the pulses produced by these point counters is ;

similar to that of the pulses seen with the wire chambers. The pulse . i
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XBB 709-4337

Scanning electron micrograph of eteched tungsten point,
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height of the pulses vs, ‘voltage is shown in Fig. 11. The pulse height
varies roughly as the third power of the voltage. This dependence might
be due to theincrease in length with voltage of the section of the tip that
has sufficiently high field to cause avalanche. The count rate vs, voltage
is shown in Fig, 12. The increase of count rate with voltage may be due
to the increaSing sensitive volume of the chamber. The pressure

dependence of the pulse height is shown in Fig. 9

Pressure Dependence of Pulse Size and Shape

One of the greatest mysteries associated with electron multipli-
cation in quuid e.rgdn ie that the pulse size and shape depend on the
hyd_rosta.tic pressure. Figures 43 and 14 show two types of pulses, both
of which have been observed on poiﬁts in liquid'argon, at times concur -
rently. The first type-rises\ in about 5 psec and has a fall time that is
determined by the 100-usec differentiation. The second type of pulse
has an additional constant-current component which rises in about 400
. psec, lasts anywhere from 1 to 20 msec, and then ends abruptly. As
can be seen in Figs. 13 and 14, the height of the first type of pﬁlse is
sharply reduced by an increase in hydrostatic pressure, whereas the
height of only the initial rise of the second type of pulse depends upon
the pressure.

The.pre.ssure dependenee, together With the existence of hot spots, .
suggests the existence of microscoﬁic bubbles adhering to the wire with
- avalanche taking place in the gas. A 'bubble theory' must answer the

following objections:
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Fig. 12. Count rate vs. voltage for a tungsten point in liquid argon.
The several points at each voltage 1nd1cate the nonstatistical
fluctuations that occurred in a run.
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Fig, 13, Pulse shape as a function of pressure

for the shorter type of pulse seen in liquid argon
on etched tungsten. tips.
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1) Hox;r can the bubbléé éovendsvt‘ with fhé quuid 'a,"c several atmospheres
-preséure at.'87°K ?. (The 'a.\.v_élan'cheA itself does not release enough energy
to..vaporize'the liquid,:):'v | | | - ‘

2) Why do w_e. oBserVe'no.a%/alanché at fields belo_w‘3‘>< 10° V/ém?

(In the gaé at 1 atm, avalanche occurs a fields 4lower than 104 V/cm.)

3) The bubbles mﬁst be smaller than 4 p in sizé. ‘(We have observed
our points Wi;h a microsc’oi)e. while -r-l.mrning,v with 4~ resolution, and
failed to observe bubbles.) Yet if the bubbles are mu»ch smaller than 1 p,
there simi:ly are not éné’ug’h atoms in the'bubble to give our picocoulémb
signals.r ‘ | |

4) Whe‘n the \?vire is heated by passing a small current through it, no
vchang.e in pulsé size is observed.

While we feel that the bubble theory is ‘in{a‘dequvate, we have no alternative

theory to present,

Sparking from Sharp Points in Liquid Argon

Sha;rp points in liquid argon have acted as dc spark counters,
delivering pulses as high as 60 V into a 125-ohm load, an order of magni-
tqde larger than similar‘ sparks in liquid xenon (see Section 7). These
pulses rise in 50 nsec .a,nd have a width éf 200 nsec. The potential

required for this mode of operatibn is somewhere around 7000 V.
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7. PRELIMINARY RESULTS IN LIQUID XENON

'Avalanche Pulses

We have made several runs ﬁsing liquid xenon instead of liquid
argen, with surprising and iméortant results. | Ijsing both etched tungsten
tips and 3.5;p;diaﬁ1 tungsten wires, 9 we 'have observed aQalanche pulses
in liquid xenon, at approximately the same fields .as necessary for ava-
lanche in liquid argon.. But the .avalanche ’pulses in 1iqtﬁd xentﬁn have a
much >high‘er efficiehcy and a rise time of _less than 5 nsec, indicating
a very high positive char’gei.mobi.lity (p'erhapbs due to hole vcovr'xcﬂiuctio-n)A.
This fast rise time has practical cohsequences forv cha’mbe‘rs_with good.'
time reeolution. . | | |

| The best efficiency and reliability have been observed by using
3.5?p wires 'in very pu'a-e liquid xenon, Invsix runs, using three'different ‘
sections of wire, the efficieney was observed to be rhﬁch,higher than that
of our argon counters, | |

Because of the difficulties in determining efficiency when using a

gamma ray source, at this time all we can say is that we believe the -

efficiency is better than 30 %, and perhaps near 100% for parts of the wire.

The operation of the wire was not quite as stable'as that of our 2-p- d1a.m

points (nonstat1st1ca1 fluctuations in count rate were observ‘ed), but we

hope to improve the performance by using purer lithd and finer electrodes.
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Time Resolution

: Forb a fnultiwired chamber with_‘a séannéd readout (see Section 8)
the time 'feS(')lutior; is in part determined by the rise time of the éul'se.
Therefore the fast rise time observed in liquid xénon offers the possibility

‘of a chamber with good time rves’olutioh-as‘v.vell as good spatial resolution.

“We have detveljim‘ined the timing‘ characteristics of the’ liquid xenon
wire (?;.5';p—’diam) cha.mbér by using the_tyvo COiinear gamma rays from
a 22Na positron source, One gé.rﬁma ra.y was detected in a plastic scin-

- tillator and»the other waé dete'cted. in an 8-mm-diam single-wire xenon

- chamber (see Fig'."‘15),- vThe. xenon avalanche pulse was foun'dv to occur

;' (on the avérage) 100 nsec after the passage of the particlé, with a jitter

- of 100 nsec (.,s.ee‘ Fig. 46). 1If this jitter is due to variations' in electron
transit time. to the anode, we expect that the"‘ti‘rne r‘esolﬁtion will be cor-

respondingly better in t-hilnv( 100-ju) 'chambérs.

When we raise the dc volta.ge above that necessary for avalanche,
we find a né.rrow band of‘Voltages (usually near 5 kV) for whic_in the wire
chamber behaves as a low-efficiency dc spark counter. The sparks are
relatively.r low energj (they don't seem to damage the. 3.5-u wire), are
less than 200 y in diameter, and‘ follow a collimated 60-keV x-ray source
as it is moved é._lo:ig the Wii'e.. The pulses produced on the a‘nbde wire by
these sparks are 100 nsec wide :aﬁd 5 - 10 volts high into a 50-ohm load.
Because of the sirﬁplificatioh in readout afforded by éuch‘a large output

pulse, we shall try to increase the efficiency in the spark mode by pulsing
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Fig. 45. Apparatus for measurement of timév're'solutibn.f The liquid .
xenon chamber pulse was delayed for purposes of display (see follow-
ing figure), : e ,
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the chamber to higher voltages, Eﬁen when the dc breakdown voltage is
only 5 kV, we have found that the chamber can be pulsed to 10 kV (£0r
1 psec) without spontaneous breakdown. .

8. THOUGHTS ON PRACTICAL HIGH-RESOLUTION CHAMBERS '

Conducting Strips on Glass and Mylar

in order to deve.lop a pfactical high-resolutioncounter, we propose touse
conductiﬁg s.trips attachedzto aninsulating substrate. Corporafions such as
Buckbeé.-Mearé can 'inexéensively produ‘ce. a 6% 6-in. pattern 1n chrome
(with a resolution of 2' ) bonded to a shéét éf glass.'v ItlS i‘r‘rllpdvr_tafxt to
realize that so far’as'_.,cl;)ndu»ctir.lg.1ines are éoncerrie‘d, integrated-circuit
techniques’ caﬁ be applied on arlarg.e_ sc‘alé.l In the folloWing section we
discuss how it i§ Aeven possible to deposit a row obf sharp poin';s»-on.e'ach

conducting strip.-

Deposition of Arrays of Points

Sev'eravlr day_é a.fter discovering the ease with §vhich poin‘fs can be
made to produce avalanche mu-.lt'iplication, we fec.eived_ a lgtter from
Don Cbne of the Sta,nfofrdv Res.e.'arch ;Insfitut'e.' }ie' Wfofé.thé.t it'is within : '
current téchhol.ogy to pro'duce.:'a'rfays of points with tip .raélii of
ovnly a few thousarid. éngétrﬁfﬁs, ‘and p're‘.c‘ivse ZS;H s?éciné bet\x%een tips. -
Scanning. elect-ron micrographs 6f such array_sb_ are shown in Fig., 17. |
These arrays are made by:a simplé but i'n'geriidu‘s,t'echvn_ivque. A screen

with squarAe_holes at 25-u spacing (nﬁé.nufactﬁ;’ed inexpen_'sively by
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Fig. 17 (a) Scanning electron micrograph of deposited

pyramids, spaced 25 p apart.
(b) Scanning electron stereo pairs of pyramids. For best
viewing, remove eye glasses and insert a cardboard septum

between the nose and the two pictures so that each eye views
only its respective picture.)

XBB 7010-4433
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Buckbee-Mears, St. Paul, Minn.) is placéd over an insulating substrate.
A tungsten-a;lui—nina or chromium-alumina alloy is then vapor-deposited
thr'ough the screen onto the substrate. The substrate is plated with the
‘images of the holes, and as the holes crlog up, smaller and smaller squares
are plated, until the holes in the screen are completely filled and on the
substrate we are left with the pyramid-like structures shown in Fig.

17. There should be little difficulty in makiné large arrays by use

of this technique. Likewise, by spacing the screen several mils above
the substrate, and by moving the source during the initial stages of depos-
ition, long rows of these pyramids can be electrically connected.  We
shall soon be using pyramid arrays in our chambers in order to look for
avalanche multiplication at the tips. The fields at the tips of the pyramids
must be great enough to produce'el’e_ctron avalanching, yet the field at

the opposing plate must be lower than' the field necessary to produce field
emission. In Fig., 18 we show the electric field enhancement factor for

a spheroidal structure placed on a flat plate, 10

Readout

A more detailed discussion is given in Ref. 14; a brief Sum@ry
follows. With recent advances in large-sgale integration of solid state
circuits, large arrays of closely spaced wires can.be automatically
scanned. The charge level deposited on a wire iﬁ the noble liquid detector
is on the order of 1 to 100 picocoulombs, weil above the switching noise

of a device that we shall now describe.
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Fig. 18. The electric field enhancement factor for a speroidal
structure on a flat plate as a function of the aspect ratio. This factor
is defined as the ratio of the maximum field at the surface of the
structure to the field that obtains when the structure is removed.
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Fé.i.rchild. Serﬁicbnductor Division h.asi devgloped‘ a self-scanﬁ_ed
48-photodiode array, the FPA 600. The diodes are spaced 200 to the
inéh, énd'.ea‘ch is connécted to an FET switch. A self-scan generator,
integrated on the same cAhi.p, controls the FET switch"e.s.i “ When a switch

is turned on,v the charge developed at the diode appears on a comrhon
drain line. A driving frequéncy of 1 mHvzv.'and a start pulse are supplied
from the outside to drive tﬁe vswitches“consecu‘t’ively. When a svw'itch

is "off, " the leakage ffom its input ling_ is 0.1 pA. The minimum
detectable signal»(limited by the sWitching noise) is 2 X 1072 pC.
Fair'child' is .presently considering makihg 128 switches per chip.

From the discussion with Fairchi‘ld représentativés, it appears .
that a rather minor change would be‘. reqt_xired to modify their device to
suit our r'equiremeni:; By aifériné ‘the mask used iﬁ the producti_on of
this cbhip,r a metallic bonding pad can b'e'conné'ctved to each FET S,Witch
in place of. the photodiodes (seec Flg 19) so that it becomes an ''elec-
tronic rotary'switch. " The applications ‘of this device extend far beyond
those of the noble liqﬁid' détéctbr.. The readcv)u‘t’ of other multiwire -
,countell'é' is.one typgl of direct'applicatilon. We estimate"that the price
can be reduced in the near future to less than $0.30 per switch, providing
there is a large eno.ugl‘x déménd. Wé should keep in mihd.that this cost

- includes the complete driving circuit for each switch.

Sevefal of these devices can be connected in series to provide a
self-scanned array with size limited only by the time resolution required.
For example, in a cosmic ray experiment or in an accelerator experi-

ment with particle traversals below 50 per second, a counter of 5120

wires in which 40 self-scanned devices are connected in series would
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require 5.12 msec to drive the data into a computer memory with
relatively little additional control logic. .
If better time resolution is required,b ‘then an additional integrated
circuit is necessary (see F1g 20), having the following properties: e
(a) all chargle on the wires will be leaked to ground with a time constant
of about 100 nsec,
(b) Whenever an event is ident.ified (and before ail the charge has
leaked to grdund) all lines are briefly connécted to individual storage
capacitors., These capacitoré can then be read out by the self-scanned
array mentioned above, -
With this scheme, the.r time resolution of the detector should be

somewhat better than that of present-day spark.chambers.
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APPENDIX A. SOME USEFUL FACTS ABOUT ARGON AND XENON

Boiling point at 1 atm.i_ (L"C)
(°K)

Melting point at 1 atm (°C)
(°K)

Density of liquid (g/cc)

Density of solid (g/cc)’

Density ratio, liquid/gas,
~at 1 atm

Ionization ?otenﬁal (eV)

Energy loss per 100 . (keV)

(minimum ionizing radiation)

Ion pairs per 400 p
(minimum ionizing radiation)

Fraction of a radiation
'length per 4100 p

Cost of gas
(at standard temperature and

pressure)

Suitable refrigerant

Refrigerant cost

Argon

-185.7
87.4

-189.2
83.9

1.40

(-186°C)

1.65 -
(-233°C)

785

15,76
21
810
0.00067

$80 per 200 £t>

(<1 ppm

' ~ impurity)

Boiling liquid

argon

'$26 per 100

liters

Xenon

-107.1
166

-111.9
161.2-.

3.06

(-109°C)

2.7

- (-140°C)

523

12.143

43
Approx 1500
0.0044

$25 per liter

Melting Freon 11

$77 per 15-gal
drum .
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_APPENDIX B. NOBLE GAS PURIFICATION SYSTEM
The noble gas p’urvificatio“nﬁsy's'tém used in our work is shown in

Fig. 3.. The total volume of the system is 4 liters. The system

~ consists of four chemical reaction tanks plus two. 1-liter ballast tanks.

The spai_:.'e velocity of a reactor is défined as R/V, where R is the
flow rate in liters pér hour and V is the volume in liters. At a flow
rate of 2 liters/min fhé si)ace velocity of our purifier is less than
500 per hour per pass in all stages. |

The firét stage consists of Linde molecular sieve 4A, at room
temperature, w}vﬁ‘ch rerr_mve‘SVWater. by adso.rpti,on. The second stage

is a reactor containing calcium turnings and is maintained at 660°C.

‘Here, the oxygen a—r_;d;vnit'quger}m_fa?q__removved according to the reactions

2 Ca+ O, -~ 2 CaO, 151.0 kcal/mole,

3Ca + N, - Ca;N,, 103.2 kcal/mole.

2 2’
When th_e'freshly’ charged turnings are heated, the water adsorbed at
their surface is released. In the presence of calcium the water is broken

into free okygen and hydrogen, Therefore fres‘h‘calcium chips must

be heated and pumped on before they can be used to purify gas,

The third stage is a reactor containing an active copper-catalyst

)

preparatiqn maintained at 180°C. This material, called BTS; is’
produced by the Badische Aniline und Soda-Fabrik. 12 The main

reaction is

2 Cu+0, = 2 CuO, 31.1 kcal/rhole.

2

When H, or CO is present the fblldwing reduction reactions occur:

2
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CuO + CO - Cu + co?z' ;

CuO +H, - Cu + HO .
The latter reaction is used in two ways:v to remove the hydroger} :
released in the previous stage, and (in a separate operation) ‘to. occa- |

sionally regenerate the BTS. Regeneration is acco_rnplished by passing

a mixture of ‘4% H2 and 96% He over the hot BTS pellets. When the v

copper is reduced, the released water is removed by heat and evacuation.

The fourth stage contains molecular sieve 4A at dry ice tempera-
ture, This serves to trap the'remaining water left over after the
regeneration of the BTS and to rernové CO2 and hydrocarbons from

the system.

.‘)Si;
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