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7 PAR.TICLE DE'I_‘ECTQRS BASED ON NOBLE LIQUIDS -
Richard A. Muller |

Un1vers1ty of California Space Sciences Laboratory
Berkeley, Cal1forn1a

and

StephenE Derenzo, Robert G. Smits,
Ha1m Zaklad and Luis W. Alvarez

Lawrence Rad1at1on Laboratory, Un1vers1ty of Cal1forn1a
. Berkeley, California

September 1970

'A'BSTRAC‘T'

In order to bu11d a thin part1cle detector with 10 micron

' spat1al resolutmn and automatlc readout, the avalanche of ion-
1zat1or1 electrons in hrgh electric fields in liquid argon and liquid
xenon.h‘a's been studied. We present a echeme using an array of
points that could be used to- make a reliable 1iquid argon filled
.detector. The avalanche pulses in liquid xenon have a risetime '
more than three orders of magnitude faster than that in liquid
argon, suggest1ng that the pOS1t1ve charge carriers are holes,
and maklng possible a detector w1th a time resolut1on of better '
than 100 nanoseconds. A direct observation of hole conduction

is desc_ribed.
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We have been studying the avalanche of ionization eléctron_s in .
high ele'ctr-iciz fields in the noble:l.iqﬁids,_ argon and xenon. We have
observed the avalanche in.both of théée liqui>ds’1"2 at fields of about
106 grolts/c.rn.; We bbebliev..e the existence of this av#lanche makes pos-
sible a particle detector with a thickness of 100 microns or léss,
with a. spatial res_élution of +10 miéfoﬁé: Such a detector v&).ouid in-
troduce '<.0.0.05 radiation vl.engths. ‘F.our Our. studies, we have con- |
structed detectors using singie wires 2.5.1:(-) 26 micro.ns in diafneter,
fflied w1th purifiéd_i’ 2 liquid argon and bx.enbn in a geiger counter
gé_ometfy. |

Wé have been ﬁnable to ma.k¢ a reliéble detec'for» using liquid
a'fgdn. The e.ff.iciencyvf_or particie vdétecti(.)n has never v‘been‘bet"cver
than about 20%. The 1§w efficiency is due ‘tcv> the existence of 'hot
-spots"' oﬁ the wire, sﬁiéllér than 4 mm. in length. The wire has ap;
' pfb}iimé.tely 100% éfficienc_y for avalanche in the fegioh of‘ these hot |
s'pots',. and almost zero effi(:iency elsewhere. The hot spots may bé
due to sub—microscépic .irregularities that locally increase the field
strength. We have beeﬁ unable fo cont‘rol"_che number of hot spots h
that occur on a wire ‘s_ubrﬁerged in liquid 'a-rgon.v If we attempt to
improIVe the effi;iengy by increasing the voltage, we observe spon-
taneous spar1:<.1ing in.dep,e‘ndent of the brese‘nc'é of ioﬁizing radiatio’n. -
However we have observed that a hot»épot always occurs oﬁ the tip of
Van etched tungsten point, if.the tip radius is one micron or less. It

should therefore be possible to construct a 'useful.liquid argon 'particle



detector by using an- arr-ay of sha;rp points. Arrays of such polnts
have been made with 25 m1cron sPacmg by Done Cone and his group

' at the Stanford Research Instltute using a vapor depos1t10n techmque |
A typlcal array is shown in flgures 1 and 2.

Our effor-ts with l1qu1d xenon have been nduch more successful.
Wlth a 3.5 micron d1ameter tungsten w1re, submerged in purified lig-
~uid xenon, 3 typlcal operatmn is as follows At low voltages below

about -500 volts (voltage of a concentrlc cylindrical cathode about 4
mm in rad1us with respect to the wire) we observe only ionization
charges collected 'on' the wire. Between -500 V and -3.5 Kv,the .ion-
ization electrons avalanche in the vicinity of the wire, giving a gain‘ '
‘of un to _104. But unlike our results with argo.n the efficiencv for av-
alanclle is good all along the_wlre, somewhere between 25% and '160%.'
At'high_eri voltages vve have observed asparki‘ng mode, with.the charn-
ber operating as a D-C spar—k Chamb_er. However the efficilency-o.fv the
chamber in this mode is very low, probably less than 1%. The spark
doe-s_ not seem to damage the fine wire. A hu_‘nd‘vred- volts or so above
the DfC spark chamber voltage the sParks occur Spontaneons-ly, in
the absence of ionizing radiation. Because of the 1arger pulses in
the Spark mode, we are attemptlng to improve the eff1c1ency of our
detector by pulsing it to h1gher voltages We know that our cham-
bers can be pulsed to greater than 10 KV for 1js ‘without spontaneous

sparking, even when the D-C b'r.eakdown»voltage is.only 5 KV.
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Fig. 2. An array of pyramids. The spacing between
tips is 25 microns.
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Fig. 1. A pyramid made by Don Cone and his group at Stanford
Research Institute. (Scanning electron microscope photo-
graph.) The height of the pyramid is about 15 microns, and
the material is an alumina-tungsten alloy.



_ _The._a:valanche vpu'lses in liqﬁid xehon.hav‘e orie.' extrerr.lely inter-
evst‘ing feature. Whefh:e‘r ‘the avalanche occurs on a 'fine' wire or an
etched itungsten‘p'o:int,ﬂ the rise-time is. very fast, 'less thah' 6 nano-
see'ohds., ohr rheashrement .lli_.mi"cve.d by the rise-time--efioﬁr oscillo-
'scope. For afgor; the rise4time is moré than three orders .of mag-
nitude long'.er. The rise-time.ih 6er counfehs i‘s"detei‘minea‘by't.he mo-
tion of ?ositive chargee away from'.the wire, sv{nce mos"h -ef the av- |
alanche 1s c‘.reated 1n .the vieinify of the w1re and_ the electrehs move
, orily a short distance to the anevdve The fast rise' time t'herefore;i.n-
dicates high positive charge mob1l1ty, suggest1ng that the pOS1t1ve
charge carriers are holes

We have done one other expenment that suggests that hole con;
du.c':-twn. ovccurs in purified 11qu1d xenon under the influence of h1gh -
elethic fields. We cons’trﬁcfed__a'chambef with two spherical elec-
trodes 3/16 inches in diameter, 'spaced 0.05 ihehes apax;t; | On the‘ L
lower sphere we placed a small ArnzfM alph'a‘emi'tter. 'The rahge_ of .
the 5.5 MeV alphas is about 0.(.)02‘ inches in both liquid.argon and lig-
uid xenon. " Therefore the ionization o_ccﬁrs_ _i'nv the vicinity of the lower
) elec’ci‘ode. If the lower electrode is at hegatiye vo.ltage_ we observe |
.the mqtion‘of the negative charges 'towar(_ls fhe upper electrode, .and
if the lowef 'electrode is pesitive we observe the motion of positive
charges. At 15KV, in liquid argon, the drvift. time for the negative.
' chafges is less than 0..'.5 microseconds, and the drift t.ime for the

positive charges is greater than 50 fnicrdseconds, consistent ‘w‘ifh
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prev1ous observations that the negatlve carries are electrons

and the positive carrie.rs are 1ons.l Us1ng the same chamber filled
with li.q.uid' Xenon we fvind‘ that the drift ‘fime ferv Bdﬂi pp sitive a'pd neg-
afive: chai'ges is less than 05 miv'crosecohd.s,» indicating beth elecfron
and hole coedﬁction “ |

The pulse he1ght when the pos1t1ve charge mot1on was observed
was only 30% - 50% that for the electron motion, perhaps indicating
that holes are‘more easily trapped on the _1rnpur1t;es in our xenon
than are'. electrons.

. The fast rise time of the pulses in liquid xenon has important
consequences for high energy phys1cs experlments. It should allow
the design of e. detectof w1th good ti-me re'sojlutio'n' (20.->40 nanoseconds)
as weli as good spatial reso’lution,. using the convenient scanned rea.d—
out described in feferences 7 and 8.

For the detgai»ls of some of the experiments described in this
paper we refer the-reader to referenee 2.

We would like to thank »Dennis B. Smith and Carl Pennypacker
for help in all aspects of this work, and we are 'g_ratefui to Charles
Kittel for a very infprmative .convefs'afioh. We are indebted to Buck
Bu'_c.kipgham, Ernie Cufrie_r, Joe Savignano, and Tony Vuletich for |

help in the construction and ‘maintena'.n’ce of our apparatus.




FOOTNOTES AND REFERENCES =

Prospect of High‘Spat’ie.l Resolut__ion for Couuter Experiments:
A New:vParti‘cle _Detector T.lsir_lg Electron Mult_iplioation in Lig-
uid Argon. Dérenz_o,'Mullerl, S_mits, Alvarez, UCRL'-'19254.:
Pu_blislred in 1969 NAL Smnrrxer Study Réports, Aspen, Colo-

'~ rado. | U -
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_.We have pur1f1ed our xenon using a pur1f1er similar to thatused
for argon, de'scri_bed in-referencevZ. We have not measured
“the ja.r."aount of resbidualin.xpuri:ties, (a:.lthough we know that when
»purinfyi'n'g:argonthe_:arrlount of r‘esiduel oxygen is less ;tllan 200

parts per million. : _ | | |
G. W. Hutchinson, Nature 162 -610 (1948)' tlx_esis_, St. Johns

»College, Cambrldge, 1951 (unpubhshed)

Dav1dson and La?rsh Phys Rev , 14, 220 (1948), 1, 706 ('1950).

_'John Marshall, Rev. Sc1 Inst. 25, 232 (1954).

.In principle, a l1qu1d argon. detector also’ has good time resolu-
tion because although the_ rise—timevls deterrnmed by the mobil-
ity of positive charges, _thev delay betwleevn th,e. passage of an ion-

izing particle and ris:e of a pulse to a. certain height is deter-

- mined by the electron velocity. Thus although the pulse is slow,



it reaches a certam pulse height at a well determmed time.
For a deta11ed d1scuss1on of the readout methods apphcable to
the high resolutmn eha_,mbers discussed here, see Integrated
Circuit Readout for C.losely Spaced Wire Arrays, Haim Zaklad,

 NAL 1970 Summer Study Report SS-181, also UCRL-20423.
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A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
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