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Thare has Long been an interest in using an ulirasonic standing
wave system Lo provide the necessary expansion in a bubkle chamber.

P

Several advantages weuld ensuel the most obvious, apart from the replace-
ment of the bulky expansion system by static crystalsjheing the
potential high repectiti rate.

In a rch for the ultrasonic excitation of bubble growth

1y 2}

along the tracks of Lenising particles; lughes ; Habn and Peacock

and West and Howletti 3),-have demonstrated neufren semsitivity in organic
Theavy! liqyﬁdss'ﬁawever, all previous attempis to produce bubble tracks
witrasonically have been unsuccessful, regardless of the cheice of liguid.

‘ 1) S . )

Hughes s Schoch . and Hogers ¢ have discussed the pessible
advantages of heliwa ag a working liquid. Conventional helium bubble
chambers camn werk with expansions as small as 100 torrji these pressure
amplitudes are realisable by ulLrasonl techniquess Foliowing trials
'aaing Beradiation im a helium ultrasonic chanmber at ﬁgI{T., Massa, a)’
we decided early in 1967 to build a small helium chamber at CBRK, in which

ulitrasonic ewpansion counid bhe tested in particle beams.

Principle of Operation

The-w@rking couditions in an ultrasonic bubble chamber are

illustrated in.Fig.Al). Figure la) shows the instanianeous vartation
. . .

of pressure along the axis of the standing wave field_between the crystals.
" Planes a,b,c¢ are the pressure antinodes of the Standing wave. Figure 1lb}
shdws the variation of pressure with time at any antinode. The static
pressure”p' is always slightly higher ithan p the saturated vapour
prcbsure at’ the working téuperature,’ in order to avoid steady boiling of
the liguid. A certain winimum pressure p is necesgsary in order to form
& critical bubble from the energy deposlted by an ionising particle.
(5&& Seitz 6 “T. A P&Ttlbl& iraversing the antinode during ithe interval

of time between %, and £ can gonerate a critical bubble in less than

i "2
-9 . s . .
10 sec. However, under the working conditions of a conventional helium
chamber, it is impossible to grow a bubble to a visible diameter {100 p},
during the expansion half-cycle of a typical ultrasonic field. Fortunately,

the absorption of sonic encrgy Trom the field is irreversible.
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Conseguently one 5y
bubbles formed early in the interval between ¢, and td will not be
. . - A
cempleteiy recompressed in the subscguvent hallf~dycle, and  can- then grow
' }
o

tﬂ vizgible size over a number of cycles +If we call the end of the

s.’?

itive interval’ for bubble growth %€,, the ratio (%, ~ ti) /

3

gives the fractional semsitive time, where T is the period of the ,

zend

sound wave. ngﬁ of the tranzfer of encrgy iz by a process of resonant

. R g
absorption, as pr@dlvtcd by Trammmj “%j and dcmanstrated earll 1 by

the authors in caLlabaratlon with others 93« Flnally, it waauld be

noted that the dependence of bubble density on particle velocity is

sgentially wvnaffected by the distribution of sensitive regions,

Description of the Chawher

The chamber is essentially a horizontal cryo tat campo sed of
threo cylindrical glass vessels. The inner vessel contains two
plezoelactric erystals (PZT &), the mechanical alignment of which can be
adjusted from the exterior. The cryestal diameter is 7 cm, and their
sepafﬂtion can be set from 5 to 25 cm ¢ for the resulits reported heoro
we used a separation of & cm. The inner vessel iz surrounded by a heatl
shield evacuated to < lﬂwﬁ torr. An independent cooling circuit draws
liguid helium through evaporation chambersg in the inner vessely the

«

z,”uitlng helium gag is then re wzzrulacpa around the heat shield and
t
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through tubes in close contact with the mechanicml supportss
the necessity for a liquid nitregen shield. Figure 2} shows the chamber
with the glass vessels demounts 0

We uszed a 25 Joule flash of sabout A0 psec duration, ' in
conjwiction with a cylindrical reflectﬂr>and lens system, 1o prod Tuce
convergent illuminatien. Natural size photos were taken an Polarcid
3000 AS4 film with'a 300 mm /04 camera obie ctive. Gptical.imperfections,
such as flares, grey field, and slight distortions, are caused by
viewing through the multiple curved glass surfaces which are an inherent
feature of this test chamber, \

The apperatus is aligned for operation so that the par i cle

Y

be&m pa*veb alung the eylindrical axis of the chamber.
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Experimental Results

The crystals'were pulsed atvllﬁ KHs with 700 V rms by'a ﬁower
amplifier constructed for earlier experiments on ultrasonic excitation
in Freonsg 10}, After the crystals and chanber had been carefully tuned
to electrical and scoustic resonance, the chamber was found to give
bubbles along the tracks of minimum ionising pions and pretons in the

s “ G . . o
temperature range 3.4 - 3,65 K. {See Fige. 3).

Bubbles were observed to grow to visible size (100 )} within
600 psec i.e. within 50 to 60 cycles of the sound field. The fact that
bubbles can appear at half wavelength intervals is explained by the

O)» The bubble density along

migration of bubbles to the pressure nodes !
the tracks is typically 8 - 10 bubbles per centimetre. Comparison of
the number of tracks ébseyved to the measured beam intensity leads us
o conclude that the fractiona}l sensitive time, as discussed above, is
at least 50 %.

Preliminary data ;1) from the British 20 cm Helium Chamber indicates

that in Helium the bubble density is rather independent of temperature
for a given under-pressurec-£s p. It is well~known, however, that for.
constant L% p the rate of bubble growth increases vapidly at lower
temperatures. These facts led us te operate at the lowest temperature
attainable in our apparatus. To do this it was necessary to pump directly
on. the sensitive liquid s in this ccndition-it'is not possible to vary
static pressure and temperature independently. Thus we cannat'yet study

the reabsorption of bubbles as a function of the static pressure.

It appeafs that with these powerful sonic fields thé bubbles grow
to an uwnstable size in less than 1.8 msec, subsequently breaking to
form diffuse bubble clusters {Fig. 3 c}. The pressure amplitudeﬂwas
estimated to be more than 200 Torr. But it is possible that at the
lowest temperatures the excitation produced megative pressures, which

are known to cause extremely rapid bubble growth.
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- Figure Capltions

Fig. 3)
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1 without the three glass flasks.

o

The Helium Chamnber show
rystals mountced at the right betwesn the cooling
vessels, The gpiral pipes. are for recirculation of the

cooling gas.

L, . ' Y
Reproduction of polaroid photographs taken at 3.5 K.

N

Photos a) and b) were taken after 1 msec of sonic

excitationy ¢ taken after 2 msec shows bubble muliiplic=
ation.
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a) Pressure variation along the axis of
the standing wave field at t=t,

b)Pressure variation with time at

- e o
an antinode

Fig.1
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