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V. WORKING LIQUIDS FOR BUBBLE CHAMBERS.

e Sy e e o

V.1l. G.BE. Kolmus = Survey of somc bubble chamber liquids.

e e

There arce meny liquids which could be used in lorge chambers, and if
liquid--liquid ond gos=liquid solutions arc included this number beconcs even
J

greater, I will 1imit this survey to liguids ond mos--liguid mixtures which scem

to us to offer sonme specinl advantases.

Teblc I lists most of the rclevant propertics of a selection of liquids.
The radiation length (conversion length) is calculated from the formula in Rossi

"High Encrgy Porticles', p. 220.

This list is by no mcans complcete, since it neglects the fluoro-carbons
used by dohn ot Fribourg (Rev. Sci. Inst. 29, 2, 184, (1958), which have radiation

lengths of about 25 cm, and also the SnCl, - CClF3 mixturcs uscd by Argan et al.

4

(Nuovo Cimento, X, 1, (1958). However this last micturc docs not appcar to us to

offer mony advantoges.

The opecrating conditions of propsne, propane--mcethyl-iodide, methyl-iodide,

3Br and CFBI werc found experinentally by us ot
1

University College, London, using a 1 1/2 disphragm operated, Monel chamber

tungsten hexafluoride, CF

with fuscd quortz wondows, The other results are from the relevant literaturc.

Of this list, I wilil not consider in dctnil tin tetrachloride duc to its

i

excecdingly high operating terperaturc and high corrosiveness, hydrogen bromide
due to its hish probable operating pressurc, methyl-bronide duc to its instobility
an¢. the fact that it offers little advantage over CFEBr which operated at lower
temperature ond pressurc, and CF2Br2 which offcrs little advantagze over CFBBr
but operates ~t o nuch higher tommeraturc.

Tungston hexafluoride. This substance was first used by Teem's group

at Colifornie Institute of Technolozy (Wuovo Cimento 6, 1480, (1957)).Subsequontly

e §
we successfully used it in our chamber ond found that the operating temperaturc
and pressurc wos substontially lower in our chember thoan in his. However, we
found that the windows (both fused quertz ond pyrex) boeome etched after o period
of several days, cspecially by the vapour phase. The nonel appeared to be

unattocksd but the fluon gaskets were somewhat discolourcd. The conclusion reached

PS/639



- 34 -

¢ HNVHLHR

¢ 29 LTt 61 LT 08 T hroromontaTug
) ) ) 2.2 EICEATEI
29 9°8 L°¢T 9°1 6T Elg 4 IoyougraoonTaIa
¢ N THLHR
L[] o . cH
65 0°TI L°9T G'T 8T ¢ TED ovoONTI
X : X "TOK X8 TVA0UT 005
00T Yo LT 9°¢T 8L°0 1z 6 F0TQT TXEITT ©)oce
; 3 “I0A X9 HIVA0u ©/505
&8 ot 0"t T 0% ott ACIA0T TIEIAI ©,/00G
c ATTI0T
. '\ .
L9 e 15 LT ¢ 01z I7HD —
\ z G CRARO}E
g rv AR ¢T ~ T°T ru 92 ru YT v IgEED T
RO
° [aY)
Gl v 8 ru ANaY G Tru zv rv 05 Igu g
9% L°C 9°8 ¢z 92 6T - oY NONEY
¥l 06 L2t 71 0z oLz Voug mﬁmoﬂbéeme
NI&
: : : g GATHONTIVYEE
9 JRYS 86 9°2 0z 82T Eg e
GTT 01T ¢ Ly cro T2 85 8y ANV I0Ud
ahy GITT 1°89 200 LY oz - °n HEDOUTLE
T g1
0 o Nho \m T /8 WLy 9%
HIONET HIONTT HIDNET ITISNAC MINSSMI * WAL TYTHELVH
NOIIOVMAINI| NOIIVIQVY | NOIIVIQVN | ONTIVHEI0 | ONIIVEEA0 | ONTIVEEA0

I §74d7V4d




- 35 =

was that although chambers of 2 very few litres might be operated without too
great difficulty, larger capacities than this would provide formidable construct-
ion, corrosion ond safety problems. In foct Teem's group have abandoned their

127 WF6 chomber.

One other point thot might be worth mentioning is that WF6 is not very

readily available, at any rotc in England.

Zenon.  This is rclotively casy to hendlc, but due to its high price
cven if sufficient quantities were available for large chambers the cost would
be prohibitive. The precautions asainst lesks and conscquent loss of xenon would
probably be as severc as for o highly toxic liguid. Gloser has built a 12" xenon
chamber which he is operating at Berkeley cnd also the Russiaons are reported to

be building such a chamber.

Methyl-iodide propanc mixtures. It had becn realised for some time that

methyl-iodide would, but for its instability, bc a convenicnt heavy liquid for
bubble chomber. Plcss first overcome this objection by using ncthyl-iodide propanc
mixtures. The cction of the vropanc was twofold. Firstly it lowcred the operating
tomperaturce and secondly it inhibited the decomposition to o certain extent. The
operating conditions renorted second-hond to us, however, conflicted with our
ideas concerning the gas-liquid system. Aport from this, however, the systcn
offered = mcans of operating large chamber with heavy licuids under none too
scvere physical or chemical conditions. We thus investigated this system fully.
The experimental results of it can be scen on Figure 8. The shene of the
sensitive region appears to be gencral for all gos-licuid systems, the peak
beeoming less pronounced the closcr the sensitivity vapour nressurc curves of the

two constitucnts.

We found that the color:tion duc to the decomposition becaie serious
at concentrations of methyl-iodide gprester than 50 oo by volume. Even at 50 o/o
CH3I when operating at the wiper limit of senvitivity, i.c., ot 12000, the colour
of the licuid was cuite noticeable. It should be noted however that our chamber
contained no material such s copner which would combine with the frec iodine

liberated, and thus clear the solution.
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I understand that a 50 o/o CH_I - 50 o/o CjH8 by volume nixture was

3

successfully used during a run at Saturne by the Ecole Polytechnique group. Also,

I believe that their operating data is in good agreement with ours.

Trifluorobromo nethane CF Br., This substance was first suggested by
J
Kuznetsov (USPEKHI FIZ. WAUK, 64, 2, 361, (1958)),and by Bugg (Rev. Sci. Inst. 29,

587, (l958))its operating conditions being determined by the latter. Hahn also

reports having used it. At University College, London, we deternined its operating
conditions, which agreed closely with Bugg's figures, and determined its
sensitivity--vapour pressure curve and critical temperature and pressure. These

can be seen on Figure 9.

CFBBr is non corrosive, stable, non-toxic, and non-inflammeble. It
operates at just above room temperature, and at a reasonably low pressure. It is
relatively cheap, costing about & 7 per litre in Englond. However, if large

cuantities vere required this price might be substantially reduced.

Trifluoro iodo methane CF_I. This was first suggested by Bugg as a
—

possible bubble chamber liquid, and operated by us at University College, London-
We found its operating conditions and vapour pressure curve up to its critical
temperature. This is shown in Figure 10. It has o radiation length of 6.2 cm,

and an interaction length of 53 cm. Unfortunately we found CF3I to be rather
unstable, a floke like suspension appearing after a few minutes under onerating
conditions. We did not have sufficient of it available to carry out any tests as
to the possibility of inhibiting the decomposition, although this would in our

opinion be very worthwhile. We did however find it to be miscible with propane.

CF3I is not commercially available in Englcnd, its price in the U.S.A.

being S 30 per 100 gram.

General conclusions.

1. Xenon is not practical for large chambers dueto its scarcity.

2. Tungsten hexafluoride presents formidable problems for any but small
chambers.

5. It would be of interest to investigate the possibilities of using
CF3I - propane mixturcs, althouzh at present the price of the former

is prohibitive.

PS/689



600  VAPOUR PRESSURE CURVE QF CF3 Br
P=595 ——— T oo m o m e == —= -

Ul
o
e

400

PRESSURE P.S.I.(GAUGE)

:
|
l
!
I
|
|
|
l
l
|
|
l
|
I
I
a
!
|
|
|
|
|
1
1

0 50 60 1_.g7oc 70
TEMPERATURE °C

200 ¢ ,

N>
Q
W
o
~+

Fig.9

SIS. R59/392



PRESSURE PS.I.
?(GAUGE)

700 VAPOUR PRESSURE CURVE OF CFjl

60Q

500

400

—

300

|
|
I
|
|
|
I
|
|
SENSITIVE |
[
I
I
|

200 REGION
100
0 T T T T T T T T T T T —
10 30 50 70 90 110 T.=183°C
TEMPERATURE®C

Fig.10

SIS.R59/389



-3 -

4. Methyl iodide-propane mixtures can be uscd up to concentrations of
50 o/0 CH3

due to the high operating temperature. It night well be possible

I by volume. Above this, decomposition is rapid, mainly

to use nixtures of nethyl iodide and either ethene, methane or ethylene,
which might work to higher concentrations of CH3I'

5.~CE3Br was found to be easy to hondle and operate. It can be used in
any chamber designed for propene. Thisg liquid appears to be ideal for
experiments involving heavy liquids, where free toarget protons are
not required. If free protons are required, mixtures of CFBBr and
propane can almost certainly be used; their ronge of operating
temnerature being 300 - 60°C.
An exceedingly interesting mixture from this point of view would be
CFaBr and CHBI’ the radiation length would be between 5.5 and 11 cm
and the operating temperaturc of a 50 o/o - 50 o/o mixture would be
about 90°C. Howcver, since this mixture has not been tried, as far
as I know, it is »ossible thot decomposition may occur.

6., Some of the fluorocarbons used by Hahn mizht offer adventages in

certain experiments where o medium radiation length is required.

Finolly, it is our experience that unless there is a physical reason

for using gas-—liquid mixturcs, purc liduids are far simpler to handle cnd operate.

DISCUSSION.

Hahn 4 What was the temreraturce of opecration of the tungsten hexa-
fluoride in your chamber ?

Kelmus H The chamber was fully sensitive at 128°C ond the foam had
definitely set in at about l47OC. Teen was still getting tracks
at 147°C.

Salmeron : How do you define the sensitivity range ?

. i P N . 60 .

Kalmus : We did most of the experiments using a Co  source. We filled

]

the chember with a liquid, or a cetain concentration of a
given licuid wmixture, and we heated it up to a temperature

at which we thought it would operate. We took then a series
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of photographs with and without the radiocactive source. If
there was a significant increasing in nunber of bubbles when
he source was present, we colled that point the onset of
sensitivity. The foam 1limit was easy to see. This method

. , . o
defines the linits teo cbout 27C.

When you define o foam limit, what does it nean in terms of

0o

Peyrou

pose you have foar at a given expansion

expansion ratio ? Su

13

ratio wné ziven temperature, if you reduce the expension ratio
by a fector of, say, 2 will you still have foam or not ? Then
if you have trocks you cannot say it is foam with the reduced

exponsion ratio .

Kalmus We did not really do mwuch on this. We always had a sufficient

LX3

expengion ratio, in fact preater than it was necessary. There
is another point we wight bring out. It was our experience,
with a siall chamber, thot it is easier to work with fewer
liquids, even if it is necessary to work at few degrees higher,
Less overpression is needed to recompress, it is easier to have
homogeneity and consequently therc is less opticel distortions.
I believe the Ecole Polytecimicue grour has some experience

about this.

Bloch Definitely up to few hundred expansions we can see index of

oo

refroction gradicnt inside the chamber, but with visual
observation during expansion we do not see distortions in our
tracks after few hundred expansions. We hopc that the optical
distortion diappears but we had not yet time to do accurate

neasurement on our tracks.

Hahn Our experience is that when we vse very fast recompression

eco

then we can prevent bubbles going to the top and optical

distortions irprove.

Bloch Our experience is thot we can allow in our chamber few bubbles

oo

going to the top. Perhaps this is due to the fact th~t our
chamber is laorger thon your experimental chainber, but we shall
have a morc conclugive opinion ofter having done accurate
neasurenents on our tracks.

We hove noticed that when the wixture was uwniform it was all right

oo

Kalrus

if bubbles never reached the tou.
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Henderson : How long does the Ecole Polytechnicue group take to fill the

present chamber (BP2) and to set it uniform 7

Bloch To £i11 only, about half an hour. But if you consider the

oo

complete preparation of the chamber, starting from the beginning
it tokes 8 to 9 hours to have it ready for operation, including

about 6 hours for heating.

Hahn

oo

How do you neasure the con osition of the mixture ? Do you

neasure the donsity ?

Bloch At present, with o ruler fixed ot the chauber we just measure,

o

to within 1 mm, the heights of the volumes ococupied by the
liguids. &ccurate neasurenent of the composition will be made

by spectroscopy by the "Institut du Pétrole.

We cannot measure the density because we would have to measure

|l
&)
0
5]
[
=
i
U
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it during the expansion, when the licuid is in a metastable
condition. We intenc to check the density by looking for
scattering of m-mesons on »rotons. If the scattering occurs
in a plane parallel or perpendicular to the front glass it is
possible to measure the density and the index of refraction.

5.2. B.Hahn - Survey of some bubble chamber licquids,

e e 2 e

Among the liquids for bubble chambers there are two extremes in apnlication:
1, Liquid hydrogen, which offers the possibility of doing experiuents
on free protons.

2. Liquids with high Z, which have high density and short radiation length.

T would like to give the operating couditions of several licuids with
high 7 that we have tried in our experimental chamber. The same liguids we night

try now in our vresent cheunber, which is larger.

Mpure 11 swmarises the operating conditions os such liguids. The
onerating pressure (p . ) in atmospheres is plotted as o function of the
) - onerating

operating temperature (T )in degrees centigrades. The operating pressure

operating
coes up to about 30 ati (ezcept for substances lilwc water, for instance, for

vhich it goes to 180 otm, but then it is not intercsting). In Figure 11 the
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