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EVOLUTLON OF SOME PARTICLE DETECTCGES
BASED ON THE DISCHARGE IN GASES

G. Charpak

CEBN, Geneva, Switzerland.

INTRODUCTION

In this year 1969, if we look into the experimental techniques used
around high-energy accelerators we ohserve the following situation: the
bubble chamber is still an important tocl, absorbing a2 large fraction
of the activity of the community of experimentalists. Its evolution is
directed towards a greater sificiency and rapidity in the automatic evalu-

ation of pictures, and towards the building of giant rchambers.

What is it that keeps the bubble chamber surviving in the hostile
surroundings of fast-prowing counter techniques? Let us quote, for dis-
cussion, some qualiries and defects of a typieal large hydrogen hubble

chamber, 2 metres long:

= Accuracy in leocalization 0 p
- Interaction length 0m
- HMinimum detectable momentum 1200 GevV/e

- The target and the measuring media are
identical, permitting the visualization
of very complex configurarions around
the interaction point.

- Sensitive time milliseconds
= HNem—selective data-taking
- Maximum number of pictures geveral per beam burst

- Maxiomm number of heam particles
per picture 20

= Msximm number of pictures analysed
in ope experiment ~10°®
4s we shall see, it may well be that there ia not any single property
of the bubble chamber that camnot be equally well achieved by an electronic
detector; or that could be achieved at least in the foreseeable future.
However, there is not any one detector that incorporates all these proper-—

ties at the same time.
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The electronic detectors usnally look at 8 very specific aspect of a
teaction, and do it with the highest accuracy. These days one hears about
wanted accuracies of lﬂ_lII in symmetry problems, requiring at least
100 million events that are askad for in ovder to confront some thecry
with nature. In these two lectures, I am going to summarize the proper-—
ties of some nf the detectors that are commonly used in counter experi-
ments to localize charped particles, and which are based oo discharge
in gases under the influence of electric fields. Since I alseo wish to
underline the trends in the research being carried out on these derec-
tors, I will refresh your memotry zbout some basie facts of gaseous ampli-

fication iz homogeneous and inhowogeneous fields.

FIELD DISTRIBUTION ARODUND ELECTRODES MADE OF WIERE

Since T will have to discuss phenomena occurring in chambers where
the electrodes are made of wires, let me start immediately with the
properties of such structures., They ere of general importance, since

streamer chambers are often equipped with electrodes made of wires in

. order to have them trangparent, &nd they are used ia all rypes of wire

chambers,

Let us consider two cases, In the first one, the electrode made
of wires is fzcing a sipgle electrode. In the second one, it is placed

in the wedium plane of two ather electrodes.

In both cases, the field is very nearly uniform at distances from
the wire greater than the wire spacing. This is why such elactrodes are
usually a good approximaciom for plane electrodes. However, as can be
seen from the equipotentizls (Fig. 1), a sizeable fraction of the potential
can be lost in the gradjent around the wire, and thiz iz something of a
nuizance when one aims only at obtaining a given uniform field at the
lowest woltage. In the case of the symmetrical structure, the region
around the wire is of great interest in the proportional detector, and
it is guite =asy to have a quantitative evaluvation of the field distri-

butions.

We agsume an infinite assembly of wires, of diameter d, spacing s,
distance from the wires to the axtarnal electrodes L. We centre the co—
ordinate sysfem on one wire, with x in the plane of the wires and y per—

pendicular eo the plane, Then for infinitely thin wires, a straightfor—
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ward calculation, done by summing up at one point the affects of ali the

wires, gives thess very simple formulae for the field along the thres

symuetry lines:

¥(0,¥) = 2q 1o sinh X + E_ = 24% corn WX
g ¥ B g

_ . WX _ 2qm X

Y{x,0) = 2q 1n sin -3 + Ex . cot -

]

¥(s/2,7) = 2q ln cosh E-} + E E{F tash 1% .

¥
At wvary small distances, such as 100 P, sinh Tyfs and ein mxfs are
equal within 10" . We thus see that the infinitely thin wire approxima—
tion is a very good approximation to the physical situation, and the wires
of that thickoess can be assimilated to an equipotential of the field dis-
tribution to a great accuracy. A rigerous treatment of these problems

can be found in many textbooks!?,

At a4 distsnce /2 From the wiraes, the field iz uniform within 10%.
At 2 distance 1.2 s, it is uniform within 107,

In the vicinity of the wites, the field varies as 1f¢, as in a cylin-
driczl chamber. We will see that this feature is one of the essential
reasons why such electrodes can work like independent arrays of propor—

tional counters,

EFFECT OF ELECTRIC FIELDS ON FEEE ELECTRONS

M A GAS —— MEMOBRY OF CHAMBERS

If we apply electric fields to such structurss, we meet different
situations according to the field smplitude. Lat us assume that the gap
is filled, at atmospherie pressypre, with noble gases where the electrons
liberated by ionizing particlies or by discharges are free from attachment
to the heavy atoms. The mean collision free path of electtens is typically
10°° em in argon and 3 ® lﬂ-s in helimm. Fields of considerahle strength
would be required in order to give to an electron ensugh energy between
two collisions for it to reach the energies necessary to ionize the atoms
of rare pases (A 1 16 eV; We : 21 eV; He : 24 e¥). But the electrons lose
euly a negligible fraction of their energy in one elastie collision, and

they can capitalize the energy gained between two collisioms.
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The mean free path for lomization by electrons is strongly dependent
on the gas composition, and is typically, for voltages of abeout 10 kV/cm,
. . -3 -
applied in spark chambers of the order of 10 cmj it is close to 10 ¥ em

in the region arcund the wire of propertional chambers where the field
reachas 10% ¥fem.

At equilibriuvm, with no electrie field, the average energy of the
electrons is the same as that of the ions, so the random thermal velocicy
of the electrons is much higher than that of the ions. With an electrie
field, the enaergy of the alectron is higher, and cne defines a Ficcitious
electron tempaerature corresponding to this increased energy. This cem—
perature can be decreased by mixing small amounts of complicated organic
rases, These molecules can be broken by the electrons in inelastic col-
lision, as it reguires onlvy a few electron wolts to do thig. In the
electric field, the electron distribution drifts towards the anode with
a velocity that is dependent on the field znd on the electron temperaturs,
The lower the temperature, the higher the veloecity, This is partly why
organic additives are added in proportional chambers since, as we will see,

this velocity controls the time resolution.

The field dependence of the drift welocities in a gas made of
argon + organic additive iz illustrated by Fig, 2, The wvelocities are
in the range of 10°* to 5 x 10% cm/sec in the mizrure of A + methane,
widely used in proportional counterg, In the neon—helium mixtures used
in spark chambers, the drift velocity isg also of the gsame order of mapg—
nitude.

If we apply a voltage of 4000 V to a structure made of wires of 20 1,
2 mm spart, with a gap of 8 mm, we have a field of 2.2 x 10° ¥/cm at the
wire surface. 1r decreases as 1/r, and it is of only 3000 V/cm in the
miform region. Omly the very limited regico around the wire has enough
field to have the alectrons multiplying by inelastie eollision. The
glectrons libarated in the gas cutside this region will simply be drifted

towards the wire where the smplification oceurs.

Lf, however, we apply fields (10 k¥/em in spark chambers with neon
fiiling, or 20 k¥/cm in streamer chambers) that are guch that even in the
uniform region the mean free path for ienization is smaller than the gap
length, then very fast phenomena occur ag we will see, and the amplifica-

tion at the wire has no time to play a role,
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These predisrtuptive phepomena leading to the sparks are of hasic
importance for the understanding of spark chambers. Their description
can be found ElEEWhEIEz}—

I will come back later to the case whers the only region of amplifi-
cation is concentrated around the wire. However, in spark chambers all
the intermediate situations coexist to some extent. Between the applica-
tion of high fields leading toc break-down, low d.c. fields are applied
to clear away electrons from old tracks, and it is this time of clearing
that determines the "memory"” of the chambers, or its time resolution.

It is usually, at best, of the crder of 300 nsec for small-gap chambers,
and ofcen of the order of 10 pseec for large—gap streamer chambers.
Figure 3 shows the variation of the memory of & spark chamber ag a func-—

tion of the clearing field.

GASEQUS AMPLIFICATION IN THE UNIFORM REGION

If, in the region of uniform field, one electron maskes ¢ lonizing
collisions per centimetre, thep the number of electroms produced in the

development of one avalanche along a distance X is
N o=exp {aX) .

All exponential developments have to come to an end. When che field is
maintalned, different processes occur in succession, each of them corres—
ponding to different types of detectors: the avalanche multiplication,

the streamer process, the breakdown of a spark,

4.1 Region of avalanche multiplication

Let us take neon as the medium. The development cccurs at about the
same speed as the drift worion; io 10 nsec we have reached a dimension of
about 1 mm. Because of diffusion this avalanche has also grown laterally

to a8 dimension of about 1 mm.

The ideal visual gasecus detector would be the one for which we could
interrupt the development at this stage and take pictures of it. However,
nature has put a kind of universal limit on this growth. For § = 10%,
the elecetric field of the positive ions compensates the exterrnal field

apd the avalanche ztops.

Is 10°% sufficient?
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Experiments show that in neon there is about one visible photon per
electron. With an optical system accepting 1[]1-5 of the total sclid angle,
1000 photons can be concentrated on ome grain of 7 Y of the photographie
emulsion and ean trigger it. But this is not sufficient to make it stand

out from the background.

If we were to use image intensifiers, then with modern photoecathodes
102 aof the photons can produce an electron giving a apot that has the
pripghtness needed for photography. This is the technique vsed at CERN
by F. Schneider, and with it he can easily see avalanches. Fipgure & shows
one of his resulting pictures. He estimates that the accuracies that can
be reached by this method are 0.28 mm in the directicn orthogonal to- the
electric field and 0.4 mm in the direction of the field®?.

Since in the future sueh intemsifiers are going to progress and be-
come cheaper, this technique will have more applications. It should in
principle make feasible the visualization of complex events around thes
vertex in dense gases, thus competing seriously with one of the main
attractive featurss of the bubble chambers, and even with additional flexi-
bility. For ipstance, one could imagine a pressurized helium avalanche
chamber in which hyperpuelei are formed, and in which such a rare and
theoretically important processg as the f-decay of the hyperfragmenc i=
studied. One of the most important parameters, the dirsction of the re-
coil protom, is out of reach with helium bubble chambers because the
range is too low., In an avalanche chzmber, the pressure could bte adjusted
ta fit to the problem. Sc the progress in high-volizge pulses together
with the progress in light amplifiers may open the way toc a serious com-
petitor for bubble chambers in the field where they are excellent.

4,2 Streamer chambers

For the time being, it would appear to be more practical and cheaper,
and alzo more accurate, for larpge systems to apply the voltage for a lonzer
time and to entar into the streamer repion. If we keep applying the woltage
after the critical size of 10*, we have secondary avalanches formed around
the initial avalanche. 3Since the electric fields are higher in fromt of
and behind an avalanche, these avalanches develop faster. This is the
reason for the line of avalanches along the electric field, called

streamers. The propagation speed iz zbout 10% cmfsec. In 10 nsec we
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have a streamer length of 1 cm. If we look thiough transparent electrodes
in the direction of the electric field, and if the depth of forus is higher
than the length of the streamer, we can increase the amount of light im
proportion to the mmber of avalanches, about a humdred. IF we want to
keep a stability of 10%¥ in the streamer length, we need a stabilicy of

1l nsec in the pulse length. Even like this, apd nsing the besgt available
filme with demagnifications of 80, aperturesz of about £/2 are necessary
in order tc have a mediocre image. The accuracy reached with the present
techniques is 0.5 mm in the directions orthogonal te the electric field,
and about 2 mm in the direction of the field. This is attained with neon
at atmogpheric pressure at fields of 20 kW/em. With helitm, fields of

30 KV give pood images. The use of hydrogen is still not practicel. To
study interactions in hydrogen, it is necessary to use hydrogen targats
ingide the chamber. Ope them loses the view of the vertex, but in many
cases this is irrelevant; and recently published results of experiments
show that such a technique is superior to bubble chambers for the study

of very complex events such as photoproduction of resonances decaying
with a high maltiplicity. In such reactions the reguirement of a produc-
ticn of hadrons in the reaction reduces by crders of magnitude the back-

ground due to slectromagnetic interacticn, which still represents 90F% of
the pictures.

4.3 Spark chambers

If we keep the voltage oo while the streamers grow, then they touch
the electrodes and the veal gpark occura. It iz a propagation of charges
with a phase velocity that i1s huge. It can reach 10'* cmfsec. The light
can be increased by three orders of magnitude if encugh energy is delivered

by the pulse.

4.3.1 Large—gap chambers

There are cases where the interaction between avalanches gives rise
to an instanot streamer, and the spark follows the line of the initial
avalanches. Such avalanches are in use in some laboratories, and even at
CEBN you will see guch an automatic chamber in the boson missing-mass
experiment. One of its virtues is that it is 100% afficient for any
mmber of particles, but this property is now shared by narrow-gap wire
chambera built as transmission lines.
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The only remaining wirtue of a wide-gap chazmber is to my knowledge,
that in a strong background of X-rays it may lead to a reduction of the
spuriocus cracks, since very curled tracks are suppressed or have a lower
efficiency than nearly straight tracks connecting the electrodes. In

the most general case, pgaps of below 1 cm are used,

4.3,2 Properties of small gap chambers

I have already mentioned the memory as being one of the main charac—

teristics. I ghould now mention the localization accuracy.

With optical chambers, the accuracy iz a fupnction of the angle.
Figure 5 shows that the accuracy varies ftom 0.2 mm below 15° to 1 um
at 45°; this ic because a spark may break down from any point along the
trajectory. One can fight againest this by reducing the gap width} buc
then there is a drop in efficiency. In neon the number of primary iom
pairs per centimetre is 12. In one millimetre there is a strong proba-
bility of having no electron.

It was recently emphasiged by Alvarez that there are great advantages

v)

performed on this subject in several laboratories.

in trying to use liquid argen as & medium ', and active research 1% being

Since it has been demonacrated in the past that electronm multiplica-
tion eoccurs in liguid or solid argom, one can hope to reduce the thick-

ness of the gaps to 50 Y and to have accutacies of 5 u,

This is of findamental importance for the physics around the 300 GeV
wachine, where any gain in accuracy means a gain in length of cthe spectro-

meters or in cthe magnetic field strength.

For the time being, a more sinple approach has been undertaken at
CEEN by C., Rubbia, At high preszures he uses gaps of 1 mm, and has showm

that accuracies of £30 3 can be reached with minimum ionizing partieles.

I should point out that such accuracies have already been achieved
by Fischersj, who 2lso used a narrow gap, but with partiecles 10 times

more Lonizing than the minimum, which is equivalent to a higher pressure.

AUTOMATIC SFARFK CHAMEERS

Up to now I have mentioned the two preperties cthat gave incentive to

the wide uze of gpark chambersz: the memory and che accuracy. The accuracy
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was poorer than that of bubble chambers, but the memory allowad the selec~
tion of events by additiomal counters, which resulted in a considerable

increase in statistics for some phenomens.

Howewver, the limitation came again ftom the number of pictures that
one can normelly handle with a decent budget, and within a decent time,

apnd the automatic chamber provided anm answer to it.

I am not going to discuss all the methods that have been invented
and even used: the vidicon method, the sonic chamber, the current division
method, the wire chambers with core read-out, with magnetoscriccive read-
out o with capacitive read-out. The description of some of them can be
found in the literature?s$),

I just wish to say eBome words about the methods that have been most

widely used in large high—anergy laboratories: the wira chambers.

5.1 Wire chambers with core read-out

The electrodes are made of wires spaced by a distance a. When a
gpark occurs, the corrent will spread among the wires close to the spark.

The problem is to read out the wire transporting the current.

The firat method, pur forward by Erienen and srill pepular, iz to
have exch wire going throupgh a memory core that gets flipped by the current.
Two other wires also go through the centre of the cores: a read—out wire

and a sense wire,

The technology of these read-omt syatems is well worked out, and at
CEEN several svstems with 50,000 wires are in use. The accuracy reached

iz about 10.3 mm for 1 mm epacing for tracks orthogonal to the planes.

The weakness of this method lies in its cost and its sensitivity to
mapgnetic fields. Ewen fields of 100 gauss can prevent the coras from
flipping.

The main advantage is that any number of sparks can be hapdled, and

recent progress in the constraction has broupht the efficiency close to

unity for almost any nuober of sparks.
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5.2 Wire chambers with magEgtustrictivu read~out

The second method, which is widely developed, is the magnetastrictive
me thod .

A magnetostriction line is placed across the electrode wires, at a
small distance from the electrecdas. When the current passes through the
wire, the magnetic field reorients the magneeic domains of the magneto-
striction line. An elastic signal propagates 2lonpg the line at a speed
of about 5 mm/usec. This signal cen be read out with a pick-up coil
placed at the end. By measuring the time of arrival of the signal, one
knows the pogition of the wire responsible for the current signal.

The wire has to be slightly mapmetized longitudinally by a field of
about 180 pauss to give its best signai.

This method has several attractive features.

It can, in principle, work io a magnetic field. If the magnetostric-
tion lines are ortheogonal or nearly orthogopal to 2 uniform magnetic field,
they operate very well. If coordimates with several orientstions are to
be measurad, then certain problems arise; however, these can be overcome
by several methods., One method that haz been described recently for a
gyaten of cylindrical witre chambers built inte 4 large magnet for use at
the Brookhaven AGS, is to have the wires supported by weightless rigid
material and oriented in different directiems, but all coming out parallel
to the magnetic field at the place where the magnetostriction line measures

the position.

Another advantage of the ahovementioned method is its low cost. The
increase in the size of the chambers leads to almost no increase in the
read-out system if one is ready to sacrifice resding speed. Systems with
10* to 10% wires are under construction, or are enviasged in the near

future, wsing this technique.

Let me mention the double spectrometer of LindEﬁbaumT), where complex
events with two V's are selected, apd where chambers of 7 m are to be
used. However, it should be stressed that in nen—~uniforw magnetic fields,
such as those often encountered inside large magnets, this methed alsc

fails because the zignals become toc small.
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5.3 Wire chambers in magnetic fields

Different techniques have been deaigpoed to replace these twe methods
in case one wants the chambers inside stromg inhomogeneous magnetic Fields.
One is the spatrkostrictive method, the other one is the capacitive storage

methaod.

In the first one, the current in the wire 1s used to produce an
auxiliary spark in a line in which it produces a sound wave, the time of
arrivai of which is measured via piezo—electric transducers,

6)

In the second one, the charge of a wire is fed to a large capacitor™”,
typically 10° pF, where it is stored for some milliseconds; this brings
it to a volcage of, say, L5 V.

After an event, an electronic system reads out each capacitor and
brings it tec ground afterwards. The same read-cut hardware as that used

for cores can be emploved.

Thus we see that in principle, even in the mwst general case, we can
stuff the space with detectors giving typiczlly an accuracy of 0.3 mn to
+] mm, depending on the direction, with a repetitiom rate of about
200 events/second, i.e. 20 to 50 events per machine burst, Rather great

statiztics can thus be accumulated.

5.4 The vidicon method

Finally, the vidicon syatem iz now strongly advocated by some physiciscs.
Their enthusgiazm is based on the improvement of the properties of the com~
wercial vidicons, and omn the fact that for very complex arrangements with
hundreds of gaps it is the only economical approach.

I refer you to the proceedings of the last Jonference on Instrumenta-
tion for High-Energy Physica, held at Versailles in September 1968, where
each of the methods I have mentioned is dealt with by several authors.

I now wigh to zpeak of the most recent developwent, which makes use
only of the amplification in the inhomogeneous part of the chamber.
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THE MULTIWIRE PROPORTIONAL CHAMBERS®®10)

If an electric field is applied to the structure represented in
Fig. 1, and if it is such that inelastic collisions start occurring in
the proximity of the wire, then we have what is called the proporticonal
amplification. The reason for this is thar if a particle produces elac—
trons in the region far from the wire, it is collected on the wire and
the gsignal iz proportional to the number of electromns. Each wite operates
a5 io & nerwal cylindrical counter, and the cold theory relative to these

counters applies.

During many years, two factors limited the development of this tech-
nique. Before solid-state amplifiers became available the wolume and the
vost of the necessary electronics were too excessive. But the maipn factor
was a widespread felse appreciation of the eleactrostatic interaction be-

tween two neighbouring wires.

It was believed that because of the capacitive coupling, the wires
next to the amplifying wires would receive a sizeable part of the signal,
and for this reason many attempts were made to have each sensitive wite
geparated by a shielding wire. However, this was costing a factor of two
1n the spatial resolution, and was limiting the lower distance between

wiras since a high voltage had to be applied between them.

In fact, if it is true chat when vou send a negative pulse, with an
external generator, onm one wire, you recelve a sizeable negative pulse
on the neighbouring wire, then the situation is different when you detect
a particle by proportional amplification on a wire. You hawve indeed a
pegative pulse on this wire, but positive pulses on the neighbouring oneas.
Thiz effect is due to the mechanizm generating these pulses, namely the
motion of the positive ions in the strong fields around the wires. This
effect is responsible for the perfect localization of the pulses on the
sensitive wires, irrespective of the distance between the wires. Tt is
sufficient to have amplifiers that are sensitive only to the good polarity,

to avoid the spuriocus effect of capacitive coupling between wires.

6.1 Limits of proportional amplification

It was nbsarvedﬂ) that the proportional amplification ceases when

the size of the avalanche exceeds a given value corresponding to about
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3 x 10% ion pairs. 1In other words, with ene electron we can Teach a gain
of about 10%, which means that for the average energy loss corresponding
to a minimum ionizing particle traversing 1 cm of argon, we can expect a
maximum average gain of 10%, In fact, since ome is interested in detecting

losses 10 times smaller than the averzge, one can push the gain to 10%,

The capacity of wires of 20 1 spaced by 2 me iz about 1lZI'F1 pF/em,

13 tcoulombs/cm,
=10

and the limit of 3 x 10* ioms correspends to about 5 x 1D
% 3 x10% = 3 % 10

However, over the avalanche length, which m=zy be of the order of 107!

while the charge per cm at 3 &V is 10 Coulombs/cm.
to 10 % mn, the local positive charge facing the avalanche is of the same
otder as the maximum observed charge. We can thus explain this effect of
gain saturation by space charge, similar in a sense to the limit reached

by the eritical avalanche in a uniform field.

If we keep increasing the voleage, then photons emitted by the posi-
tive cloud start playing a role. The development of avalanches along the
wire leads to the Geiger-Muller mechanism. I will not discuss this in
these lectures, despite the fact that rhe use of muleiwire chambers in

the Geiger-Miller mode may have some future.
If we stop in the porportional region, what can we expect?

The capacity of a wire, because of its connecticns, is almost always
larger than 20 pF. The maximum pulse-height that we can have is about
100 m¥.

Because of che Landau fluctuations in the energy loss, we expect a
large snergy spread. In practice, ic appears thac in order to have 100
efficiency with minimm ienizing particles, we need to be sensitive at

the level of 0.5 mV at least.

Such a method iz clearly dependent on how well one can use such small
pulses. Before discussing this, I wish to summarize the properties of
these chambers, and to explain to you why & great effort iz being made

by several groups to develgp them.

6.2 Spatial resolution

One may wonder how close to each other one can bring che wires and

still keep them working independently.
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Az already mentioned, if one sends pulses to a wire with a genmerator,
one finds induced pulzez of the same z2ign on the neighbouring wire, and
of a size increasing when the wire sgpacing is decreasing. The pleasant
surprise with these chambars is that when one observes a negative pulse
induced on a wire by an avalanche, the pulses induced onm the neighbouring

wires ars of opposite sign.

A maive belief is that the collection of electrons iz responsible for
the negative pulses. This ig not true, Since the most important part of
the avalanche is produced at distances from the wires the order of microne,
the effect of the collaction of the megative chargse —Q is almost completely
counterbalanced by the effect of the appearance of the positive charge +Q
g0 close to the wire. Tt is only when the positive ions move fast in
the fields that reach several hundred kilovolts pear the wire, that a
negative pulee Iz induced. This motionm induces a charge — on the wire,
and a charge +#Q = 3y + Qz + ... on the surrounding electrodes, like the
neighbouring wires om the high-voltage electrodes. This is why we have

an excellent localization on the wire collecting the avalanche.

Indeed, if tracks are inclined, it may well be that electroms libera-

ted along a trail get smplified on different wires.

With wires of 20 y diameter, distances of 2 mm between the wires give
an easy operation. It is possible to detect a few ion pairs lest in the
gas, by using electronics sensitive to 0.5 m¥. If one wants to go to
better resolntions, we should have in mind that the field around a wire
is 2qf/r, where ¢ is the charge per unit length. By increasing the number
of wires, we decrease the charge per wire and we have to compensate this
by increasing the veltage. The relstion between the charge and the dif-

ferent parameters of a chamber is:
q = ¥/2 [ln sinh T2 - In sinh “;—d] \

where L 1s the distance grid-wire, s is the distance between wires, d is
the wire diameter. For L = 8 mm, d = 20 u, this chsarge varies in the
ratios 1, 1.27, 2.2 when 5 goes from 1 mm to 2 mm and 3 wm, respectively
for a given voltage.

At too high voltages trouble occurs, such as corona effects on the

external electrodes, If you consider that we are dealing with millivelit
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pulses, whilst 10 k¥ may be necessary for 1 mm spacing, it is clear that

the finest break-down is catastrophic.

An easier operation can be obtained by disentangling the region of
amplification and the region of drift by means of an additional prid!!?
placed at a small distance from the wire. At a distance of 1.2 s, the
field is already uniform within lﬂ-a, 20 the addition of a metallie grid
placed at this potential does not alter the field distribution. We ob-—
served that with 20 | wires placed at 1 mm distance, with & grid at
2 mm, we have had perfect operation at voltages of 3 kV on the screen
and 4 kV on the external electrodes, whilst 10 k¥ would haxve been necessary

with 2 normal single-gap structure.

6.3 Time resolution

With chambers having 3 mm apacing and argon-isobutane filling we
obtain a4 maximim jicter time of 36 nsec; with 2 mm spacing it goes down
to 25 nsec; with 1 vm it reaches 18 nseec (Fig. 6), but there the electro-

nics we used conttibutes in a nom-neglipible way.

Even there we observe a correlation between the position of the track

between the wires and the time delay of the pulse arrival.

A repetition rate of 10°/wire is possible if the electronics on each

wire can deal wicth irc.

6.4 Operation prohblems

We are now faced wich the problem of using these chambers.

Compared with spark chanbersz, we have gained a factor of 10 in time
resolution and 2 huge factor in repetition rate. We are now facing the
problem of using a hodoscope with thousands of elements. The differencs
with a scintillacor hodoseope ie in the slightly poorer rasclution time,
but there is a great decrease in the amount of matter (a facteor of 100),

and 2 gain in cost per element {a factor of 10).

We have lost an important quality of spark chambers, namely the
nemory. We could regain it by using the drift space of 2 wondified chanber,
and pulse it. The grid will shield the wires. We then ilsse the resolu-
tion time and just win some repetition rate with respect to a spark cham-—

ber, but ar a very high cost.
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The ideal circuit that we need with these chambers should have the
fellowing function: amplification from a level of 0.2 nV¥, shaping,
delivery of undelayed pulses for fast decision-making logic, delivery of
delayed pulses and trazsmisesion gates to control the admission in the

memoTy, storage and read-out.

Since we are plamning detectors with 10° wires, it is clear that we
are considerably dependent on the reliability and the cost of such a sys-

tem.

There is room for much imagination and ingenuity in the development
of the electronics systems connected to these chambers, in order to bring
their cost to & level that justifies their use in 211 the cases where
they are superior to other detectors in physical performance.

CONCLUS TON

In these two lectures I wanted simply to give a4 rapid survey of some
of the tools that are now in the hands of the experimentalists, and to
give you some understanding of those techniques that are undergoing rapid
evolution: the avalanche and streamer chambers for the visual techniques
dealing with very complex configurations; and the proportional multiwire
chambers, which will probably, in most of their applicationg, be associated
with large systems of wire spark chambers to act as a trigger hodoscope

with many elements.
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Equipotentials around electrcdes made of wires:
a) Two-elactrode configurationm.
b) Three-slectrade symmetrical configuration.
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Fig. 2 Electron drifit wveloeity in a mixture
of 90% argon end 107 methane.
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Fig. 3 Dependence of the memory time om the
values of the clearing field I.I.
[ taken from Gromova et al. (1964)].

Fig. 4 Electron tracks in an avalanche
chamber [F. Schneider, CERN |.
Beliumneon; 10 cm length;
field of 25 k¥fcm; 10 nsec
width. Imege intensifier —
equivalent aperture f/30.
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Fip. 5 The percentage of sparks with deviations less than & plotred 2z a
funetion of § in mm, The three cutves represent the following
angnlar Lntervals:

ay 0°-15° b) 15%-30° c) 30°-45°
[taken from J.C. Rutherglen et_al. (1961)7.
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Fig, & Time resolution of a proportional muletiwire chamber.

Diseribution of the time interval between the passage of a particle
and its detection on 2 wire.

- Wire gpacing s = 1 mm.

« Distance between wires and outer electrodes: L = 2 mm.
-~ Arpon-iscbutane (80/20).

- HY = 2900 V.,

The maximum time jitzer is 18 nsec.



