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I. Introduction

To investigate scattering of charged leptons on nucleons at the highest

energies available in the next years,a spectrometer is being built to be

used with the 300 GeV muon beam at the CERN SPS. This spectrometer is shown

in Fig._l_._ Tt consists basicly of a large aperture magnet with lever arms

to detennine momentum and angle of secondary particles and a section where

hadrons are absorbed and muons will be identified. The high momenta of the

secondary particles and the high rate of the muon beam with its halo and

the high rate of interactions in the target lead to drift chambers to measure

the trajectoties of the particles. Drift chambers combine high spatial reso-

lut i on with small resolving time.

III,

IV,

V.

Mcasurements with a Test Beam

1.) Arrangement at the Beam

2.) Electronic Circuit

3.) Control of Gas Flow

Resolts of the Measurenents

1.) Comparison of Argon/Isobutan and Argon/Methan/

Isobutan Gas Mixtures

2.) Efficiency

3.) Linearity of Drifttime versus Driftspace

4.) Resolution versus Driftspace

5.) Influence of Beam Intensity

6.) Hiscellaneous

Conclusions

The measuring planes W to W in fig, l are packages of drift chambers

of differeot sizes and geometries. DESY has undertaken the Construction

the largest ones in the project. These two packages together shall consist

of 16 measuring planes with vertical, horizontal and 60 (to the horizontal)

orientation of the sense wires. From reasons of multiplicity of particles

per event and of economy the drift space for these chambers uas determined

to be 2 cm (distance between signal and potential wires). The required com-

bined spatial resolution at the position of these chambers within the spec-

trometer is 0.6 mm FWHM. A further constraint for these chambers is a rather

dense packaging in the longitudinal direction of the spectrometer to leave

sufficient space for other parts of the spectrometer such äs the Cerenkov

counter C,, and the calorimeter H .

Since there was practically no experience with chambers of this size it was

necessary to built a füll size prototype first. For s implicity of construc-

tion it was hoped to be able to use nongraded cathode planes. There was only

a limited amount of information that this rnight be possible with a

drift space of 2 cm. Therefore also a small chamber of the size 30 x 30 cm'

with drift spaces of 2 cm was built.

It is the purpose of this paper to show how these chambers are constructed

and what the results are of a long series of test rneasurements.
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Each signal- and potentialwire was brought into its place individually.

Their position with respect to eachother and to reference holes at the cor-

ners of the frames was optically controlled with an accuracy of the order

of 10 um. Also these wires are soldered. During the time of Operation of

this chamber for about 9 months no wire breaking or loosening was observed,

when the chamber was closed.

The following table l gives wire materials, thicknesses and tensions:

Table I: Wires used in the chambers

Type Material Diameter Tension

Cathode

Potential

Signal

Cu-Be

Cu Be

Au p la t ed W

50 jm

100 Um

20 um

1 1 0 g

400 g

50 g

Support thread braided "DRACON" 350 1500

The package of drift chambers is closed by two Hostaphanfoils of

100 Um thickness. One is glued against the outside of the cathode frame

no. l , the other against an additional frame no. 6 (see fig. 4). Gas inlets

resp. outlets are in the signalwire planes on the lower resp. upper beams

of the frane with connections to a man L f o l <i. Only one frame however was used

at a time for gas flow during all test meaaurercent s. In the final Version

of the chambers inlets and outlets will be in the special foil frame no. 6

only, thus avoiding more than two types of frames.

The whole finished prototype is shown in a photograph in Fig:_5 . For

transportation the package of six fratnes is mounted on a support frame
2

with beams of a cross section of 15 x 15 cm äs can be seen in this picture.

However the package can hang without the support frame without any signifi-

cant deformation.
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,3.) Cleaning of the Chambers

After carefully cleaning the frames with aceton and alcohol the

wiring was done in a clean room. Filtered air flew continuously througb
2

this room of about 120 m and 4,5 m hight WLth a rate of approximately

one exchange per three hours. The wires were cleaned with a mixture of

aceton, alcohol and frigen before being winded or stretched. During the

soldering the uires were protected against splashes of the solder ma-

terial. The foils were cleaned with alcohol before gluing them against

the frames. Also the cathode plane no. l had to be cleaned first with

alcohol on that side, where the foil is to bo attached. Then this frame

was lifted in the horizontal position by the crane with the foil on the

upper side. Accordingly the- foil was cleaned from dust with a stream of

ionized nitrogen front underneath and the wires were cleaned with alcohol

from underneath too. Then one wire plane after the other was cleaned on

the upper side with alcohol (wires and frame), connected to the franies

already hanging at the crane and cleaned again with alcohol from under-

neath. Finally the second foil was made free of dust in the Same way

äs the first one on its upper side and with it the chamber was closed.

It was calculated that the long beams of the cathode-frame« i.'p'ild

rr.ove t o ge t her by 2,5 mm on either side due to the total force of the

wires of 28o5 kg. About that before wiring the frame was preloaded by

uaing the support frame. Wien the frame was disconnected from the support

after wiring, no novement of the long beams of the frame and no change of

wire tension within a few percent was observed.

Wien the whole package of six frames was screwed together it turned

out to be rigid enough without a support frame to hang in tbe vertical po-

sition wi thout any significant deformation. The lower long beam sag through

becausL1 of its, wt'igbt by 0.2 rnm, The same applies to the upper beams, if

the chamber ib standing or connected to any lifiting device at its far

corncrs. In all cascs the long horizontal wires are pulled down by about

0.1 mm by the support threads, which are connected to the upper and lower

beam. But without support threads these wires sag through by their own

weight by 0.5 mm.
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Before connecting the charnber to high voltage it was filled with Argon

only over a period of a few days to have clean gas conditions inside.

Then the chamber could stand about + 1,2 kV on the signal- and potential

wires without drawing currtnt. Above this voltage only a steady current

was drawn, but no disCharges occurred in the chanber.

With the operating gas inixture (see below) the voltage was increased

to + 2 kV at the signalwires and to -l kV at ehe potentialwires. The wires

were observed fot movetr.ents perpendicular and parallel to the planes.

Beyond the accuracy of observation of about +50 vm no movercent was

observed.

i.) Experimental_5etop at the Beam

With radioactive sources it was only possible to get some qualita-

tive Information about the Operation of the chambers, mainly because of

too rauch multiple scattering in trigger counters or the chamber itself.

All measurements reported here were made therefore with an high energy

electron beam of several GeV from the DESY Synchrotron and with an in-
2 5 -

tensity variable between 10 and 10 e /sec in 50 pulses per second of

5 msec length. The beam was spread over a few cm horizontally and a few mm

till two cm vertically depending on the energy of the Synchrotron. Collima-

tors were used to make the cross section of the beam even sroaller if ne-

cessary.

The experimental Setup at the beam is shown in Fig. 6a. The beam par-

ticles were defined by a coincidence between fouc scintillation trigger

counters which were spread along the beam over about 8 m.

2
ITie first measurements on the sraall 30x30 cm chamber with a drift

space of 2 cm were made by using a second chamber of the same size but

with l cm drift space for comparison and particle definition. All measure-

ments on the large chamber were made by using the small chamber with 2 cm

drift space äs a reference for one coordinate of the trajectory of the

particle.

2 .) Electronic Circuit

As was indicated already above the small chamber was operated with

the signalwires on ground potential. In the large chamber however the

cathode planes are on ground potential. The reason for this was to have

the signal wires better shielded against Signals induced from the out-

side. Therefore the two charnber s have different connect ionS between

the signalwire and the amrlifier / discriminator äs shown in Fig. 6b.

The threshold of the amplifier / discriminator (VD, CERN-Verweij type)

was set to 0,5 mV on 50 Ohms. The next discriminator servec! to shape

the pulse before i t went into the long cable to the controlroom. Ordi-

nary time to digital converters with a resolution of l nsec were used

to measure the drifttime with respect to the trigger signal. The FDP 8/1

Computer with its connection to the IBM 360 allowed us to see the indi-

vidual time spectra of the wires äs well äs the time correlation between

two wires online. The test Output of the VD amplifiers was used to re-

gister the pulse hight of the wire signals in correlatton to their time.

Pulses from the wires behind the 470 s7 resistor on 50 fi, using a

Fe source, are shown in Fig. 7 for three different lengths of wires

and at different positions of the source on the long wires. The operating

voltage was about the same in all cases (2,05 kV on signal- or cathodewires

0,9 kV or 2,95 kV on potentialwires), the gas mixture was Argon/Methan/

Isobutan = 36/8/0,9 liters/hour.

In the small chamber (Fig. 7a) the rise time is 10 nsec and the

pulse hdght about 12 mV. On the long wires the pulses are much more

spread out because of the larger capacitance ofAhe chamber. The rise time

is between 10 and 20 nsec depending on the position of the source along

the wire. PictureS h) and e) are at the excit or near end, c) and f) in

the niiddle and d) and g) at the far end of the wires. The wires act äs

delay lines with a rather large damping because of the 1,8 i'./cm re~

sistance of the tungsten wire. Therefore the delay line was kept

open at the far end; in this way the reflection compcnsates

to some extent in pulse height.



As can be seen from Fig. 7 there is not much pulse height

Variation along the wire, even for the 510 cm wire. However some distor-

tion occurs by the reflection at the far end, when the particles are at

the near end.

3J Control of Gas Flow

The proper gas mixture was made by measuring each component with a

roEameter. iher. the difCerenL components went into a long cornmon hose

leading to the chamber. For a certain part of the mcasur einen tu a measured

fraction of the argon component was lead through methylal, which was cooled

by ice. Whereas the rotameters for argon and isobutan were very stable

without any additional nieans, it was necessary to stabilize the flow of

methan. This was done with fotocells at the rotameter acting on a valve,

The two chambers were in the same gas stream normally, the small chamber

in front of the large one.

IV. Results of the Measurements

1.) Comparisoti of Argon/Isobutan and Argon/Methan/Isobutan

Gas Mixtures

Argon/isobutan gas mixtures are used quite extensively for drift-

31
chambers with a graded field at the cathode planes . Our small fest

chamber with l cm drift space and nongraded cathode planes also worked

successfully with this gas mixture, i.e. with an efficiency of better

than 99 % over the füll drift space, a resolution of 0.21 mm FKHM per

wire and a good linearity.

The small chamber with 2 cm drift space was also tested with this

gas mixture. Here it was found, that one has to go to rather high poten-

tials in order to achieve an efficiency above 95 % averaged over the

drift space. Typical values were -2,6 kV at the cathode plane and -3,8 kV

at the potential wire. At these voltages the chamber was alniost completely
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operating in the Geiger mode, which means the pulses were ahout half

a microsecond long and in height at the order of 100 mV on 50 Ohms. Drift

times were very long and resolution very poor. This is shown in _Fijj_. 8^

where the drift time of one wire in the 2 cm chamber is plotted versus

the time of a wire in the l cm chamber, displaced by 2 cm with respect to

the first one. The measurement was done with the high energy electron

beam äs shown in section III.l and äs valid for all further measurements

described in this report. The correspondence between the two times is

very nonlinear. The resolution can be estimated from fig. 8 and is only

about 40 nsec FWHM. After some time of Operation deposits on the Poten-

tial wires appeared and the chamber started to draw current, It was not

possible, to improve the behaviour of the chamber by a small admixture

of methylal (- 2 =0 .

Therefore the small chamber with 2 cm drift space was tested with

a mixture of Argon/Methan, which also has been used before ' . Here the

results were much better. For comparison Fig. 9 shows in its left part

again the drift time of one wire against the time of a wire displaced

by one drift space. The linearity is very good. The resolution, obtained

by the sum of the drift time of both wires across the füll drift space,

äs shown in the right part of fig. 9, is down to 8 nsec FWHM. The operating

voltages are 2,1 kV/3,1 kV only, sufficient to give an efficiency of 99 %.

Pulse height and length were similar to those in fig. 7. The small admix-

ture of isobutan (~ 2 Z) was found to increase the length of the high vol-

tage plateau (see below fig, II) without changing thr- properties of the

chamber otherwise.

Fig. 10 shows similar graphs äs fig. 9 but with a smaller fraction

of methan. The resolution here is only 12 nsec FUHM, indicating that it

depende somewhat critically on the admixture of methan.

From the comparison of the two gas mixtures it Ls clear that the

drift velocity has a much weaker dependence on the clectrical field

strength for the Argon/Methan mixture than for Argon/Isobutan. In the

plane of the signal- and putentialwires tl-e electrical field strength

varies by a factor of 4,5 between x = 2,0 mm and the minimum of field
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strength at x = 12,5 mm (x = 0 at the signalwire).

2.) Efficiency

Typical curves for the efficiency äs a function of the high voltage

at the cathode planes are shown in Fig. l l for the small chamber. The

efficiency is obtained fron the rate of one or Cwo wires in the sarae plane

divided by the rate of the displaced wire in the second plane. With par-

ticles close to the potentialwire the efficiency plateau is reached more

slowly with increasing voltage and for 99 % a higher voltage is needed than

in the middle of the drift space. At the potentialwire, the number of pri-

mary electrons, which move towards the signalwire is smaller and

therefore a higher gas amplification is necessary than for the remaining

part of the drift space.

The efficiency äs a function of the drift time of the reference wire

is shown in Figs. 12 and 13 for the different wire orientaticms and diffe-

rent beam positions in the large prototype chamber. The reference wire,

which is a wire of the small chamber with 2 cm drift space, was displaced

by some mm with respect to the large chamber. A dip in efficiency appeare

at the Position of the Potential wire of the large chamber. Outside this

dip the efficiency is between 99 and 1002. The efficiency averaged over

the total drift space including thepotential wire is between 98.0 and

99.4 Z.

A more detailed measurement of the efficiency at the potentialwire

for 250 cm length is shown in Fig. 14. The response of the two neighhoured

signalwires is plotted separately. The region, where the efficiency of one

wire drops down and goes to zero, is l.5 mn in width with half of this

section lying on the opposite side of the Potential wire. A similar beha-

viour has been reported in Orhyr measurenents

The wires with different orientations and different lengths show

no significant differences in efficiencies, This is also demonstrated in

the Figs. 15-17, where the pulse height spectra äs taken with an ADC

and integrated over the drift space are shown. Taking into account the

slightly different gainfactors of the amplifier used in front of the ADC

there is no important difference between the distributions visible.

Fig. 15 also shows the pulse height versus drift time. For the latest

times coming from particles at the potentialwire, a de-

crease of the pulse height is seen.

3.) Linearity o£ Drift_time versus Driftspace

To determine the dependence of the drifttime on the space coordinate

between the signalwire and the potentialwire one chamber was moved with

respect to the other one perpendicular to the wires in measured Steps.

At first the small chamber was moved in Steps of 2,oo mm with respect to

the large chamber. A small beam was selectcd by selecting a small time

interval in the center of a drift space in the large chamber. The result

of this measurement is shown in Fig. 18, where the drifttime for two wires

is plotted versus the space coordinate. Between 2 and 18 mm the linearity

is very good. Deviations from the straight line are less than 2 nsec. The

drifttirae is 16,4 nsec/mm. At the signalwires the driftvelocity seeras to

decrease. However this is most likely due to the fact, that for parcicles

päs sing the chamber close to a signalwire the relative difference between

the average path length of the drifting electrons and the perpendicular

distance between the signalwire and the particle track is very large.

Also the electrons started by particles close to the potentialwire

need more than the average drifttime to rean the signalwire. Here the

reason is not äs clear. There are two effects pointing in this direction.

The first one is, that the electrons have to traverse the füll ränge of

low electrical field. The second one, that the number of primary electrons

is small and that there may be r.one, moving along the shortest field line

to the signalwire. However in both cases one would expect a more steady

increase of the deviation from the straight line beyond 14 mm.

To measure the linearity of ths large chamber, the linear part of the

drift space of the small chamber was used to determine the time space re-

lation. The large chamber was therefore moved only in two defined steps.

The result is shown in Fig. 19 for a 250 cm wire and in Fig^ 20 for a

60° wire. In both cases we also have good linearity. The maximum devia-
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tions from the best straight line drawn by an eye fit are 10 nsec for

the 250 cm wire and 8 nsec for the 60° wire. The average drifttime is

however with 2o,6 nsec/mm and 19,8 nsec/tmn larger than for the small

chanber. It is especially thoÜriftspace below 12 mm towards the poten-

tialwire where more drifttime is needed.

It taust be noted here, that this linearity in the large chamber was

achieved only after replacement of the inlet gas manifold by a new one.

Before this replacement was made, tbe linearity was not äs good and the

total drifttime was yet larger by about 40 nsec. Impurities of the first

manifold apparently changed tbe properties of the gas. This was in addi-

tion demonstrated, wheti the small cbamber, which was normally in the gas

stream in front of the large chamber, was placed behirid it. Then also

the total drifttime in this chamber. was Ir.rc-erthan 400 nsec. Therefore we

believe, that the remaining difference in linearity and total drifttime

between the small and the large chamber is caused by some impurities,

which have been carried into the large chamber.

4,} Resolution versus Driftspace

The accuracy of tbe drifttime determination was measured by adding

the drifttime of two wires on opposite sides of the beam for different

positions of the beam particles within the driftspace. The results are

shown in the Figs. 21-_25_ for the different types of wires. One of the

two wires is always a 30 cm wire in the small chamber. This chamber was

alined parallel to the wires of the large chamber with wire behind wire.

It was put äs close äs possible to the large chamber to minimize the in-

fluence of beam divergence on the measurements. Tbe results show a mini-

tnum of the resolution in the middle of the driftspace with an increase

towards tbe signalwire/potentialwire position. Fig. 23 shows contrary

to the others the difference between two drifttimes, since a signalwire

was placed behind a signalwire. Therefore this figure gives the super-

position of the resolution in similar parts of the drift space. Starting

from this curve it was possible to do an unfolding in order to obtain the

resolution for a single wire. The results of this unfolding procedure are

given in Figs. 26-29. The best resolution is 4 nsec FWHM in the central

region of the driftspace of the small chamber. For the longest wires it in-

creases up to 9 nsec FWHM. Towards the potential wire there is always an
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increase up to about 14 nsec FWHM. This is due to the very small number

of electrons, which have a chance to get to the signalwire and

therefore initial strokes with gas molecules are not averaged out. Also

towards the signal wire an increase of the resolution is seen. Here the

different electrons produced by the ionization throug'n the primary charged

particle have different times of arrival in the gas amplification zone

around the signalwire. This again may lead to statistical fluctuations

in time larger than for the central part of the drift space.

As for the applications of this drift chamber in the spectrometer the

particles traverse several planes it is meaningfull to give the values for

the resolution averaged over the total drift space. These values are sumnia-

rized in the following table II:

Table II: Averas resolution for the different wires

Type of wire Averaged resolution FWHM

nsec mm

30 cm

250 cm

290 cm

510 cm

6,5

7 ,5

8,5

10,0

0.40

0.37

0.43

0.50

5.) Influence o_f Beam_Intenslty

11 was observed during the various measurements that efficiency

and resolution depended on the beam intensity. In Fig. 3Q efficiency/high

voltage curves are shown for different trigger rates. The rates äs given

in this figure are rates during the spill. The beam was spread out appro-

ximately across one driftspace and only a few millimeters wide in height

(parallel to the wire). Already for 40 Kc the efficiency is down to

95 %. For horizontal wires and the same cross section of the beam the loss

of efficiency was much less. Also the resolution depends on the intensity

of tbe beam äs shown in Fig. jj. Here the overall resolution is only

11 nsec FWHM for 40 Kc, which mustbe conipared with the 8 nsec in fig. 9.

A summary of the inCnsity dependence for the 250 cm wires is given in Fig. 32.
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6.J Miscellaneous^

The large chamber showed a considerable amount of cross talk from

one wire to other wires in the same plane, when the 470 S2 resistors

(Fig. 6) in sefies with the amplifier input were not yet in place. The cro;

talk Signals looked like the original signals differentiated with negative

and positive parts and with 10 % in amplitude. The damping resistor brings

this signal below the threshold with only a small change for the main

signals. With the resistor the cross talk is less than l 7,, if the high

voltage on the signalwire is set at the lower part of the efficiency pla-

teau.

The small chamber has been turned with respect to the beam by 30

for additional tneasurements in order to study some properties of the cham-

ber for ijTclined particle trajectories. The efficiency stayed at the nor-

mal value of 99 %. The spread in time (resolution) for two wires was 6 nsec

in the middle of the driftspace/and 9 nsec towards the potentia]wires and

therefore not different from the case, where the trajectory is perpen-

dicular to the driftchamber planes. The linearity has not been measured .

but the correlation of drifttime between two neighboured wires shows a

change in the middle of the driftspace (Fig 33).

Also in the small charaber the distortion of the efficiency and the

drifttime dose to the frame has been measured. Depending on the last

wire being a signal- or a potentialwire at the frames parallel to the

wires at most M/2 drift spaces are distorted. In the other dimension

a region of only about l cm cannot be used.

The efficieny around the support thread on the 510 cm wires was

found to be almost zero for approximately 10 mm and recovers rapidly on

both sides over 2-3 mm.
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V. Conclusions^

It has been shown, that a drift chamber with 2 cm drift space between

signal- and potentialwire operates well with nongradfd cathode planes, if

a gas mixture of Argon/Methan = 38/9^/h with a small fraction of Isobutan
2

(- 2 %) is used. A prototype with a sensitive area of 250x510 crc was bullt

with the longest signalwires being 510 ctn. The efficiency is larger than

98 %. The space time relaLion is linear with 20 nsec/mm and with the largest

deviation from the str.-iight line being 10 nsec. The resolution averaged

over the drift space is 0.4 mm FWHM. The desired resolution for the spectro-

meter at the position of these chambers is 0.6 mn FWHM. This can be obtai-

ned, if corrections are made for nonlinearity, for deviations of the par-

ticle trajectories frora the normal to the drift chamber planes and for

signal delay due to the length of the wires.
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Figure Captions:

Fig. 1: Forward spectrometer for muon scattering at 300 GeV with

the CERN SPS .

Fig. 2: Cross section through the small chamber with 2 cm drift space.

Fig. 3: The different wire frames of the large prototype drift chamber.

Fig. 4: Cross section through the frame of the large prototype drift chamber,

Fig. 5: Photograph of the large prototype chamber.

Fig. 6: T°st a-range-e.nt at the beam and electronic circuit.

Fig. 7: Shape of the pulses on the various wires äs taken with an

Fe source.

Fig. 8: Drifttime of one wire in the small chamber with 2 cm drift space

versus the drifttime of a displaced wire in a small chamber with

l cm drift space for Argon/lsobutan.

Fig. 9: Drifttime of one wire versus drifttime of a displaced wire in

the sniall chamber with 2 cm driftspace for Argon/Methan/Isobutan.

Also shown is the sum of the time of both wires.

Fig. 10: The same äs fig. 9 but for a different voltage on the cathode

planes.

Fig. 11: Efficiency versus voltage on the cathode planes for the small

chamber with 2 cm drift space.

Fig. 12 Efficiency äs a function of the drifttime of the reference wire

and 13: in the small chamber for various wire directions and beara posi-

tions in the large chamber.

Fig. 14: Efficiency across a potentialwire in the large chamber.

Fig. 15: Pulse height distributions on a 250 cm wire and pulse height

versus drifttime for the same wire.

Fig. 16 PulseAieight distributions for two different wires of the

and 17: large chamber.

Fig. 18: Drifttime versus space coordinate between signal- and poten-

tialwire for two wires.



Fig. 19
The same äs fig, 18 but for the large chamber.

and 20:

Figs. 21 Resolution (sum or d i f ference of the tiine of two wires seing

- 25: the same particles) äs a funetion of the coordinate between

signal- and potentialwire.

One wire is always the same wire in the small chamber with

2 cm d r i f t space.

Figs. 26 The resolution of figs. 21-25 but unfolded for

- 29: only one wire.

Fig. 30: Efficiency in the large chamber for different trigger rates.

The beam was spread across the total drift space but only

a few millimeters wide parallel to the wires.

Fig. 31: The same äs fig. 9 but for a high trigger rate.

Fig. 32; Efficiency and resolution äs a function of trigger rate.

Fig. 33; Drifttime of one wire versus the drifttime of a displaced wire

for particles with 30 against the nomal on the wire planes.



CD
 

—
D

,

LJL

±
 

<
 

m
 

•<

-C



SMALI CHAMBER

Polyirnidfoil 25^

Cathodewires 50^Cu-Be

Epoxyframes

W////////A

° — 100f Potentblwire Cu-Be

— 20 u Signalwing, Jüngsten gdd pbted

Fig. 2



TTTlftrtrtrf

///7//7T/77

o
o

(N

HV Potential wires
X

FRAME No.

Coa x connection
to signalwires

1
i

Beam -

Pos i t i on2

~~

,

Beam -

~~7 V~Posi t ion1

/ ~ m\

• '
Z
\

S
/

\1 nn1

? "N
i

Lj_J L-UL

_^

t
FRAME No. 2

0,35 mm dia, tension1,5 kg

Fig. 3

FRAME No.1,3,5
(Cathodeplanes )

0 - Potent ia l



C o a x c o n n e c t i o n

to signalwires

M a t e r i a l o f f rame

A l M g S i 0,5 F22

0- r in g

Hos taphan fo i l
100/fcm

Fig./,

C athode wi res
Cu - Be 50 A m

Potentialwires
C u - B e 1 OO/t m

Signa I w i res
Tungsten 20/tm



Fig. 5



Test Beam

small chamber large chamber

Fig.6

( a )

BEAM AREA ~i T TI

Signal wire
large chamber

signal wire
small chamber

CERN

D
Master

Gate
Reset

nu

nu

T '3~*^~

14
JLS

\
Ix
IC

>s2
'r-t

v
•̂

— ̂

-^

— ̂

1

111IU

nLK
n

1

A

n

fS1

'
V̂
0

7ti
i
f

ir

^^ —

ST

T A DTIART

^

•"

A
'

A

^

^

Rl
1

1
T

Intpr-IMltl
i_- «.tace

^̂
"

b

3

i
'

P

3
B

v

0

»
'

T
1

NE 90/.0



30cm wire:

^^^•^ WMHif"*w8—™™

•l! ' jariBMB
Fig. 7

a) 5mV/cm; 20nsec/cm

60°(290cm) wire: 510 cm wire

b) -a) : 2 mV/cm; 20 nsec/cm



1 12
1 13 ..

6J* «1

l 3 2 2 1
I <:*.?..
I < 5 l U
[ l f c . i l . . .
1 .363*.

1 .(H.J1

1 26«. > 1. .
SO* . i?** i. .

I l<.bö H l . .
: . * 5 a . i 2 . .
1 2**j.J .
I ^2*7.'* 1

! 125 "i*.* L. -
W 1*12 'J 'ö l . . .

[ .12 ) ' .5£6)1 . . .
1 22'".f. 1i*2 . .
[ I 2^ , ' i * / ä i l
1 l ^ J 2 1 / 7 i l l
I . 123J J 5 7 b £ 3 l ,
1 I 2 Z . ' l < - * ; 7 t i i
I . . l l J 2 J 5 < * i ^ l .

I . 11: J22 :*c* : i .
JO" 1 ^.:. 6JJ . ?55 1 .

1 . I 1 1 1 2 2 3 b i ! 2 .
1 .. 123 j l ;3 l'-.g.ti
1 . 1 12133*e 73

1 . .1 l l l i« K id 32 . .
1 ... 11 1 - 2 * * 5 J d 2 1 .
1 l . . . , l 13 3 7 * i . .
I . . 1 . l i . * J340, 1
I . 1 . . i 1 . 2 ! <. f C ̂  .

20* . . £/ i2*3Vf*2.
1 . . 1 . .2 J 2 ? £ ? 3 ?
1 2i lü'i^l^
l . . . 1 2 2 ^ 7 ü * ^ .
[ . 1 . . . i 1 U '307*1 .
1 . .1 . . 1 112^2). 3. ..
I .. . . ... 12t 1 7 6 0 2

1 . . . .11.11.55!) , ; .
1 . . . , .1 U J 2 j t 3 2 , .

10* 1 1 ... l . i 2 J « * f *JJ
I . :. . . - U . 2 . * i o 5 | . .

1 . ... . 1. . 1^2*5 7*11 •
I . 1 ... . 1. U 2 - V 5 1 2 1

I . . . 1 L. 1 ... l J**M.
I , . 1

Arg. / Isob.
-18/2 l/h

3,75 KV/2,58 K^
1 ch ^ 8 ns9.

. '

Fig. 8

o

ruc

lü

l GEGEN

Stil F f A C T J R *

RUN



I

\
I
I
l
I
I
l
I

30«
I
I
I
I
I
l
I
l
l

2U»
l

I
l
I
l

I
l

10*
l
I
l
l
I
l
l
l
I

Y O » -
0

n.

52'.

Arg./MetK/Isob
= 36/9/0,9 l/h

2,1 KV/3,1 KV
Rate 800 Hz

1 ch => 8 nsec

1350
1323
1296
1 269

.IM.
* 143

. * » 2 6 3 *
. »*274-

* . *2fc!>*
. . 1 06*

.* .* *7b*

. . *.* 1 7 7 « .
.... « .188-

. . . . . ISO*

,. ue.
,• 1Ü8*
.."•C 7*

.»«2C5*
, .... 2DiS
. . » «*^F 7.
.* . «.IC 6* »l

*. " - . . lEt
'*«•• *•*. «CS*

• ...2J 7*
..*. . « ' IF7*

..... , » * « » « . 2 E 6 *

. . . * . * - * . . * » l C 3 * .
••....* . UA*

» « . . . « . . . 2 A A *
' • *. **.. * .. • .140*
, * . »" .«»* . . » 'Ab*

. *."« *.t. ,

..*. * ... .

*. ..*.*.

»«* . *«8D1.
. . «•«•9A1

.. 167*

. * ' .1A5'

.*

, * »*" . 3 0 3 *
. . ** *472 ..

«• **73***...
.*. .**52211****. *.*"

.«.«... • -47763221*.•****«

1215
UBB
Uöl
113*
1107
10BO
105J
1026

999
972
9*5
V18
891
86*
337
810
783
756
729
702
675
6*8
621
59*
567

5 1 3
*86
*59
432
*05
378

297
273
2*3
216
189
162
135
LJB
31
5*

1ch=1nsec

Fig. 9

,1

d..,...,..., ,6
53...,..,, .... .43

2711100114*23277 ,
3 » I t i , i ., j » ] 1 i » i 1_„

U 32 *8

SUMME =• 1271 J

S.MME DEF L A U F Z E I T VCN D R A H l 6 P L L S f x A E C H S T E «

IOC

10 20

GEGEN - 4 A E . H S T E N ÜRAHI

JO »0 50 60 S C A L E F A C T O ü ' 17

RUH 215



Arg. /Meth./Isob.
= 36/ 8 / 0,9 l/h

2,2 KV/3,0 KV
Tngger Rate ^00 Hz

1 ch * 8 nsec
• . *
.*.,
« .

l'*
«' * '

i 3 !»
"311.

.«•-364**.

•. «W»*"
.*. .' 159-,* *
•*** , '*5A51.
. ..•-» -« 5R6U ...

"..»•-• 16L7L«

• .. "** . » S C S I * «
•. .'•••.*«* io J J ,>»
*• .* . .« • . •15E6i* .
. .**».****•*•«£ f 2*
• .. •-."••5t '<?'.
*..«... - • • » • « 5 F 6 L *

. .* .-..*• *.*«b6(.l*
t ..» .......*«(,oai..

•*..*».* . . . . . . •• läE' ,2«.
. '*« «.*.• .»»«• •17J t l •

«*. ."* ..* * . * ' •••5*35»..
» » . * . . . . « * » *. .**. . * 4 A S l •

.• .. ..*•'.- •"..••.««.."3951*.
* . . «l *... « *. .•••• .«*49*1 •
*• *..*.*.... . . .«..»* ' .•3*3**.
. * «.*.* *..*..* . .» .««393l .

*. . * *. . * « * « 3 8 3 L .
** . *. «»»*37^»

.* .« ..... • .. *J73«W
. ..*. ..»..«. .» .*.*. »* .*..*352«.

.. ... - .. *. • ** »* ....*«*363*
'. . .. •**. * . .*•* . , ,**• . . «353*.

.. **. «. . ..* * ...*» .*.**a*3"»

0 U

rOC t l,£GEN '

20 3J

DH*H l

*0

d6l

111

n-
W 3

567
i40
525
5J"
W 3
W, 2
**1
420
3^*9
37b
J5I
3 3 s
115
294
273
252
231
210
189
1(30
1*7
126

7

•

i.

. J

, . 1

. ..5

l!

1ch s 1nsec

Fig. 10

84 ... ,. - t t ,...(
63 23.. , , . . . , , . . . ,
42 35 , > ,
2 1 9 , . . . , . . . , , . . . , 9957433221223012101130 00000

0 «---i »---! »---[ *• 1 — * 1 * 1 »• 1 * I 1
U 32 48 64

SUMME « 13553 N l t l E L l i E K T - 18.59

SJtMf DER LAUFZEIT VON DrtAHT A PLLS SECHSTER

S C A L E F A C r O f t -

RUN W



SMALL CHAMBER

0

Efficiency

x—* at the potentiell wire

o~o center region of the
drift space

Upor-3,0 KV

2-6 ucathode



60° W1RES 250cm WIRES

t.5.,..5,5..,...5.5.,...,,..,

96

90

do
s,

ja
Tu
t<,
U
7 u
68

6U
5 H

5ü

4 S

•.",

ja
30
J"V
i<!
3ü
^H

i. -i
L t >
i - .
1^
10

a

Fig.12

- I - • l -

E F F I C 1 N C Y 99.1

J2

DRFT TIME
a* m 293

8nsec

100

90
II
16
«4
«i
ao
78
T6
7^
7?
70
68
06
64
62
6-:
5?
56

50
48
46
44
42
4Ü
38
36
34
32
30
28
26
24
22
20
18
16
M
12
10
6
6
4
l

,! ..5.5.

i-

16 32

99.* DRIFT TIME 1 ch = Snsec RUN 263



T
-

*-Cr^OT
J

—
 1 "

—
1

m̂-u. 
•"

C
D

g
p

•nr^*
j 

,_'_r

T
-

3
-

s,-H—
\

mn
 

.
z
r 
;

CD(6
 
^r--:

z
:::;:::::::;:;:::::: i i;

:
;
:
:
:
:
;
:
:
:
:
:
:
:
:
:
:
-
: 

,n

- 
- - - 

j- 
g
j

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
.
:
.
:
.
. 

m

n ;;;;;;:: ::;;::!; ü
;:;;;;;;;!::::::::::::: 

,
 

S

|:
:
:
:
:
:
:
:
:
:
;
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
: 

-

3
]

ö3

V
-

-
.

4
.

*
^

.
-

.
-

-
.

.
'

.
'

.
*

^
.

*
-

.
-

*
4

4
.

*
,

V
-

.
*

.
.

«
,

V
^

.
,

.
^

,
«

4
.

.
v

J
'

:
:
:
:
:
;
:
:
:
:
:
;
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
;
;
:
:
:
:
;
:
:
:
:
:
:
:
:
:
:
:
;
;

i
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
-
 

r
o

: i
:
:
:
;
:
:
:
:
;
.
:
:
:
:
:
:
:
:
:
.
:
:
:
:
.
:
: :

 :
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
;
:
:
 r 

m

;;;i;:;;;;;;:;;;;;;;;i;;;;;i;i;;;;;;;;ii;;i;;;;;ir 
S

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
•
:
:
:
:
•
:
:
:
:
•
:
:
*

:
:
•
:
*
 

tn
 -

:
:
:
:
;
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
•

:
•

•
:
•

:
:
•

;
:
:
•

:
:
•

:
•

:
•

•
:
•

•
•

: 
2
:

cnöogm(/)

jio-i3£3JT
l

/)



m m
uuuu g

VI

7
l l l l l

0 0 O e_fl_a_a. rt o

i- v- g- e-
l l l l 0

6JIM 1DUÖIS
-09

X x T» •-OOL

S3dlM

[ %] ÄOU9IOIJI3



RUN 271

250 cm WIRES

GAfNFACTOR 6
900 6
»42
dät ..'i
d<tb .. ,
d28 .. ,
a 10 <;...)
1t i 2
11 't i
75t,
7 3 8 S

161..M": i t5s. t ' ' 3. 7 64.
j _ _ _ t _ _ _ , _ „ , _ _ _ ^-»-—1 ------- I -------I ---»- — l- - -»--- ! ---*— 1-"+--

U »2 -H f-

SUMME = 1 « . < E S H I T I = L i . f c « T = J1.J5 PULSE HEIGHT

*uc i RUN 271

I
l

>» PULSE HEIGHTi
i
i
i
i
i
i

J 250 cm WIRES
I
l
I
I

I

i r ly. iul

[ 2-* l J 1 2 ^ 1 ' J 1 * t ' * ? 2 V 2 ' l *1 f * 'l *l * *

* "t 1
«• L**1* *

! »- * l

I

1

I

0 10 ^ C 33 *U 53 bü S T 4 1

icc i DRIFT TIME 1ch^8r
u--7



l 100 ä

L07H

IÜ06
10. i^ 7

: ü i ̂  .
'•*<*. > .
v^b .
^S .
W'* .
VJ ? ,
ü ,:- .!

3- i 60° WIRES :
• i 1 't .

J" : GAINFÄCTOR 8 :
7-Vd .
7^'» .

73- .
ob 2 .
fe ts J . «
6 ,i 'i • •
6 l'j .
t)'V. .

572 .
b^J . 34
5^- . /..
5 ) . ^.. .501
<frf4 . f 4Q

***i2 . 2 35 *. . .

.i i j ...

"i1? ^
^ -i ^

2 -1 ''

176 ..

l 3 ̂  . . '4 9 , ,...,...
11^.. .. f ,...,...

. . - ,2 .

..... .3
.2

'"1 1

l<?

U 32 4tJ 64

C ö ü

ADC

„ t R T . 39.9* PULSE HEIGHT

Fig. 16 RUN 286



ec 
»—

 
j*

 
fr

enOo

"DCt/1
mmQ

-n
O

 
g

0
 ̂

^J
 
^

01 Q

rn(S)

ro

31
IQ

ÖDm

c_nön

mmx-H



MZ-ßß NflH

0

-001
LUUU/OSSU 7 91,

do 's- o -

S3HIM



nsec

400-

300-

200-

100-

250 cm WIRES

2,0 KV / 1,0 KV

Ar / Cty /Isobutan

Fig. 19

18 20 mm

RUN 260-270



nsec

400-

300-

200-

100-

60° WIRES

1,95 KV/ 0,95 KV

Ar/CH/ /Isobutan

Fig. 20

24 mm

290-292



RESOLUTION VS. DRIFTSPACE 30 cm WIRES

(2 wires)

16-

14-
12-

10-
8-
6-

4

2

0

nsec FWHM

S/P

Fig. 21

0

.

2 4 6 8 10 12 14 16 18 2 0 mm

P/S
RUN 270



T* FWHM

16

RESOLUTION VS. DRIFTSPACE .

( 2 wires )

250 cm WIRES

12

10-

t-

6

V-

r

Fig. 22

o 8 10 12 16 0 mm

SIP P/S RUN 270



18-

14-
12-
10-
8-
6

4

2
0

nsec FWHM

S/S

RESOLUTION VS. DRIFTSFACE 250 cm WIRES

(2 wires)

Fig. 23

^-* x x

0 2 4 6 8 10 12 14 16 18 2 0 mm

P/P RUN 270



RESOLUTION VS. DRIFTSRACE, 60° WIRES

20-

18-

16-

12-

10-
8-

6-

4-

2i

0

nsec FWHM
( 2 wires)

S/P

-*-

I —
0 2 4 6

1

8 10 12 14 16 18 2 0 mm

P/S RUN 285



16-

12-
10-
8-

6-
4-
2-

0

nsec FWHM

0
S/P

RESOLUTION VS. DRIFTSB\CE. 510cm WIRES

BEAM AT POSITION 1
(2 wires)

8 10 12 14

Fig. 25

16 18 0 mm
P/S

RUN 282



SINGLE WIRE 30 cm

RESOLUTION

nsec FWHM

16-

12-

a- Fig. 26

4H

r\ 0 1 - 1 • 1

2 4 6
i

8 10
i i

12 14 16 18 2 0 mm

RUN 270



SINGLE WIRE 250 cm

RESOLUTION

16J

12-

8-

0

nsec FWHM

iy

0 2 k 6 8 10 12 14 16 18 2 0 mm

270



SiNGLE WIRE 60° [ 290 cm ]

RESOLUTION

0

nsec FWHM

T 1 1 T

9
S

8
T r

12 16

Fig. 28

T T

2 0 mm

RUN 285



RESOLUTION

nsec FWHM

16-

12-

8-

4-

0
0
s

SINGLE WIRE , 510 cm

BEAM AT POSITION 1

8 12 16

Fig. 29

0 mm

282



Efficiency
250 cm WIRES

50-

0

Fig. 30

TRIGGER RATE

0,4 Kc

4 Kc

Kc

upot = °'8 KV

2,2 2,1* Ucat [KV]

( 7 , 2 G e V )



roC
T

ü_
o
 

..".::;;:*
»
•
•
•
•
*
•
* 

i
u> 
,
.
.
.
-
.
.
,
.
.
,
,
.
.
.
.
.
.
.
.
.
.
.
,

»
 

<
^
•
•
•
•
•
.
•
.
.
•
•
•
•
•
•
.
.
.
.
•
.
•
•
•
•
•
.
.
•
•
•
•
•
•
•
•
•

4

o- 
•
 
•
 
•

.
»
-
.
B
*
.
.
»
»
»
.
.
.
»
.
.
.
.
.
»
.
 „

„
.
„
.
„
»
.
f
e
.
 .
,
.
„
„
„
.
.
 .
»
.
.
.
,

•
*
•
•
 

«
,
.
.
.
«
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
l
,
.
l

•
'
•
•
•
•
•
•
•
•
•
"
•
•
•
•
•
•
•
•
•
•
 

'
.
.
«
.
.
.
.
.
 

„
-
J

«.1l*l1

•J
 
*

 
O

J
 

h
j

* 
l 

*f 
ä

*
 
—

 
-
i
n

S
1
 
l
 
-
 
§

^
1

 
^
 

a
 

u.
3i 
|
 
i

••- 
l 

:

n
^

'
V

j
-

D
j
r

a
j
"

J
T

1
^

o
^

r
s

j
T

5
^

o
ö

'
^

T
>

^
r
>

o
r
j
C

D
J

i
n

^
r
s

J
-
O

^
J

O
^

'
M

^
-
'
a

Ö
'

s
J

T
N

'
'

1
1

^
r
J

'
C

^
O

O
^

J
C

O
J

'
-
*

O
*
'
^

^
-
*
'
^

r
t
J
?

^
1
"

t
a
^

n
*
'
f
l
—

 
<

3
-
>

r
-
^

-
j
-
'*

i
'\

j
Q

J
'r

-
.
o

^
-
"
'-

J
'3

'T
 

n
ö

^
^

'
N

i
—

 
T

.
o

j
j
L

/
\
-
r
*

j
^

-
o

^
T

i
^

^
'
*

-
r
N

^
r- 

ü
 c

 
^

 
o

^
'o

5
l
/
^

l
/
^

l
^

'^
^

^
'J

^
^
 

^
^

j
r
j
-
j
^

j
-
r
-
*
r
^

r
*
i
'
^

'
"
r
^

m
'
N

j
^

J
"
J

'
*
J

"
^

o
J

^
*
^

-
^

-
*
-

J
-
^

^
*
'
^

> 
- 

• 
.

 «

• 
•
 

•
 •

• 
• 

• 
• »

o 
• 

*
•

;
"

;
.

-
.

.
.

. 
;J

:
Q

) 
•

.
.

,
-

_

"X
^
 

^
>

 
—

T~~ 
C

 
•
*

 
*

*
»

»
*

-
^

*
r

-
^

'
N

'
-

>
'

,
 

\
 

^
~
 

^
^

 
« 

•
 

•
»
 

•
•

 
<

*
*

*
—

•
i
-

J
'
^

^
-

r
j

^
 c 

u
 

'
'

-
.

.
- : 

•
!;

 :^
p

v
V

: 
' :

\
 

^
 

*~ 
: 

•. 
'. • 

' • ^ z Z ^ ?' ;
 : * '. *' :

.. 
. 

,"_.i--j.-« 
.* 

•.• 
. •

-^j c
n
 ̂

 
er 

. 
.*. : • 

iis
S

S
-"^ ':

:
.
"

.
!
!
'.

"
•
"

C
N

O
J 

. 
• 

. 
.-z

^
^

'jr;.*
..:"

:*
..'.*

;
S

 
• 

• ' 
• 

,
 j = S ̂

 *
*
::!''"

.'''
:. :.'

m
•
•



%
100

Eff

90-

80-

.2

250cm WIRB

2,0 KV/ 1,0 KV

Efficiency

Resolution at
pot. wire

Fig. 32

Resolution in center region
of driftspace

.4 .6 .8 1 A 6 8 10

K30
nsec

-10

0
20 40 Kc
TRIGGER RATE

259-262



3'i/i
LO

0
0

0
0

on




