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ABSTRACT
By measuring the centre of gravity of the pulses induced in the cathodes of a multiwire
chamher, the posiricn of the avalanche can be detemmined with a high accuracy.

The inherent accuracy of the method js at least of the order of 15 microns. The accuracy
is determined only by the spatial extension of the avalanches. With X-tays of 6 kv, the ac-

cmacy is at least o = 150 um aleng the wire. The conditions for interpolation betwsen the
wires are discussed,

SI5/kw-mm
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In a2 mltiwira preportional d‘lamberl] the avalanches occur close to the anode wires,
The motion of the positive ions in the large electric fields at the vicimity of the wires
induces fast-riceing positive pulses on the surrommding electrodes. If one cathode is made
of wirves perpendicular 1o the sense wires, a distribution of induced pulses can be observed
on the cathode wires, with the maximum centred at the position of the ava]md‘nez}. This
foature is essential for the detaction of low-energy neutral particles, ¥-Tays oF neutroms,
since the two coordinates have to be extracted from a single pap, the secondary particles
being usually of too low energy to cross several successive chawbers.

Diffavent vethods have boen developad in order to determine the position of the centre
of the avalanches. The most common of these in the field of X-ray detection are the delay-
line method of the Perez-Mendez grap’!, the rise-rime method of Borkowski and Kopp*), and
the digital read-out of strips in the cathode planes.

In the method we describe, the centre of gravity of the pulse distribution is measured
directly. It seems to lead to an accuracy which is limited enly By the stability of the
spatial distribution of the avalanches generated by the process being measured.

METHQD

The dimensions of the chapber are 10 = 10 en?. The anode sense wires are mads of gold-
plated tungsten of 10 ym diameter, with a spacing of 1 mt, the gap between the sense wires
and the cathode i= 3 mm. The cathode is made of wires of 50 um diameter, spaced by 0.5 mm.
The wires in ome cathode plane are parallel to the sense wires, and in the other they are
orthopmal to the sense wires, The sense wires are not used for positicn measurements; they
are cmnected together to a ddscriminator selecting the events acceptad in the system accord-
ing to their energy loss. The pas used in all our measuremsnts is a mixture of 70% argon,
254 isobutane, and 5% methylal.

The cathode wires are coupled together in groups of six. We measure the pulse height
induced by an avelanche on each band of 3 mo {Fig. 1}.

fn amplifier comnects such 4 band to a dipltizing amplituds comrerter*:' aid to 2 PIFP1L
cooputer.  The amplifier has a voltage gain of 1, with an input impedance of 2000 & and an
autput impedance of 50 .

The computer determines the centre of gravity of the distribution. This method iz an
improvement on our previous measurements of the cantre of gravity by the indirect method of
pulse-height compariscn on tws successive stripsﬂ. The two-dimensional positions of an av-
alanche can be displayed on a Tektronix 4010 Display Screen.

ACCURACY OF THE METHOD

Tn order 1o mepsure the intrinsic zocuracy, we Send a2 posltive peneratsr pulse om ohe
senze wire, inducing positive pulses cn the cathede strips of approximately the same pulse
shape as those indwced by radiation.

Figure 2 shows the distributien of the centre of gravity. It corresponds to o = 15 um
and, according to our cbservaticm, is introduced by the neise in our amplifiers.

«) Le Cray Multi ADC, semsitivity 1 pC/chanmel.
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By varying the pulse heipght by 6 4B we observe a shift correspending to 50 ym. This is
introduced by the defects in the linearity of our amplifiers, which have a 2% lincarity over
the Tanpe we use, These facters could be improved. We can expect that any important devia-
ticn from this sort of acouracy results from the fluctwarion in the spatial distribution of
the charge distribution.

ACCURACY IN THE DIRECTION PARALLEL TG THE SENSE WIRES

We have uzed 2 *°Fe source of 5.0 keV ¥-rays collimated to a slice of about 114 um,
Figure 3 shows the position of the centre of gravity. The FWHM of 300 1 corresponds to
what can ba expected from the range of the photoalectyons and from the collimation, It is
slightly reduced when arpon is replaced by koypton in the gas filling. It rives, hiwever,
am upber 1imit to the spatial distribution of the avalanches frow this sowrce of photoelec-
trons, which plays an important role in discussing the accuracy in the orthogonal directiem.

ACCURACY TN THE DIRECTION ORTHOGOMAL TO THE SENSE WIRES

If we irradiate this chamber with a2 uniform distribution of 5.9 keV XN=Tays, we observe
that the centre of gravity positions are distributed sither in nmarrew peaks corresponding to
the positicn of the wires or into a contimmwus distribution (Fig. 4a). Using the 0.1 mm col-
limated spurce we have investigated the variation of the centre of gravity position as a
function of the position of the source.

Figures b to 41 show the distribution of the centre of gravicy as a function of the
distance from the wire.

The distributions suggest two conclusioms:

i) Some enevgy sharing might cccur between two wires. It is compatible with =n owver-all
gize of the photoelecirom cluster resulting from 5.9 keVW X-ray absorption of about
500 um, as ¢an be deduced from the relative surface of the peak distributlen and the
continuous distribution shown in Fig. 4.

ii] Whem the source is centred close to one wire no sharing occurs, but a clear ripht-left
effect appears.

Figure 5 shows the peaks obtained at the pesitions -50 ym and +100 wm.  Taking into ac-
ooent the intrinsic resolution of the source, the ripht-left effect is remarkably clear, as
was already menticmed in Bef. 1.

INTERPOLATION OF POSITION BETWEEN WIRES

The right-left effect and the energy sharing may have scme Inportance for further pro-
gress in the direction of high-accuracy trajecteory localizatiom.

With tracks inclined With respact to the chapber, there always exists an emerpy sharing
amemyg adjacent wires, and the centre-of-gravity method may lead to an accuracy better than
the wire spacing.

With ¥-Tays one may wHuder whether this would lead to an improvement in resclution.

We hawve irradiated the chamber with X-ravs of different energies: 5.9 kel (Fig. 3],
8.5 keV, 14 ke¥, 23 keV, 34 ke¥, and 54 keV (Fig. &).
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Wz see that the energy sharing becomes more and mere promounced, and that at 25 keV
nearly all the photoelectrons have such an extensicon that the electrons liberated in the gas
are shared among several wires.

With a source of 14 ke¥, well collimated om the middle of two wires, we do not observe
8 peek. We may thus say that with our gas and this enerpy the spatial resclurion iz not
governed by wire spacing but By the range of the photoelectrons., The sitvaticn is clearly
different for each gas. Hipgh demsity pases are of great adventage.

TWO-DIMENSIQNAL MAPPINGS OF SOFT X-RAYS

Wz have equipped a small fraction of the chamber (3.5 om % 3.5 ap} with the equipment
necessary for the two-dimensional read-out of the centre of gravity of the avalanches prod-
uced by 5.9 keV X-rays. This is within a range of enepgy which is interesting in some ap-
plications such as X=ray diffraction studies,

Fipure 7 shows the display obrained with a zsource of 5 mm diameter at a distanoe of
30 em with several vbjects placed against the chanber,

Fipure 7a shows a strong nom-linearity in the positicn of the sense wires. There are
tWe Teasons for this:

i} my difference in the electronic amplification, from channel te channel; this has been
shown to have only a small effect,;

ii) the most important cause is due to the following. In order to register an event, the
sense wires covering the ares of interest were cornected in parallel to an amplifier of
input impedance ~ 2 ki, and used as a3 trigger. Consequently, a negative pulse on me
sense wire caused by an avalanche is automatically fed to all the other sense wires.
This megative exguysion couples to all the cathode strips, which for ome strip far from
the Initial avalanche produces a negative signal greatly in excess of the positive in-
duced pulse. The effect could be Temeved by coupling all the sense wires to ground
with an impedance of a few chms.

ADVANTAGES OF THE METHOD

The interest of this method as compared to the other analog methods relies an several
facte,

- [t does not require any special clrcuits apart from the amplifiers. Standard commercial
CAMAC modules are used.

- There is no loss in the signal size irvespective of the chamber size. This can be decisive
for small wire spacing. Methods in which 2 small fractlon of the induced signal is used,
such a3 in the delay-line method with external coupling, require a higher amplificatiom from
the wire.

- This method relies on a local measimement and 1s to & large extent indspendent of the cham-
ber size. For problems in which a single particle has to be measured, an adequate grouping
of the pick-up cathode alectrodes may result in a gquite econcmical solution. For the focal
plane of spectrometers this should be seriously comsidered. In this case the tracks are
usually inclined with respect to the planes, and energy sharing should provide a space res—
olution much =smaller tham the wire spacing.
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- In the case of maltitrack detection, the methed leads to an easy way of resclving the am-
biguities, The pulse heights on the two crthogomal pick-up electrodes are strictly correlated
in size and may offer an immediate rajecticn of ambipuities resulting in the combination of
avalanches of differemt sizes. The situwation is very similar in this respect to the rejec-
tien of ambipuities using the strict time correlation of the pulses induced en two orthogonal

cathode wite systemsa].

- In applications such as X-ray diffraction studies it is possible to tolearate a wery high
1ocal rate such a5 the one observed in the central spot. A fast coincidence between the bands
corresponding to this spot make it possible to detect the phetens In this spot, {0 cont them
for mmitoying purposes, and to prevent the digitizing system from wasting time over these
unwanted events. Thi=z iz moch more difficult in an analog method, which has to accept at one
end all the events coourring in any part of the chamber.

It is clear that mere work is required em this method in order to find cut the ultimate
1imits that can be reached in the acouracy for charged particle trajectories. It seemed worth
while to us ar this stage to atrract attention to it as a potential tool for some applica-
tioms.

We wish to thank Messrs. H. Verweli and C. Engster for their support in the design and
construction of the elactronics for this experiment.

We are greatly indehited to the WP Technlcal Assistance proup, and in particular to
br. R.E. Bepoit whose ingemuiry and enthusiastic support has allowed us to do our work with
perfectly constructed prototypes.
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Fig. 1 Priociple of the mechod.

The avalanches surroutding a wira a induess a positive pulse on the cathede strips
b, The pulse height of the induced pulee is mwasured and stored and the centte

of gravity of the pulse-height distribution ie compared and gives the popition of
tha avalanche., The two cathode planes are equipped with strips parallel aod or=-

thogomal to the wiTesz; coordinate ¥ parallel to the sepse wites, coardinate y or-
thogonal ko the wvires,
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Fig, & 1Intrineie resolution of the method.

By sending a posicive pulse on the sense wire the dis-
tribution of the centre of gravicy in the y-direccion
shows & width of 30 pw due to the opige in the ampii-
fiers. By changing the gain by 6 dB the peak shifte
by the aquivalaat of 0.1 nm.

-
-
-

Fig, 3 Accuracy inm the direction parallsl to the wire.

The figure szhows the cenire of gravity distri-—
burion aleng the wire. °°Fe X-ray scurce of
5.9 Ke¥W, collimated co 0.1 mn. The width ia
acconnked Eor by tha collimation, the range of
the electyons, and the non—linear response of
the amplifiers,
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F1g. 4 Acenracy in the directien orthogonsl to the wires.

Collimaked source of 5.9 keV X-rays, 0.1 mm wide.
trigger the systam.

Three central eenge wires

a) Uniform agradiatioo

d) ¥ = +0.4 nm Jw==0.2 mn
b} Beam ceptred approfimately el =y = +0.6 mm 1) v = =04 1mn
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Fig. § BRight-left effect.

Superposition of the disiributions at x = =50 um and x = +100 pm,
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Fig. b Localizerlon as a function of X-ray energy.

Reaponee to umiform irvadiation with X-rays of
diffarent energies. The disappesrance af the
pedks art higher X=-ray epargy iodicarimg that

the size of the electrom cloud liberared by a
photoelectron iz extending over several wives.

a) 8.5 ke¥ d} 34 keV
b} 14 keV 2} 54 keV,
c) 21 kev
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