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Abstract

Avalanche developmeat around the anode wire in a
gas proporctional counter is invescigated. In the ra-
gion of proportional gas amplification, the avalanche
is found zo bSe well localized on one side of the ancde
wire, whera the a2lasctroas arrive along the field lines
from the point of primary ionization. Induced signals
on electrodes surrounding the anode wirs are used to
measure the azimuthal position of the avalanche on the
anode wire. ~?2ractical applicatioans of cthe phenomena
such as leftc-right assignment ian drifc chambers and
measursement of the aangular direction of the primary
ionization electrons drifting towards the anode wire are
discussed.

Introduction

the spatial developmeat of the
avalanche relative £o the anode wire were concentratead
on the radial development,"” whereas in modern applica-
cion of multiwire proportional chambers (MWPC) and
multiwire drift chambers (MWDC), «aowledge of che
azimuchal or angular excteat of the avalanche around the
anode wirs becomes important not oaly for a mors pre-
cise understanding of the zas multiplicatioa process but
also for improvement of particle positioa measursmeats
by adding anocher informatioa, the direction of alec-
tron drifc co the anode wire.

Early studies on

At che beginniag of MWPC development, observation
of induced signals on adjacent wires led to the assump-
tion chac che avalanche surrcunds the anode wire uai-
formly at least at high gas gain.2 However, more re-
ceat studies of induced signals have indicated some asym-
ne:r?3i? the avalanche developmeat around cthe anode
wire.

Ia chis paper, we r2port on an invescigatioa on
the quescion whecher the avalaache is confined co one
side of the anode wire or spreads around the anode wire
oy measuring positive ioans of the awvalanche. Iadeed,
it was found thac the avalanche is well confined to one
side of the anode wire in the proportional region of gas
amplificacion.®¥ Siace che avalanche is localized, ifa-
duced signals on electrodes surroundiag the anode wire
concain some iaformatioan on the azimuthal positioa of
the avalaache. Therefores we scudied the formacion of
inducad signals due to the localized avalanche in de-
tail. Applicacions of the avalaanche localizacioan
ohenomena to MWPC's and MWDC's arz also discussed.

Avalanche Localizaction

The firsc method which nas been applied to study
the localization of the avalanche is to measurs positive
ion signals at potaatial wires in a MwDC.3 The priaci-
ple of che mechod is shown in Fig. L. A collimated
source is placad near the porteatial wirs PW. Zlactroas
liberaced by the ionization drift coward the anode wire
along the field lLiaes and ars multiplied in the stoag
field near the anode wire. If slactroas do aot spresad
around the anode wire through these processes, positive
ions created in the avalanche are also localized and
crace back the same Zisld lines in opposicte dirsctica
as the electroas drifted. An arrival of positive ioas
in che stroag field around the potential wirs 2W gives
induced signal on 2¥. 1If the avalanche surrounds che
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Figure 1
Field line coafiguration in a drift chamber. _
A: anode wire (30 um dia., L.75 kV), PW and PW:
poteatial wires (100 um dia., - 0.2 kV) aand C:
cathode plaaes (ground).

anode wire, positive ioas will also drift co the poten-
tial wire ?W oa the side of the anode wire where ao
primary ionizaction is produced.

Figure 2
Signals on potential wires, PW and PW. Amplifier
differeaciation time coascant: £t = 100 »=s. Re-

versed polarity,

Typical signals on 2W and PW are showa in Fige 2.
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A large signal of positive ioas is seen on ?W in addi-
tion to the immediate induced signal at the begianing,
but a signal of positive ions is not wvisible oa .

For higher 3as gain, however, it becomes visible and
the ratio of these positive ion signals R = A(2W)/A(BW)
is used to determine cthe azimuthal spread of the ava-
lanche around ths anode wire.
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Figure 3

Ratio between amplitudes of positive ion signals
cn PW and PW, R = Aé?ﬁ)/A(PW), as _a function of the
avalanche size for 20sr 3-rays, 2°Fe x-rays,

and 24lam a-rays. Gas: Ar(90%)+CH,(10%).

The rasults of R for Ar(90%)/CH4(l0%) are shown
in Fig. 3 as a function of the avalaache size Qq which
is expressed as an equivaleat aumber of alectron
charges collected on the agode in 1 us. In the propor-
tional regionm, Qy < 5 x L0% for 7YSr 3-rays and 27Fe
X-rays, it can be concluded thac the avalanche is well
confined co one side of the anode wire. By increasing
cthe voltage, one leaves the truly proportional region
which is characterized by a first Townseand process.
Thea two effects become noticeable, cthe gas multipli-
cacion starts to be aided by photon propagacion and the
development of space charge reduces the s2ffective field
near the anode wire which saturates the gas amplifica-
tion. Ia this semi-proporcional region, che localiza-
tion phenomena depeand oa such factors as the voltage,
the gas mixture and che deasity of primary ionizacion.
In zeneral, the photon process tends to spread the ava-
Lanche around the anode wire since thes photon does anot
follow the field lines. The effacc of photoa queaching
can be seen, for example, in CHy where the spread is
much suppressed comparad to Ar(90%)/CH4(l0%) at the
same gain. _For 241ym ~-rays, R is less than 1% up to
Qy = 3 x L0’e, where the effect of photoa process is
still small becausz of lower electric field aand there-
fore lower gas gzain.

The second method used to obtain information of
the avalanche localization was to measures the ceater of
gravity of induced charges on the cathode in a2 MWPC
wicth a high precision delay line placed orthogonal to
the anode wire.9: If the avalanche is localized to
one side of the anode wire as described above, the
measurement of che ceatsr of gravity of induced charges
relative to the anode wire gives us an approximate
indicacion of the radial discance of the avalaache fr
the anode wira. Figure % shows a typical measurement
for 27Fe x-rays ia Ar(80%)/C0,(207%), where two discin
locations of the positioan spectra corraspoad to ava-
lanches which started either from the left or the right
side of the anode wire. Observed distances between the

Fi

two peaks, X, are showa in Fig. .53 for Ar(90%)/CH,(10%)
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Figure %
Position spectra of avalanches measured with the
IOFe x-ray source 2.5 mm on either side of the
anode wire, gas: Ar(80%)+C0,(20%), HV: 2.3 kV and
spatial resolution: ~ 85 wm FWHM. Distaace be-
tween peaks: 190 yum.
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Figure 5

Measured distance, X, between left and rizht
avalanches as a fuacctioa of che avalanche size
for gUSr 3-rays, 2°Fe x-rays and “*'Am g-ctays.
(a) Gas: Ar(90%)+CH,(10%) and (b) ''magic zas"
Ar(69.3%) + Isobutane (307.) + Freon L3BL (0.7%



and '"magic gas', Ar(69.3%)/Isobutane (30%)/Freson 1381 _
(0.7%). At an avalanche size of less than Qy = 5 x 10%a,
X = 200 ~ 250 ym for all gas mixtures. By iacreasiag
the applied volcage, :X decreases for Os 3-rays and

for ?Fe x-rays ia Ar(90%)/CH,(10%) indicacing that the
avalanche spreads around the anode wire, but for 241l

:X actually increases which indicates a scill localized
avalanche. This is consistsat with the positive ion
measuremenct.

However, for magic gas, a completely different
behavior was obsarved. In the '"magic mode' or amplitude
saturating region, X increases up to 1 mm and then it
suddealy decreases. The measurement of positive ions
also showed the same dehavior that the avalanche oanly
partially surrounds the anode wire under these condi-
tioas.

The relacioan between the real positioa of the ava-
lanche and the observed value of AX 1is complicated be-
cause the discributioan of the image charge due to the
azimuthally localized avalanche on the anode wire is
distorted on the cathode by the existeance of the anode
wire near the avalanche. A study with an electrostatic
model showed cha:,s 2X = 1 mm between observed peaks
corresponds to an actual distance of about 600 pum, or
a distance of 300 =m tco cthe anode wire. Our delay line
mechod is seasitive to the mean value of the induced
charges in about 10 ans. When we assume that positive
ions move oanly in one direction from the anode wire chen
they would be 30-40 um away in 10 ns and this corrsspoands
to 2X == 200 gm, which is in agreement with the observa-
tion in the proportional region. For magic gas, how-
ever the center of gravity of the avalanche in L0 as is
found to be relatively far from the anode wire. This
is also indicated by the observacioan of the fast rise
time of the anode signal due ro the zlectron coatribu-
cion to che signal formatioa.

An incerprstation of the ""magic mode'" assuming the
avalaanche to scart and scop multiplicatioa ac a large
discance ( ~ 300 .m) from the anode wire would be dif-
ficult because the field streagth at 300 um from the
wire is too low to get anough zas amplification. How-
aver, when we assume that the photon process sets in
and that the mean free path of the photoa is relatively
short, the avalanche may develop from the anode wire
outwardly, because although the field strengch bectween
the anode wire and the avalanche becomes lower, the
field streagth outside of the avalanche increases due
zo the strong space charge eifact.

Induced Signals

If cthe avalanche is localized rachar than spread
zround the wire, the relacioaship of the induced charge
on surrounding slectrodes is a measura of the position
of the avalaache not oanly along the anode wire but also
cthe azimucthal posicion around the anode wire.

To study induced signals in more decail, and ap-
proximace a coafiguration of practical use, we used a
square chamber shown in Fig. 6. Induced signals are
read out from cathode strips aloag esach wall. Typical
signals on cathodes U and D are shown in Fig. 7, when
the ?°Fe x-rays are injected on the side of cathode U.
The differentiacion time coastant of the preamplifier
was 2.5 ms, long enough to study the whole time develop-
ment Of the inducad charzge. Although they have the same
polarity, the signal shape is quite diffsrent.

cachode
model,

The time developmenc of induced charges on
strips U and D is studied with an electrostatic
assuming a point charge moving in one direction from the
anode wire. In geaeral, the chargze induced*on an 2lsac-
trode due to the point charze q is given by
(x,¥) »

Q=g ii (1)

f.(x,y) is a weighting function depeading, ia a
-

equipotencial line of iu(x,y) tor
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Figure 6

Square chamber 25.4 mm x 25.4 mm x 90 mm, A:
anode wire (25 wm dia.), U and D: cathode strips
for induced signals. Collimated x-rays ars in-
jected paralleal to the anode wire.

Figure 7

Induced signals oa cathode strips U and D, when
the °7Fe x-rays are injected oa the side of
cathode strip U, Amplifier differentiacion
coastant: T = 2.5 ms.

zime

given electrode syscem, oaly on a location (x,y) of q.
Following Greea's reciprocal theorem, £;(x,y) is ex-
pressed as

7

£ (x,y) = LR , (2)
)

where V/(x,y) is the potantial at poiat (x,y) whea the

potencial Vé is applied on the z2lectrode i whers the

induced chargs will be measured and all cther eleccrodes

are kept at zero potantial.

A coaveaieat way to obtaia £j(x,y) is by cthe use
of a model of resistive paper where electrodes are
represented by conductive paint. Figure 8 shows the
cathode U of the
square chamoer octtained with this mecthod.

A more detailed description is given ia Ref. 9.



Figure 8

Equipotencial lines for the determination of the
weighting fuaction EU(x,y) of the upper cathode

strip U.
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Figure 9

Weighting functioas along cthe Y-axis for the
upper cathode scrip U. £y: with che anode wire
grounded. 58 wichout the anode wira.

In Fig. 9 EU(x,y) along the Y-axis is shown, where a
sharp dip can be seen at the point of the anode wire.
The weighting functioa without the anode wire is also
shown for comparisoa.

As the point charge q moves away £from the anode
wire in One direccion, the time developmeant of induced
charges is obtained by expressing the position of q as a
funccion of time t in eq. l. The electric field for the
movement of positive ions near the anode wire is
approximatted by the field of a cylindrical coandenser

with ianer radius r; and outer radius r,, the positioa
of positive ions at time t is ziven by
+
2‘\-‘ vO 2 \’L:f
L e e s E e R 3
( \3E (t /%)) i , (3)

-

where -~ 1is che mobility of positive ioas aad 7_
applied voltage on the anode. 3y usiag o7 = L.7 caz?/
kV.ms for CHY ioas in Ar(90%)/CH,(Ll0%), Qu(t) aad Qp(t)
are calculaced for positive ioms moviag along che Y-axis
from the anode coward the cathode U, and are showa in
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Figure 10

Time development of the induced charges ca cathode
strips U and D, normalized wich the amouat of the
moving chargs. The dotted line shows their
difference.

There is no big difference in amplitude at the be-
ginning and, as positive ions leave the anode, Qp(t)
starts to decrease, however, QU(C) coatinues o increase.
Thus the signal shape observed in the real' chamber is
well expressed with this method,

Azimuthal Position of che Avalanche

As the induced signals, especially the differeace
signal Qy(e) - Qp(t), contain informacion on che
azimuthal position of the avalanche, we extend che
analysis iato two dimensions. Because of the radial
field around the anode wire, it is coavenient to use
the (r,2) polar coordinates. Using cthe xelatioa
(e, 8 e mi = ED(:,%), the difference of induced sig-
nals is given by

Qu(B)Qp(e)= q - {Eylr, @)= E(m3 +m) ;. )

Since the diamecar of the anode wirs is small compared
to che distance between the 2node wirse and the cachodess,
it can be created as a line chargza wicth an infinizasimal
diametar.® Then Eu(r,E) can be considered to be builc
up by the weighting fuanctioa f£J (r,3) for an electrods
arrangement without the anode wire and the superposicion
of a very steep weighting function of the anode wire.

As the lacter is symmetric around the anode wire, eq. 4
can be rewrittsn ia good approximation as

- 5

Q(E)= Qp(E) & q » {Ey (,8) - £(z,8 + M)

o
“w
W

Jeier (3)

. (r,2) anear the anode wire is approximacted as

sing s (6)

rn

018
"
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~
)

"More exact treatmeat of the anode wirs of radius oy
would include the effect of the dipole charge on the
anode wire. But the angular dependeace of zhe dif-
fereace signal remaias uachanged.




Finally, by the use of eq. 3, we 3zet

A | Zu,VD on %
Q; (2)-Qy(2)=2q o 48 e :;/_ + siad (7)
[o] b &
T Q
g = /2

This clearly explains the characteristic features of the
difference signal. The amplitude of the differance
signal is proportional to the stsepness of the weighting
function without the anode wire and varies as sind.

The time development is in good approximation propor-
rional to ./T.

Figure 11

Pulse shape of diffsrence signals, QU(C) -
QD(C). Differentiation time comstant T = 25 us.

(a) 8 = 90° and (b) § = 270°.

Typical pulse shapes of the differesnce signal
are showa in Fig. Ll for two angular positions of the
collimated 27Fe x-rays; § = 90° and 3 = 2709, ©Pulse
height spectra of the differsance signal normalized
wich the anode amplitude are shown in Fig. 12, whers
source positions are (a) 3 = 30°, (b) 3 = 60° and
(¢) 3 =90°, and £t = 5 us. Angular dependence of the
amplitude of the difference signal is showa in Fig. 13,
which shows a completa agreement with the sxpectad sing
variation. The resolution of the angle measursment
is = 5° (FWHM) at 2 = 30° which is limited here by the
collimation. These results show that the azi-
position of the avalaanche around the anode wir
measured precisely wich induced signals oa a
electrodes around the anode wire.
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muchal
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Conclusion

Our study showed that, in the proportional region of
zas amplification, the avalanche is well localized
on one side of the anode wire. By increasing the ap-
plied volcage, the avalanche starts to spread around
the anode wire to some exteant by the photoan process.

Iavestigation of induced signals from the localized
avalanche shows that the ianformatioa oa the azimuthal
angular position of the avalanche can be extracted
from the measurement of induced signals on a set of
alectrodes.

As the avalanche is formed by electroas which
drifced toward the anode wire along known DC field
Llines, the measursmeat of the azimuthal position of the
avalanche determines the particular drift pach of

electroas from each point of primary ioanizatioa. This

Figure 12

Pulse height spectra of the differance signals,
QU(C) - Qp(c), normalized wich the amount of anode
charge. Angular positions of 2°Fe x-ray source
are (a) 3 = 30°, (b) 2 = 60° and (c) 3 = 90°.

Gas: Ar(90%)+CH,(10%), HV: L.7 kV, signal gace
time: 5 us.
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Angular depeandeace of the amplitude of the dif-
ference signal for 29Fe x-rays.

is very useful for praccical applicacioans. The read-
out of induced signals on poteatial wires or neighboring
cathodes in MWDC's maka ic possible to solve the lafc-
right ambiguity wich high precision. It is also use-
ful for che half-gap discrimination in MWPC's for x-ray
imaging. As demonstrated in this paper, che precise
measurement of the angular posicioa of the avalaanche
makes it possible to determine the azimuthal angle of
the primary ioanization point in a single couater. This
combined with measurements of the electron drifc time
and che avalanche positioa aloag the anods wire,
could locate thrze dimeasional coordinates of the
interaction poiant for, 2.g., x-rays aad neutroas.
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