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Absc ::acc 

Avalanche development around the anode wire in a 
gas p roportional counter is invesc igaced. In che ra­
gion of ?roporcional gas amplification, the avalanche 
is found :o ~e well localized on one side of the anode 
wire, where the electrons arrive along the field lines 
from che point of primary ionization. Induced signals 
on electrodes surrounding the anode wire are used to 
measure the azimuthal position of the avalanche on the 
anode wire. ?ractical applications ~f che phenomena 
such as left -right assignment in drift cha~bers and 
measurement of the angular direction of che primary 
i~nizacion electronz dr ifting cowards the anode wire are 
discussed. 

Introduction 

Early s:udies on the spacial development of the 
avalanche relative co the anode wire were concentrated 
on the radial development, 1 •.Jhereas in modern applica­
tion of ~ultiwire proportional chambers (~~C) and 
multiwire drift chambers (~~C), ~owledge of the 
azimuthal or angular excenc of the avalanche around the 
anode wire becomes important not only for a more pre­
cise understanding of the gas multiplica tion ~rocess bu t 
al3o for imp rovement of pa::cicle position measurements 
by adding another informacion, the direction of elec­
tron drift to the ~node wire. 

At the beginning of ~C deve lopmenc, obse rvation 
of induced signals on adjacent wires led co che assump­
tion chac che avalanche surrounds the anode wire uni ­
formly ac Lease ac high gas gain.2 However, more re­
cent studies of induced signals have indicated some asym­
necr~ i~ che avalanche development around the anode 
'.Jire'.J-i 

In chis paper, we report on an investigation on 
the question whethe r che avalanche is confined co one 
side of :he anode wire or spreads around che anode wire 
by measuring positive ions of "he avalanche. Indeed, 
ic ~as found :hac the avalanche is ~ell confined to one 
side oE :he anode wi~e in the proportional region of gas 
ampliiicacion.xx Since che :;valanche is Localized, in ­
du:ed signals on electrodes surrounding the anode wire 
contain ;ome info rmacion on the azimuthal posicion of 
the avalanche. i:hereiore '"e studied the :or:nacion oi 
induced ;ignals due co the Localized aval:;nche in de­
cail. Applicacions of the avalanche loca lizacion 
?henomena co ~t\-l"i'C ' ; and ~~..TOG' 3 are also discussed. 

Avalanche Localization 

The firs c me chad which has been applied to s t.udy 
the loca lization of the avalanche is to ~easure ?Osicive 
ion signals ac potencial wires in a ~MOc.3 The P'inci­
ple of che method is shown in Fi~. l. A c ollimated 
source i s ?laced near che potencial wi re ~W. ~lectrons 

liberated by che ionization driEt toward :he anode wire 
aLong che field lines and are multiplied in the scong 
field near che anode r,o~ire. If electrons do aoc spread 
around :he anode wire through these ?rocesses, positive 
Lens created in the avalanche are also l~calized and 
crace back the same :ield lines in opposite direction 
as che eLectrons drifted. An arrival of ?OSit!ve i~ns 

in che strong field around the potencial wire ?W ~ives 

induced signal on ?W. If the avalanche sur ~ounds che 
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Field line configuration in a drift chamber. 
A: anode r.Jire ( 30 ·.:.m dia., 1.75 kV), ?\i ~nd ?'..1: 
potential·.Jires (100 •..m dia .,- 0 . 2 kV) and C: 
cathode planes (ground ) . 

anode wire, ?OSitive ions ~ill also drift c:> che ?Oten­
~ial wire ?W on the side oi the anode wire where no 
primary ionization is produced. 
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Figure 2 

Signals on potencial t•ires , P\~ and Pl~. 

differentiation time conscan c : c ; 100 
versed polarity. 

Amplifier 
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T)l1lical signa l s on P~~ and 'i''..l are shown in Fig . 2. 

This research was sup~orced by the U. S. De~arc~ent of 
Energy: Concracc ~o. ~Y-76-C-02- 0016 . 

'on leave from Institute for Nuclear Study, University 
o f Tokyo , Tanashi , cokyo, Japan. . 

~O n leave from Universi:y o c ~eidelber3, ~eidel~erg, 
Germ2.ny. 

~~ecails are given in Ref. 8. 

J; 
DISTRIBUTION· OF THIS DOCUMENT IS IJNLIMITED 



A Large signal of pos1c1ve ions is seen on ?W in addi­
tion :o che immediace induced >ignal ac :he beginning, 
but a signal of positive ions is not vis ib le on ?\;. 
;:"or higher gas gain, however, :'.c becomes visib le 3-nd 
the ratio o£ chese positive ion signa ls R = A ( ?H)/A ( ?I.J) 
i s used co decer~ine che azimuthal spread of che ava­
Lanche around che anode wi re. 
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FiS!:ure 3 

Ratio be~.;een amplitudes of positive ion signals 
on PI< and P'.<, R = .\~PI<)/A(PI.;), a~ _a function of the 
3-valanche size for Osr 3-rays, ''Fe x -rays, 
and 241Am ~-rays. Gas: Ar(90%)+cH4 ( 10%) . 

The results of R for Ar (90%) / CH4(l0%) are shown 
in Fig. 3 as a Eunccion of the avalanche size QA whi ch 
is expressed as an equivalen t number o£ electron 
charges collected on the :.gode in l ·.;.s . In che p t:C?PO r­
cional region, QA S 5 x l0°e for 90sr 3-rays and ''Fe 
x-rays, it can be concluded thac the avalanche is well 
confined co one side of the anode wire. By increasing 
che voltage, one leaves the trul y proportional region 

•.vhich is characterized by a firs c Townsend pro.cess. 
Then 'wo effec:s become noticeable , che gas multipli ­
cation scares co be aided by photon propagation and the 
de velopment of space charge reduces ~-e effective field 
near the anode wire which saturates che gas amplifica­
tion. In chis semi - proportional region, the localiza ­
tion phenomena depend on such factors as the voltage, 
the gas mixture 3-nd the density of primary ionization. 
In general, the phocon process tends co >pread the ava­
Lanche around che anode wire since the ?hocon doe s ne e 
=allow che field lines . The effecc of photon quenching 
can be seen, Ear exam? Le, in CH4 <v here :he spread is 
much suppressed cor.t?ared co Ar(90%)/CH(,(LO%) at ch.o 
same gain. For 24lAm ~-ray s, R is Less chan l% up co 
QA = 5 x L07e, whe re che effect of photon process is 
stilL small because or lmver electric field and there­
fore lower gas 3ain. 

The second methorl used to ob tain infumacion of 
the avalanche localization was co measu re the center or 
gravity oE induced charges on the cathode in a ~MPC 
wi ch a high pre~ision delay Line placed orthogona l co 
the anode wire.o,8 If the avalanche is localized co 
one side of the anode wi~e as described above, the 
~easur2menc o£ che center of gravity of i nduced charges 
relative to the anode wire gives us an approxi~ce 
indication o f the ~adia l distance oE the avaLanche from 
the anode r..J ira. Fig1.1re 4. 3hotvs a cypical measu re:nenc: 
for 55Fe x-ra ys in .\r(SO"; ) / co, ( 20'7.,) , '"'here cr"'o distinct 
locations of the posicion spec tra correspond to ava ­
lanches which sta rted either from the left o r :he righc 
side of the anode <V ire . Obse r ved distances bettveen the 
c-<vo peaks, :...'<, are shown in Fig . . 5 ~ o r Ar (90"',)/ CH6, ( L07,) 

Figure 4 

Position spectra of avalanches measured with the 
S5re x-ray source 2.5 mrn on either side of che 
anode •.vire, gas: Ar(807,) +C0, (20%), HV: 2.3 kV and 
S?atial reso lu tion: - 85 ).:lll-fl.lHH. Distance be­
~een peaks : 190 .:,m. 
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and "magic 5as ", Ar (69 .3"~ )/ Isobucane ( 30'~)/ Freon L3ol , 
( 0 . 7"1.) . At an a valanche size o r Le s s chan Q_-\ :5 S x L0°.: , 
.:.X = 200 - 250 ·~m f or aLL gas :nixcu :-es . 3y inc!: eas ir.g 
the ae~Lied voltage, ~~ dec :-eases ror 90sr 3-rays and 
for SJFe x- ra ys in Ar (90%)/ CH4 ( LO%) indicating chat che 
a valanche ;preads around : he anode ~ire, buc for 2LLAm 
::.;\. accuall y inc reases :vhic~ indicaces a still localized 
avalanche . :his i s consis~:nc wi :h t~e ?OSitive ion 
:neasu re~enc. 

Hm< ever, f o r magic gas, a completely di fferent 
behavio r was .:>bserved. In the " :na gic mode" or amplicude 
saturating region, ~X increases u~ co l mm and chen ic 
sudden ly decreases . The measurement of positive ions 
a lso showed the same beha vior that the avalanche only 
~artially su rrounds the anode wire under these condi ­
tions . 

The relation be~#een the rea l position o f the ava­
lanche a nd the observed value of ~ is com~licated be ­
caus e the distribution of the image charge due to the 
azimutha lly localized a valanche on the anode wire is 
distorted on the cathode by che existe nce of the anode 
wire near the avalanche . A study wi t h an electrostatic 
model sho«ed chat,8 ~ = l !1ll!l bet•#e en observed peaks 
corresponds to a n actual distance of abou t 600 ~m, or 
a distance of 300 ~n co the anode wire. Our delay Line 
method is sensitive t.:> the mean value o f the induced 
charges in about LO ns. When we assume chat positive 
i ons move only in one direction from the a node «ire then 
t hey would be 30- 40 = away in 10 ns and this corresponds 
to ~~ =- 200 }'lll, which is i n agreement •# ith the observa­
t ion in the proportional regio n . For magic gas, how­
ever the center of gravi t y of the a valanche in LO ns i s 
found co be relati vely far from the anode wire. This 

is also indicated by the observat io n of the fast rise 
time of the anode signal due co the electron con tribu­
tion to che signal fo r mation. 

An incer?retacion of the "magic mode" assuming the 
avalanche co scare and stop multiplication at a large 
dis cance ( - 300 ·..m) from the anode •.Jire wouLd be dif­
ficu l t because the field strength ac 300 -m from the 
~ire i s too Low co gee enough 5as amplif~cation. How ­
ever, when we assume chat the pho ton process sees in 
and that t he mean free path o f the photon is re la tive ly 
shor e, the avalanche may develop from the anode wi re 
ou twardl y, because a l though the iield screngt~ be~..1een 

the anode wire and the avalanche becomes Lower, the 
field strength outside of the a valanche inc reases due 
co the 3trong space charge eifecc. 

Induced Signals 

If the avalanche is Local ized rather than spread 
around the wire, the re lationship o £ the induced charge 
on su rround ing electrodes is a measure of the posicion 
of che ava lanche not onl y alo ng the anode '"i =e but also 
che a z imu t hal posicion around the anode wire . 

To study induced signals in mo re detail, and ap­
proxima te a conr1guracion of practical use , we used a 
3quare chamber 3hown in Fig . 6 . Induced signa ls are 
read ou t from cathode str i~s a long each wall . Typical 
3ignals on cathodes U and Dare s hown in Fig. 7, when 
the S3Fe x - ra ys are injected on che side o f cathode U. 
The d iffe rent ia tion time cons t ant o i the preamplifier 
wa s 2 . 5 ms, long enough co study t~e who le time deveLo~­
~ent o f t he induced charge. Although they have the same 
pola ri ty , the signal shape is quite different. 

The time development of induced cha r ges on cathode 
scrips U and D is studied wi th an elec trostatic model, 
as suming a poin t char5e moving in one direction f r om the 
anode ~ire. In gene ra l , che charge Lnduced on ~n e lec ­
trode due co the poin t char3e q is liven by

6 

r
1 

(x, y) ( l ) 

whe r e fi (x,y ) is a weigh ting function depending , in a 
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Fizu r e 6 

Square chamber 25 . 4 mm x 25.4 mm x 90 mm . A: 
anode ·,ire (25 "-m dia. ) , U and D: cathode scrips 
f o r induced signal s . Collimated x - rays are in ­
jected parallel co the anode wi re. 

Fif!;ure 7 

Indu~~d signa ls on cathode scr ips U and D, ~hen 

the JJFe x - rays are injected on the side of 
cathode scrip U. Amplifie r differentiation :ime 
constant : 7 = 2.5 ms. 

give n electrode system, only on a Location (x, y) of q . 
FoLLowing Green's r ecip r ocal theorem, fi (x , y) is ex­
pressed as 

V ' (x,v ) 
v ' 

0 
( 2 ) 

whe re v ' (x,y ) is the potential at point ( x,y ) when the 
potencial V~ is app l ied on c~e elect r ode i where the 
induced charge will be ne asured and all o cher eLec c=ode s 
are kept at zero po c;;nt iaL. 

A convenien t way co obc;;in fi ( x, y) is by the use 
of a model o f resistive pa~er where electrodes a re 
represented by conductive paint. Figure 8 shows the 
;;quipo tencial line o r ru(x,y) ro r cathode [j of :he 
square c hambe r oOcained wich :his ~echod. 

~·-A mo re de t ailed description is 5iven in ~ef. 9. 
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Figure 8 

Equipo tent i a l lines fo r the determinacion of t he 
'"eighting function ~ ( x,y ) of the upper cathode 
scrip U. 
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~-l eigh t ing iunctions along che '! -axis fo r che 
upper cathode scrip U. =u : ~ich che anode wi r e 
grounded . i8 : wi chouc che anode ••ire. 

In Cig. 9, fu( x, y) along che Y-axis is s ha<vn , <.vhere a 
sharp dip can be seen at the po int of the anode wire . 
The <veighting funccion ·..;ichout the anode wire is also 
shown fo r comparison. 

As che paine charge q moves awa y from che anode 
wire in on~ direccLon, che time develooment of induced 
charges is ob cained by expressing the posicion of q as a 
funccion of t ime t in eq. l. The electric field f or the 
movement: of ?OSicive ions near che anode wire is 
a pro:<i:na·ced :,y t he field of a cyl indrica l condenser 
w ch inner radius ri and ou ter radius r

0
, che posicion 

o ?OSitive ions at ci~e t is given by 

r ( :: ) ( 3) 

where _+ is the =::obilit·' o i oositi ·te ions a:td TJ is :!"e 
aoolied vo lcage on che ~node: 3y using .T = L.9 cm2 f 
:.OV.· ms Eor CHt ions in . .;.: (90~;)/ CH~ ( lO",), Qu ( t ) and Qo ( :: ) 
are calculaced f or ?Osi:ive ions ~oving a·ong : he Y-axis 
from the anode :oward :he cachode U, and are s hown in 
rig. 10 . 
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Figure 10 

Time developmen t o r the induced cha r ges on cathode 
strips U and D, no rmalized wich che amount of t he 
mov ing charge. The docted line s hows cheir 
difference. 

There is no big difference in ampl itude at ch~ be­
ginning and, as positive io ns leave the anode, Q0 ( c) 
scares to decrease , however, Qu(t) concinues co inc rease. 
Thus the signal shape observed in the rear chamber is 
well exp res sed with chis mechod. 

Azimuthal Posicion of che Avalanche 

As the i nduced signals, especial ly che difference 
signal Qu( t: ) - Q0 ( c ) , contain in fo rma cion on che 
azimuthal posicion of che avalanche, '<e excand che 
analysis in ca cwo dimensions. oecause of the radial 
f i eld around the anode wi re, it is convenient: co use 
che ( r, 8) polar coordinates. Using ::he 'e lation 
fu( r,9 + IT) = £0 ( r,9), che diffe rence of induced >ig ­
nals is given by 

(4) 

Since che diamecer of che anode wire is small compared 
to che dis cance bet•,.;een che anode :vire and che cachodes, 
ic can be craate d as a t:.nc char:gc · . .Ji::, an in£ini::simal 
diamete r . * Then fu ( r,2 ) can be conside red co be built: 
up by che •.ve igh cing functi on f8 ( r , : ) for an alec c r ode 
arr angement: ~ichou c che anode wi re and che superposition 
of a very steep weighting f unccion of the a node wi re. 
As che l atter is symmetric around the anode wi r e, eq. 4 
can be rewrit en in g~od app r oxima t ion as 

f~ ( r,: ) near che anode wi re is app r oximated as 

::£: : u 
~ -;:--;- I 

• I r 
I -: 

sin: 
0 

- ;z 

( 5) 

( 6) 

Nore exact: creacment o f the a::lode <..r ire o f r adius 'i 
would include the effect of che dipole charge on che 
anode '"'i re. But: : he angular dependence of : !'le di f ­
ference ; ignal rema ins unchanged . 



Finally, by che use or eq. 3' we gee 

,~I z,/v 2\ l; 
Ql: ( c)- Q0( : ):..2q 

. 0 
5in~ 

~-~( ro / r i ) 
+ r i/ (7) 

~r 

r 0 
I& • 12 

This c l early explains ~he charac:eriscic features of the 
difference signal. The amplitude of the difference 
signal is proportional CO the Steepness or the •.;eighcing 
function without the anode wire and varies as sin3. 
The time development is in good approximation ?ropor ­
cional to ./t. . 

Puls e shape of diffe r ence signals, QU ( t) 
Q

0
(c) . Differ entiation time constant T = 25 i'o? · 

(a) e = 90° and (b) e 2 270°. 

Typical pulse shapes of the d i ffe r ence s i gnal 
are shown in Fig . Ll fo r ~~o angular positions of the 
collimated 55Fe x-rays; S = 90° and a = 270°. Pulse 
height spectra of the difference signal normalized 
with the anode amplitude are shown in Fig. 12, where 
$Ource positions ar e (a) 3 = 30°, (b) 3 = 600 and 
( c ) 3 = 90°, and t 2 5 •.:.s . Angular dependence of the 
amplitude of the difference signal is shown in Fig . 13, 
which shows a complete agreement with the expected sinS 
variation. The resoLution of the angle measurement 
is = 5° ( ?\,1\l:N ) at ~ = 30° •,;hich is li:nited here by the 
source co ll i r:>.a:ion. These results show that the azi­
muthal posicion o: che a '1alanche around the anode •-1ire 
can be :neasured ?recisely with induced signals on a 
sec o f electrodes around the anode wire . 

Conclusion 

Ou= study showed chat, in the pr oportional regionof 
gas amplification, che avalanche is well localized 
on ne $ide o f the anode wire . By increasing the ap­
plied voltage, :he avalanche s cares co spread around 
the anode wire co some excenc by the photon process. 

Investigation of induced signals rrom the Localized 
avalanche shows chat the inforoation on the azimuthal 
angular ?Osition of the a valanche can be extracted 
from the measurement of induced signals on a sec of 
elec:rodes . 

As the a valanc~e is for~ed by elec:rons ~hie~ 
drifted toward the anode ~ire along ~nown DC field 
lines , the ~ea$urement of the azimuthal posicion of the 
avalanche determines t he ?articu lar drii: path of 
electrons from each poi:1t of primar:t ionization. :his 
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?igure 12 

Pulse height spectra of the difference signals, 
Qu Ct) - Q0 ( c), no r malized wich.~he amount of anode 
charge. Angular· positions of JJFe x - ray source 
are (a) 3 = 3 0° , ( b ) ; = 6 oo and (c ) 3 = 9 0° . 
Gas: Ar ( 90% )+CH4 ( 10%), HV: 1.7 kV, signal gace 
time: 5 -.:.s. 
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Figure 13 

Angular dependence of the amplitude of che dif­
ference signal for 55Fe x- rays. 

360" 

is very useful for practical applications. The read­
out of induced signals on potencial wires or neighbori ng 
cathodes in ~MDC's ma ke it oossible co solve the laic ­
right ambiguity with high p~ecision.9 It is also use ­
ful for the half-gap di$Criminacion in ~~./PC' s for x - ra y 
imaging.7 As demonstrated in chis paper, the ?recise 
measurement of the angular posicion of the avalanche 
makes it possible co det e rmine the azimuthal angLe of 
the pri~.ary ionization poL~c in a single councar. This 
combined Nith measurements of the electron drift time 
and the avalanche posicion along the anode wire, 
could locate three dimensional coordinates of the 
interaction point for, e.g., x-rays and neutrons. 
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