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Self qumdti.ng strearrers in drift tubes have been 
cbserved both optically and electronically. '!he 
strearrers of 150-200 ll!l1 width extend out frcrn the anode 
wire to 1.5 to 3 rrm at at:rrosPieric pressures. Elec­
tronic neasurerrents shew that pulses with a rise ti.Ire 

,of 5 ns reach 30 mV directly into SO Q with a decay 
· t.:i.ne of 40 ns at a two atnosphere pressure. Details 
i of the ffiCFerirrents are discussed. There was no detect­
able residoo on an anode wire after eJq?Osing it to 

i 2 x 109 streamers for a 1 rrm sectioo.. 

Introduction 

It has been traditionally acoopted that qas elec-
'1 tron nultiplication goes through regions of ionization, 
;proportional, limited proJ?Ortional, Geiger, and dis-
1 d1arge as hi~ voltage of an anode wire is inc:r:eased in 
lwire cotmters. This may be the case fqE

8
scrre gas mix-

1 tures and pressures. Sare recent works"'' shi;:x.; that 
!unoonventional gas Imlltiplication pheru::m:ma occur under 
; certain conditions. This paper is about a detailed 
: stufy of the region above the prcportional region which 
:manifests itself as a discontinuous fast transition to 
I a self qtEnching strearrer fonnation under a continu­
,ously applied high voltage. A large =ent (approach-
1 ing a rnilliarrpere) is produced ~ this region of opera­
: tian in less than 100 nanoseconds. Optical investiga­
itions reveal that narrav strearrers, 150-200 µm thic.lo::, 
, are fonred ortogonal to the aruxle with a length de­
lpending on applied voltage, the gas mixture, and pres-
i sure. '!he streaners qu:nch thensel ves in a ~l am-
' trolled way providing uniform electronic pulses. The 
!:results indicate that the width and the height of the istrearrers decrease as the gas pressure is increased 

I EJ<perilrental Arrangeirent 

I For the majority of t.'le ~irrents, extruled 
:al.mdnun tubes containing ano:.ie wires of various thick­
!ress ~re used. Various ccrrbinations of argon-ethane­
iethyl aloohol mixture sert.red as the drift tube gas. 
:Sare preliminary results were obtained using 50 percent 
:argon, 50 i;ercent carbon dioxide mixture flcwing 
'through ethyl alcohol at rP c. The results are ver'£ 
's:imilar to th.at obtained from argon-ethane mixture. 
I 
~ electranic arrangerre.nt was sinply either a 

:fast oscilloscope (Tektronix 4851 or a pulse height 
analyzer (LeCroy QVT) for observing pulse shape or 
detecting charge provided by the self quenching streaner 
electrons. 'Ih:!se devices were directly a:mnected to 
the ancrle wire sinoe there was no need for pulse anpli­
fication .. 

I 

i A 12 x 12 rrm2 alumi.11urn tube, 100 µm dianeter gold 
plated tungsten wire and 49.3 percent A - 49.3 roercent 
C2Hi; - 1. 4 percent CH 3CH;t)H gas Il'ixture weze us€d for 
the follcwing results. 

~ated by Universities Research Association under 
\:Cntract with the United States Departrrent of EnP.rgy. 
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I Fiq. 1 shcMs the collected charge as a function of 
, the high voltage starting fran the prcporational reqian. 
'. '!he avalanche p~ss slews da..m as ~ approach a total 

1 

, charge of 8 x 10 electrcns due to space charge satura­
tion. Beyond this value, a disccntinuous transition 
occurs to the self quenching strearrer m::x:1e, and the gain 
increases much nore slcwly as the high voltage is in­
creased. For this and the follcwing, a gate width of 
300 nsec is used for integrating the dlarge. Around 

1

this transition either the proportional state or the 
st.reaner state occurs with no interrrediate pulse height 

i observable in between as shc:Mn in Fig. 2a and b. These 
j show that the pulse height distribution is Gauss~an for 
I oosmic rays as well as the 5. 9 keV line of an Fe:::i.:i 
~source. Fig. 2b indicates that sare of the large angle 
; cosmic rays can prcrluce double streamers. 

The probability of nultiple strearrers is a function 
of applied voltage and the track angle relative to !!J~ 
wire axis. For investigating this, a collimated Ru 
B-source and a telescope made frcm a pair of two small 
thin scintillator counters were used. Fig. 3a s.OOws 
the probability of multiple strearrers versus high vol­
tage when the souroo angle was 90° ± s0 relative to 
the anode wire ax.is. 'Ihis small prcbability of double 
strearrer fonration may be due to 6-rays and/or a far 
reaching photon creating an electron. Unless t.~e elec­
tric field is sufficiently high, a single electron 
rould not produce a streaner, as explained further in 
the ~r. 

Fig. 3b sha.ora the double to single strearrer ratio 
as a function of the average track angle with 2.9 kV 
applied to the drift tube. '1'he ratio is clear 1 y de­
:pendent on the size of the drift tube. In this case, 
, it was 12 nm, and the ancde wire was 50 µrn thick. 
'1 

For a .further .investigation of the pulses , a FET 
probe (Tektronix P6201) with 3 pf capacitance was used 
'between the wire and the soop:: as shoNn in Fig. 4. The 
pulse height was recorded as a function of the load 
resistor, R. Fig. 5 shows that the pulse height goes 
tp linearly until the Fl'.T probe begins saturating. '!he 
shape and the rragnitu:Je of the pulses are seen i.'1 Fig. 
6 with several different load resistors. 'Ihey shCM 
that a peak current of 0 • 8 l1'A is provided by the drift 
tube as a current souroe. The pulse shape is indepe..'1-
, dent of ~ of the circuit indicating that it is qov­
enied by the rrotion of the electrons and the p::>Sitions 
of the positive ions. 'Ihe pictures were taken around 
the self quenching strearrer transition, thus both the 
limited prcportional pulses and the strearrer pulses 
can be seen in the pictures. 

Collimated S.9 keV x-rays fran a Fess source of 
I 1 l!IIl width were used for detennining the rate cai_:abil-
1ii ty of t.he drift tube for a oonstan3 flux. Fig. 7 
ishcMs that it is better than 2 x 10 i;er second per 
millineter along the wire. Due to lack of high energy 
test beans, exact rate capability of the drift tube is 
not known at this tine. 

Efficiency for reaching streaner transition was 
r.easured for both 5 .. 9 keV x-rays and mini.nun ionizing 
'tracks. The results are shown in Fig. Ba and b. It 
takes coosiderably higher fields to reach the required 
space charge for minimum ionizing tracks. 

U·ll 



Self Quenching Streairers 

Another drift tube of the type described above was 
constructed with a oonductive transparent windcM for 
ob6erving the rrultiplication process optically around 
the anode wire. The windcw is a th.in sheet of mylar 
o::>ated with a ver:y th.in film of In-Sn oxide9 • A four 
stage magnetically focussed image intensifier tube was 
used for detecting photons emitted by the a tars in­
wlved in the strearrer process. The tube stores, gates, 
and intensifies the image to be recorded on photo­
t;raPhic film. Image storage occurs on the first stage 
PlosPhor; gating is aca::rrplished by pulsing on the 
electric field of the second stage fran its quies­
cently off state using the anode wire pulses. The 
typical gate width was about 1 microseo:lnd. Fig. 9 
s1n<S the eJ<perilrental arrangenent. The photographs of 
t.ie individual events shown in Fig. 10 leave no doubt 
that the first large electronic pulses are produced by 
those st.J:earrers which start frr::m the wire and extend 
l:a<ard the cathode with a length fran 1.5 mn to about 
3 mn depending on the applied voltage. The width of 
the strearrers was l!Easured to be between 150-200 )Jl11. 

'Ibey gra. in the direction of the initial avalanche. 
'!he wire position is indicated at the sides of the 
pictures. 

'l11e above data and the further results which will 
be given sugrJest the follCMing probable rrechanism for 
the fm:mation of t.'le self quenchlng streairers: 

The avalandle process in the drift tube with 100 
l..I wires follOlls the usual e>:pem.ential behavior in the 
prop:Jrtiooal region as seen in Fig. 1. The rate of 
gro.rth of the avalandle slcrws il"'1l'l as the voltage ex­
ceeds 2800 V indicating that space charge saturation 
is felt by the rrultiplying electrons. There is a shcrt 
l.imi ted propoFonal region. Beyond the rreasured nun­
ber of 8 x 10 electron-ion pairs 111 the dense center 
of the charge clou::IB, the space-charge field may be so 
increased that it may negate the applied electric field. 
As a.res~t15he el~_are cooled; a radiative re­
o:nbina.tion of A and e may occur, 

+ - • 
A+e~A+hv 

The energy distribution of these :i;:hotons is ex­
pected to be a continuun since the electron can car.cy 
a wide range of energies. Thus, the energy is the sun 
of the kinetic energy and the binding energy of the 
e1ect.ron in that state, 

Ei and Ex are electronic states. Therefore, we may 
expect sare energetic photons reaching outside of the 
space charge cloud and prcd.ucing electrons from ethane 
(first ionizing t:Qtential of C.%.Hb is 11. 78 ev.). A 
few of these electrons may reach distances of 50-100 lJllt 

to drift back and multiply at the tip of the positive 
icn cone where the field is the highest. Multiplica­
tion should not occur around the cone due to the lCM 
field. An artist's vi6'1 of the phenarena is sho;.m in 
Fig. 11. Of course, if an electron is created far 
enough along the wire (possible 500 ;.an) further rrul ti -
plications could occur, but in this gas mixture such 
energetic ?'lotons (vacuun uV) do not have that chanoo 
until the electric field is very large thus the ~ 
bination ].Xloton nmber is large. Strearrer action along 
the wire happens in Geiger cotmters due to either lc:M 
pressure (l/lOth of atmospheric pressure) or small 
aromt of qt.aiching gas like 3 r;:ercent C2H6 Br at atm:>s­
pheric pressures. Occurrence of Geiger action (spread 
of the avalanche along the ancde wire) in 3 percent 
Ci!6 Br - 97 percent A, but not in 50 percent C2H6 -
SO percent A is ilrportant evidence that the electrons 
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produced by rerorrbination EX>otoos whidl mediate the 
self quenching strearrers result from ionizing ethane 
nolecules not argon a tars by the process, 

+ -hv + C:z116 + c2tt6 + e 

'l11e electric field at the tip of the streairer gets weaker 
as the length of the strearoor gets longer (longer 
length of t;:0sitive ion swarm sharing the charge density 
distribution on the cathode). 'l11e streairer photographs 
shcM that they get thinner as they extend further fran 
the anocJe (Fig .10). A small amount of nitrogen (2 
percent by flow rate) was added to 50 percent A - 50 
percent C2H6 gas mixture with the hope Wt it would 
increase the ntmber of photons detected • It resulted 
in a "VerY visible spread of the strearrers as shown in 
Fig. 12. Frequent occurrence of the closely spaced 
double streaners (Fig. 12a) indicate that the recrnbina­
tion photons are alla.ved to penetrate further in this 
gas nd..xture. Wire pulses corresponding to these events 
have long tails as shown in Fig. 13 . None of the 400 
photographs of the strearrers shc:Med any evidence of 
spread along the anode. 'll1erefore, the long tail can 
be explained by large space charge slowing down the 
electrons as they drift through the charge cloud. 

'l'1e following eJ<peri.rrents provide rrore evidence 
that support the thecry above. 

Pressure Tests 

For the foll&ing eJq>erirrents, ethyl ala::ihol was 
exclu::1ed fran argon-ethane gas mixture to rerrove one 
ronplication in understanding the self quenching 
strearrer rrechani.sm. 'Ibis required larger size drift 
tubes to prevent photons reaching the cathode walls and 
knocking out wall electrons. Fig. 13 like phenarenon 
rray occur when the ultraviolet photons reach the cathode 
walls and produce electrons from the walls. These 
electrons may drift to the strearrer front and contini:e 
the Imlltiplication process. '!his is shc:Mn in Fig. U 
that produoes branches. This appears as a transition 
fran strearrer to limited Geiger operaticn. The pulse 
width in this noae is about 2 microseconds. The ti!1E 
difference beboleen the rising edge of the streamer 
pulse and the appearance of the limited Geiger pulse 
is about 60 nanoseconds which corresp::mds to an elec­
tron drift ti!1E frcrn the cathode to the anode wire with 
6 nm separation. 'ille picture was taken for a high 
voltage value around the transition. 

2 an x 2 an size extruded al.urninun tubes provided 
400-450 volts wide st.reazrer plateau for anode wires of 
50-150 µm diaireter. 

Fig. 14 shc:Ms hCM the full width of the electronic 
pulses vary as a function of the pressure for 50 f)er­

cent C2"6 - 50 percent A gas mixture around the 
strearrer transition. It indicates that the strearrers 
get shorter as the pressure is increased due to absorp­
tion of reccrrbination photons in shorter distance. 
Indeed the photographs (Fig. 15) taken at the corres­
p::indi.ng pressure are in full agreerrent with this. 1. 4 
percent ethyl alcohol was then added to the gas, and 
the stream!r photographs tNere taken at the sarre pres­
sures. Fig. 16 indicates that the stream:rrs get 
shorter and thinner than the previous case. 

Streairer pulse height was measured (across 50 fl 
directly) around transition field values (given in Fig. 
17) for Various pressures and anode wire thicknesses. 



'!his stul.y indicated that l"""r E/p values are requi=d 
with thicker wires. An explanation for this is that 
avalandle may be rolling around the thin wires12, thus 
a substantial fraction of positive ions are shielded 
fran each other. '!his affects the ·space charge satura­
tion nentioned earlier thus requiring a hiF field 
for space charge to grow further to Irake A and e - re­
cari:>ination possible. '.!he pulse heights of the 
limited prq:ortional pulses just below the transition 
are indicated in Fig. 18. This is another confinra­
tion for readtlng space diarge saturation with srraller 
avalanche spread around the anode. The avalanche size 
in the lirni ted proportional region is further reduo=d 
(Fig. 18) by a 1.4 percent admixture of ethyl alcohol 
to so peroent c2H0 + 50 percent A gas. '.!his is 
achieved by blilbling the gas thrc"')h rn3rn2CJH at o0 c. 

Light Signals 

Light emitted frcrn the initial avalanche and the 
streamer develcprent was further investigated in estab­
lishing the tine relation between the emission of pho­
tcns and the wire signal. Fig. 19 shows the e>cperi­
DEntal arrangerent. A drift tube having a transparent 
w:indCM was p1'ced in a dark box with a special i:iJot:<>­
nultiplier tube (Harrarratsu Rl.294UX) oontaining a 
mi.crochannel plate. Transit tirre of the phototube was 
4.2 nanaseoonds with a pulse rise tirre of 350 picc­
seo:nds. A Tektronix 4 85 oscilloscot:e was suf­
ficiently accurate to rreasure tirre alfferences between 
the °"' signals to 1 nsec in real tine. Fig. 20 shows 
the pulses in ooincidence. As seen in the photograph, 
the wire pulses follow the ,ru,wtube pulses well up to 
100 ns. 'Iba wire =rent ccntinues to flow up to 170 
ns, while the i:t>ototube current diminishes aroun:l 120 
ns indicating that the electrons produced at the tip 

'!'he authors would like to express their apprecia­
ticri to Drs. F. Bedesdtl, K. Kondo, A. ~zione, and 
M. Mishina f::ir useful discussions and to A. A tac, 
D. Hanssen, M. Hrycyk, J. Urish, and Y. Yasu for their 
contributions. 
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oonsiderably wider distribution than the negati"Ve 
~ing wi.-re pulses. This is due to the tine strncture Ief. 10 
of the photcns emitted during the soccessi ve avalanche 
formation. 51¥-rirrp::ised pulses with such structure Bef • 11 
widens the pulse height distribution. The tine rela-
tion as a furct.ion of the gas pressure is shown in 
Fig. 21. 'Iba tine difference between the trailing Ref. U 
edges gets snaller as the pressure is increased (indi-
mted in Fig. 22) showing that the height of the self 
qiEnching strearrers is decreased. The·ml.ni:rrn:nl height 
is around 2.5 mn at one a~ pressure, and it 
g:>es dam to 0.3 mn at °"' abrosphere taking a drift 
tine of 200 nsec per centineter. 

Life-Tine Test 
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a:>ll..inated width of t.11.e B-source was 1 nm. Using o!f 
argcri-etbane-alcohol gas mixture, a total of 2 x 10 
st.reare.rs were detecte:i. During this pericd, neither 
criunt rate ncr pulse shape ~ any detectable 
change. The wire was then rerroved and examined under 
a microscq:e. 'Ire active section of the wire looked 
the sare as the rest. Th~ was no visible difference. 
'Ihls ~5": nuiDer of 2 x 10 strearrers oorresponds to 
2 x .10 . stre'.""'rs/an along the wire. ::1!2 total ioni­
zation is eqw..valent to rrore than 2 x 10 typical 
d:"ift chanber pulses running in the proportional node. 
Tb! lack of color dlange of the wire gives us hope 
that the wire could be e><posed to at least an order 
of mgnitu1e m:ire streamer pulses without degradation. 
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signals as a function of the gas pressure. 
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Fig. 22 
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-tube and the wire pulses are super­
inpJsed. Positive going ares are the 
phototube pulses. Horizontal scale is 
50 ns/division, vertical scale 20 WI/ 
division. 
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Drift time and strearrer heights as a func­
. tion of the gas pressure. 
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