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Self quenching streamers have been observed both optically and electroni­

cally. The strearrers of 200-300 µn width extend out from the anode wire to 

1. 5 to 3 mm at atnospheric pressures. Electronic measurements shCM that 

p.llses with a rise tirre of 5 ns reach 30 mV directly into 50 n with a decay 

tirre of 40 ns at a two atnosphere pressure. Details of the experiments and 

sorre applications will be discussed. 

Introduction 

It has been traditionally accepted that gas electron multiplication goes 

through regions of ionization, proportional, lirni tea proportional, Geiger, 

and discharge as high voltage of an anode wire is increased in wire counters.I 

This may be the case for sane gas mixtures and pressures. Scrne recent works2-6 

shCM that unxmventional phenarrena occur under certain conditions. This paper 

is about a detailed study of the region above the proportional region which 

rranifests itself as a discontinuous fast transition to a self quenching 

strea'rer form3.tion un:ler a continuously applied high voltage. A large current 

(approaching a milliarrpere) results from this transition in less than 100 nano-

second. Optical investigations reveal that narrow streamers, 200-300 lJl1l 

thick, are fonred ortogonal to the anode wire with a length depending on 
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applied voltage, the gas mixture, and pressure. The strearrers quench thern­

solves in a well controlled way providing uniform electronic pulses. The 

results indicate that the width and the height of the strearrers decrease as 

the gas pressure is increased. 

Experirrental Arrangerrent 

For the majority of the experiments, extruded aluminum tubes =taining 

anode wires of various thickness were used. Various combinations of argon-

ethane-ethyl alcchol mixture served as the drift tube gas. Sorre preliminary 

results were obtained using 50 percent argon, 50 percent carbon dioxide mix­

ture flcwing through ethyl alcohol at o° C. The results are very similar to 

that obtained from argon-ethane mixture. 

The electronic arrangerrent was sinply either a fast oscilloscope (Tek-

tronix 485} or a pulse height analyzer (I.eCroy QJT} for observing pulse shape 

or detecting charge provided by the self quenching strearrer electrons. These 

devices were directly conrected to the anode wire since there was no need for 

pulse arrplification. 

Experimental Results 

A 12 x 12 mn2 aluminum tube, 100 µm diarreter gold plated tungsten wire 

and 49.3 percent A - 49.3 percent SH6 - 1.4 percent CH3ctt20H gas mixture 

were used for the follcwing results. 

Fig. 1 shc:Ms the collected charge as a function of the high voltage 

starting from the proportional region • Avalanche process slows down as 

we approach a total charge of 8 x 106 electrons due to space charge satura-

tion. Beyond this value, a discontinuous transition occurs to the self 
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quenching streamer rrode, and the gain increases much more slo.vly as the high 

voltage is increased. For th.is and the follo.ving, a gate width of 300 nsec 

is used for integrating the charge. Around this transition either the propor­

tional state or the streamer state oc=s with no intenrediate pulse height 

d:lservable in between as shown in Fig. 2a and b. These sho.v that the pulse 

height distribution is Gaussian for =smic rays as well as the S.9 keV line 

of an Fess source. Fig. 2b indicates that sorre of the large angle cosmic rays 

can produce double strearners. For a further investigation of the pulses, a 

FEl' probe (Tektronix P6201) with 3 pf capacitance was used between the wire 

and the soope as sham in Fig. 3. The pulse height was reoorded as a function 

of the load resistor, R. Fig. 4 shows that the pulse height goes up linearly 

until the FET probe begins saturating. The shape and the magnitude of the 

pulses are seen in Fig. S with several different load resistors. They sh= 

that a peak current of 0. 8 m.l\ is provided by the drift tube as a current 

source. The pulse shape is independent of RC of the circuit indicating that 

it is governed by the motion of the electrons and positive ions. The pictures 

were taken around the self quenching strearner transition, thus both the 

limited proportional pulses and the strearner pulses can be seen in the pic­

tures. As we will shc:M later, electrons and positive ions are produced up 

to a distance of 2-3 ITil\ depending on the applied voltage. 

Coll:irrated S.9 keV x-rays from a Fess source of 1 rrm width were used 

for detennining the rate capability of the drift tube for a constant flux. 

Fig. 6 sh<:Ms that it is better than 2 x 103 per second per millimeter along 

the wire. Due to lack of high energy test bea.-ns, exact rate capability of 

the drift tube is not kn= at this time. 
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Efficiency for reaching strearrer transition was measured for both 5.9 

keV x-rays and minirm.nn ionizing tracks. The results are sho;vn in Figs. 7a 

and b. It takes considerably higher fields to reach the required space charge 

for minimum ionizing tracks. 

Self Quenching Streamers 

Another drift tube of the type described above was constructed with a 

conductive transparent windcM for observing the multiplication process opti­

cally around the anode wire. The window is a thin sheet of mylar ooated with 

a vezy thin film of In-Sn oxide 7. A two-stage image intensifier RCA video 

carrera (TC1040) was used for detecting photons emitted by the atans involved 

in the multiplication process. Fig. 8 shows the experimental arrangerrent. 

A polaroid cai-rera was used for recording the display on the TV monitor with 

a shutter speed of 1/30 of a second. Intensity of the source was lo;.., enough 

to remrd single streaners, double streamers, or no streamers while the pic­

tures were taken randomly. The photographs (Fig. 9) leave no doubt that the 

fast large electronic pulses are produced by those streamers which start from 

the wire and extend to;..,ard the cathode with a length from 1.5 mm to about 

3 nm depending on the applied voltage and gas mixture. The width of the 

streamers was measured to be between 200-300 µm using a scale at the same 

focal distance. Fig. 9d is the result of a multiple exposure of the streamers. 

They grow in the direction of the initial avalanche. The wire position is 

indicated at the sides of the pictures. The random bright spots are due to 

the single photoelectron background of the camera. 
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'fue above data and the further results which will be given suggest the 

follcMing probable mechanism for the fonration of the self quenching stream=rs: 

The avalanche process in the drift tube with 100 µ wire follows the 

usual ~nential behavior in the proportional region as seen in Fig. 1. 

'.Ihe rate of gra.vt:h of the avalanche slCMS dam as the voltage exceeds 2800 V 

indicating that space charge saturation is felt by the multiplying electrons. 

There is a short limited proportional region. Beyond the measured nl.lllber of 

8 x 106 electron-ion pairs in the dense renter of the charge clouds, the 

space-c.'1arge field !l'ay be so in=eased that it may negate the applied electric 

field. As a result, a radiative recombination8 of A+ and e- may occur, 

A+ + e- ... A* + hv 

'Ihe energy distribution of these photons is expected to be a continuum 

since the electron can carzy a wide range of energies. Thus, the energy is 

the sum of the kinetic energy and the binding energy of the electron in that 

state, 

Ei and Ex are electronic states. 'fuerefore, we may expect sore energetic 

[iiotons reaching outside of the space charge cloud and producing electrons 

from etha-ie (first ionizing potential of C;!l6 is 11. 78 eV). A few of these 

electrons may reach distances of 50-100 µm to drift back and multiply at the 

tip of the positive ion cone where the field is the highest. Multiplication 

should not oc= around the cone due to the l= field. An artist's vie.; of 

the phenrnena is sham in Fig. 10. Of course, if an electron is =eated far 

enough along the wire (possibly 500 µm) further multiplications could occur, 
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but in this gas mixture such energetic photons {vacull!n uV) do not ha"-e that 

dl.ance. Streaner action along the wire happens in Geiger counters dt.>e to 

either low pressure (l/lOth of abrospheric pressure) or small arrount of 

quenching gas like 3 percent Cf'G Br at atnospheric pressures. O=urrence 

of Geiger action (spread of the avalanche along the anode wire) in 3 percent 

Cf'6 Br - 97 percent A, but not in 50 percent Cf'6 - 50 percent A is an im­

portant evidence that the electrons produced by recorrbination photons which 

rrediate the self quenching streaners result from ionizing ethane molecules 

not argon atcms by the process, 

+ -hv + c2H6 _,. c2H6 + e 

The electric field at the tip of the streaner gets weaker as the leng'"..h of 

the streaner gets longer (longer length of positive ion swarm sha...ring the 

cllarge densit;y distribution on the cathode) • The streaner photograffu; ta'lren 

with the video carrera shc:M that they get thinner as they extend further frcm 

the anode (Fig. 9). 

The following experim=nts provide more evidence that support the theo:cy 

above. 

Pressure Tests 

For the folla.ving experim=nts, ethyl alcohol was excltrled frcrn a.."'"gon-

ethane gas mixtures to remove one corrplication in understanding the self 

quenching streaner rrechanism. This required larger size drift tubes to pre-

vent photons reaching the cathode walls and knocking out wall electrons. 

Fig. 11 shc:Ms that another pheno.'Tel1on may occur when the ultraviolet photons 

reach the cathode walls and produce electrons from the walls. These elec-

trons may drift to the anode wire and continue the multiplication process. 
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'!his appears as a transition fran strearrer to limited Geiger operation. The 

pulse width in this node is about 2 microseconds. The tine difference be­

tween the rising edge of the strearrer pulse and the appearance of the limited 

Geiger pulse is about 60 nanoseconds which corresponds to an electron drift 

tilre fran the C'.athode to the anode wire with 6 nm separation. The picture was 

taken for a high voltage value around the transition. 

2 an x 2 an size extruded aluminum tubes provided 400-500 volts wide 

strearrer plateau for anode wires of 50-150 inn diameter. 

Fig. 12 shCMs hCM the full width of the electronic pulses vary as a 

function of the pressure for 50 percent Cti6 - 50 percent A gas mixture 

around the strearrer transition. It indicates that the streamers get shorter 

as the pressure is increased due to absorption of reccrnbination photons in 

shorter distance. 

Strearrer pulse height was rreasured (across 50 Q directly) around transi­

tion field values (given in Fig. 13) for various presrures and anode wire 

thicknesses. It indicates that lCMer E/p values are required with thicker 

wires. The pulse height reaches an asyrrptotic value around the 150 lJlll wire. 

An explanation for this is that avalanche may be rolling around the thin 

wires9 thus a substantial fraction of positive ions are shielded fran each 

other. This affects the space charge saturation rrentioned earlier thus re­

quiring a higher field for space charge to gr= further to make A+ and e­

recambination possible. The pulse heights of the limited proportional pulses 

just belCM the transition are indicated in Fig. 14. This is another confir­

mation for reaching space charge saturation with smaller avalanche spread 
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around the anode. The avalanche size is further reduced (Fig. 13) by a 1.4 

percent admixture of ethyl alcohol to 50 percent Cff 6 + 50 percent A gas. 

'.ihis is achieved by bubbling the gas through CH3CH2oH at o0 c. 

Light Signals 

Light emitted from the initial avalanche and the streamer developrent 

was further investigate:l in establishing the tine relation between the ernis-

sion of photons and the wire signal. Fig. 15 shews the exper:irrental arrange­

rrent. A drift tube having a transparent windc:M was placed in a dark box with 

a special photomultiplier tube (Harrarnatsu Rl294UX) containing a microchannel 

plate. Transit tine of the phototube was 4.2 nanoseconds with a pulse rise 

time of 350 picoseconds. A Tektronix 485 oscilloscope was sufficiently 

accurate to measure tine differences between the two signals to 1 nsec in 

real time. Fig. 16 sh™s the pulses in coincidence. As seen in the photo-

graph, the wire pulses follow the phototube pulses well up to 100 ns. The 

wire current continues to flow up to 170 ns, while the phototube current 

diminishes around 120 ns indicating that the electrons produced at the tip 

of the streamer are drifting to the anode wire. Positive going pulses, which 

are the light pulses, have a considerably wider distribution than the nega-

tive going wire pulses. This is due to the time structure of the photons 

emitted during the successive avalanche formation. Superimposed pulses with 

such structure widens the pulse height distribution. The nurrber of succes-

sive avalanches average arourd 10. This structure can be seen in Fig. 8. 

The tirre relation as a function of the gas pressure is shown in Fig. 17. 

The time difference between the trailing edges gets STraller as the pressure 
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is increased (indicated in Fig. 18) showing that the height of the self 

quenching strearrers is decreased. The minimum height is arourrl 2.5 lllll at one 

atrrosphere pressure, and it goes down to 0.3 nm at two atm:>sji"iere taking a 

drift tilre of 200 nsec per cent.Ureter. 
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Figure Captions 

Measured charge as a function of the high voltage for a gate 
width of 300 nsec. 

Self quenching streamer pulse height distributions for 5. 9 keV 
x-rays and cosmic rays. The second peak in the latter case is 
dlie to double streamer fo:rmation for large angle cosmic rays. 

The circuit diagram for observing the pulse shapes. 

Pulse height versus the load resistance. 

Streamer pulses with various load resistors. 

Count rate capability of a wire in the streamer node. 

Streamer transition efficiency for 5.9 keV x-rays. 

Streamer transition efficiency for mi.nllrann ionizing hadrons. 

Experinental arrangerrent for photographing individual streamers. 

The photographs of the individual self quenching streamers. 
Anode wire position is indicated at the sides of the pictures. 
Fig. 9d is the result of a multiple exposure. 

Artist's description of the self quenching streamer pha-iomena. 

Self quenching streamer and Geiger pulses superimposed. 

Full width of streamer pulses as a function of gas pressure 
just above the streamer transition threshold. 

Streamer pulse height as functions of pressure and wire diameter 
just above the streamer threshold. 

Limited proportional pulse height as a function of wire diarreter 
just bel= the streamer transition. 

Experinental arrangerrent for measuring timing between the photon 
and the wire current during the self quenching streamer fonna­
tion. 

Phototube and the wire pulses are superimposed. Positive going 
ones are the phototube pulses. Horizontal scale is 50 ns/divi­
sion, vertical scale 20 mV/division. 
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Full width of the wire and the phototube signals as a function 
of the gas pressure. 

Drift tirre and streamer heights as a function of the gas pres­
sure. 
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