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Selfquenchingstre~rshavebeenabservedbothopticallyandel~~- 

tally. The stre~rs of150-200 ~rmwidthextmdout frmtheauodewire to 

1.5 to 3 ran at atmospheric pressures. Electronicmeasur-tsshc~that 

pulses with a rise tine of 5 ns reach 30 uW directly into 50 0 with a decay 

tinSof 40 ns atatwoatacspherepressure. Details of theexperinentare 

discussed. 

Introduction 

Ithasbeentraditionally acceptedthatgaselectronmultiplicationgoes 

through regions of ionization, proportional, limitedpropxtional,Geiger, 

anddiskmrge sshighvoltageof anancdewireis increased inwire counters. 
1 

Thismaybe the case for scse gasmixturesand pressures. Sane recent works2-7 

shcwthatunaonventionalphenorenaoccxm under certain conditions. This paper 

is about adetailedstudyof theregion above theproportional regionwhich 

manifests itself as adiscontinwus fast transition to a self quenching 

streamer formation under a continuously appli& high voltage. A large current 
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(approaching a milliaqere) is produced in this region of operation in less 

than100 nanoseconds. Optical investigations reveal that narrow streamers, 

l.50-200 pnthick, are fomedortcgonal tothe ancdewith a length depending 

on applied Voltage, the gas mixture, and pressure. The streaners guench 

themelves in a well controlled way providing mifonn electronic pulses. 

The results indicatethatthewidth andtheheightof the streamers decrease 

as thegas pressure is increased. 

Ebcpemstal Arrangement 

For the majority of the ex~e rirrpnts, extruded allmenm tubes amta.ining 

anodewires of Various thicknesswereused. Various axbjnations of argon- 

ethane-ethylalcoholnkxture servedas the drifttubegas. Scme preliminary 

resultswere obtainedusing 50 pxcentqon, 50 percentcexIxmdioxidemix- 

ture flowing through ethyl alcohol at O" C. The results arevery similar to 

that obtained from argon-ethane mixture. 

The electronic anxugemantwas simply either a fast oscillosco~ (Tkk- 

tronix 485) or a pulse height analyzer (LeCroy Qlrr) for observing pulse shape 

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

devioesweredirectly~ectedtotheanodewiresincetherewasnoneedfor 

pulse amplification. 

Experimena Reslitts 

A 12 x 12 ntn2 almimm~ tube, 100 pm diamater gold plated tungsten wire 

and 49.3 RrcentA - 49.3 percent C2% -'1.4 percent CH3CH20H gas mixture 

were used for the following results. 
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Fig. 1 shows the collected charge as a faction of the high voltage 

starting from the proportional region. The avalancheprccess slowsdcwnas 

we approach a total charge of 8 x lo6 electrons due to space charge satura- 

tion . Beyond this value, adiscontinuous transition occurs to the self 

qxnrhing streamerntcde, and the gain increasesmuchmre slcnvly as thehigh 

voltage is increased. For this and the follming, a gate width of 300 nsec 

is used for integrating the charge. Aroundthis transitioneither thepro- 

portional state or the streamer state occurs with no intermdiate pulse height 

cbsemable in between as shcxm in Fig. 2a and b. These shm that the pulse 

height distribution is Gaussian for cosmic rays as well as the 5.9 keV line 

of an Fe55 source. Fig. 2b indicates that soma of the large angle msmic 

rays can produce double stremers. For a further investigation of thepulses, 

a FRiT probe (Tektronix P6201) with 3 pf capacitance was used between the wire 

and the scope as shm in Fig. 3. The pulse height was recorded as a function 

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

until the FET probe begins saturating. Ihe shapeandthenqnitudeof the 

pulses are seen in Fig. 5 with several different load resistors. They shm 

thatapeak current of 0.8aAispmvidedbythedrifttube as a-e&source. 

The pulse shape is independent of FC of the circuit indicating that it is 

govemedbythemtionof theelectrons and thepositions of the positive 

ions. Thepictureswere taken around the selfguenching streamr transition, 

thus both thelimitedpropmtional pulses andthe strean-erpulses canbe 

seen in the pictures. 
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Collimted 5.9 keV x-rays frcxn a Fe55 source of 1 ma width were used 

for determining the rate capability of the drift tuba for a constant flux. 

Fig. 6 shms that it is better than 2 x lo3 per second per millimeter along 

the wire. Due to lack of high energy test beams, exact rate capability of 

the drift tube is not known at this time. 

Efficiency for reaching streamar transition was measured for both 5.9 

keV x-rays and minimm ionizing tracks. The results are sham in Fig. 7a 

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

for minimm tracks. 

self Quenching strearoers 

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

c&%.&ive transparentwindwforobserving themultiplicationprocessopti- 

tally around the ancdewire. Thewindmis a thin sheetofwlar coatedwith 

a very thin film of In-Sn oxide8. A four stagenegneticallyf-sad image 

intensifier tube was used for detecting photons emitted by the atoms involved 

in the streamsr process. The tube stores,gates, and intensifies the in?age 

to be recorded on photcgraphic film. Image storage o-s on the first stage 

phosphor; gating is acamplished by pulsing on the electric field of the see-~ 

ond stage frcanits quiescently off stateusing theanodewire pulses. The 

typical gate width was about 1 micmsemd. Fig. 8 shms the experimaxtal 

arrangerrent. All of the streamarphotqraphs sham inthepaperare15 tines 

the actual streamer size. The photographs of the individual events shown in 

Fig. 9 leave no doubt that the fast large electronic pulses are produced by 

those streamerswhich start frmthewire andextend towardthe cathode 
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with a length from 1.5 nm to about 3 run depending on the applied mltage. 

The width of the streamers was measured to be between 150-200 p. They grw? 

in the direction of the initial avalanche. Thewire position is indicated 

at the sides of the pictures. 

'I%e above dataandthe furtherresultswhichwillbegiven suggest the 

following probable mechanism for the fornetion of the self guenching streamars: 

'ihe avalan&eprocess inthedrifttubewith100 uwire follcxa the 

usual exponential behavior in the pqq-t.ional. region as seen in Fig. 1. 

The rata ofgrcwth of the avalanche slcnvs down as thevoltage exceeds 2800 V 

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

There is a short limited proportional region. Beyond the neasured nd of 

8 x lo6 electron-ion pairs in the dense center of the charge clouds, the 

s-charge field may be so increased that it may negate the applied electric 

field. As a result the electrons are ccoled; a radiative recombination' of 

A+ and e- may occur, 

A' + e- + A* + hv 

The energy distribution of these photons is expected to be a continum 

since the electron can carry 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, 

hv = Ee + (Ei - Ex), 

Eiand EX are electronic states. Therefore, we may expect scme energetic 

photons reaching outside of the space charge cloud and producing electrons 

from ethane (first ionizing potential of C2H6 is 11.78 ev.). A few of these 

electrons may reach distances of 50-100 p to drift back and multiply at the 
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tip of the positive ion cone where the field is the highest. Multiplication 

should not occur around the cone due to the lcw field. An artist's view of 

the phencmena is shwn in Fig. 10. Of course, if an electron is created far 

en0ucj-1 along the wire (possible 500 um) further multiplications could occur, 

bit in this gas mixture such energetic photons (vacu~~'~~ uV) do not have that 

chance until the electric field is very large thus the recombination photon 

nlmber is large. Streamar action along the wire happens in Geiger counters 

d>ue to either lcw pressure (l/lOth of atispheric pressure) or small amount 

of quenching gas like 3 percent C2H6 Br at atmospheric pressures. Occurrence 

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

C2H6 Br - 97 percent A, but not in 50 percent C2H6 - 50 percent A is imp3r- 

tantevidence thattheelectrons prcducedby reccnbinationphotonswhich 

mediatethe self guenching streamers resultfromionizingethanemolecules 

not argon atans by the process, 

hv + C2H6 + C2H6+ + e 

The electric field at the tip of the streamer gets weaker as the length of 

the streamer gets longer (longer length of psitiva ion swarm sharing the 

charge density distribution on the cathode). Thestreamarphotqraphs show 

that they get thinner as they extend further from the ancde (Fig. 9). A 

small amxmt of nitrcgen (2 percent by flow rate) was added to 50 percent A - 

50 peroentC2H6 gasmixturewith thehope thatitwould increase thernmber 
10 of photons detected . It resulted in a very visible spread of the streamers 

as shcwn in Fig. 11. Frequent occurrence of the closely spaced double 

streamars (Fig. a) indicate that the recombination photons are allawed to 

penetrate further in this gas mixture. Wire pulses corresponding to these 
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events have long tails as shcwn in Fig. 11. None of the 400 photographs of 

the streamers shcwed any evidence of spread along the anode. Therefore, the 

longtailcanbe explainedbylarge space charge slowing dcwn the electrons 

as they drift through the charge cloud. 

The follckngexperiments providemre evidence that support the theory 

Pressure Tests 

For the follcwing expariments, ethylalcoholwas excluded fromargon- 

ethane gas mixture to remove one wlication in understanding the self 

quenching streamernrxhanism. This required larger size drift tubes to pre- 

wtphotons reachingthe catixdewalls andknockingoutwal.lelectrons. 

Fiy. i;: likephencaenonmay occurwhen the ultraviolet photons reach the 

cathode walls and prcduce electrons frcxn the walls. These electrons may 

drift to the streamer front and continua the multiplication process. This 

is shm in Fig. 11 that produces branches. This appears as a transition 

frcmstreacertolimitedGeigeroperation. Thepulsewidth inthismxleis 

about2microseamde.. Thetimadifferencebetween the risingedgeof the 

streanerpulse andthe appearanceof thelimited&igerpulseis about60 

nanosecondswhich corresponds to an electron drift tires fromthecathcde to 

the anode wire with 6 rm separation. The picture was taken for a high volt- 

agevalue aroundthe transition. 

2 an x 2 an size extruded alumin~tubes provided 400-450 volts wide 

streamer plateau for anode wires of 50-150 p dianetar. 



-8- 

Fig. 13 shows how the full width of the electronic pulses vary as a 

function of the pressure for 50 percent C2H6 - 50 percert A gas mixture 

aroundthe streamertransition. It indicates that the streamers get shorter 

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

shortt distance. Indeed the photcgraphs (Fig. 14) taken at the cm-respondiag 

pressure are in full agre-twith this. 1.4 percent ethly alcohol was then 

added to the gas, and the streamr photographs were taken at the same pres- 

sures . Fig..15 indicates that the streamers getshorterand thinner than 

the previous case. 

Streamer pulse height was measured (across 50 Sl directly) around transi- 

tion field values (given in Fig. 16) for various pressures and anode wire 

thicknesses. It indicates thatlowerE/pvalues are requiredwith thicker 

wires. Anexplanation for this is thatavalanchemaybe rolling around the 

thin wir&, thus a substantial fraction of positive ions are shielded fran 

each other. Ihis affects the space charge saturation mentioned earlier thus 

requiring a higher field for space charge to gray further to make A+ and e- 

remnbination possible. 'Ihepulseheights oftbeltitedproportional pulses 

just helm the transition are indicated in Fig. 17. This is another confir- 

mation for reaching space charge saturation with mailer avalanche spread 

aroundthe ancde. The avalanche size in the limited proportional region is 

further reduced (Fig. 17) by a 1.4 percent adnixture of ethyl alcohol to 

50 percent C2H6 + 50 percent A gas. This is achieved by bubbling the gas 

through CX3CX$OH at O" C. 
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Light Signals 

tight emitted fromthe initial avalanche andthe streamerdeveloprent 

was further investigated in establishing the tima relation between the emis- 

sion of photons and the wire signal. Fig. 18 shcws the experimental arrange- 

n-enz . A drift tune having a transparentwindu.?was placed in adark boxwith 

a special photanultiplier tube (Hamama tsuR1294UX) ccntaining amicrochannel 

plate. Transit tti of the phototube was 4.2 nanos-ds with a pulse rise 

tire of 350 picoseccnds. A Tektronix 485 oscilloscope was sufficiently 

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

real time. Fig. 19 shows the pulses in coincidence. As seen in the photo- 

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

wire currant continues to flew 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 theancdewire. Positive going pulses, which 

are tie light pulses, have a considerably wider distribution than the negative 

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

during the successive aValan&e formation. Superiqxxedpulseswith such 

structure widens the pulse height distribution. The tire relation as a func- 

tion of the gas pressure is shcxvn in Fig. 20. The time difference between 

the trailing edges gets smaller as the pressure is increased (indicated in 

Fig. 21) shaving that the height of the self guenching streamers is decreased. 

The minimum height is around 2.5 ran at one abrephera pressure, and it gces 

down to 0.3 mn at two abnxphere taking a drift tine of 200 nsec per csnti- 

meter. 



- 10 - 

The authors Would like to egress their appreciation 'co Drs. F. Bedeschi, 

K. Kondo, A. Menzione, and M. Mishina for useful discussions and to A. Atac, 

D. :Xmssen, M. Hrycyk, J. Urish, and Y. Yasu for their contributions. 

Figure Captions 

Fig. 1 

Fig. 2 

F&. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7a 

Fig. 7b 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

Fig. 13 

&asured charge as a function of the high wltage.for a gate 
width of 300 nsec. 

Self quenching streamer pulse height distributions for 5.9 keV 
x-rays and cosmic rays. The secondpeak inthelatter case is 
due to double str-r fomation for large angle cosmic rays. 

The circuit diagram for observing the pulse shapes. 

Pulse height versus the load resistance. 

Streamrpulseswithvarious loadresistors. 

Count rate capability of a wire in the streamer mode. 

Streamer transitian efficiency for 5.9 keV x-rays. 

Streamer transition efficiency for minimmionizing hadrons. 

~inentalarrangenentforphotographingindividual streamers. 

Thephotcgraphsof the individual self quenching streamars at 
various voltages. Anode wire position is indicated at the sides 
of the pictures. 

Artist's description of the self guenching streamer phenomena. 

Double and multiple branch formation of streaxters with the addi- 
tion of nitrogen gas. 

Self quenching streamer andlimitedGeigerpu.lses superimposed. 

Nl width of streamer pulses as a function of gas pressure just 
above the streamer transition threshold. 
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Fig. 14 Self guenching streamers at various pressures using 50 percent 
Argon, 50 percentethane, and100 imanodewire. 

Fig. 15 Streamers at various pressures using 49.3 percent A - 49.3 par- 
cent C2H6 - 1.4 percent CH3CH20H gas mixture and 100 um anode 
wire. 

Fig. 16 Streamer pulse height as functions of pressure and wire diameter 
just abve the streamer threshold. 

Fig. 17 Limited proportional pulse height as a function of wire dieter 
justbelowthe streamer transition. 

Fig. 18 Experinentalarrangeeentformeasuring timingbetween the photon 
and thewire current during the self quenching str- forma- 
tion. 

Fig. 19 Phototube andthewirepulses are superimposed. Positivegoing 
ones are the phototube pulses. Horizontal scale is 50 ns/divi- 
sion, vertical scale 20 mV/division. 

Fig. 20 Nl width of the wire and the phototube signals as a function 
of the gas pressure. 

Fig: 21 Drift time and streamer heights as a function of the gas pres- 
sure. 
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