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Abstract 

Wire chamber aging can be due to a variety of reasons. Some 
of the most common ly known reasons are discussed to some deta i I. 
Most chambers I iv e fa irly lo ng when g low d i scharges, edge break­
downs, photoe lectr i c feedback, and field em i ss ions from cathodes 
are prevented , Polymerization and coat in g by impurities take 
substantial integrated charge, larger than 0,03 coulomb per wire 
per centimeter before observirig substant i al deterioration i n 
chamber performance with most chamber gases. Test with 50/ 50 A­
C

2
H

6 
wi th 0,57. or more ethanol vapor show that no appreciab l e . 

damage is observed up to 1 cou lomb charge per centimeter wire 
segment , 

Introduction 

Wire chamber aging especially if it i s due to polymerization 
process may be very compl icated to predict and understand . 
During the avalanche process large organ ic molecules break up 
several times by coil isions :.' with electrons and UV-photon 
absorp.tion (quenching) processes t These products can be oi I and 
paraffin like substances coat anode and cathode surfaces, Some 
of these products form a long .chain of molecules, po lymers, on 
the surfaces. 

It was found by S. S. Friedland l that in a counter fi li ed 
originally with Argon-Methane, the methane (mass 16) wi I I 
decrease, but masses 27 and 28 were observed to in crease, 
indicating polymerization and formation of such compounds as C2H4 and others. In genera I, it was found that gases in the methane 
series polymerized more than they dissoc i ated, and th~t the 
reverse happened with such compounds as ethyl acetate and 
alcohols. 

Polymerization 
combines with more 
or sol id at room 
surfaces, 

IS undesirab le since as soon as t he compound 
than 5 or 6 carbon atoms , it becomes a liquid 

temperature and IS depos i ted on the sol id 

Contamination In 
cathode surfaces. 
avalanche process, 
compounds may coat 

chamber gases could slow ly change anode and 
Oxidation can be accelerated during the 
Contamination of 5i, 5, Sr , CI, etc .. , 

surfaces and change surface character i stics, 
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therefore, gas pur ity i s an impo rta nt factor in the chamber ag ing 
process. For the same reasons die 1 ectr i c f i I ms such as my I a r, 
Kapton, etc. should not be used for coveri ng chamber windows. 
They permit diffusions of gases into chambers and also s lowly 
a lter e l ectric fields as they are charged up. Such windows 
shou ld be covered with metal I ic materials on the inside. 

Wire chamber ag i ng can be accelerated wi th any of the 
fo ll ow i ng phenomena: Discharges ( glow d i scharges or sparks ) , 
edge breakdowns, photoe lectric feedback, and f i eld em ission from 
cathode surfaces . Discharges and edge breakdowns may leave scars 
on the surfaces. 

In this paper some 
operation of the drift 
presented. 

suggestions 
c hambe rs and 

about the des i gn and 
proportional cha mbers 

Edge Breakdowns 

the 
are 

It is often found that with planer wire chambers that break­
downs at straight cut frame edges leave dark regions on both 
anode and cathode wi res aft.er some usage . Fig . la s hows a 
typical fr ame that is commonly used for mak i ng p l aner wire 
chambers . Depending upon electric fie lds, thickness of the 
dielectric frame, and gas mixture substantial surface electric 
current flow may occur. The current may increase in time and 
result i n surface corona discharge. A simple way of avoiding 
this problem is to make the frame ~ as shown in F i g. lb. With the 
addition of a ledge surface current path is doubled preventing 
surface corona . 

Feedthrough Design 

Cylindr ical drift chambers have become very popular in recent 
years as col I iding beam experiments have gained great importance . 
An inject i on molded smal I dielectric tube with th e help of crimp 
tube having a very small inner diameter (as smal l as 75 ~m) wires 
i s precisely positioned under a require.d tension. 

Figs . 2a and b show two different arrangements. Fig. 2a is a 
c ross sect i on v iew of a De I r in f eedth rough. The ma i n 
cha racte r i st i cs of th i s des i gn is that the V-groove prec i se I y 
positions the wire at the center of the Delrin tube at the 
i nnerface of the aluminum p l ate . The crimp tube stops somewhere 
within the aluminum plate, leaving the anode wi re at a very high 
e lectric field since the ~ielectr i c surfaces are charged up as 
indicated in the figure. · This may resu lt in breakdown through 
the dielectric in a random way. Dark cana ls are found in the 
Delrin around the V- groove reg ions. Configuration shown in F i g. 
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2b would prevent the current punch-th rough by dropping the 
electric field within the aluminum p l ate s ince the crimp tube 
extends into the chamber vol ume . A 1 mm thick tube drops the 
field to much a lower value'2 and a 85 ~m size hole in th e tube 
precIsely positions the wire. Tests done with th i s f eedthroug h 
arrangement using De l rin materials (grades: 100, 500, 900, and 
900s) showed considerable nois e pulses even without th e anode 
wire with a potential appl i ed between the crimp tube and the 
a l uminum plate. The noise pulses showed up 'around 2 kV and 
increased i n amp li tude as the voltag e was increased. F ig, 3 
shows such pulses. They are indistinguishable from typica l 
proportional pulses. Magn i fied cross-sect ional cuts showed voids 
in the injection molded Delrin samp les. The most probable cause 
of the no ise pulses is that the surface of the voids slow ly 
charge up, polarize , and discharge produc i ng random pulses which 
are shaped by the ampl ifier. The feedthroughs get noisier in 
time and show currents reaching 1 nA level. In this search of 
good inj ection molded dielectric materials polyethylene and Noryl 
N190 were found to be excellent; no noise pulse 1!2 P to and beyond 
3 kV and the l eakage current was less than 10- A. Th i s 1 imit 
is due to insufficient sensitivity . Noryl is as rigid as De lrin 
and very stable, but polyethylene i s not sufficient ly rigid for 
the appl ication. 

, 
Field Emission #:,from Cathode Wi res 

Electrons can be emitted from a cathode wire surface when the 
electric field exceeds some critical value that is depended on 
the surface quality and type of material. The field may be as 
low as 30 kVjcm. Coateg or plated Se-Cu wire surface found 
rath e r i mpe rf ect, fu I I of da rk spots. The study was done with a 
cyl indrical tube of 1 cm diameter with a semitransparent window, 
In-Sn oxide coated mylar fi 1m. Photon em i ssion from the reg ion 
surrounding anode wire was observed when the wire was under a 
reversed high voltage, negative potential on the wire, and 
aluminum tube at ground. Conduct i ve transparent window is also 
kept at ground potentiaf. 

Generally under normal operating conditions randomly emitted 
single electron pulses wi II not be seen in drift or proportional 
chgmbers unless the gas gain is set to be very high, above few 
10 , but these pulses can be there and accelerating the aging 
process. Fine finished stainless steel wires were found to be 
better for this effect. Good surface quality and rather thick 
wires, 150 #m or thicker, were ad visab l e for the cathode or field 
wires for el iminating the field emission . 
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Photo-Electrons and Discharges 

Anoth3r very damaging phenomenon IS glow discharge or spark 
discharge. They occur at a critical gain for a given intensity 
in a gas mixture when ultraviolet photons are not fully quenched. 
The phenomenon manifests itself by a continuous current drawn 
from a high voltage power supply. It starts with an increase in 
current and after a brief hesitation current goes up again, and 
it reaches a steady value. The current may vary from a small 
fraction of a microampere to tens of microamperes. 

It may be initiated with photon electron exchange process 
when UV quench i ng is insufficient. The most I ike ly way this 
phenomenon may happen IS to create a streamer condition which 
cannot quench itself and br~nch streamers. This then feeds 
itself through succeSS I ve regeneration of electrons by photons 
continuously. Detai Is can be found in Ref. 3. 

The streamer condition may be reached at high rates with a 
suffic'lent gain when a track or tracks accidentally produced in 
the vicinity of a fully developed a valanche cone which provides 
electrons to be multipl ied successively at the tip of the cone 
where the field is high. 

The breakdown current was studied using tubes and ,a small 
drift chamber each having a seml~ransparent window (In-5n oxide 
coated mylar fi Im4'S Using an ';i 'mage intensifier video camera 
described earl ier I photons emitted from the active area were 
observed whi Ie the average current drawn from the high voltage 

' power supply was recorded, Pulses from the anode wires were also 
observed to detect streamer transitions when the applied voltage 
was sufficiently high. 

Fig. 4 gahows the experimental s arrang~ment. A fairly 
i 'ntens i ve Sr fJ-50urce of 2 x 10 /sec cm rate was used for 
the tests, The gas mixture was 50/50 C?H6/A flowing through 
ethyl alcohol at 0 C adding 1.4~ vapor to tne mixture. The flow 
rate was 200 cc per minute. 

Fig. 5 shows the brea'kdown curve for 12 mm x 12 mm size 
aluminum tube having 50 ~m thick gold plated tungsten seen in the 
figure that it is a wei I behaved smooth curve al I the way to the 
ful I streamer operation . Thin aluminum absorbers were used to 
lower the source intensity . The breakdown occurred at a critical 
gain and intensity when the average current exceeded 0.5 ~A. 
Without the ethyl alcohol vapor the breakdown current is below 
0.02 ·!,A. 
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For optical observation of the breakdown phenomenon the ethyl 
alcohol component of the gas mixture was remov!g, only 507. A/50% 
C H w~s used. p-Source intensity was about 10 counts per wi re 
pi r 6cm for the smal I drift chamber shown in Fig. 6. The photon 
activity made the anode wi res visible at 1.8 kV. Boi I ing I ike 
activity appeared on the TV monitor at 1.9 kV as shown in Figs. 
7a and b. The activity stayed within circles of about 3.6 mm 
diameter at 2.1 kV. The circles remained when the source was 
removed as seen in Fig . 7b. The voltage had to be reduced below 
1.8 kV for the circles to disappear. 

1.47. ethanol vapor was added to the gas mixture, and the 
photon activity was observed. Figs. 8a, b , and c show that it 
takes considerably higher voltage for the wires to be visible) at 
2.8 kV self quenching streamers are seen and at 3.1 kV ful I 
streamer operation. Branch streamers did not occur, and the 
breakdown condition was not met with the ethanol vapor in the 
dr.ift chamber with the wire cathode configuration is a 
significant clue tha~ breakdown is mediated by photoelectron 
conversion on the cathode surface. The breakdown occurs with 
1.4% ethanol in the tube since it is a continuous coverage of 
cathode surface as compared to very small so l id angle coverage 
with the wire cathode surface. 

Ultraviolet photon transmission curves provided by Dr. Victor 
Ashford show that ethano I absorb the longer wave length UV photons 
quite efficiently (Fig. 9). These are long ranged photons that 
are capable of kno·cking out electrons from cathode surfaces, · and 
ethane molecules are very ineffective in quenching them. 

Another independent experiment resulted in the attenuation 
length of A = 480 #m for those photons capable of producing 
electrons in 507. A/50% C?H6 from the cathode wa I I of the 12 mm x 
12 mm aluminum tube. T~e attenuation length is reduced to A = 
160 pm with the addition of 1 .4 ethanol vapor. These numbers 
were not affected with the same tube af~e r coating the inner wal I 
with colloidal graphite. 

No breakdown could be detectable up to 7 #A average current 
when 4.47. ethanol vapor was added to the gas mixture. Fig. 10 
shows breakdown current as a function of ethanol concentration. 
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Aging 

Argon-ethane gas mixture has been very popular because of 
good saturation property of electron drift velocity (Fig. 11 ) 
thus providing very good spacial reso l utions. Long time studies 
of the gas mixture has shown that the I ifetime of wi re chambers 
can be very long since breakdown conditions are prevented with 
the add i t i on of ethy I a 1 coho I vapor. The tab I e be l ow shows 
integrated charge for different ethanol concentration . These are 
very direct measurements of currents drawn from the high voltage 
supply running steadi Iy for five weeks or more keeping the 
current above 0.5 pA when the p-Source illuminating 6 mm length 
of one wi re ~n the wire drift chamber. The gas gain was kept 
above 5 x 10 during the runs . 

Gas M i xt.u re 

50/ 50 A-C2HS + 1.5% ethanol 
50/ 50 A-C2HS + 0.7% ethanol 
50/50 A-C2HS + 0.5% ethanol 

Co I I.ded C~a rge 
(Cou lomb/ cm Wire ) 

1 
2 
1.5 

Dur ing the runs an Fe55 source pulse height spect.rum was t.aken 
periodically t.o see if resolut.ion is changed. The most sensit.ive 
clue to ag i ng is a reduct i on of 5.9 keY peak he i ght. to va I ley 
(bet.ween 3 keY argon escape peak and 5.9 keY line rat.io. Aft.er 
the above runs there was slight: darkening of t.he anode wire 
surface. This could be due to 'coating g~ impurit.ies. Fig. 12 
shows t.hree pulse height spect.ra of t.he Fe source. Fig. 12b is 
on t.he aged spot, and Figs. 12a and c are taken on 6 mm dist.ance 
on bot.h sides of t.he aged spot.. S I i ght.1 y worse peak to va I ley 
rat.io is seen in Fig. 12b. This picture was for the 0 . 5% ethanol 
case. There was no observable change on the cat.hode wires. 
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Fi g. 13 

1b 

Fig. 23 

2b 

F;g. 3 

F;g. 4 

Fig. 73 

F igure Captions 

Commonly used wire chamber frame with straight edg~ . 

Wire chamber frame with ledge. 

Feedthrough arrangement with V-groove which posit ions 
wire precisely. The ar\angement may cause breakdowns. 

Feedthrough arrangement 
wire precisely . Large 

with crimp tube 
enough diameter 

pos i ticn i n9 
lowers the 

electric field . 

Noise pulses produced. In De l rin material . 

Experimental arrangement with image intensifier camera 
for observing photon activity. 

Breakdown curve for 12 mm x 12 mm size 
Gas m; xture 50~ A/50~ C2H6 bubb l ;ng 
alcohol at OOC adding 1.4~ vapor . 

a l uminum 
through 

tube. 
ethyl 

Cross section view of the sma l I drift chamber for 
optica l observat i on of breakdown phenomenon. 

Photon activity showing normal operating regions along 
the ane8e wires together with breakdown regions with 
the Sr p-Source without ethyl alcohol vapor in the 
gas. 

7b Breakdown regions are continuously active even after 
removing the source . 

Fig, 8a Ethy I a I coho lis added to t.he chambe r gas. Chambe r 
operat.ing in sat.urated avalanche mode . 
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8b Chamber operating In a mixed mode; s~lf quench ing 
streamers appear. 

Be 

Fig. 9 

Fi g. 10 

F i g. 11 

Fi g. 12 
a and c 

12b 

Ful I streamer operation. Up 
wi th no breakdown activity 
a I coho I vapor, 

to fu II streamer­
with the he l p 

operat i on 
of ethyl 

uv transmission curves through the given gas mixtures 
(provided by V. Ashford). 

Breakdown current as a function of ethy l 
concentration. 

alcohol 

E lectron drift velocity as 
for different ethyl alcohol 
A/50% C2H6 gas mixture. 

a function of high voltage 
· vapor concentrat ion in 507. 

Fe 55 pulse height spectra 
integrated charge on one 
spectra taken 6 mm away 
either side. 

taken 
wire 

from 

after 1.5 coulomb 
of 6 mm segment. The 

the exposed section OIl 

Fe55 spectrum taken on the 
show: n9 s light I y worse pea·k 

. , , , 

• 

b 

~i,. 1 ---=-. 

exposed section of 
to valley ratio . 

the wire 
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Fig. 3 
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