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In recent times plastic streamer tubes with resistiva 

grnphite ~athodes /1/ have become very popular detectora. 

However from experience gained i t ia ea tablished ,that detec­

tora wlth o large cathode resistivity are rather unatable in 

operation. Thio lnatabllity shows up as a short counting 

plotenu restricted by tbe oppeorunce of salfoustuin1ng dio­

charges leoding to lar~e increases of d(~k current. 

In previous work /2/ this phenomenon wan investigated 

und possible explanotiona were given. More recent work /3/ 

observed similar behoviour of tubes for a particular method 

of graphite painting of the cathodeo. It ahauld be emphuslzed 

that the detuila of the mechaniam of tbe appeurance and 

dovo Lopmerrt of the nelfsuotuin1ng discharge -oren' t clear. 

AlI quulitative explanutions of selfsustaining discharges 

in tubes with reoistive cathodes /2-4/ are bused on the Multar 

effect /5/ which is well known wld oiten mentioned ulso for 

the exp Lunu tion of oelfoustaining dí.s chu rgan in norrmL wire 

chumbar-a (000. for exampLe roforenceo 17,0/). The muin Ldeu 

ia thot amull contora ("bod" pointo) with toa high a reoisti­

vity exiot on the cuthode. Thus, ion charge is accumulated on 

these centera leading to the emisaion of electrona from the 

cothode. 

Avuiluble dutu ahows thut the operationul atability ,of 

plustic streamer tubos depends not only on the resistivity 

of t he cu thode Burfuce bu t also on the method of muking Úlis. 

One ~ay point out the following aspects which influence the 

operational stability: kind of plantic /2/, kind of resistivi­

ty (volume or 8urface), conductive materiul,vulue/J/ and 
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uniformity of resistivity. the method of making the cuthode 

surface and any additional treatment. and finally the gas 

mixture used. 

To avoid inatabilities several suggestions were already 

mark .. First coverlesa tubes with small:,profile resistiv;J..ty 

(less or about 10K~Q ) may be used as in the experiment 

UAl /6/. Secondly the use /4/ of an additional "antistatic" 

cover .on the cathode surface. It is not yet quite clear what 

the long-term stability of sucb· surfaces may be. 

Guided by the idea that instability is connected with 

some non-uniformity of the graphite painting, leading to 

the existence of "bad " points, a' meclianical polishing of. the 

graphite
\ 

cathode surfaces bas been used for the DELPIU hadron 

calorimeter /9/. The aim of the preaent work. was to check the 

effectiveness of this methód. 

In this investigation streamo!' t ubes (Fig., 1) ·wore .use d 

wi th a ce thode reàistivity in the r-ange . of 50-2000 kOhm/a • 

The gna mixture w6scomposed of argon and isobutane in the 

proportion 1:). To begin with tha cathbdes of theso tubas 

twe.re unpolished. 

~
 
Fig. 1. Sketch of a plastic streamer tube of the DELPHI 
hadron calorimeter: 1 ~ container, 2 - cover, 3 - anade 
wirt SOy.m in diameter, 4 r: pr-of í.Le , 

The "bad" pó1n'ta are eaaily 'Lo ce ted by an abrupt increase 

'~y an order of magnitude 'and more} of the current through a 

tube upon scanning i ta surfac e wi th' a ~ -e ourc e , 
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It ahould be emphusized that the notion of a "bmi" point 

is not absolute. Whether some point on a cathode surface of 

a detector is, "bad" or "good" depends on the radiation inten­

sity and the high voLt.age applied to 1;he 'detector. In Fig. 2 

the behaviour of an unp6lished tube operating in the self­

quenching streamer mode under the different radiation inten­

sities in the region of a "bad" point is seen. It is evident 

that the larger the intenaity the lower the tbreshold high 

voltuge for the appearanco of a selfsustaining discharge. The 

current of a selfsustuining dia charge haa a typical hysteresis 

behuviour, i.e. after d€creasing the bigh voltage the discharge 

does not disuppear ufter passing below the point of the dis­

charge threahold. It sqould be observed th~t a shurp increase 

of current hurdly inflúences the counting churlicteristi9, i.e. 

this current ia due to very amall pulses which were even impos­

sible to see on the oscilloscope. Similar behaviour was noticed 

in the papar /2/ in the cas-e of volume reailJtivi ty of ca thcde', 

The method of checkí.ng the effectiveness or 'polishing was 

us follows. "Bad" pointa had been found by slowly scanning a 

~-source along the unpolished deteétors with a radiation .in­

tensity of about 1000 cm-2a-1 and a high voltage of 4.7 kV 

(the knee of the counting curve for the goa mixture is in the 

roeion 4.4-4.5 kV); The tubas were then disassembled and the 

regions of "bad" points (on the profile and the cover) were 

poliohed (5-6 moves with aueda). The resistivity qecreaaed on 

average by a factor 1.5-4 and became 50-)00 kOh~ for profil­

es and 200-900 kOhm/[J for covers. 

It WU8 found that thia way of improving the deteotora is 

rather effective: afier the assembling of the detectors there 

Wus on1y one "bad" point from 10 "bad" pointa found initially, 

and this point dis~ppeared after short (about 5 min) operation 
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Fig. 2.	 Counting charncteristics und currents of unpolished 

tubeo for u typieul "bud" point under different 

rndio.tion intensi ties; ~ -soures 90s r • 150 ~ A 

threshold, dead time of shaper - 700 ns. 

... 

2fi-l.sity of ubout 1000 cm- Typicel behevLour of the currents 

throu(jh li tube with respect io the high voltuge 'is shown in 

lo'ig. ). It is seen thut afterpoliehing the current becume 

smull and stnooth und computibLe wi th the Leve L of the l'Uditl ­

1 tion intensity;hysteresis. of courae. is absent. 

In prHctic~. of course. it is not reusortable to reussemb­J 
le tubes after filldillg "bud" points und polish these points 

Lndí.v í.duuLl y , In musa production i t is convenderrt, to polish 

Q whole aurfuce of profiles und covera before ussembling. It 

should be noted that the polishing does not chunge the resis­

U vi ty cri ticully und the' cathode is still transpurent for 

pud reudout (Fig. 4). To check the effectiveness of such Q 

/91
procedure the following wnrr done. 

iso 

PRQFILE 

<R>o 611 klllo100 

Fi~.4. Resistivity distribution 
of DELPHI streumer tubes càthcides 

0.1 05 1.0 1~ after polishing. 

48 tubeo 1.6 m long with unpoliHhed profiles und covara 

WUB u8oembled. The high voltoge waS increosed to tha operu­

t í.ona I Leve I an d if a tube dork cur-i-errt exceede d 1 r A this 

tubo wua considered to be "bud ", "l'here .were 14 "bad " tubes 

J 
1 in t.lrí a group of tube a, 

Nex t 48 tubea wi th poLf.she d profiles and covers wer e 

tJt.HH..'I:,lil.t:d and t.cs t ed , only 3 "bud " wer-e found.. 

4	 :'1 



It should be noted that the improvement wua obtuined 

without any considerable. complicâtion of manufacture.. 
After assembling and testing about 1)000 ).6 m long tubes 

(polished) for the DELPHI hadron 'calorimeter we rejected less. 

than 5% of them. The testa were carried out with ,an X-ray 

source (gus mixture Ar : CO2 : C
5H12 CI 1 : 2 ; 1, the high 

voltage being 200 Vabove the knee of the counting curve,the 

radiation intensity was about 100 cm-2s-1, and the acanning 

was arranged so as to radiate each point of the surface 

during 0.1 a). 

To summariae we find that the polishing procedure gives 

a large improvement in operation of plastic streamer tubes 
r 

with gruphite painted cathodea. 

The authora would like to acknowledge àll colláborators 

of the DELPHI hadron calorimeter group for diacussions of 

the queationa concerned and A.M.Wetherell for his interest 

to the work. 
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AneKceeB r.~. H AP. E13-87-6ü7 
HccJIeAOBaHHe nnmIIIHR nOJlHpODKH rpmpHToDoro 
xar-ona nnac-rnxonax CTpHMCpIlhlX TpyGOK 
lia cTa5HJlbHOCTb HX pnõoTbl 

TIoKasaHo, 'llTO rtOJIHpOBKa nOBepxnocTH rpa<pHTonoro KaToAa 
nnaCTHKOBblX crpnxepnsrx T,PyC'ioK yBeJlHtIHBaeT c r aõnnsnoc-r s 
HX paõo ru , 

Pa60Ta asmormena B Jlaõoparopaa nrtepnsrx rrpoõrtcn mUlH. 

Ilpenpaur O(i1,o,nlllleJmOrO HHCTHTYTR nnepm-rx HCCJ1011.0nnlllln. ,nyõlln 19R7 

Alekseev G.D. et a l , E13-87-607' 
Invcetigation of the Operntionnl 
Stnbility of Plnstic Strcnrner Tubcs 
nfter Polishing of Their Grnphitc Cathode 

It· ie showri the polishing of the graphite cathodes of 
plastic strearner tubes increases their operational sta­
bility. 

Thç invcRti.gntion has becn perforrncd nt the Lllborntory 
of Nuclear Prrihlrrns, JINR. 

Preprlnt of the Joint Instítute for Nuclear Research, Dubna 1987 


