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A b s t r a c t

ti'e repor t cn the perforraar.ee of a l in long pos i t ion

sens i t ive p r o p o r t i o n a l t übe . The posi t i o:: ccordir .a te

in the d i r ec t i o r , of the p roper t icr.al vire is e b t a i n e d

tc an accuracy of - = 2 . 8 m by nie ans o: a h e l i c a l

d e l a y l int- . This p ropor t iona l chanber is des igned tc

forn; a l arge cyl i r .dr ica l de tec tor S y s t e m .

The h e l i x t übe chanber is a p r o p o r t i o n a l t übe p r o v i d i n g a good s p a t i a l resolu-

t i o n in the d i r e c t i o n of the p r o p o r t i o n a l wi re . The p o s i t i o n of an i o n i z i n g

p a r t i c l e pass ing through th is d e t e c t o r is deterrained by measur ing tlie t i m e d l£-

ferc:ice be tweer . the d e t e c t i o n of the f a s t p r o p o r t i o n a l w i r e s i g n a l and the

c, i th ,>de s i g n a l , which has to t ravel a long a h o l i c a l i l e lay l i n e .

iTportar, t f tat ures ci the h 1 1 ix t übe chairber are :

- Cha-bers ny he c,-nbined LO fe rn , l a rge area c i e t e c t o r syste-s.

- The charr.bL-rs are e l e c t r i c a l l y and mechar. i ca l ly separa ted f rcn

each c tr.e r , so '" reaking of any h i g i", vol t age wi re af f ec t s only o;i

t übe , the los s e t e f f ic l ency i s srr.al l .

O p e r a t i o n P r i i i L i p i e and Chanber Construcrior.

T'ne O p e r a t i o n p r i iu ' iple of the hei ix t übe charcber is i1, l us l rat cd in F i g u r e l .

A chargt-d p a r t i c l e pass i r .g througr . ehe de tec :c r gives r i s e tc a f u s t negat ive

s i g:; a", o r. t::e p rop - r t ior.al wi re-. On the c a t ho de , ar. i r .ver ted sigr.a] i s ob ta ined

sy inf i uence äs u s u a l in p r o p o r t i o n a l c - h a m h e r s . The oa thode o:' our d e t e c t o r i s

b u i l t in f i - r i r of a d e l a y l ine w i c h axis p a r a l l e l to the p r o p o r t i o n a l w i r e . The

conductors of t he de l ay l ine are a wire he l ix ar.d a grounced a lu tn inum f o i l . ITie

d i e l e c t ric medi um b e t w e e n the c o n d u c t o r s , which i s r e spons ib le for the speci f i c

ael <iy-l ine. parair.e t ers , i s r t - p r e sen i ed by g l a s s f i b r e - e p o x y m a t e r i a l f o r m i n g the

w a l l of tht p r o p o r t i o n a l tübe .

T'ne s i g n a l p ropaga t in g o r. the de lay l ir.e reaches the end of the d e t e c t o r a f t e r

,i t ime p r o p o r t i o n a l t c t l ie dis t ance b e t w e e n p a r t i c l e t r a j e i - t o r y and d e t e c t o r

end . The posi t ion of an event can he de terrr.ined by neasur ing the propaga t ion

Linie of t hf c.i thode s i gn;i l ; i long t he hei i x t übe rhanber . T o ~La t ch ref lec t ions ,

t r, t' e:ids of the h e i i K are te r i r . ina ted wi t h the impedance Z of the de lay l ine .

Ti'.e s igna l s fror , the p r o p o r t i o n a l w i r e ar.d the h e l i \^ the S ta r t and stop

sigr.als f o r a corpar-'i tc. r d i ^ i t i z e r , w h i c h i s read ou t by a s t an dar d CAMAC

sys t e~ . A h l / c k d i agra.T. i ^ f i u r r e a u c u i e '. ec t ror . i :'S i s shovn in Figure 2 .



Since ehe ca thode of Che h e l i x t u b e char.be r is . b u ; l t äs n n i r - . t e g r a t e c d e l a v

l i n e , t h e r e are no c a u p l i n g losses Jr.d t:ie cati ' .ode s i g n a ! is co-parab! e r, t!:

anöde s igna l .

l:;e de l ay- i ine parar.eters ~ay bi> cai cu"_ . j ted w i t h sorr.e s i ~p J t- equat i ons .

. 1 7 7 : • E

vhere a = d i s t a n c t ' b e t w e c n h e l i x and

shie I d i n g (crr.),

h = p i t c'n of t h t1 hei ix ( c m ) ,

= rel . d i e l e c t r i c nurr-ber of

the tübe m a t e r i a l .

The inductance per uni t l eng th is

approximacely given by L'

w i t h D = dianeter of the h e l i x ( c m ) .

N e g l e c t i n g the res i s tance of ehe h e l i x

wi re, the inpedance and de l ay tiir,e per

uni t length are

and

The length of the delay line is

wi th l = l eng th of the propor-

t iona l tube (cm) .

For the t o t a l de lay of a cathode-signal

t r ave l l i ng al l a long the h e l i x , we get

Table l shows the geonet r ica l paraneters of our t e sc chanber and a comparison of

ca l cu l a t ed and rr.easured va lues for ii^pedance ar.d de lay tirr.e r f the h e l i x . We

note a gcod agree-.ent between ; a l cu la t ion and r.easure^.ent.

Tah le l Tes t charr.ber pa r ame te r s

c a l c u l a t e d r.easured

inpi.-dai-.ee 7. ̂  i31 -2ü

387 na

dis t ance he l ix r o shie Iding a = .65 ir.n

p i toh oi the he l i M h = . 3 im

diar'.cter of the helix wire d = .2 TT.T.

dianie t er of the he l ix D =5.9 nrr.

l eng Lb. of the lest chanber l = 984 r_T.

relative dielectric number £ =4.4

Figure 3 shows a drawi:ig of our test cfcanber. The cor.strut:titm of the helix tube

frllows a very siz^le ar.d cheap procedure. A helix .̂ade of 200 ;.T. cu-wire is

w^und with constant pitch cn a r.eial rod coated with a teflon tube. A woven

fibreglas s tube i s pulled over the helix and moistened with epoxy-adhesive.

After hardening of the adhesive, first the metal rod and then the teflon tube

caii be ren-.oved. As proportional wire ve use 30 um gold plated tungsten stretched

to a tension of 50 g, nounted on plexiglass endpieces which also provide the gas

inlets. Aluninutn foil i s glued on the outsi de of the tube to serve äs ground

potentiai for the delay line. As an i~portant design feature ehe grounded

shielding has a sn-.all slit along the tube. A closed alunir.ua-, shielding provides

a s ho r tage around the circ-UT.f erence of the tube and generates a cont rainduc tance

whi ch, äs we fcur.d out, det eriorat es the pulse shape .

Test Results

The mechanical and eiectromagnt'tical properties of our test chamber are listed

in Table I. Positive high voltage was applied to the proportional wire. As ope-

raiing gas T.ixture we used 90 % Argon and 10 % Propane. After prcanpl i f icat ion

by a facto r of i for the proportional wi re sigr.al s and a i actor of 8 for the

de l ay-1 ir.e s ignals the threshold of our readcut electronii-s was set L o 5 mV.

Typical Signals from anöde and catliodc of the helix tube chamber are shown in

Figure 4. 1t is seen that the shape of the delay-line signals does not change

with distance from the readout side of the helix tube. Cathode signals generated

by particles crossing the detector near the readout end have a risetitne of A5 ns.



Due to the dispersion of the sigr.als in ehe e l e c t r o n a g n e t i c t r an smss i un l i n« ,

which is caused by the res i s tance of the h e l i x w i r e , the r ise t i -e i n c r e a s o s to

55 ns at ehe f a r end of ehe d e c e c t o r . The loss of arrp L i Lude i s ab.) u t 10 ~ .

To de t er eine the de tec t ion ef f i e l e n cy, the l ineari ty ar.d the posi t ion resolu-

t ion , we used a 250 u Ci Ru-6-source colliir .ated to i . 5 mn c iane te r . The

Figure 5 shows the p l a t eau curve of our hei ix t übe chatrber. V i t b i he i 'xperii'on-

tal set-up descr ibed above we neasured a d e t e c t i o n e f f i c i e n c y »f n;: r t- than 9 - ) .5 7„

re la t ive to the s c i n t i l l a t i o n c o u n t e r s , w i t h no dependence o r. t n t pos 11 i i n a l eng

the de tec tor .

A t an anöde vol tage of 1410 V o l t s , the f i rs t Gei ger p u l s es appe?.r<.T. i r "i:r 11-s t

charaber. Für t he r i nc reas ing of the h i gh vol tage resul ted i r. a b r e a k d i wn ;it

1550 Vol t s . In t e s t s w i t h cosmic muons our d e t e c - t o r operated w i t h . u: any dis-

charges at anöde voltages up to 1700 V o l t s .

With the Ru source we neasured a pos i t ion r e so lu t ion of b e t t e r than a = 3.7 im

over the whole length of the de tec to r . F i t t i n g the peaks of the p o s i t i o n spec-

trum to Gaussian shape and correct ing fcr the d ivergence of the e l e c t r o n beax

yie lds a lower L i m i t of o = 2.3 mm für the pos i t ion resoluter , e t our t es t

chamber. A best e s t ima te of c = 2 .8 ELT is corapa t ib le wi th the f ü l l v i d t h at

half maximum of all observed peaks. The r e s o l u t i o n does r.ot change sigr.i f icar . r ly

wi th dis tance frort the readout end cf the chaxbcr. Figure 6 shows a pos i i io r . s

spectruir. over our h e l i x tube cha^ier, the source b e i n g rr.oved in steps cf 50 nr..

The n o n l i n e a r i t y of the chanber has been de te rn ined by moving the s /urce in

Steps of 20 mm over 970 mn of the t u b e l e n g t h . The o b t a i n e d dis t r i b u t i/r. r f peak

I n t e r v a l l s has a w i d t h of c = l mn. The la rges t dcv ia t io i : fro- ehe rnea:-. van. ue

is 2.3 iTir:. Both va lues are w e l l con ta ined in the space r e s o l u t i o n of t he .est

chamber . In the d i r ec t ion transverse to the p r o p o r t i o n a l w i r e , the p o s i t i o n re-

s o l u t i o n is equal to the i n n e r d iamete r of the t u b e . The use cf two or more dis-

placed layers of he l ix tube chambers r e s u l t s in l00 % d e t e c t i o n e f f i c i e n c y äs

w e l l äs in an improved spa t ia l r e s o l u t i o n .

l he h e l i x t u b e chanber ö f t e r s a gcoc spatia1 . r e so lu t i on in two dir.ensioi:s a t

low exper.ses. The c o r ^ p a r a t i v e l y sir.ai l nerr.ory titr.e of the de lay l i n e ( s m a l l e r

th an 400 ns per met er t u b e l e n g t h ) makes th is p r o p o r t i o n a l tube capab le of high

rour. t ing r a t e s .

We i-.ter.d t, ' use a c y l i n e r i c a l syster. of 880 h e l i x t u b e chacbers to detercine

showerposi t i ons in a 1 . 2 r di ar tete r b a r r e l s h a p e d l e a d - s c i n t i l l a t o r shower-

c c u r t e r fcr the r r .agnet ic d e t e r t o r PLUTO. F igure 7 shows a s e c l i o n of t h i s

s h o v e r c o u n t e r , w h i c h covers a so l id a n ^ l e of .53 • 4r around the i n t e r a c t i o n

p o i n t o : the e lec t rors-posi t ron s t o r a g e r i n g D O R I S . The ba r r e l showerc -oun te r

oon.sists of two rings segir.ented i n to 30 lead-sc int i l la tor S a n d w i c h modules eacii.

rhe inner r ing has a mickness of 3.6 radia t ion 1-engths , the o u t e r r i n g of 4.3

rad ia t io r . l e n g t h s . In the gap b e t w e e n rhe two r i ngs , two d i s p l a c e d r ings of

h e l i x t u b e cr-.a^bers l o c a l i z e the z and ; co . i rd ina tes M electrc-T.agr.et ic showers

and cf h i g h energy p a r t i c l e s . The- h e l i x chasbers are cc:r.bir.ed tc 10 T.oduls w i th

88 tubes each .

We are g r a t e f u l to W. M e h r g a r d t and R. P f o r t e for the set-up of the CA-MAC

sysLer r . and the readout S o f t w a r e . Ke thank H. A l i r e n s , R. C y r i a c k s , K. Finke anc

I I , Kock for ti'.eir h e l p in the c o n s t r u c t i o n and in the e lec : t ron ic t e s t s of the

he L i x Char te r s .



t>0.

Fig. 7: A secL ion of the barre l -shaped s l iou 'ercounier f o r ehe r .agnetic d u t e c r c r

PLUTO. Ivo layers of h e l i x t übe charr.be rs arc s i t u a t e d bü twcen f*c

lead-sc in t i l l a tor showercounter r ings .
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Fig.2:Readout electronics
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a)delayline Signals, source
near to the readout-end

Wdelayline Signals, source
far from the readout-end

c) proportional wire Signals

Fig. 4: Pulse shapes. Vertical scale, 20mV/div.,

horizontal scale,100nsec/div.
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