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ABSTRACT 

The development of a high energy elect r o m a g n e t i c shower 

d e t e c t o r f o r use i n high energy e l e c t r o n or photon d e t e c t i o n , 

p a r t i c u l a r l y i n machine experiments, i s d e s c r i b e d . The d e t e c t o r i s 

a modified v e r s i o n of a prototype chamber, which was s u c c e s s f u l l y 

t e s t e d , and which i s d e s c r i b e d b r i e f l y i n t h i s t h e s i s . The 

d e t e c t o r g i v e s f u l l y d i g i t i s e d i n f o r m a t i o n from which i n c i d e n t 

p a r t i c l e e n e r g i e s and t r a j e c t o r i e s can be estimated. 

- The d e t e c t o r c o n s i s t s of twelve f l a s h tube a r r a y s sand

wiched between l e a d t a r g e t . A t o t a l of 768 tubes are employed. 

•They have an i n t e r n a l diameter of 0.8 cm., a w a l l t h i c k n e s s of 

0.C3 cm. and a r e f i l l e d with a gas mixture of Ne(70%)-He(30%) + 

2% CH^ a t 2.3 atmospheres p r e s s u r e . The o p e r a t i o n of t h e s e tubes 

under v a r i o u s v/orking c o n d i t i o n s has been e x t e n s i v e l y s t u d i e d and 

the r e s u l t s a r e presented i n the t h e s i s . 

The d e t e c t o r has been t e s t e d i n the p o s i t r o n beam a t the 

Daresbury Laboratory, where d i g i t i s e d i n f o r m a t i o n was obtained 

u s i n g a computerised data a c q u i s i t i o n system. 

The e n e r g i e s of the p o s i t r o n s used ranged from 0.5 to 3.5 

GeV. A n a l y s i s of the data showed t h a t the chamber operated s a t i s 

f a c t o r i l y i n high backgrounds of r a d i a t i o n and was v e r y capable i n 

the d e t e c t i o n of e l e c t r o m a g n e t i c showers, g i v i n g energy and s p a t i a l 

r e s o l u t i o n s comparable to those obtained by the c o n v e n t i o n a l , 

more complex and more expensive d e t e c t i n g systems. 

However, the use of the d e t e c t o r was r e s t r i c t e d t o working 

a t s e v e r a l e v ents per minute, due to the b u i l d up of l a r g e induced 

c l e a r i n g f i e l d s i n s i d e the f l a s h tubes. 



v i 

The b u i l d up of these f i e l d s i s shown t o be g r e a t l y reduced 
by the use of a modified p u l s i n g system, and f u r t h e r t e s t s a r e to 
be c a r r i e d out using t h i s p u l s i n g system, with the view of i n c r e a s 
i n g the working r a t e of the chamber to 50 Hz. 
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CHAPTER ONE 

INTRODUCTION 

Flash tubes were f i r s t developed at Pisa (1) during 1954-

55 where they were used by Conversi and Gozzini i n the study of 

cbs.Tic rays. A f l a s h tube c o n s i s t s of a sealed glass tube f i l l e d 

w i t h an i n e r t gas p o s i t i o n e d between tv/o p a r a l l e l - p l a t e e l e c t r o d e s . 

On the passage of an i o n i s i n g p a r t i c l e through the tube, the p l a t e s 

are pulsed by an e l e c t r i c f i e l d of magnitude a few k i l o v o l t s per 

centi m e t r e , The e l e c t r o n s l e f t by the primary i o n i s i n g p a r t i c l e 

.are a c c e l e r a t e d towards the anode p l a t e and gain s u f f i c i e n t energy t o 

produce secondary e l e c t r o n s . The avalanches generated produce 

luminous discharges which say be photographed, or d i g i t i s e d 

i n f o r m a t i o n may be obtained from probes placed on the tube windows. 

w i t h . f l a s h tubes c o n s t i t u t e a f l a s h tube hodoscope which say be 

used t o defi n e p a r t i c l e t r a j e c t o r i e s . 

recovery times were mainly confined t o cosaic ray research, whereas 

the spark chamber, a l a t e r development of the f l a s h tube p r i n c i p l e , 

had a number of c h a r a c t e r i s t i c s which j u s t i f i e d i t s use i n many 

experiments w i t h p a r t i c l e a c c e l e r a t o r s . These i n c l u d e d a short and 

a d j u s t a b l e s e n s i t i v e t i m e , a g r e a t e r e f f i c i e n c y i n d e t e c t i n g s i n g l e 

i o n i z i n g p a r t i c l e s , a short recovery time and a smaller volume of 

i n s e n s i t i v e m a t e r i a l . This meant that" spark chambers were used 

e x c l u s i v e l y i n the f a s t r a t e a c c e l e r a t o r , experiments. Development 

i n the f i e l d of f l a s h tubes g r e a t l y d e c l i n e d and a l o t of t h e i r 

Several a r r a y s . o f these p a r a l l e l - p l a t e e l e c t r o d e s f i l l e d 

Flash tubes, because of t h e i r very long s e n s i t i v e and 
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v e r s a t i l e c h a r a c t e r i s t i c s were overlooked. However, the v;ork done 

by several groups on t h e i r development, n o t a b l y the recent work at 

Durham and Homo, has opened up hov/ p o s s i b i l i t i e s f o r t h e i r use i n 

a c c e l e r a t o r experiments 

One important way i n which f l a s h tubes could g r e a t l y 

c o n t r i b u t e i n the high energy physics f i e l d i s i n the d e t e c t i o n of 

high energy photons and e l e c t r o n s , and t h i s t h e s i s describes the 

•'development of such a d e t e c t o r . 

Some d e t e c t o r s t h a t have been used r e c e n t l y i n the d e t e c t i o n 

of h i g h energy photons or e l e c t r o n s i n a c c e l e r a t o r experiments are 

described i n £ne f o l l o w i n g paragraphs. 

The present method of d e t e c t i n g h i g h energy photons or 

e l e c t r o n s i n the GeV energy range i s by the d e t e c t i o n of the e l e c t r o 

magnetic showers they produce i n s u i t a b l e t a r g e t s such as le a d , lead 

glass or l e a d / s c i n t i l l a t o r sandwiches. Detectors which give both 

s p a t i a l and.energy i n f o r m a t i o n u s u a l l y u t i l i z e s e v e r a l d i f f e r e n t 

d e t e c t i n g techniques. The t r a j e c t o r i e s of the secondaries produced 

i n a shower are normally s t u d i e d by spark chambers, p r o p o r t i o n a l 

counters or lead s c i n t i l l a t o r hodoscopes, and the energy of the 

i n c i d e n t p a r t i c l e i s obtained mainly from a t o t a l a b s o r p t i o n 

device such as a lea d glass hodoscope or a l e a d / s c i n t i l l a t o r sand

wich placed behind the t r a j e c t o r y d e t e c t o r s . However, some energy 

i n f o r m a t i o n nay be obtained from the t r a j e c t o r y d e t e c t o r s . 

A d e t e c t o r which has been used r e c e n t l y a t the CERN 

I n t e r s e c t i n g Storage Rings t o detect photons and e l e c t r o n s i n the 

1 - 10 GeV range c o n s i s t e d of a spark chamber-lead glass combination 

( 2 ) . Track l o c a t i o n was given by te n planes o f wire spark chambers 

w i t h magnetic core readout and energy measurements were given by 
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two w a l l s of lead-glass Cherenkov counters c o n s i s t i n g of 76 glass 

b l o c k s , each viewed by a p h o t o m u l t i p l i e r . 

A s i m i l a r d e t e c t i n g technique has boon used on the Omega 

experiment (3) a t CERN where the p o s i t i o n s and momenta of jr° s 

having energies up t o 100 GeV vgsswe measured from the d e t e c t i o n of 

the gammas produced from the y ^ f decay mode of the 7T° s. 

Spark chambers and l e a d / s c i n t i l l a t o r sandwich combinations 

have a l s o been used for.photon and e l e c t r o n d e t e c t i o n (4,5i6), the 

most recent by Ba s i l e et a l . (5) where photons and e l e c t r o n s i n 

the energy range of 1 GeV were measured. The d e t e c t o r consisted of 

two six-gap, t h i n p l a t e spark chambers f o l l o w e d by nine sandwiched 

elements, each element c o n s i s t i n g of a spark chamber and a p l a s t i c 

s c i n t i l l a t o r . Most of the i n f o r m a t i o n obtained from the d e t e c t o r 

was recorded by photographic method's. The t r a j e c t o r i e s of the 

secondaries produced i n a shower were s t u d i e d by the t h i n p l a t e 

spark chambers and energy i n f o r m a t i o n was obtained from the t o t a l 

number of sparks counted i n the rear spark chambers t o g e t h e r w i t h 

pulse height measurements from the s c i n t i l l a t o r s . 

A l l k o f e r et a l . (7) used 21 glass spark chambers i n t e r - , 

spaced w i t h i r o n t a r g e t s i n the d e t e c t i o n of electromagnetic showers. 

The glass spark chambers had a much g r e a t e r a u l t i t r a c k e f f i c i e n c y 

than conventional spark chambers employing -.aetal p l a t e e l e c t r o d e s , 

however, the r e p e t i t i o n r a t e of the d e t e c t o r was r e s t r i c t e d t o 

sev e r a l events per minute. 

A d e t e c t o r has r e c e n t l y been proposed f o r photons i n the 

energy range 1 - 100 GeV on a Super Proton Synchrotron experiment 

a t CERN (8). I t c o n s i s t s of a .pre-shower d e t e c t o r comprising a 

l e a d - s c i n t i l l a t o r sandwich w i t h crossed s c i n t i l l a t o r hodoscopes, 

a t h r e e plane p r o p o r t i o n a l chamber, and f i n a l l y two lead glass 

hodoscopes each c o n t a i n i n g 240 glass blocks. 



The use of a d r i f t chamber lead glass combination t o giv e 

s p a t i a l i n f o r m a t i o n i n shower development has been proposed by Rosny (17) . 

A method has r e c e n t l y been persued where the electromagnetic 

showers are detected by a sandwich of lead t a r g e t s and o r t h o g o n a l l y 

placed f l a s h tube arrays (9, 10) . This method could provide a 

simple and inexpensive a l t e r n a t i v e t o the very complex and' expensive 

systems used at present. I n t h i s method, three dimensional 

i n f o r m a t i o n about the development of a shower i s recorded by f l a s h 

tubes. Using t h i s i n f o r m a t i o n , an estimate can be made of the 

primary p a r t i c l e t r a j e c t o r y , and measurements of i t s energy can 

al s o be achieved from the t o t a l number of tubes t h a t i g n i t e . T his 

'number gives'a sampled measure of the number of secondaries produced 

i n the shower, which i s p r o p o r t i o n a l t o the energy of the i n c i d e n t 

p a r t i c l e , (see chapter 3) 

Flash tubes have a number of f e a t u r e s which make them very 

s u i t a b l e f o r the d e t e c t i o n of high energy photons and e l e c t r o n s i n 

a c c e l e r a t o r experiments. The most important i s high m u l t i t r a c k 

e f f i c i e n c y , which enables them t o be used i n the d e t e c t i o n of 

showers. This high m u l t i t r a c k e f f i c i e n c y r e s u l t s from the use of 

glass as the tube m a t e r i a l ; the high r e s i s t a n c e l i m i t s the c u r r e n t 

f l o w i n g i n a tube so t h a t a l l the a v a i l a b l e energy i s . n o t taken by 

any one tube. Spark chambers on the other hand, have low m u l t i -

t r a c k e f f i c i e n c y (11) due t o the robbing.of a v a i l a b l e energy by 

one or more sparks. 

.The high m u l t i t r a c k e f f i c i e n c y of f l a s h tubes has been 

f u l l y e x p l o i t e d i n the past i n the f i e l d of cosmic rays by many 

workers, the most s t r i k i n g example being t h a t of the l a r g e scale 

f l a s h tube hodoscope chambers used by the air-shower group a t K i e l 

( 1 2 ) . 



- 5 -

A simple and inexpensive method of d i g i t i s i n g f l a s h tube 

i n f o r m a t i o n has r e c e r t l y been developed (13) and has been 

s u c c p s s f u l l y used on se v e r a l computer l i n k e d f l a s h tube experiments 

(see chapter 2, s e c t i o n 2 . 6 . 3 ) . 

Flash tubes are a l s o very robust, u n l i k e many of the v/ire 

chambers used i n shower d e t e c t i o n , and they are found t c give 

r e l i a b l e and r e p r o d u c i b l e r e s u l t s a f t e r many years i n se r v i c e (14) . 

Also they do not possess the added co m p l i c a t i o n s of ope r a t i o n such as 

a gas flow system or a c c u r a t e l y p o s i t i o n e d Mirror systems present 

i n spark chamber experiments. 

They are very f l e x i b l e i n t h a t they can.be made i n t o any 

r e q u i r e d shape, hence i;7T geometry d e t e c t i o n i s p o s s i b l e using 

c i r c u l a r tubes. 'They can also be dismantled and re-assembled i n t o 

a r r a y s of d i f f e r e n t c o n f i g u r a t i o n s and hence u t i l i s e d i n other 

experiments r e q u i r i n g d i f f e r e n t areas or geometries of d e t e c t i o n . 

Another advantage i n using f l a s h tubes i s t h a t they are 

r e l a t i v e l y inexpensive and the cost c f a f l a s h tube i c independent 

of i t s l e n g t h . Recent estimates (1976 p r i c e s ) (15) have given an 

average cost of £ ? .00 per tube. This p r i c e i n c l u d e s the cost of an 

associated p u l s i n g system and a data acquisition system as f a r as a 

computer i n t e r f a c e . T h i s enables l a r g e r d e t e c t i n g areas t o be 

covered by f l a s h tubes than by conventional d e t e c t i n g systems f o r 

the same cost. 

The f o l l o w i n g chapter describes t he o p e r a t i o n of f l a s h tubes 

and some of the recent developments t h a t have taken place i n t h e i r 

design r e s u l t i n g i n s h o r t e r s e n s i t i v e and recovery times. 

A prototype f l a s h tube chamber designed by Chaney et a l . 

(16) f o r use i n the d e t e c t i o n of high energy e l e c t r o n s or photons 



i n a c c e l e r a t o r experiments i s described b r i e f l y i n chapter 'j>. The 

a n a l y s i s of the r e s u l t s obtained froa- t e s t i n g t h i s chamber i n a 

p o s i t r o n beam was c a r r i e d out by Chaney and the author, and the 

a n a l y s i s procedure and r e s u l t s obtained are described i n d e t a i l . 

The subsequent development of a modified f l a s h tube chamber 

designed by Chaney et a l . has been c a r r i e d , out by the author, and 

i s described i n the f o l l o w i n g chapters. 
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THE 0P33ATICH C? PLASH TUBES 

2.1 HZ!S;UIHS-:E"-[TS 

Tlie s a t i s f a c t o r y o p e r a t i o n of f l a s h cubes r e q u i r e s the 

a p p l i c a t i o n of a pulsed e l e c t r i c f i e l d across the:!! on the t r a v e r s a l 

of an i o n i z i n g ' p a r t i c l e . I f the time delay between the t r a v e r s a l of 

the i o n i z i n g p a r t i c l e and the a p p l i c a t i o n of the pulsed f i e l d " i s 

short enough, and the ope r a t i n g c o n d i t i o n s are c o r r e c t , then f r e e 

e l e c t r o n s r e n a i n i n g i n the gas produce l o c a l i s e d avalanches under 

the a c c e l e r a t i n g e f f e c t of the f i e l d . Subsequent photon emission 

causes the discharge t o spread very q u i c k l y and t h i s r e s u l t s i n a 

b r i g h t , v i s i b l e discharge along the l e n g t h of the tube. 

2.2 EXPERIMENTAL A3RAI< CEDENTS 

A very e f f e c t i v e , and the ivsost f r e q u e n t l y used method of 

app l y i n g the pulsed e l e c t r i c f i e l d s was f i r s t developed by Conversi 

( 1 ) . This e n t a i l s the for m a t i o n of a p a r a l l e l p l a t e e l e c t r o d e system 

w i t h f l a s h tubes sandwiched between them. A l t e r n a t e p l a t e s are 

connected t o ground, the remaining p l a t e s being connected t o a 

high v o l t a g e p u l s i n g system (see f i g u r e 2 . 1 ) . 

Pulsed e l e c t r i c f i e l d s transverse t o the tube l e n g t h are 

u s u a l l y employed, however, when very small diameter (2) or short 

l e n g t h tubes are used (3) the a p p l i e d f i e l d i s i n the l o n g i t u d i n a l 
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d i r e c t i o n . 

I n most a p p l i c a t i o n s the high v o l t a g e e l e c t r o d e s are f l a t 

metal sheets or g r i d s , however i n some a p p l i c a t i o n s where /+TT 

geometry i s a nec e s s i t y then concentric c i r c u l a r p l a t e s or g r i d s 

are used ) . 

The area of the electrodes and the number of f l a s h tubes 

used depends on the experimental requirements, however, the size of 

the a r r a y i n a CR decay high .voltage p u l s i n g system i s l i m i t e d by 

i t s capacitance which determines the r i s e time of the a p p l i e d 

e l e c t r i c f i e l d . ( 5 ) . Chambers of up to 0 .1- /A.F have been operated 

s a t i s f a c t o r i l y ( 6 ) . 

The f l a s h tube spacing and-plane separation have been 

e x t e n s i v e l y s t u d i e d by B u l l et a l . (7) and by Ashton (S) who have 

found optimum values f o r l o c a t i n g s i n g l e p a r t i c l e t r a j e c t o r i e s . 

and f o r i o n i z a t i o n measurements f o r s i n g l e p a r t i c l e s .passing through 

a f l a s h tube a r r a y . 

2.3 GAS MIXTURE AND PHESSUSffi 

The gas mixture used i n conventional f l a s h tubes has 

v a r i e d c o n s i d e r a b l y , however, a l l have been mixtures of the noble 

gases ( 9 , 10, 1 1 , 1 2 ) . Koble gases are used f o r s e v e r a l reasons 

which i n c l u d e t h e i r h i gh s t a b i l i t y , low breakdown vol t a g e s and 

copious v i s i b l e and u l t r a v i o l e t emission d u r i n g discharge. The 

once predominantly used mixture of Ne(9S%)-Ke(2>i) has now bean 

superseded by the Ne (70;':3)-Ke (30 /J) mixture which has s i m i l a r 

c h a r a c t e r i s t i c s but i s cheaper and more r e a d i l y a v a i l a b l e commercially 

The pressure of the gas mixture has been s t u d i e d by several 

authors ( 9 i 13, 1^) and the optimum working pressures are found t o 
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depend t c a .large extent on the diameter of the f l a s h tubes. The 

pressure should be cuch t h a t a s u f f i c i e n t mass of gas i s t r a v e r s e d 

by the i o n i s i n g p a r t i c l e t o produce adequate nunbers of secondaries, 

ensuring t h a t s e v e r al r e g a i n i n the gas on the a p p l i c a t i o n of the 

pulsed e l e c t r i c f i e l d . There should also be s u f f i c i e n t .natter i n 

the tube, v o l urn? t o produce s a t i s f a c t o r y avalanches on the a p p l i c a t 

i o n of the pulsed e l e c t r i c f i e l d . ': . 

The m a j o r i t y of f l a s h tubes i n use a t present are e i t h e r 

about tv.7o centimetres i n diameter and f i l l e d a t 600 t o r i - , or about 

one centimetre i n diameter and f i l l e d at 2.3 atmospheres. 

Z.h FLASH TU3IS CHARACTERISTICS 

P.k-.l EFFICIENCY 

. The most important and convenient parameter s p e c i f y i n g the 

performance of a f l a s h t u b e . i s i t s e f f i c i e n c y , or the p r o b a b i l i t y 

t h a t i t v / i l l discharge a f t e r the passage through i t of an i o d i z i n g 

p a r t i c l e . 

Because of the i n h e r e n t i n s e n s i t i v e m a t e r i a l present i n a 

f l a s h tube a r r a y two e f f i c i e n c y parameters have been defined. These 

are the i n t e r n a l e f f i c i e n c y , v/hich i s def i n e d as the p r o b a b i l i t y 

of a tube f l a s h i n g i f an i o n i s i n g p a r t i c l e passes through the' gas of 

the tube, and the l a y e r e f f i c i e n c y . T}L , v/hich represents the 

p r o b a b i l i t y of a tube f l a s h i n g - and hence r e g i s t e r i n g the passage of 

an i o n i s i n g p a r t i c l e through a l a y e r of tubes. 

The l a y e r e f f i c i e n c i e s of tubes are normally measured 

.e x p e r i m e n t a l l y , from which the i n t e r n a l e f f i c i e n c i e s can be obtained 
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using the r e l a t i o n ; 

T) - 7) D cos & 

where T) i s the distance between tube c e n t r e s , d i s the i n t e r n a l 

diameter of the tubes, and 0 i s the angle between the p a r t i c l e 

t r a j e c t o r i e s and the perpendicular t o the f l a s h tube planes. The 

e f f i c i e n c y of f l a s h tubes i s a f u n c t i o n of r.iany f a c t o r s and these 

have been e x t e n s i v e l y s t u d i e d by nany authors. Factors i n c l u d e high 

v o l t a g e pulse c h a r a c t e r i s t i c s - such as raa.gnitude, r i s e t i n e , w i d t h 

and delay ( 9 , 10, 15, 16), gas mixtures (see. s e c t i o n s 2 . 3 , 2 . 7 . 3 ) 

temperature (17) and f l a s h i n g r a t e s (Ik, 18 , 19, 2 0 ) . 

The fundamental f a c t o r a f f e c t i n g zhe e f f i c i e n c y i s the 

magnitude of the a p p l i e d f i e l d . I n c o r r e c t l y functionins; tubes the 

e f f i c i e n c y i s found t o increase w i t h magnitude of the a p p l i e d f i e l d 

• u n t i l a p l a t e a u r e g i o n i s reached corresponding t o an i n t e r n a l • 

e f f i c i e n c y of about 100%. Further increase i n the magnitude of the 

f i e l d beyond the pl a t e a u region then produces spurious f l a s h i n g . The 

magnitude of the f i e l d used under normal working c o n d i t i o n s i s on 

t h i s plateau. 

Spurious f l a s h i n g can be caused by several f a c t o r s , the 

most common being the a p p l i c a t i o n of too l a r g e a f i e l d across the 

tubes; t h i s can then produce i o n i z a t i o n v i a f i e l d emission which 

leads t o spurious f l a s h i n g . 

Another cause of spurious f l a s h i n g i s a f a c t o r which i s • 

always present i n f l a s h tubes, t h a t i s , i o n i z a t i o n produced i n the 

tubes r e s u l t i n g f r o n background r a d i a t i o n s . T his e f f e c t cannot be 

removed but can almost always be e s t i n a t e d and taken i n t o account i n 

e f f i c i e n c y measurements. 

The raost serious cause of spurious f l a s h i n g i s the contarain-



a t i o n of the i n s i d e w a l l s of the tubes or o:C the gas mixt u r e . The 

most common contaminants are minute p a r t i c l e s of d i r t which g i v e 

r i s e t o f i e l d emission and hence d i s c h a r g i n g of the tubes. These 

e f f e c t s cannot u s u a l l y be removed c:.i& tubes e x h i b i t i n g them must be 

re-cleaned ana r e - f i l l e d . 

2 . 4 . 2 .SSiJSITIV^ TIME 

Another important f l a s h tube parameter i s the-! s e n s i t i v e 

time, t . This i s defined as the time delay betv/een the passage of s 
an ion i s i n g - p a r t i c l e and the a p p l i c a t i o n of the pulsed f i e l d such 

t h a t the i n t e r n a l e f f i c i e n c y of the f l a s h tubes f a l l s t o 

Conventional f l a s h tubes have s e n s i t i v e times of the order of tens 

of microseconds. 

A considerable amount of t h e o r e t i c a l work has been done by 

several authors on t h i s t o p i c , n o t a b l y by Ll o y d ( 2 1 ) , however, 

discrepancies betv/een t h e o r e t i c a l and experimental r e s u l t s were 

observed, which have since been a t t r i b u t e d t o induced c l e a r i n g 

f i e l d s ( 18 , 19, 20, 22 ,23 , 24, 25, 26 ) . C l e a r i n g f i e l d s are discussed 

i n the f o l l o w i n g s e c t i o n . 

2 . 4 . 3 INDUCED CLEASING FIELDS 

A f t e r the discharge of a f l a s h tube, charges are deposited 

on the i n s i d e surfaces of the tube. These charges produce an 

induced f i e l d i n art opposite d i r e c t i o n t o t h a t of the a p p l i e d f i e l d . 

Because of the hi g h r e s i s t a n c e of the glass the induced f i e l d s can 
-2 - 1 

take a r e l a t i v e l y long time t o decay. F i e l d s of about 10 V cm 
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may remain f o r tens of minutes a f t e r the discharge of a tube (23, 

27). These f i e l d s have the e f f e c t of sweeping t o the w a l l s any 

i o n i z a t i o n l e f t by an i o n i z i n g p a r t i c l e passing through t he tube. 

This means t h a t on the a p p l i c a t i o n of the pulsed e l e c t r i c f i e l d 

fewer e l e c t r o n s remain i n a 'formative r e g i o n 1 , t h a t i s , a re g i o n 

over which the e l e c t r o n s can form s u i t a b l e avalanches before 

c o l l i s i o n w i t h the tube w a l l s . The s e n s i t i v e times of the tubes are 

t h e r e f o r e reduced, g i v i n g lower values than those p r e d i c t e d from 

t h e o r e t i c a l c o n s i d e r a t i o n s based on simple e l e c t r o n d i f f u s i o n . 

The magnitude and de^cay time of c l e a r i n g f i e l d s have been 

st u d i e d by several authors (23 , 2J;, 25, 27), and i s a subject o f 

•study ±n t h i s t h e s i s (see chapter 7, ' s e c t i o n 7 . 2 . 2 ) . 

Z.k.h 3EC0VS3Y TIKE 

A f t e r an i n i t i a l discharge a f i n i t e time i s taken f o r the 

gas plasms, t o disperse making the tube ready f o r f u r t h e r d e t e c t i o n 

of i o n i z i n g p a r t i c l e s . This gives r i s e t o another f l a s h tube 

parameter, the recovery time t ^ , d e f i n e d such t h a t a f l a s h tube 

subject t o a pulsed e l e c t r i c f i e l d t seconds a f t e r a discharge 

has a r e i g n i t i o n p r o b a b i l i t y o f 50^. Conventional f l a s h tubes have 

recovery times of the order of hundreds of m i l l i s e c o n d s . 

A t h e o r e t i c a l study of recovery times has been done by 

Erosco ( 2 3 ) , but the values he obtained f o r t were much smaller 
r 

than those found e x p e r i m e n t a l l y . No f u l l e x p l a n a t i o n has been found 

f o r these d i s c r e p a n c i e s , however, metastable atoms or molecules 

present i n a tube a f t e r a discharge are thought t o play some p a r t 

i n the lengthening of t . 
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2 .5 THE PULSING SYSTEM 

There are two common methods of generating high v o l t a g e 

pulses f o r f l a s h tubes. The simpler one, which i s usee! f o r the work 

i n - t h i s t h e s i s , i s the C'R discharge technique. I n t h i s case a high 

voltage ca-eacitor of value C i s charged t o a p o t e n t i a l V , and then 
. o 

q u i c k l y discharged over a r e s i s t o r of value R, i n p a r a l l e l w i t h the 

f l a s h tubes of cap a c i t y Ĉ . Th i s produces a high voltage pulse, 

decaying w i t h time, of the form V = -V exp(-t/R(C + C^)) (see 

f i g u r e 2 . 1 ) . The c a p a c i t o r i s discharged .by the c l o s i n g , of a f a s t 

h i g h v o l t a g e s w i t c h on r e c e i v i n g a t r i g g e r s i g n a l . 

The second method I s by the dis c h a r g i n g of a lumped c i r c u i t 

t r a n s m i s s i o n l i n e which has been charged t o a p o t e n t i a l V . The 
° 1 o 

- l i n e can e i t h e r be discharged i n t o i t s c h a r a c t e r i s t i c imnedance Z , 
o 

or the Blumlein method can be used, where two coupled l i n e s , each 

of c h a r a c t e r i s t i c impedance Z q , are discharged. Both methods 

produce r e c t a n g u l a r pulses, the former r i s i n g t o -V" o/2, w i t h no 

delay, and the l a t t e r t o -V , w i t h an i n t r i n s i c delay equal .to 

h a l f the pulse w i d t h . 

The a p p l i e d pulsed f i e l d s must have f a s t r i s e times so t h a t 

e l e c t r o n s l e f t by the i o n i z i n g p a r t i c l e are not swept out of the 

gas before avalanches are produced. T h i s r e q u i r e s the use of f a s t 

.high v o l t a g e s w i t c h i n g techniques. 

The h i g h v o l t a g e switches employed i n f l a s h tube work are 

u s u a l l y t r i g a t r o n spark gaps (29)> which are themselves t r i g g e r e d by 

EG & G HV100 t r i g g e r s u p p l i e s ( 3 0 ) , or hydrogen t h y r a t r o n p u l s i n g 

u n i t s . The l a t t e r are th r e e stage devices which work from NTM 

standard s i g n a l s . The f i r s t stage "consists of. a s i n g l e t r a n s i s t o r 
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(MPS6530) working i n avalanche mode, t r i g g e r e d by the KIM s i g n a l . The 
second stage c o n s i s t s of a small Xenon t h y r a t r o n ( M i l l i a r d 2021W), 
which i s used as a b u f f e r between the t r a n s i s t o r i n p u t stage and 
the output stage which c o n s i s t s of a hydrogen t h y r a t r o n . T h i s i s a 
ceramic device manufactured by Englis h E l e c t r i c L t d . (CX1157). 

T r i g g e r s i g n a l s , s i g n i f y i n g the passage of an i o n i z i n g 

p a r t i c l e through a stack of f l a s h tubes, are u s u a l l y obtained as 

coincidence s i g n a l s from several sets of s c i n t i l l a t o r - p h o t o t u b e 

arrangements, .forming a p a r t i c l e telescope ( j e e f i g u r e 2 . 1 ) . I n 

most a p p l i c a t i o n s the time delay between the coincidence s i g n a l and 

the a p p l i c a t i o n of the pulsed f i e l d i s as short as p o s s i b l e , however 

delays are o f t e n i n t r o d u c e d t o o b t a i n estimates of the charge o f 

the i o n i z i n g p a r t i c l e s (31), and t o suppress discharges due t o knock 

on e l e c t r o n s accompanying m u l t i p l y charged n u c l e i ( 3 2 ) . 

2 .6 OUTPUT INFORMATION 

2 . 6 . 1 OPTICAL METHODS 

As described i n s e c t i o n 2 . 1 the passage of an i o n i z i n g 

p a r t i c l e through a f l a s h tube i s accompanied by the discharge o f the 

tube, t he l i g h t output of which has been e x t e n s i v e l y s t u d i e d by 

Coxe l l et a l . ( 3 3 ) . Emission i s predominantly i n the ye l l o w - r e d 

r e g i o n due t o the Ne and He present i n the tube, and i s s u f f i c i e n t l y 

i n t e n s e t o be e a s i l y seen by eye or recorded on most f a s t r e d -

s e n s i t i v e f i l m s such as I l f o r d Mark V, HP3 and Kodak T r i x . Photo

graphy, using m i r r o r systems, i s standard p r a c t i c e on many extensive 

a i r shower a r r a y s employing f l a s h tubes (3» 3 4 ) . 
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Cadmium selenide l i g h t c e l l s placed on the tube windows 

have been used s u c c e s s f u l l y where photography proves d i f f i c u l y ( 3 5 ) . 

However, such systems are q u i t e expensive* and complex, and simpler 

systems employing l i g h t a c t i v a t e d s i l i c o n c o n t r o l l e d r e c t i f i e r s 

have been proposed by Evans and Baker ( 3 6 ) . A method of scanning 

f l a s h tube a r r a y s by a v i d i c o n system g i v i n g d i g i t i s e d i n f o r m a t i o n 

has been developed by Harrison and Pa s t i n ( 3 7 ) , and l a t e r , the 

scanning, by v i d i c o n methods, of o p t i c a l f i b r e s coupled t o the f l a s h 

tubes was proposed by Conversi et a l . ( i j . ) . 

The p o s s i b i l i t y o f viewing l a r g e a i r shower a r r a y s of f l a s h 

tubes by several phototubes has also been suggested by Co x e l l et a l . 

( 3 3 ) i the outputs from the p h o t o i a u l t i p l i e r s g i v i n g a measure of the 

t o t a l number o f tubes t h a t i g n i t e . 

2 . 6 . 2 PLASMA PROBES 

Several groups (k, 3 8 ) have used metal probes p r o j e c t i n g 

i n s i d e the f l a s h tubes. The plasma formed d u r i n g a discharge 

produces a pulse oh the probe. Such systems have the advantage t h a t 

i n f o r m a t i o n both from l i g h t output and probes can be u t i l i s e d (/f). 

2 . 6 . 3 EXTERNAL PROBES 

A very simple and e f f e c t i v e method of d i g i t i s i n g f l a s h 

tube i n f o r m a t i o n v/as developed by Ayre and Thompson ( 3 9 ) . T h i s 

method i n v o l v e s the p o s i t i o n i n g of w e l l screened e x t e r n a l probes on 

the f l a s h tube windows. Signals of several hundred v o l t s are then 

obtained on these probes when the tubes discharge. These s i g n a l s 
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r e s u l t from the c a p a c i t i v e coupling between the plasma formed 

i n the tube and the probe. They can b.e reduced by a r e s i s t i v e 

p o t e n t i a l d i v i d e r and used t o d r i v e conventional e l e c t r o n i c s without 

the need f o r any a m p l i f i e r i n t e r f a c i n g , thus forming an inexpensive 

means of d i g i t i s a t i o n . T h i s method has been used s u c c e s s f u l l y on the 

M.A.R.S. spectrograph (40) where d i g i t i s e d i n f o r m a t i o n i s s t o r e d v i a 

an "on. l i n e " computer system. This method has been used s u c e s s f u l l y 

i n sending d i g i t a l data from f l a s h tubes at r a t e s up t o 50 Hz ( 1 4 ) . 

2 .7 THE DEVELOPMENT OF FLASH TUBES FOR ACCELERATOR EXPERIMENTS 

•2 .7 .1 CRITERIA 

For s a t i s f a c t o r y o p e r a t i o n of f l a s h tubes i n a c c e l e r a t o r 

experiments the tubes must be able t o f u n c t i o n c o r r e c t l y i n 

r e l a t i v e l y high backgrounds of r a d i a t i o n , p o s s i b l y i n the r e g i o n of 
5 

10 p a r t i c l e s / t u b e / s e c o n d , and they must be able t o work at r e p e t i t 

i o n r a t e s i n excess of 50 Hz. I t would also be a great advantage i f 

the f l a s h tube i n f o r m a t i o n were i n d i g i t i s e d form, as t h i s would 

g r e a t l y f a c i l i t a t e data h a n d l i n g , enabling the use of computer " l i n k s " 

f o r experiments and a l l o w i n g computational methods of a n a l y s i s t o 

be used "on" or " o f f " l i n e . 

2 . 7 . 2 REDUCTIONS IN FLASH TUBE SENSITIVE TIMES 

The high backgrounds of r a d i a t i o n associated w i t h a c c e l e r a t o r 

experiments n e c e s s i t a t e f l a s h tube s e n s i t i v e times t o be l e s s than 

the mean time between background p a r t i c l e s , t h i s r e q u i r e s s e n s i t i v e 



t lines i n the one microsecond region whereas, as has been s t a t e d , 

conventional f l a s h tubes have s e n s i t i v e times of the order of tens 

of microseconds. 

The method of e x t e r n a l l y a p p l i e d DC c l e a r i n g f i e l d s had 

been used s u c c e s s f u l l y i n reducing the s e n s i t i v e times of spark 

chambers-(41) however, t h i s technique proved inadequate i n f l a s h 

tube operations ( 1 3 ) . T h i s was a t t r i b u t e d t o the movement of charges 

on the glass surfaces of the tubes thereby backing o f f the e x t e r n a l l y 

a p p l i e d DC f i e l d . Further work at Durham and Rome (42, ' 43) lead t o 

the development of e x t e r n a l l y a p p l i e d AC c l e a r i n g f i e l d s of 50 Hz 

or norft. These frequencies proved too high f o r the charges t o f o l l o w , 

and e x t e r n a l l y a p p l i e d AG c l e a r i n g f i e l d s o f several v o l t s per 

centimetre were found t o reduce the s e n s i t i v e time t o the micro

second r e g i o n (see f i g u r e ' 2 . 2 ) . 

The long t a i l s present on the curves are due t o events 

o c c u r r i n g i n the lower v o l t a g e s of the s i n u s o i d a l c l e a r i n g f i e l d s , 

these t a i l s are g r e a t l y reduced by using square wave c l e a r i n g f i e l d s . 

2 . 7 . 3 REDUCTIONS I IT FLASH TUBE RECOVERY TIMES 

The recovery times of f l a s h tubes have been g r e a t l y reduced, 

enabling them t o be used at the high r e p e t i t i o n r a t e s encountered i n 

a c c e l e r a t o r experiments. This has been achieved by the a d d i t i o n of 

c e r t a i n i m p u r i t y gases t o the conventional noble gas mi x t u r e , these 

i m p u r i t i e s i n c l u d e SFg ( 4 3 ) , 0 2 ( 4 4 ) , H 2 > C0 2 > CgKg, C^H 1 Q | (24) 

and CH^ ( 14 ) . ' V/orkable tubes w i t h recovery times of the order o f a 

m i l l i s e c o n d have been produced a t Durham (14) by the a d d i t i o n o f up 

t o 2% Methane t o the noble gas mi x t u r e , Ne(70;j)-He(30i«) (see f i g u r e 2 . 
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The mechanism by which the methane reduces the recovery 

time of the tubes i s not f u l l y understood, however the r e d u c t i o n 

i n the number of metastable atoms and molecules present i n the gas 

v i a Penning d e - e x c i t a t i o n i s thought t o be a major e f f e c t . 

2 . 7 . 4 REDUCTIONS IN INDUCED CLEARING FIELDS 

Much work has been done on the p o s s i b l e uses of lower 

r e s i s t a n c e glasses i n f l a s h tube manufacture.- ( 4 3 , 4 5 ) , thus 

f a c i l i t a t i n g the decay of i n t e r n a l l y induced c l e a r i n g f i e l d s . T h i s 

work has now r e s u l t e d i n f l a s h tubes f o r use at high r e p e t i t i o n 

'rates being made from Jena 16B glass (14) whose r e s i s t i v i t y a t 

room temperature i s 6 x 10^°X1 cm, ( 4 5 ) , a f a c t o r of SO l e s s than 

the r e s i s t i v i t y of S95 glass used i n c o n v e n t i o n a l f l a s h tube 

manufacture. 

Various forms of p u l s i n g systems have also been used t o 

reduce the induced c l e a r i n g f i e l d s w i t h some degree of success 

(22, 4 6 , 4 7 ) . 

2 . 7 . 5 RECENTLY DEVELOPED FLASH TUBES FOR ACCELERATOR Vv'ORK 

Several research groups have now produced, f l a s h tubes t h a t 

have worked s a t i s f a c t o r i l y under a c c e l e r a t o r c o n d i t i o n s . 

Flash tubes made of Jena G20 glass having an e x t e r n a l 

diameter of 2 cms. and a f i l l i n g of Ne(30;o)-He(70%) a t 375 t o r r 

were s u c c e s s f u l l y t e s t e d a t Adone, the F r a s c a t i storage r i n g , where 

data was recorded p h o t o g r a p h i c a l l y from a f l a s h tube hodoscope 

chamber a t r e p e t i t i o n r a t e s up t o 1 Hz, (12, 4 3 ) . 
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A f l a s h tube hodoscope chamber f o r use i n high energy 
photon or e l e c t r o n d e t e c t i o n has a l s o been s u c c e s s f u l l y t e s t e d at 
F r a s c a t i (4, 4 9 ) . Tubes having an e x t e r n a l diameter of one cm. 
were used, they were made from Jena 16B glass and f i l l e d w i t h a 
mixture of Ne (30%)-Ee (70%) at 0.5 atmosphere. 

A prototype f l a s h tube chamber was b u i l t at Durham and was 

used s u c c e s s f u l l y i n the d e t e c t i o n of p o s i t r o n s , sending f u l l y 

d i g i t i s e d i n f o r m a t i o n at r e p e t i t i o n r a t e s up t o 50 Hz without any 

d e t e r i o r a t i o n i n e f f i c i e n c y (14> 5 0 ) . The tubes used had an e x t e r n a l 

diameter of 1.8 cm., and were.made of S95 soda glass f i l l e d w i t h a 

mixture of Ke(30>i)-He(70;.?) + ' 1% methane at 600 t o r r . 

The f l a s h tubes were manufactured by The I n t e r n a t i o n a l 

Research and Development Company of Newcastle-upon-Tyne, as were 

many of the f l a s h tubes used both at Rome and at Durham. 

A modified d e t e c t o r i s now being developed at Durham 

employing tubes made of Jena 163 g l a s s , having e x t e r n a l diameters 

of 0.Q cm. and f i l l i n g s o f Ne(30;*4)-He(7C#) + 2% methane at 2 .3 

atmospheres ( 1 5 ) . 

The f o l l o w i n g chapter describes the r e u l t s obtained froia 

the t e s t i n g of the p r o t o t y p e chamber b u i l t a t Durham on a p o s i t r o n 

beam. 
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CHAPTER THREE 

THE OPERATION OF A PROTOTYPE FLASH TUBE CHAMBER IN A POSITRON BEAM 

3.1 INTRODUCTION 

The flash tubes developed by Chaney et a l . (1) (see chapter 
2, section 2.7.5) at Durham, containing a 1% addition of methane 
to the Ne(70%) - He(30%) mixture, were found to give c h a r a c t e r i s t i c s 
suited to working i n high backgrounds of ra d i a t i o n and at high 
r e p e t i t i o n rates. Chaney et a l . b u i l t a.chamber containing these 
tubes i n order to carry out a series of te s t s on the positron beam 
f a c i l i t y at the Daresbury Laboratory. 

These test s were planned t o v e r i f y the s a t i s f a c t o r y 
operation of the tubes i n high backgrounds of r a d i a t i o n , t o r e g i s t e r 
t h e i r e f f i c i e n c y f o r various working rates and to test t h e i r 
s u i t a b i l i t y f o r high energy photon and electron detection by the 
detection and study of electromagnetic shov/ers produced i n the 
chamber by positrons having energies of a few GeV. 

The electromagnetic showers developed by high energy photons 
and electrons were found experimentally (2) and t h e o r e t i c a l l y (3, *f) 
to be very s i m i l a r , hence the positron beam could also be used to 
simulate high energy photon induced showers. 

3.2 THE FLASH TUBE CHAMBER 

A diagram of the f l a s h tube chamber i s shown i n figure 3.1. 
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I t consisted of eight separate, s e l f contained electrode modules, 
each containing two sets of eight 1.6 cm. i n t e r n a l diameter fl a s h 
tubes. Each set of tubes was positioned i n orthogonal X-Y planes 
on either side of a central H.T. electrode. A space was provided 
between each module for accommodating up to two ra d i a t i o n lengths 
of lead target.. The tubes were made to f i t closely together and 
rested on d i g i t i s a t i o n probes.which were supported i n machined 
aluminium blocks. The blocks provided an earth screen for the probes 
against e l e c t r i c a l interference from the high voltage pulsing unit 
which consisted of a CR decay system employing a t r i g a t r o n spark 
gap (see chapter 2, section 2.5) 

The fl a s h tube chamber was exposed to an almost p a r a l l e l 
positron beam, t\e energy resolution of which was t 1% (5). The 
energy of the incident positrons was varied between 0.5 GeV and 
4 GeV. 

Output pulses were taken from the d i g i t i s a t i o n probes 
through two metres of doubly screened 50-fi coaxial cable, without 
any electronic a m p l i f i e r i n t e r f a c i n g and fed d i r e c t l y i n t o eight 
16-bit CA14AC pattern u n i t s (16 P 2007), where the information was 
stored i n address r e g i s t e r s before being read by a PDP 11 computer. 
Several events were stored i n the computer, then the data v/as 
copied to paper tape. 

The fl a s h tubes were made from type S 95 soda glass, of 1.6 

cm. i n t e r n a l diameter, 0.1 cm wall thickness and f i l l e d with Ne(70%) 

He(30%) plus 1% methane at 600 t o r r pressure. They had a recovery 
time of about 7 ms. (!)• A 30 V cm"^ square wave clearing f i e l d 
was applied, giving sensitive times of about 1.0 ju s. (6). 
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3.3 RESULTS TAKEN ON THE POSITRON BEAM 

' 3.3.1 EFFICIENCY 

The chamber was f i r s t tested on the positron beam without 
any lead target between the modules. Straight through positron 
tracks were then detected f or various working rates. 

The chamber functioned s a t i s f a c t o r i l y under the accelerator 
conditions and gave an ov e r a l l layer e f f i c i e n c y of about 80% f o r 
various working rates between 5 and 50 Hz, the layer e f f i c i e n c y of 
every module remaining above 70% (1). 

3.3.2 REIGNITION PROBABILITY 

Because of the narrowly collimated positron beam there was a 
high p r o b a b i l i t y of consecutive positrons passing through the same 
tube; t h i s resulted i n a value of about 255» f o r the measured 
r e i g n i t i o n p r o b a b i l i t y . However, when the dimensions of the beam 
p r o f i l e were taken i n t o account, zero value r e i g n i t i o n p r o b a b i l i t i e s 
were found at a l l working rates. (1). 

3.3.3 ENERGY MEASUREMENTS 

The chamber was then tested i n the positron beam a f t e r 
placing a lead target between each of the modules. Two thicknesses 
of lead target were used, 1.0 and 2.0 r a d i a t i o n lengths. No target 
was placed i n front of module one as t h i s module was used to give a 
"tr u e " p o s i t i o n of an incident positron. 
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Data was taken f o r several thousand showers developed i n 
the chamber for each selected incident positron energy. 

3.3.4 ENERGY RESOLUTION 

The Monte Carlo simulation of electromagnetic shower develop
ment from photons or electrons of a few Gev has been extensively 
studied by several authors (3, 4, 7» 8). Most of the r e s u l t s 
obtained are f a i r l y consistent and show a f a i r agreement with 
experimental data (9, 10, 11, 12, 13, 14, 15, 16). 

Some of the r e s u l t s obtained by Messel and Crawford, and 
Volkel at DESY on shower development in- lead f o r high energy 
electrons are shown i n figu r e 3.2. The threshold energy of the 
secondaries i s 2 MeV. 

From studying these shower development curves, one finds 
that the t o t a l sum of secondaries obtained by sampling the shower 
development at fi x e d r a d i a t i o n lengths, i s proportional to the 
energy of the incident electron or photon (see figure 3.3). This 
provides a simple and e f f e c t i v e method of determining the energy of 
an electron or photon, producing an electromagnetic shower i n a 
detector which samples the shower development at various positions. 

This method i s w e l l used on spark chamber experiments where 
the t o t a l number of sparks produced i n an electromagnetic shower 
i s summed, thus giving an estimate of the number of secondaries at 
various positions i n the shower (10, 15, 16, 17, 18). 

This method was extended to give estimates of the energies 
of the incident positrons i n the f l a s h tube chamber by counting the 
t o t a l number of i g n i t e d tubes i n . a shower, thus giving a sampled 
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ostimate of the number of secondaries produced. 
Frequency d i s t r i b u t i o n s of the t o t a l number of i g n i t e d tubes 

obtained with 1.0 and 2.0 r a d i a t i o n lengths of lead between each 
module f o r various positron energies are shown i n figures 3.4 and 
3.5. 

From these d i s t r i b u t i o n s the mean t o t a l number of tube 
i g n i t i o n s as a function cf positron energy was obtained, a pl o t of 
which i s shown i n figure 3.6 

The deviations of the curves from tl.e l i n e a r relationships 
one expects are due to losses of the shower both i n the l a t e r a l 
and l o n g i t u d i n a l d i r e c t i o n s , and the i n a b i l i t y of a flash tube t o 
re g i s t e r the passage of more than one secondary at the same time. 

The energy re s o l u t i o n was calculated by taking the f u l l 
widths of the frequency d i s t r i b u t i o n s i n figures 3*k and 3*5 at a 
height given by half of the maximum frequency (FWHM). 

The r e s u l t i n g resolutions are p l o t t e d i n figure 3-7 f o r 
various incident positron momenta. 

I f n^ i s the t o t a l number of secondaries sampled at module 
i , then an estimate of the t o t a l number of secondaries sampled 
throughout the chamber i s given by N where N = £^ 

However,, from Monte Carlo simulations we have, f o r a given 
target thickness between each module, 

E ~ K 2 n ± = KN 

where E i s the incident positron energy and K i s a constant of 
p r o p o r t i o n a l i t y depending on the lead target configuration. Hence 
we have a s t a t i s t i c a l error on the measured energy given by 
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one therefore expects the resolution to vary as l / y S T T h i s 

v a r i a t i o n i s i n i t i a l l y seen i n figure 3.7, however, the res o l u t i o n 
curve f l a t t e n s o f f at higher momenta, due to shower leakage and 
multi-electron i n s e n s i t i v i t y of the flash tubes. 

The res o l u t i o n i s also seen to improve f o r the 1 r a d i a t i o n 
length run f o r lower energies, before shower leakage and shower 
density become serious. This i s what one would expect as the 1 
radia t i o n length target configuration would give a smaller value of 
K. 

A great improvement i n resolution i s obtained i f the sum 
of the X and the Y i g n i t e d tubes are used instead of using only one 
plane cf i g n i t e d tubes. 

The resolutions obtained experimentally are not as good as 
those expected from t h e o r e t i c a l considerations, due to the inherent . 
errors in detection of the chamber. 

3.3.5 SHOWER LEAKAGE 

Shov/er leakage took place both i n the l a t e r a l and l o n g i t u d i n 
a l d i r e c t i o n s . Leakage was especially noticable when using t h i n 
targets and high energy positrons. 

Longitudinal leakage i s very much i n evidence i n figur e 3*8, 

where the mean number of tube i g n i t i o n s i n each of the X modules i s 
Bhown f o r various positron momenta. 

Lateral leakage i s evident i n figur e 3.9 where the shower 
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p r o f i l e i s drawn for 3 GeV incident positrons with 1 r a d i a t i o n 
length of target between each module. 

Curves are drawn i n figur e 3-10 showing the t o t a l number of 
tube i g n i t i o n s f o r various r a d i a t i o n lengths of target traversed. 
These curves show the same behaviour as those obtained from Monte 
Carlo simulations ( f i g u r e 3*2). Using the curves drawn i n figure 
3.10 one can estimate, and correct f o r , l o n g i t u d i n a l losses suffered 
i n the chamber. Corrections f o r these losses have been made on runs 
with 1 r a d i a t i o n length of lead between the modules. These corrected 
runs are shown i n figure 3.6. The corrected curve gives a much 
better l i n e a r agreement, howevert deviations are s t i l l present due 
t o the multi-electron i n s e n s i t i v i t y of one tube. 

3.3.6 ELECTRON SENSITIVITY OF THE TUBES 

As mentioned i n sections 3.k and 3-5f one of the main 
reasons f o r the deviation of the curve i n figu r e 3.6 from the 
l i n e a r , i s the i n a b i l i t y of a flash tube to resolve more than one . 
p a r t i c l e passing through i t . 

An estimate of the electron i n s e n s i t i v i t y of the tubes i n 
the chamber was made by comparing the r e s u l t s obtained from the 
chamber f o r the t o t a l number of i g n i t e d tubes when using 0.5 GeV/c 
and 1.0 GeV/c momenta f o r positrons, with those obtained by Messel 
and Crawford ( f i g u r e 3»3)» The r e s u l t s are shown i n table 1. 

The electron s e n s i t i v i t y i s seen to decrease with increasing 
positron momentum, duo to the development of higher density showers. 

The electron s e n s i t i v i t y depends very.much on the diameter 
of the tubes used, and also on the separation between modules. The 
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TABLE I 

Positron Radiation Number of Number of S e n s i t i v i t y 
momentum lengths of secondaries f l a s h tube (%) 
GeV/c target i g n i t i o n s 

between each 
module 

0.5 1.0 16.7 9.7 55.1 

0.5 2.0 10.0 6.4 63.9 
1.0 1.0 31.4 13.4 42.8 
1.0 2.0 20.2 9.8 48.7 

J 
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l a t t e r i s r e s t r i c t e d by the physical size of the detector, but 
increased electron s e n s i t i v i t y may be obtained by using smaller 
diameter tubes. 

3.3-7 SPATIAL MEASUREMENTS 

The following section describes a computational method 
developed to give estimates of the s p a t i a l r e solution of the chamber. 
Computational methods could be easily used as the shower data was i n 
d i g i t i s e d form, unlike the shower data obtained from conventional 
detectors such as spark chambers, where most of the data i s i n 
photographic form and has to be analysed v i s u a l l y (15» 16, 18). 

The shower data taken and analysed with respect to energy 
(section 3*3) was also analysed t o give estimates of the s p a t i a l 
r e s o l u t i o n of the chamber. However, i n the shower analysis only 
events where one tube i g n i t e d i n the f i r s t module were considered. 
The single i g n i t e d tube giving a "t r u e " measure of the incident 
positron p o s i t i o n . 

3.3.8 SPATIAL RESOLUTION 

Positrons incident on the chamber produced electromagnetic 
showers which propcjgated through the detector. I t was assumed that a 
developing shower spread v/ith c i r c u l a r symmetry about i t s core or 
axis, i e . the t r a j e c t o r y which the incident positron would have 
described had there been no target material i n i t s path. 

Using t h i s assumption, an estimate of the 6hower axis may be 
determined by ca l c u l a t i n g the "centre of g r a v i t y " or "shower 
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centre" i n each detecting plane. The centres may he found by 
cal c u l a t i n g the following expression f o r each detector module. 

7 i s 2 j , i y i / n i ( i ) 

where i s the coordinate of the shower centre i n the i module, 
y ^ j i s the coordinate of the i g n i t e d tube i n the i ^ * 1 nodule, 
n^ i s the t o t a l number of i g n i t e d tubes i n the i ^ 1 module. 
N i s the t o t a l number of tubes i n a nodule. 

I n t h i s way, coordinate points, which represent a series of 
shower centres, may be found i n each modular plane along the length 
of the shower. From these points a s t r a i g h t l i n e may be f i t t e d 
representing the shower axis.. 

In the above method however, no account has been taken of 
the s t a t i s t i c a l f l u c t u a t i o n s that occur i n the shower development. 
A general widening of the shower occurs due to multiple scattering 
e f f e c t s , producing f l u c t u a t i o n s i n electron positions and densities 
throughout the shower. This i s i l l u s t r a t e d i n figure 3.11 where 
the shower development of 0.5 GeV positrons i s seen. Electrons at 
the rear and edges of the shower have suffered severe multiple 
scattering and absorption, hence the data at the beginning and 
i n t e r i o r of the shower i s most r e l i a b l e . This means that a better 
estimate of the shower axis w i l l be obtained i f the data i s 
weighted i n the l a t e r a l d i r e c t i o n according to p o s i t i o n with 
respect to the shower core, i n the ca l c u l a t i o n of the shower centres, 
and i n the l o n g i t u d i n a l d i r e c t i o n v/hen f i t t i n g a s t r a i g h t l i n e 
through the shower centres. 
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A method of analysis was therefore developed i n which the 
data was weighted according to i t s p o s i t i o n , and then an i t e r a t i v e 
f i t t i n g of the shower axis was made. The weighting i n the l a t e r a l 
d i r e c t i o n was achieved by using a weighting function of s i m i l a r 
form to the mean l a t e r a l shower d i s t r i b u t i o n i n a given detecting 
plane, which may be represented by a Gaussian function (19). The 
frequency d i s t r i b u t i o n and hence the weighting function f o r the i 
module and j tube were described by the following expression:-

where q,^ = (y - y ± ) cos <j> ( i i i ) 

arid y ^ j i s the coordinate of the j tube i n the i module. 
y^ i s the distance of the shower axis i n the i * " * 1 module from the 

base of the modules. 
(7^ iB a quantity representing the mean spread of the shov/er i n 

the i t h module. 
<j> i s the angle between the shower axis and the base of the modules. 

These parameters are shown i n figure 3.12 

I n the experiment, the showers were produced from positrons 
incident at angles of = 0 ± 2° (20), so the cos <fi term was 
removed from equation ( i i i ) . 

Comparison betv/een the f i t t e d l a t e r a l shower d i s t r i b u t i o n s 
and the d i s t r i b u t i o n s obtained from the experimental data are shown 



UJ 

LL a 

o o 
LLI 

co o 
LL ( IP o 3 CD 
W, Q-

LU co a 
Q LU LLI U J U J 

I 2 § 
39fU m f 0J 

CO 
co < 

LL V) LU 

f to 
to 

CM 
CO 

LL 



-35-

i n f i g u r e 3.13. 
In the l o n g i t u d i n a l d i r e c t i o n , a least squares f i t was 

made to the shower centres, using weighting factors equal to 1/F^, 
where F^ gave a measure of the f l u c t u a t i o n s i n module i , and was 
taken as the standard deviation of the d i s t r i b u t i o n of f l u c t u a t i o n s 
of the calculated shower centres, obtained from equation ( i ) , about 
the true centre i n each detecting plane* The true shower centres 
were obtained from the po s i t i o n of the incident positron i n the-
f i r s t module, knowing that the positrons were incident at j> = 0 - 2°. 

The weighting factors F^ were found to give very good 
measures of spread of the l a t e r a l d i s t r i b u t i o n s i n the modules, and 
were used as the o\'s i n f i t t i n g these d i s t r i b u t i o n s . The values of 
a obtained are shown i n table I I . 

The shower axis was calculated by an i t e r a t i v e process. An 
i n i t i a l estimate was obtained by cal c u l a t i n g the shower centre i n 
each module using equation ( i ) . A s t r a i g h t l i n e representing the 
shower axis was then f i t t e d to the seven centres using a least 
squares f i t . The data was then weighted i n the l a t e r a l d i r e c t i o n 
with respect t o t h i s f i r s t estimate of the shower axis using 
equation ( i i ) . Thus a new set of weighted shower centres was 
obtained f o r the seven modules, given by 

T N 

Y ± (weighted) = y j L j x W i J ( y i j ) ( i v ) 

V N 

A second and better estimate of the shower axis v/as then found by 
the least squares f i t t i n g of a l i n e to these new centres, using 



1-0 

normalized shower profile 

Gauss ian shape function 

module 2 

•in i 
1-0 

Ci) 
N 

E 
o c 
c o 
§ 0 
CD 

* N 

O 
o 
JZ 
in 

• i I 

.5 

1-0 

X) 

a. 0 

1-0 

1-.0 

1 '.. 

8 

1 2 >3 4 5 6 7 
distance from shower centre (cm) 

< normalized shower profiles at 0-5 G e V / c with 

R'' o i o 1-Or.l.of lead compared with G a u s s i a n s h a p e 

functions 



-36-

TABLE I I 

One r a d i a t i o n l e n g t h of l e a d t a r g e t 

standard d e v i a t i o n (cm) 

module 

E(GeV) 2 3 4 5 6 7 8 

0.5 1.03 1.20 1.77 2.48 3.64 4.94 8.68 

1.0 1.03 1.09 1.29 1.63 2.01 3.01 5.04 

2.0 1.01 1.02 1.09 1.25 2.09 2.09 4.08 

3.0 1.05 1.13 1.10 1.13 1.62 1.62 3.13 

Two r a d i a t i o n l e n g t h s of l e a d t a r g e t 

standard d e v i a t i o n (cm) 

module 

E(GeV) 2 3 4 5 6 7 8 

0.5 1.11 1.26 1.35 1.59 2.11 2.22 2.63 

1.0 1.09 1.10 1.19 1.24 1.41 1.61 2.14 

2.0 1.23 1.2? 1.32 1.29 1.39 1.42 1.63 

3.0 1.29 1.28 1.30 1.27 1.35 1.33 1.61 



-37-

l o n g i t u d l n a l weighting factors l / o ^ . The data was then once raore 
weighted i n the l a t e r a l d i r e c t i o n with respect to the better estimate 
of the shower axis. The values of the shower axis angle (^) and the 
intercept of the shower axis on the f i r s t module (estimate of 
incident positron p o s i t i o n ) f or a single shower were recorded f o r 
various numbers of i t e r a t i o n s and were found to converge t o 
constant values a f t e r about f i v e i t e r a t i v e loops, hence i n the f i n a l 
analysis ten i t e r a t i v e loops were performed on the data from each 
event. 

Two parameters were obtained f o r each event i n the chamber, 
the shower axis angle and the apex deviation ( A ) of the shower 
•axis, defined as: 

(the estimated p o s i t i o n of the incident positron) 
(the " t r u e " position of the incident positron) 

The "true" p o s i t i o n of an incident positron was taken as the 
pos i t i o n of the single flashed tube i n module 1 (see figure 3.14). 

From the measurements of these two parameters estimates of 
the chamber*s s p a t i a l r e solution and angular resolution were 
obtained. 

The shower data obtained was also analysed using non-
weighted methods i n order to make a comparison between the two 
methods of analysis. 

The apex deviation frequency d i s t r i b u t i o n s which give 
measures of the s p a t i a l resolutions of the chamber are shown i n 
figures 3-15 and 3.16 for the 1 and 2 r a d i a t i o n length shower runs 
respectively. The d i s t r i b u t i o n s obtained using weighted i t e r a t i v e 
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and unweighted methods are both shown. A c o n s i d e r a b l e improvement 

i n the chamber r e s o l u t i o n i s seen when u s i n g the weighted i t e r a t i v e 

method of a n a l y s i s . 

The frequency d i s t r i b u t i o n s of shower a x i s a n g l e s , g i v i n g 

measures of the a n g u l a r r e s o l u t i o n of the chamber, f o r the 1 and 2 

r a d i a t i o n l e n g t h shower runs a r e shown i n f i g u r e s 3.17 and 3.18 

r e s p e c t i v e l y . Once more a c o n s i d e r a b l e improvement was found using 

weighted i t e r a t i v e methods of. a n a l y s i s . . 

The need f o r l o n g i t u d i n a l weighting of the shower data i s 

made evident from f i g u r e 3.19 where apex d e v i a t i o n frequency 

d i s t r i b u t i o n s a r e p l o t t e d a f t e r the data has been a n a l y s e d using an 

'unv/eighted method and u s i n g v a r i o u s numbers of modules. At f i r s t 

the s p a t i a l r e s o l u t i o n of the chamber improves a s the number of 

modules used i n the a n a l y s i s i s i n c r e a s e d , but d e t e r i o r a t e s when 

the r e a r modules a r e used because of the l a r g e f l u c t u a t i o n s i n the 

p o s i t i o n s of shower c e n t r e s obtained from the r e a r modules. S i m i l a r 

r e s u l t s were found f o r the angular r e s o l u t i o n of the chamber. 

The frequency d i s t r i b u t i o n s obtained f o r the shower a x i s 

a n g l e s and apex d e v i a t i o n s v/ere not G a u s s i a n l i k e i n shape and hence 

e s t i m a t e s of the r e s o l u t i o n s o f the chamber could not be obtained 

from the FWHM as had been done i n the energy r e s o l u t i o n measurements 

(se e s e c t i o n 3.3.4). 

I n order to a c h i e v e a f a i r e s t i m a t e of the r e s o l u t i o n of 

the chamber, the percentage of data l y i n g between f i x e d l i m i t s were 

found. These a r e shown i n t a b l e I I I . An es t i m a t e of the r e s o l u t i o n 

of the chamber was then obtained by f i n d i n g the l i m i t s which 

c o n t a i n e d about 75% of the data, analogous to the d e f i n i t i o n of the 

FWHM i n a Gaussian l i k e d i s t r i b u t i o n ( s e e t a b l e I V ) . 

The widths obtained f o r the frequency d i s t r i b u t i o n s do not 
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TABLE I I I 

• % data l y i n g between f i x e d e r r o r l i m i t s 

unweighted f i t weighted i t e r a t i v e f i t 

apex dev. angle apex dev. angle 

E(GeV) ±0 .5 1 1 . 5 11.5° + -> c° 10.5 r i . 5 - -1.5° ±2 .5° 

cm. cm. cm. cm. 
2 r . l . of 0.5 26.5 64.2 20.5 35.1 44.4 73.4 35.7 44.1 

lead t a r g e t 1.0 28.2 67.8 21.9 44.0 49.8 77.6 31.6 55.0 

per module 2.0 27.3 71.1 25.0 51.3 5k.2. 78.0 36.8 62.2 

3.0 28.2 71.2 28. 4 51.2 55.7 76.6 43.0 63-6 

1 r . l . of 0.5 33.9 71.5 20.0 50.9 58.3 79.7 40.1 54.3 

lead t a r g e t 1.0 30.1 64.4 24.3 63.9 48.0 85.2 37.7 69.4 

per module 
• 

2.0 34.9 78.^ 37.5 73.3 63.6 84.5 49.9 82,1 

3.0 32.7 75.1 35.6 70.0 61.2 83.3 50.5 75.8 
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TABLE IV 

Weighted i t e r a t i v e a n a l y s i s 

Estimates of l i m i t s c o n t a i n i n g «* 75% of the 

data, and the r e s o l u t i o n s of the chamber 

E(GeV) Apex S p a t i a l Shower Angular 

d e v i a t i o n s r e s o l u t i o n a x i s r e s o l u t i o n 

[mm.) of chamber angles of chamber 

(mm.) (degrees) (degrees) 

2 r . l . o f 0.5 ± 16 * 14 t 6.0 -+ 5.6 

t a r g e t 1.0 ^ 14 i 12 ± 3.4 t 2.7 

per 2.0 i 14 ± 12 i 3.0 i 2.2 

module 3.0 H 5 ± 13 i 3.1 ± 2.4 

1 r . l . o f 0.5 ± 13 1 10 ± 4.0 i 3.7 

t a r g e t 1.0 t 13 i i o i 2.7 i 1.8 

per 2.0 ± 11 i 8 12.3 + 1.1 

module 3.0 ± 12 * 9 ± 2 . 5 ± 1.5 
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g i v e d i r e c t measures of the r e s o l u t i o n of the chamber due t o the 
i n t r i n s i c e r r o r s i n v o l v e d i n the measures of the " t r u e " i n c i d e n t 
p o s i t r o n p o s i t i o n s and shower angles. The p o s i t i o n o f the i n c i d e n t 
p o s i t r o n was estimated from the p o s i t i o n of a s i n g l e f l a s h e d tube 
i n the f i r s t module. Since the i n t e r n a l diameters of the tubes were 
about 1 .6 cm. an e r r o r of about £ 0 . 8 cm. was i n v o l v e d i n the 
measurement of t h i s p o s i t i o n . 

Hence: 

( s p a t i a l r e s o l u t i o n obtained from apex d e v i a t i o n frequency 

d i s t r i b u t i o n (mm.))" 
p 

" s / 64 + ( s p a t i a l r e s o l u t i o n of chamber (mm.)) 

S i m i l a r l y f o r the shower angle d i s t r i b u t i o n s : 

(angular r e s o l u t i o n from shower angle frequency d i s t r i b u t i o n (degrees)) 
2 

Zf (angular r e s o l u t i o n of chamber (degrees)) 
Using these f a c t s the d i f f e r e n t r e s o l u t i o n s of the chamber 

were estimated and are shown i n t a b l e IV, from which one can see 

t h a t the s p a t i a l r e s o l u t i o n over the energy range 0.5 t o 3.0 GeV i s 

of the order of one tube r a d i u s , and t h a t the angular r e s o l u t i o n 

over t h i s energy range i s of the order of a few degrees. I t i s noted 

t h a t the r e s o l u t i o n s o f the chamber increase w i t h i n c r e a s i n g energy 

and decreasing t a r g e t t h i c k n e s s , as under these c o n d i t i o n s l e s s 

a b s o r p t i o n and s c a t t e r i n g take place, hence more p r e c i s e shower 

centres are obtained. 

An estimate of the s p a t i a l r e s o l u t i o n s expected can be 

obtained from the equations g i v i n g the e r r o r i n v o l v e d i n i n t e r c e p t 



- i *2-

values using a weighted f i t (21 ) . That i s : 

PL7. 

where o* i s the s p a t i a l r e s o l u t i o n o f the chamber, 

x^'s are the p o s i t i o n s of the modules. 

S u b s t i t u t i n g i n values o f o\ and x obtained from the shower 
1 i 

widths and chamber dimensions, one o b t a i n s a value of about ± 1 cm. 

f o r the. s p a t i a l r e s o l u t i o n of the chamber, which agrees q u i t e 

f a v o u r a b l y w i t h the r e s o l u t i o n s obtained from the a n a l y s i s of the 

data taken w i t h the chamber. 

3.3.9 CONCLUSIONS 

The r e s u l t s obtained from t e s t i n g the p r o t o t y p e chamber 

proved c o n c l u s i v e l y the usefulness o f f l a s h tubes f o r use i n 

a c c e l e r a t o r experiments. 

The f l a s h tube chamber operated s a t i s f a c t o r i l y i n h i g h 

background r a d i a t i o n c o n d i t i o n s , and f u n c t i o n e d w i t h o u t any 

d e t e r i o r a t i o n i n e f f i c i e n c y a t r e p e t i t i o n r a t e s up t o 50 Hz. 

When used i n the d e t e c t i o n o f electromagnetic showers 

produced by p o s i t r o n s i n l e a d , then the energy, s p a t i a l and 

angular r e s o l u t i o n s obtained were comparable t o those obtained by 

con v e n t i o n a l d e t e c t i n g techniques (22 ) . 
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Motivated by the r e s u l t s obtained from the simple p r o t o t y p e 

d e t e c t o r using r e l a t i v e l y l a r g e diameter f l a s h tubes, Chaney et a l . 

designed a modified f l a s h tube chamber employing small diameter 

f l a s h tubes and more d e t e c t i n g planes. A d e s c r i p t i o n of t h i s 

m odified d e t e c t o r i s given i n the f o l l o w i n g s e c t i o n . 

3.4 THE MODIFIED FLASH TUBE CHAMBER 

3.4.1 INTRODUCTION 

The modified chamber used the same d e t e c t i n g technique as 

i n the p r o t o t y p e chamber but was .designed t o g i v e improved energy, 

s p a t i a l and angular r e s o l u t i o n s when used i n electromagnetic 

shower d e t e c t i o n . I t was a l s o designed t o f u n c t i o n a t working r a t e s 

o f up t o 1 KHz. 

I t was hoped t o improve energy, s p a t i a l and angular 

r e s o l u t i o n s by: 

a) I n c r e a s i n g the number of f l a s h tube modules i n order t o increase 

the number of secondaries sampled i n a shower, and decrease 

l o n g i t u d i n a l shower leakage. 

b) I n c r e a s i n g the w i d t h and breadth of the chamber and so minimise 

l a t e r a l shower leakage. 

c) Decreasing the tube diameters and w a l l thicknesses i n order t o 

increase e l e c t r o n s e n s i t i v i t y and d e t e c t i n g e f f i c i e n c y . 

I t was hoped t o increase the working r a t e of the chamber t o 

the 1 KHz r e g i o n by using a hydrogen t h y r a t r o n p u l s i n g system (see 



chapter 2 , s e c t i o n 2 . 5 ) , and CH^ doped f l a s h tubes made of low 

res i s t a n c e Jena 16B glass ( 1 ) . 

3.^.2 THE CHAMBER CONSTRUCTION 

The chamber c o n s i s t s of twelve modules, each about 22 mm. 

wide, w i t h a space of about 16 mm. between modules t o accomodate 

lea d t a r g e t . Each module holds two orthogonal sets of t h i r t y two 

f l a s h tubes separated by an aluminium high v o l t a g e plane and 

contained between two aluminium e a r t h p l a t e s secured t o an aluminium 

earth block base (see f i g u r e s 3.20 and 3 . 21 ) . The tubes are l o c a t e d 

i n a c c u r a t e l y p o s i t i o n e d holes i n the aluminium block base and i n a 

perspex p l a t e p a r a l l e l t o i t . The holes are 9.0 mm. i n diameter and 

there i s a spacing between hole centres of 9«5 mra. The aluminium 

blocks are p o s i t i o n e d at i+5° t o the v e r t i c a l so t h a t the weight of 

the f l a s h tubes ensures good contact w i t h d i g i t i s a t i o n probes set i n 

the blocks (see f i g u r e 3 . 21 ) . Six i n t e g r a t e d c i r c u i t boards are 

mounted beneath each module. The modules are hel d p a r a l l e l i n a 

s t e e l framework and are a c c u r a t e l y a l i g n e d by a d j u s t i n g screws which 

pass through the framework and meet the bases of the aluminium e a r t h 

blocks. 

The modular design o f the chamber i s a l s o i n c l u d e d i n the 

w i r i n g associated w i t h each module, so making i t p o s s i b l e f o r each 

module and i t s associated w i r i n g t o be removed from the chamber 

without too much d i f f i c u l t y . T h i s g r e a t l y f a c i l i t a t e s t h e process o f 

checking or modifying i n d i v i d u a l modules. 

A perspex bar i s suspended from the r o o f of the chamber and 

holds the c a p a c i t o r s and r e s i s t o r s used i n p u l s i n g the high v o l t a g e 
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planes. The hydrogen t h y r a t r o n p u l s i n g u n i t i s housed i n an 

aluminium box and secured t o the top of the chamber, t o g e t h e r w i t h 

the e l e c t r o n i c s f o r the A.C. c l e a r i n g f i e l d arrangement. 

S h i e l d i n g i s im p o r t a n t because o f the h i g h frequency noise 

generated by the p u l s i n g system. The chamber i s completely cased i n 

aluminium sheeting t o exclude any such noise which may a f f e c t the 

i n t e g r a t e d c i r c u i t boards mounted beneath the modules or any 

associated e l e c t r o n i c s used i n the v i c i n i t y . 

The photograph i n f i g u r e 3.22 shows f o u r of the modules 

removed from t he chamber, and f i g u r e 3.23. shows the chamber w i t h the 

aluminium s h i e l d i n g removed. 

3.4-3 THE FLASH TUBES 

The f l a s h tubes t o be used i n the chamber were developed 

by Chaney et a l . (1) f o r use i n high backgrounds of r a d i a t i o n and 

at r e p e t i t i o n r a t e s up t o 1 KHz. They have a recovery time of l e s s 

than 0.6 ras. and a s e n s i t i v e time of about 1.4 /UB. ( w i t h o u t any 

ap p l i e d c l e a r i n g f i e l d ) . 768 tubes are employed; these are made of 

Jena 16 B soda g l a s s , and are f i l l e d w i t h a mixture of Ne(70%)-

He(30%) + 2% CH^ a t 2 .3 atmospheres. They have an i n t e r n a l diameter 

of about 8 mm. and a w a l l thickness of about 0 .3 nun. They are 

paint e d e x t e r n a l l y w i t h a t h i n l a y e r o f white p a i n t i n order t o 

help prevent the passage o f photons from a d i s c h a r g i n g tube t o 

neighbouring tubes. 

3 .4 .4 THE HIGH VOLTAGE PULSING SYSTEM AND CLEARING FIELD ARRANGEMENT 

The p u l s i n g of the chamber i s c a r r i e d out by a simple CR 



Fig.3-22 Four Modules of the 

Modified Flash Tube Chamber. 
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Modified Flash Tube Chamber. 
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discharge system as described i n chapter 2 , s e c t i o n 2 . 5 . A diagram 

of the pulrsing system i s shown i n f i g u r e 3-2/+. Six high v o l t a g e 

6000 pF c a p a c i t o r s are mounted ^bove the modules, each c a p a c i t o r 

being used t o d e l i v e r a negative high v o l t a g e pulse t o two modules. 

The c a p a c i t o r s are charged t o a high p o s i t i v e p o t e n t i a l v i a a 

c h a r g i n g . r e s i s t o r by a Un i v e r s a l V o l t r o n i c s power supply (25 KV, 

25 mA). Each c a p a c i t o r can then be discharged through an associated 

discharge r e s i s t o r by the s w i t c h i n g of the hydrogen t h y r a t r o h 

p u l s i n g u n i t mounted on tho r o o f of the chamber, producing a 

negative p o l a r i t y high v o l t a g e CR decaying pulse on the high v o l t a g e 

planes. 

An e x t e r n a l c l e a r i n g f i e l d arrangement i s coupled t o the 

high v o l t a g e places (see f i g u r e 3 . 2 4 ) producing on them a f i e l d o f 

frequency 100 Hz and v a r i a b l e peak t o peak v o l t a g e . 

3 . i f . 5 DATA ACQUISITION 

The discharge of a f l a s h tube i s recognised by a pulse on 

the d i g i t i s a t i o n probe set i n the e a r t h block beneath the tube (see 

f i g u r e 3 . 2 1 ) . These probes c o n s i s t of 6 BA brass screws secured i n 

perspex c y l i n d e r s . The outputs from them are fed i n t o s e t - r e s e t 

l a t c h e s contained i n the i n t e g r a t e d c i r c u i t boards mounted beneath 

the modules. Each board c o n t a i n s two 6-input l a t c h e s (type 7 4 H 8 ) 

and a NAND b u f f e r (type 7440) which provides a reset pulse f o r the 

l a t c h e s on the board and an output r e s e t pulse f o r the NAND b u f f e r 

of a neighbouring board (see f i g u r e 3 . 2 5 ) . The c i r c u i t boards were 

a l l powered from a + 6 V, 10 A s t a b i l i z e d supply. The set output 

l e v e l s from the l a t c h e s are taken t o 6 , 132 way EMIHUS sockets 
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mounted i n the base of the chamber. These l e v e l s can then bo read 

by a computer v i a a CAMAC i n t e r f a c e and EMIHUS cable connections. 

The i n p u t s t o the r e s e t i n t e g r a t e d c i r c u i t s are combined 

and connected t o a B.N.C. socket s i t u a t e d i n the base of the chamber. 

A l l the l a t c h e s can then be rese t by the changing l e v e l o f a CAMAC 

output l e v e l u n i t connected v i a a B.N.C. cable t o the B.N.C. 

socket. 
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CHAPTER FOUR 

SOME CHARACTERISTICS OF HIGH PRESSURE Ne-He-CH. FILLED FLASH TUBES 

4 . 1 IMTRODUCTION 

I n v e s t i g a t i o n s were c a r r i e d out i n t o the optimum working 

c o n d i t i o n s of the Ne-He-CH^ f i l l e d f l a s h tubes developed by Chaney 

et a l . ( 1 ) (see chapter 3» s e c t i o n 3 . k . 3 ) . These working c o n d i t i o n s 

would then be used i n the t e s t i n g of the m o d i f i e d 768 tube chamber 

on the p o s i t r o n beam a t the Daresbury Laboratory. 

The c h a r a c t e r i s i c s of the newly developed tubes were 

s t u d i e d a t low r e p e t i t i o n r a t e s at Durham using cosmic rays ( 2 ) , 

and a t higher r e p e t i t i o n r a t e s using the p o s i t r o n beam at the 

Daresbury Laboratory ( 3 ) . 

I n the mo d i f i e d chamber, output i n f o r m a t i o n i s d i g i t i s e d 

using the simple probe method (i f ) and made t o set i n t e g r a t e d c i r c u i t 

l a t c h e s , (see chapter 3» s e c t i o n 3 . ^ « 5 ) » Thus i t i s e s s e n t i a l t h a t 

the working c o n d i t i o n s of the f l a s h tubes are chosen so t h a t the 

magnitude of the d i g i t i s a t i o n pulses remains above i n order t o 

set the l a t c h e s . Therefore the d i g i t i s e d output i n f o r m a t i o n from 

the tubes was i n v e s t i g a t e d as w e l l as the l i g h t o u t p u t . 

if. 2 VARIATION IN EFFICIENCY OF THE TUBES WITH PARAMETERS OF THE 

APPLIED FIELD 

Some of the tubes were arranged i n an a r r a y of three l a y e r s 
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separated by H.T. and e a r t h p l a t e s . The l a y e r e f f i c i e n c y of the 

tubes was determined f o r s i n g l e cosmic ray muons. The passage of 

the muon was r e g i s t e r e d by a t w o - f o l d coincidence of p l a s t i c 

s c i n t i l l a t o r s placed above and below the a r r a y . The output from 

the coincidence was used t o t r i g g e r a spark gap-CR high v o l t a g e 

p u l s i n g system. The time delay between the passage of a p a r t i c l e 

through the a r r a y and the a p p l i c a t i o n of the pulsed f i e l d was about 

200 nsec. 

The r i s e time of the a p p l i e d f i e l d was v a r i e d by connecting 

r e s i s t a n c e s i n s e r i e s w i t h the H.T. p l a t e s . The l a y e r e f f i c i e n c y of 

the tubes was then measured f o r v a r i o u s magnitudes and r i s e times 

of the a p p l i e d f i e l d . The r e s u l t s obtained are shown i n f i g u r e k.l. 

Without any r e s i s t a n c e connected i n the H.T. l i n e the r i s e 

time of the a p p l i e d f i e l d was about 70 nsec. Under t h i s c o n d i t i o n 

the p l a t e a u r e g i o n of the l a y e r e f f i c i e n c y was reached a t about 

9 . 5 KV cm"\ where a value of 88% was obtained. This corresponds t o 

an i n t e r n a l e f f i c i e n c y of about 100%. I t was also observed t h a t 

spurious f l a s h i n g took place f o r a p p l i e d f i e l d s g r e a t e r than 9 * 5 

KV cm~\ and the number of s p u r i o u s l y f l a s h i n g tubes increased w i t h 

i n c r e a s i n g a p p l i e d f i e l d . 

The value of 9 *5 KV cm"** obtained f o r the p o s i t i o n of the 

pla t e a u r e g i o n i n the e f f i c i e n c y versus a p p l i e d f i e l d curve can be 

compared w i t h values of about 7 KV cm-"1' obtained by other workers 

( 5 t 6 , 7 ) f using c o n v e n t i o n a l high pressure tubes f i l l e d w i t h 

commercial neon. Higher a p p l i e d f i e l d s are needed i n the methane 

doped tubes because of the quenching a c t i o n of the methane on both 

the primary i o n i s a t i o n and the a c t u a l discharge process i n the tube. 

A s i g n i f i c a n t v a r i a t i o n o f l a y e r e f f i c i e n c y w i t h the r i s e 
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time of the a p p l i e d f i e l d i s also i n d i c a t e d i n f i g u r e 4 . 1 . The 

l a y e r e f f i c i e n c y of the tubes i s p l o t t e d against the r i s e time of 

the a p p l i e d f i e l d f o r two d i f f e r e n t a p p l i e d f i e l d magnitudes i n 

f i g u r e 4.2. The e f f i c i e n c y of the tubes i s seen t o be very dependent 

on the r i s e time of the a p p l i e d f i e l d . This i s another c h a r a c t e r i s t i c 

of the Ne-He-CH. f i l l e d tubes which makes them d i f f e r so much 
4 

from conventional high pressure tubes f i l l e d w i t h commercial neon, 

where r i s e times o f 1 ^ s e c . produce l a y e r e f f i c i e n c i e s of 70-80% 

( 5 , 6 , 7 ) . The discrepancies are again due t o the quenching a c t i o n 

of the methane. 

Figure 4 . 3 shov/s the v a r i a t i o n of l a y e r e f f i c i e n c i e s 

obtained f o r v a r i o u s widths of a p p l i e d high v o l t a g e pulse, f o r an 

a p p l i e d f i e l d of 9 KV cm"*. Th i s was achieved by v a r y i n g the RC 

constant of the a p p l i e d high voltage pulse. 

A p l a t e a u i n the e f f i c i e n c y was reached f o r an RC pulse 

w i d t h o f about 1 . 5 ^ s e c , however, f o r pulse widths l e s s than 

3 J L L B Q Z . a dimmer discharge r e s u l t e d . 

4 . 3 INVESTIGATIONS INTO THE DIGITISATION PULSE HEIGHTS OBTAINED 

AT SLOW FLASHING RATES 

I n order t o make a d e t a i l e d study o f the d i g i t i s a t i o n pulse 

h e i g h t s obtained from a tube, a small t e s t module v/as co n s t r u c t e d . 

A diagram of the t e s t module i s shown i n f i g u r e 4 « 4 . The design and 

dimensions were almost the same as those o f a module i n the 

modi f i e d f l a s h tube chamber, hence r e s u l t s obtained from the t e s t 

module would'be s i m i l a r t o those one would o b t a i n from a module i n 

the modified f l a s h tube chamber. 
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The a r r a y of f l a s h tubes used on the e f f i c i e n c y t e s t s was 

replaced by the t e s t module, and a high v o l t a g e pulse was a p p l i e d 

f o r s i n g l e inuon t r a v e r s a l s as had been done i n previous t e s t s . 

The discharge of the tube was accompanied by a d i g i t i s a t i o n 

pulse across a r e s i s t o r connected t o a i+ mm. diameter probe placed 

next t o the tube. The value of t h i s r e s i s t o r , R, could be v a r i e d , 

and d i g i t i s a t i o n pulses o c c u r r i n g across t h i s r e s i s t a n c e v/ere 

observed on an o s c i l l o s c o p e . Noise produced across the r e s i s t o r by 

the pulsed e l e c t r i c f i e l d was e f f e c t i v e l y screened by a surrounding 

aluminium block. 

THE EFFECT ON THE DIGITISATION' PULSE OF THE DISTANCE BETWEEN 

THE H.T. PLATE AND THE FLASH TUBE 

I t had been n o t i c e d by the author and others ( 8 ) t h a t 

v a r i a t i o n s i n distance between the f l a s h tube and the H.T. p l a t e 

caused l a r g e changes i n d i g i t i s a t i o n pulse h e i g h t s . T h i s e f f e c t 

was i n v e s t i g a t e d using the t e s t module, by p l a c i n g t h i n sheets o f 

polythene between the f l a s h tube on t e s t and the H.T. p l a t e . For 

each sepa r a t i o n about 100 d i g i t i s a t i o n pulse h e i g h t s v/ere measured. 

From these pulse height d i s t r i b u t i o n s , p o s i t i o n s o f the most 

probable pulse h e i g h t and the spread (standard d e v i a t i o n ) of the 

d i s t r i b u t i o n s v/ere measured. The most probable pulse h e i g h t s are 

p l o t t e d against the separa t i o n of the tube and the H.T. p l a t e i n 

f i g u r e 4 . 5 . The a p p l i e d f i e l d was 1 2 . 0 KV cm-"1" which may have 

caused some spurious f l a s h i n g , but t h i s would not a f f e c t the 

d i g i t i s a t i o n pulse. The CR decay time of the f i e l d was 3 yW.sec. 

and the probe r e s i s t a n c e R v/as 5*6 K-fl. The t e s t s were repeated 
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using the same tube, but the tube window was p a i n t e d w i t h a 

conducting s i l v e r p a i n t i n order t o increoe the e f f e c t i v e probe 

diameter t o 7 mm.; these r e s u l t s are also shown i n f i g u r e 4«5» From 

t h i s f i g u r e one can see t h a t a separation (d) as small as 0 . 1 nm. 

reduced the pulse height considerably. The two curves are seen t o 

have a s i m i l a r shape and f o l l o w an approximate 1/d v a r i a t i o n . 

4 . 3 . 2 VARIATION OF DIGITISATION PULSE HEIGHT WITH APPLIED FIELD 

About 100 d i g i t i s a t i o n pulse h e i g h t s were observed f o r 

v a r i o u s a p p l i e d f i e l d s , and the maxima of these d i s t r i b u t i o n s are 

p l o t t e d against the a p p l i e d f i e l d i n f i g u r e 4 . 6 . The RC decay time 

of the a p p l i e d f i e l d s was 3 y U s e c , the r i s e time about 60 nsec-. 

and the delay time between a muon t r a v e r s a l and the a p p l i c a t i o n of 

the pulsed f i e l d was about 150 nsec. Results obtained using a 7 wm» 

diameter c i r c l e of conducting p a i n t on the tube window are also 

shown. Lines drawn through the two sets of data p o i n t s give two 

g r a d i e n t s , the r a t i o of which i s found t o be 2 . 5 ± 0 . 3 . Assuming 

t h a t a d i g i t i s a t i o n pulse i s due t o the c a p a c i t i v e p i c k up of the 

a p p l i e d high v o l t a g e pulse through the gas plasma and glass by the 

probe ( 4 ) , then an increased g r a d i e n t i s expected w i t h an increase 

i n the e f f e c t i v e capacitance of the probe. The r a t i o of the e f f e c t i v e 

areas of the d i g i t i s a t i o n probes i s approximately 3 , which agrees 

w i t h the r a t i o of the two g r a d i e n t s obtained. 

4 - 3 . 3 VARIATION OF DIGITISATION PULSE PARAMETERS WITH PROBE 

IMPEDANCE 

Applying an e l e c t r i c f i e l d of 10 KV cm""1" w i t h a CR decay 
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time of 3 ^ s e c , the v a r i a t i o n s i n d i g i t i s a t i o n p u l s e h e i g h t s 

were observed f o r v a r i o u s probe impedances R ( s e e f i g u r e i f . i f ) . The 

r e s u l t s a r e shown i n f i g u r e ^ . 7 . The p u l s e h e i g h t s a r e seen to r i s e 

i n i t i a l l y with i n c r e a s i n g probe impedance, then g r a d u a l l y become 

co n s t a n t . T h i s o c c u r s when the probe impedance i s high and the 

impedance due to the s t r a y c a p a c i t a n c e of w i r e s e t c . becomes s i m i l a r 

i n comparison; f u r t h e r i n c r e a s e s i n probe impedance, t h e r e f o r e , 

have l i t t l e or no e f f e c t on the d i g i t i s a t i o n p u l s e h e i g h t . 

The v a r i a t i o n of the d i g i t i s a t i o n p u l s e l e n g t h and r i s o time 

with R a r e shown i n f i g u r e i f . 8 . S i m i l a r t r e n d s i n d i g i t i s a t i o n p u l s e 

l e n g t h with probe impedance were found by Ayre and Thompson (k) 

.using high p r e s s u r e tubes f i l l e d with commercial neon. 

i f . $.k VARIATIONS IN THE TIME DELAY BETWEEN THE APPLICATION OF THE • 

'APPLIED FIELD AND THE APPEARANCE OF THE DIGITISATION PULSE 

The time d e l a y s between the a p p l i c a t i o n of the a p p l i e d 

f i e l d and the appearance of the d i g i t i s a t i o n p u l s e were measured 

fo r d i f f e r e n t s e p a r a t i o n s of the tube and the H.T. p l a t e , and f o r 

two d i f f e r e n t a p p l i e d f i e l d s . The p o s i t i o n s of the maxima of the 

time delay d i s t r i b u t i o n s a r e p l o t t e d f o r d i f f e r e n t tube-H.T p l a t e 

s e p a r a t i o n s f o r the two d i f f e r e n t a p p l i e d f i e l d s i n f i g u r e J+.9. I t 

can be seen t h a t the time d e l a y i n c r e a s e s with i n c r e a s i n g d i s t a n c e 

between tube and H.T. p l a t e , but d e c r e a s e s with i n c r e a s i n g a p p l i e d 

f i e l d . 

The average v e l o c i t y of propagation of the d i s c h a r g e 

down the l e n g t h of the f l a s h tubes can be measured from the time 

d e l a y s between the a p p l i c a t i o n of the a p p l i e d f i e l d and the appear-
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ance of the d i g i t i s a t i o n p u l s e . For an a p p l i e d f i e l d of 7 . 5 KV cm"' 

a c r o s s a tube touching the H.T. p l a t e , an average v e l o c i t y of 
5 -1 

propagation of about 2 x 10 m sec has been estimated. T h i s i s 

about an order of magnitude s m a l l e r than the v a l u e s obtained by 

other workers ( 9 , 1 0 ) u s i n g high p r e s s u r e tubes f i l l e d with commercial 

neon. 

The most s i g n i f i c a n t mechanisms r e s p o n s i b l e f o r the r a p i d 

propagation of the d i s c h a r g e along the tube i s by the production 

of u l t r a v i o l e t photons from the w a l l s of the f l a s h tube. However, 

i n the methane doped tubes a s u b s t a n t i a l a b s o r p t i o n of photons 

t a k e s p l a c e due to the v e r y high and broad photoabsorption c r o s s 

•section of methane (11) r e s u l t i n g i n s m a l l e r v e l o c i t i e s of propa

g a t i o n of the d i s c h a r g e down the tube, 

4 .3-5 VARIATION OF DIGITISATION PULSE HEIGHT WITH LENGTH OF 

APPLIED ELECTRIC FIELD 

The l e n g t h of the a p p l i e d e l e c t r i c f i e l d was v a r i e d by 

v a r y i n g the d i s c h a r g e r e s i s t o r i n the high v o l t a g e CR d i s c h a r g e 

system. About 100 d i g i t i s a t i o n pulse h e i g h t s were measured f o r each 

l e n g t h of the a p p l i e d f i e l d , the magnitude of which was 10 KV cm"'*'. 

The r e s u l t s obtained a r e shown i n f i g u r e 4 . 1 0 . I t can be seen t h a t 

the d i g i t i s a t i o n p u l s e height i s c o n s i d e r a b l y i n c r e a s e d by i n c r e a s i n g 

the l e n g t h of the a p p l i e d f i e l d . However, i n c r e a s i n g the width of 

the a p p l i e d f i e l d i s l i m i t e d by the l a r g e r r e s u l t i n g induced f i e l d s 

t h a t a r e b u i l t up (12 , 13.) which may become s i g n i f i c a n t a t h i g h e r 

f l a s h i n g r a t e s ( 3 , 1 2 , 1 3 , 1 4 ) . 

The i n c r e a s e i n the d i g i t i s a t i o n p u l s e height with the 
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i n c r e a s e i n leng t h of the a p p l i e d f i e l d , can be expl a i n e d by 

c o n s i d e r i n g the d i g i t i s a t i o n p u l s e to be due to the c a p a c i t i v e 

p i c k up of the H.T. pulse, v i a the p l a s m a - d i g i t i s a t i o n probe 

arrangement. The hei g h t of the d i g i t i s a t i o n p u l s e should then 

depend on the s t a t e of the a p p l i e d f i e l d a t the moment of p i c k up 

by the probe, and should t h e r e f o r e depend on the c h a r a c t e r i s t i c s 

of the a p p l i e d f i e l d ( i e . l e n g t h , r i s e time e t c . ) . 

From the r e s u l t s shown i n f i g u r e s 4 . 6 , 4 . 8 and 4«9> 

e s t i m a t e s of the expected d i g i t i s a t i o n p u l s e h e i g h t s f o r v a r i o u s 

l e n g t h s of a p p l i e d f i e l d were made using the assumptions above. For 

v a r i o u s a p p l i e d H.T. p u l s e s of d i f f e r e n t magnitudes, but the same 

EC decay constant of J> jLi s e c , the e f f e c t i v e magnitudes of the 

a p p l i e d H.T. p u l s e s were c a l c u l a t e d a t the moment of p i c k up by the 

probe, assuming the d i g i t i s a t i o n p u l s e r i s e times and delay times 

given by f i g u r e s J+.8 and 4 * 9 . F i g u r e 4 « 6 , which g i v e s d i g i t i s a t i o n 

pulse h e i g h t s f or v a r i o u s a p p l i e d f i e l d s of 3 ^ s e c . i n l e n g t h , was 

then modified to g i v e d i g i t i s a t i o n p u l s e h e i g h t s f o r v a r i o u s 

e f f e c t i v e a p p l i e d f i e l d s , and was used a s a c a l i b r a t i o n graph. 

The e f f e c t i v e h e i g h t s of a p p l i e d H.T. p u l s e s were c a l c u l 

a ted f o r a 10 KV a p p l i e d H.T. pu l s e of v a r y i n g l e n g t h s , and the 

corresponding d i g i t i s a t i o n p u l s e h e i g h t s expected were obtained 

from the c a l i b r a t i o n graph. The r e s u l t s obtained f o r measured and 

c a l c u l a t e d v a l u e s of d i g i t i s a t i o n p u l s e h e i g h t s f o r v a r i o u s H.T. 

pu l s e l e n g t h s a r e shown i n t a b l e I . 

A c l o s e agreement i s seen between the measured and c a l c u l 

a ted d i g i t i s a t i o n p u l s e h e i g h t s , supporting the b e l i e f t h a t the 

d i g i t i s a t i o n p u l s e i s formed by the c l o s e c a p a c i t i v e coupling 

between the H.T. p l a t e and the d i g i t i s a t i o n probe. 
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TABLE I 

MEASURED AND CALCULATED VALUES OF PULSE HEIGHTS 

FOR DIFFERENT H.T. PULSE LENGTHS 

Applied H.T. p u l s e height = 10 KV 

Probe r e s i s t a n c e = 5.6 K n 

Probe diameter = 7 mm. 

Tube-H.T. p l a t e s e p a r a t i o n = 0 rara. 

A p p l i e d H.T. 

pulse l e n g t h 

(RC time i n 

/U s e c . ) 

E f f e c t i v e 11.T. 

p u l s e height 

(KV) 

Measursd 

d i g i t i s a t i o n 

p u l s e height 

( v o l t s ) 

C a l c u l a t e d 

d i g i t i s a t i o n 

p u l s e height 

( v o l t s ) 

2 .0 7 .0 1.5 ± 1 .0 3.5 
4.5 8.6 37.5 ± 5.5 32 .0 

6 .0 8.9 4 2 . 0 t 6 .0 38.5 
9 .0 9.3 48 .0 ± 6 .0 45 .0 

12 .0 9.4 52.5 ± 6.5 48.5 
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To f i n d whether the i n c r e a s e i n d e l a y time due to i n c r e a s e d 

tube-H.T. p l a t e s e p a r a t i o n , could be the cause of the observed 

decrease i n d i g i t i s a t i o n p u l s e height shown i n f i g u r e 4 . 5 , 

d i g i t i s a t i o n p u l s e h e i g h t s were c a l c u l a t e d f o r d i f f e r e n t s e p a r a t i o n s 

u s i n g the c u r v e s i n f i g u r e 4 . 9 and the c a l i b r a t i o n graph. 

I t was found t h a t the i n c r e a s e i n time delay alone, due to 

the tube-H.T. p l a t e s e p a r a t i o n , was not s u f f i c i e n t to cause the sharp 

decrease i n d i g i t i s a t i o n p u l s e height observed. I t i s thought 

t h a t some r e s i s t i v e c o u pling may be t a k i n g p l a c e between the H.T. 

p l a t e , tube and probe. 

•4.4 INVESTIGATIONS INTO, THE DIGITISATION PULSE HEIGHTS 

AT HIGH FLASHING RATES 

I n order to study the d i g i t i s a t i o n p u l s e h e i g h t s obtained 

from the tubes a t f a s t f l a s h i n g r a t e s , i t was n e c e s s a r y to use the 

p o s i t r o n beam f a c i l i t y a t the Daresbury Laboratory. A modified t e s t 

module was c o n s t r u c t e d which was s i m i l a r i n design to the o r i g i n a l 

t e s t module, but with dimensions the same a s those of a module i n 

the modified 768 f l a s h tube chamber. The d i g i t i s a t i o n probe was a 

6 BA screw mounted i n a perspex c y l i n d e r , and the probe impedance 

(R) was 5 . 6 KJft. An aluminium d i s c of 7 mm. diameter was a t t a c h e d 

to the f l a s h tube window g i v i n g an e f f e c t i v e l y l a r g e r a r e a 

d i g i t i s a t i o n probe, i n order to give l a r g e r d i g i t i s a t i o n p u l s e s . 

The modified t e s t module was mounted i n the p o s i t r o n beam 

a s shown i n f i g u r e 4 . 1 1 . S i n g l e p o s i t r o n s were s e l e c t e d from the 

beam by means of a f o u r - f o l d c o i n c i d e n c e of s c i n t i l l a t i o n c o u n t e r s 
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S^,.S,,, ^3 a n ( * ^ n e c o i n c i d e n c e s i g n a l of which was used to 

t r i g g e r the high v o l t a g s p u l s i n g system. 

A CR decaying high v o l t a g e p u l s e was used throughout the 

t e s t s , the c h a r a c t e r i s t i c s of the a p p l i e d f i e l d being;- a p p l i e d 

e l e c t r i c f i e l d 1 0 . 0 KV cm" 1, delay time 200 ^ s e c , width (CR time) 

4 . 5 JU-seo. and r i s e time 70 nsec. 

A charging time (CR) of 15 msec, was used i n the i n v e s t i g 

a t i o n s , so a s not to a f f e c t the magnitude of the a p p l i e d f i e l d when 

working at f a s t f l a s h i n g r a t e s . 

The f l a s h i n g r a t e was v a r i e d by u s i n g the p a r a l y s i s u n i t , 

which d i s a b l e d the c o i n c i d e n c e c i r c u i t s of the s c i n t i l l a t o r s f o r a 

f i x e d p e r i o d of time a f t e r each c o i n c i d e n c e . 

The d i g i t i s a t i o n p u l s e h e i g h t s obtained were s t o r e d i n a 

p u l s e height a n a l y s e r . 

4 . 4 . 1 VARIATION OF DIGITISATION PULSE HEIGHT WITH FLASHING RATE 

The f l a s h i n g r a t e of a f l a s h tube was v a r i e d between 0 . 5 per 

second and 4 . 6 per second, and about 1500 d i g i t i s a t i o n p u l s e h e i g h t s 

were recorded f o r each f l a s h i n g r a t e . The most probable v a l u e s of 

the p u l s e h e i g h t s were found from these p u l s e height d i s t r i b u t i o n s 

and are p l o t t e d as a f u n c t i o n of f l a s h i n g r a t e i n f i g u r e 4 . 1 2 . The 

d i g i t i s a t i o n p u l s e h e i g h t s are seen to be v e r y s t r o n g l y dependent on 

the f l a s h i n g r a t e of the tube, an i n c r e a s e i n f l a s h i n g r a t e from 

0 . 4 5 per second to 1.1 per second, caused a decrease i n d i g i t i s a t i o n 

p u l s e height from about 48 V to 13 V. 

The r a p i d decrease i n the d i g i t i s a t i o n p u l s e h e i g h t s was due 

to the b u i l d up of very l a r g e induced c l e a r i n g f i e l d s i n s i d e the 
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tube at the h i g h e r f l a s h i n g r a t e s . The induced f i e l d s decay 

e x p o n e n t i a l l y with time ( 1 5 , 1 6 , 17 , 18 , 19)» the r a t e s of decay 

depending on the r e s i s t a n c e and c a p a c i t a n c e of the g l a s s f l a s h tube. 

The d i r e c t i o n of the induced f i e l d i s i n the opposite d i r e c t i o n to 

t h a t of the a p p l i e d f i e l d , t h e r e f o r e a t the f a s t e r f l a s h i n g r a t e s , 

when the induced f i e l d s have l e s s time to decay, the e f f e c t i v e 

a p p l i e d f i e l d s a r e lower, hence the d i g i t i s a t i o n p u l s e s r e s u l t i n g 

from the p i c k up of the high v o l t a g e p u l s e s a r e lower. 

However, a r a p i d decrease i n d i g i t i s a t i o n p u l s e height with 

f l a s h i n g r a t e was not observed by Chaney et a l . ( 1 ) at f l a s h i n g r a t e s 

up to 50 Hz. T h i s probably r e s u l t s from the f a c t t h a t they were 

u s i n g l a r g e r diameter f l a s h tubes and were a p p l y i n g much lower 

e l e c t r i c f i e l d s . E l e c t r i c f i e l d s of 6 KV era"'1' were used, whereas i t 

has been observed t h a t a p p l i e d e l e c t r i c f i e l d s i n e x c e s s of 6 KV 

enf"*" b u i l d up s u b s t a n t i a l l y l a r g e r c l e a r i n g f i e l d s ( 1 3 ) . 

4 - 4 - 2 VARIATION OF DIGITISATION PULSE HEIGHT WITH APPLIED FIELD 

AT HIGH FLASHING RATES 

About 1500 d i g i t i s a t i o n p u l s e h e i g h t s were recorded f o r 

each of s e v e r a l a p p l i e d f i e l d s , a t a f l a s h i n g r a t e of 4 . 6 per 

second. The dependance of the d i g i t i s a t i o n p u l s e height on the 

a p p l i e d high v o l t a g e p u l s e i s shown i n -figure 4.13. T h i s curve can 

be compared with t h a t of d i g i t i s a t i o n p u l s e height v e r s u s a p p l i e d 

f i e l d taken at low f l a s h i n g r a t e s ( f i g u r e 4 . 6 ) . At the lower 

f l a s h i n g r a t e s a l i n e a r r i s e of d i g i t i s a t i o n p u l s e height i s seen 

with r i s i n g a p p l i e d f i e l d , however a t the f a s t e r f l a s h i n g r a t e s the 

r e l a t i o n s h i p d e v i a t e s from the l i n e a r . T h i s i s f u r t h e r evidence of 
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the l a r g e induced c l e a r i n g f i e l d s , which modify the a p p l i e d f i e l d , 
a t . t h e h i g h e r f l a s h i n g r a t e s . 

4 . 5 CONCLUSIONS 

Un l i k e c o n v e n t i o n a l high p r e s s u r e f l a s h tubes the Ne-He-

CH^ f i l l e d tubes must be operated under c e r t a i n working c o n d i t i o n s , 

to ensure t h a t s a t i s f a c t o r y d i g i t i s e d i n f o r m a t i o n i s obtained. These 

c o n d i t i o n s p r i m a r i l y a r i s e due to the a d d i t i o n of methane to the 

gas mixture, which produces a marked quenching e f f e c t on the 

di s c h a r g e p r o c e s s . 

. The Ne-He-CH^ tubes r e q u i r e the . a p p l i c a t i o n of pul s e d 

e l e c t r i c f i e l d s a t minimum d e l a y s , and having r i s e times of 70 nsec. 

or l e s s . A high e l e c t r i c f i e l d , i n the regi o n of 9 - 10 KV cm" 1, i s 

a l s o r e q u i r e d f o r the s a t i s f a c t o r y f u n c t i o n i n g of the tubes, and a 

pu l s e d f i e l d width (CR) of about 3 - 5 ^ s e c . i s n e c e s s a r y so a s to 

minimise the b u i l d up of induced c l e a r i n g f i e l d s i n the tubes. 

Due to t h i s b u i l d up of c l e a r i n g f i e l d s when working at; 

r a t e s of s e v e r a l events per second, the working r a t e of the tubos i s 

r e s t r i c t e d to a few events per minute only. 

However, a high v o l t a g e p u l s i n g system has r e c e n t l y been 

developed (19) which g r e a t l y reduces the b u i l d up of induced 

c l e a r i n g f i e l d s , when a p p l y i n g high e l e c t r i c f i e l d s to s m a l l diameter 

f l a s h tubes. T h i s p u l s i n g system i s d e s c r i b e d i n d e t a i l i n chapter 

7 . 

The d i g i t i s a t i o n p u l s e s obtained from the Ne-He-CH^ f i l l e d 

f l a s h tubes can be g r e a t l y i n c r e a s e d i f the tubes a r e mounted i n 

such a way that they a r e i n good contact with the H.T. p l a n e s , and 
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i f the a r e a s of the d i g i t i s a t i o n probes a r e i n c r e a s e d p r o v i d i n g 

b e t t e r coupling between the a p p l i e d high v o l t a g e p u l e s and the 

d i g i t i s a t i o n probes. 

The H.T. pl a n e s , d i g i t i s a t i o n probes and i n t e g r a t e d c i r c u i t 

boards were modified i n the 768 f l a s h tube chamber, to ensure t h a t 

d i g i t i s a t i o n p u l s e h e i g h t s i n exc e s s of U V v/ere obtained when 

working a t f l a s h i n g r a t e s of s e v e r a l events per tube per minute. 

The modified 768 f l a s h tube d e t e c t o r was then t e s t e d i n the p o s i t r o n 

beam a t the Darssbury Laboratory a t slow f l a s h i n g r a t e s . The t e s t s 

were i n order to study the f e a s i b i l i t y of the f l a s h tube chamber i n 

the d e t e c t i o n of electromagnetic showers, produced by p o s i t r o n s of a 

few GeV i n energy. 

The s e t up of the chamber on the p o s i t r o n beam, and the 

r e s u l t s obtained from the chamber, a r e presented i n the two f o l l o w i n g 

c h a p t e r s . 
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CHAPTER F I V E 

OPERATION OF THE MODIFIED FLASH TUBE CHAMBER ON A POSITRON BEAM 

5.1 INTRODUCTION 

Having found the optimum working c o n d i t i o n s of the Ne-He-

CH^ tubes (chapter i f ) , the modified f l a s h tube chamber c o n t a i n i n g 

these tubes was t e s t e d i n a p o s i t r o n beam at the Daresbury Laboratory. 

These t e s t s were s i m i l a r to those done e a r l i e r i n the 

p o s i t r o n beam u s i n g the prototype chamber (1, 2) (see chapter 3 ) , 

'and i n c l u d e d i n v e s t i g a t i o n s i n t o the optimum working r a t e and 

e f f i c i e n c y of the chamber, together w i t h the d e t e c t i o n of 

electromagnetic showers produced by p o s i t r o n s of a few GeV i n energy. 

However, these l a t e r t e s t s u t i l i s e d a computer l i n k i n the sending 

and storage of data from the chamber. 

A d e s c r i p t i o n of the i n i t i a l t e s t s done on the chamber i n 

the l a b o r a t o r y , the s e t up of the chamber i n the p o s i t r o n beam 

and the t a k i n g of data i n the beam i s given i n t h i s chapter (3) . 

The a n a l y s i s of the e l e c t r o m a g n e t i c shower data taken and 

the r e s u l t s obtained a r e presented i n the f o l l o w i n g chapter. 

5.'2 INITIAL CHAMBER TESTS 

S e v e r a l m o d i f i c a t i o n s were made to the chamber i n order to 

i n c r e a s e the d i g i t i s a t i o n p u l s e h e i g h t s obtained from the f l a s h 

tubes. 

The modules were modified i n order to provide good c o n t a c t 

between tubes and H.T. p l a t e s . T h i n aluminium f o i l was wrapped 
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around the edges of the H.T. p l a t e s n e a r e s t the d i g i t i s a t i o n probes 
and s t r i p s of t h i n rubber foam were added to the i n s i d e s u r f a c e s of 
the e a r t h p l a t e s . The rubber foam exerted a s m a l l inward p r e s s u r e 
on the tubes ensuring a good contact between them and the aluminium 
f o i l . Perspex s p a c e r s were a l s o added to the i n s i d e s of the modules 
to ensure t h a t the H.T. p l a t e s remained c e n t r a l . 

Small t h i n 7 mm. diameter aluminium d i s c s were glued to the 

f l a s h tube windows, i n order to i n c r e a s e the e f f e c t i v e probe 

diameters. 

The d i g i t i s a t i o n p u l s e h e i g h t s obtained from the modified 

modules were s t u d i e d u s i n g cosmic r a y s . Each modified module was 

p l a c e d h o r i z o n t a l l y between two s c i n t i l l a t o r s , a c o i n c i d e n c e from 

which was used to t r i g g e r the chamber p u l s i n g u n i t which a p p l i e d a 

high v o l t a g e p u l s e to the H.T. p l a t e . The r e s u l t i n g f i e l d was about 

i O K\f cni" 1 and had a CR decay time of 5 ̂  s e c . The i n t e g r a t e d 

c i r c u i t boards were removed from the modules and the r e s u l t i n g 

d i g i t i s a t i o n p u l s e h e i g h t s , obtained a c r o s s a 5.6 KQ r e s i s t o r , were 

campled from each module. 

The d i g i t i s a t i o n p u l s e h e i g h t s were a l l found to be g r e a t e r 

than the 4- V t h r e s h o l d needed t o s e t the l a t c h e s i n the chamber, 

average p u l s e h e i g h t s of 20 or 30 V were obtained. 

These l a r g e d i g i t i s a t i o n p u l s e s meant t h a t the i n t e g r a t e d 

c i r c u i t boards had to be modified i n order' to p r o t e c t the standard 

T.T.L. c i r c u i t s . F i v e v o l t zener diodes were t h e r e f o r e connected 

a c r o s s the i n p u t s of the i n t e g r a t e d c i r c u i t boards. 

The modified i n t e g r a t e d c i r c u i t boards were i n d i v i d u a l l y 

t e s t e d to ensure a s e t output v o l t a g e f o r a g i v e n input s i g n a l , 

and to ensure r e s e t t i n g on the a p p l i c a t i o n of a r e s e t p u l s e . 



The w i r i n g of the reassembled chamber was then checked t o 

ensure a one to one tube-probe correspondance. D i g i t i s a t i o n i n p u t s 

were manually s e t and the r e s u l t i n g outputs front the l a t c h e s were 

observed using a 128 l i g h t e m i t t i n g diode d i s p l a y . 

The modified chamber was mounted on a t r a v e r s i n g t a b l e i n 

the p o s i t r o n t e s t beam a r e a a t the Daresbury Laboratory, where the 

modules were a l i g n e d to w i t h i n ± 0 , 5 niiru 

5.3 THE POSITRON BEAM FACILITY AT THE DARESBURY LABORATORY 

The p o s i t r o n beam i s a low i n t e n s i t y , monochromatic beam of 

v a r i a b l e energy, produced by double c o n v e r s i o n of the c i r c u l a t i n g 

e l e c t r o n beam of NINA the Daresbury synchrotron ( i f ) . 

The p o s i t r o n beam p a s s e s through a beam pipe i n the v/all 

surrounding t h e main c i r c u l a t i n g e l e c t r o n beam and then e n t e r s the 

p o s i t r o n t e s t beam a r e a where the f l a s h tube chamber was s e t up. 

Personnel can work i n s a f e t y w i t h i n the v i c i n i t y of the p o s i t r o n 

beam i n t h i s a r e a . 

The beam l i n e elements producing the p o s i t r o n beam a r e 

shown i n f i g u r e 5.1. 

The p o s i t r o n beam can be obtained e i t h e r from a " p a r a s i t i c " 

or "bump" mode of e x t r a c t i o n . I n the former method, p a r a s i t i c 

e l e c t r o n s which c i r c u l a t e the a c c e l e r a t o r a f t e r the main e l e c t r o n 

beam has been t a r g e t t e d by other u s e r s , a r e used to produce the 

p o s i t r o n beam. These p a r a s i t i c e l e c t r o n s d e v i a t e from the main 

c i r c u l a t i n g o r b i t and s t r i k e a tungsten t a r g e t ( t a r g e t no. /f) a t 

the beginning of the p o s i t r o n beam l i n e . 

I n the bump mode of e x t r a c t i o n , which i s the method used i n 
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t e s t i n g the f l a s h tube chamber, a s m a l l p e r t u r b a t i o n i s i n t r o d u c e d 
i n t o the magnetic f i e l d of the c i r c u l a t i n g magnet no. if. T h i s 
causes some of the c i r c u l a t i n g e l e c t r o n s to l e a v e t h e i r o r b i t and 
s t r i k e the tungsten t a r g e t . T h i s method of e x t r a c t i o n i s p r e f e r r e d 
i n the t e s t i n g of the chamber a s co n t i n u o u s l y c o n t r o l l a b l e beams 
ar e produced. 

E l e c t r o n s i n c i d e n t on the tungsten t a r g e t produce a photon 

beam which i s c o l l i m a t e d and then s t r i p p e d of charged p a r t i c l e s by a 

permanent magnet. The " c l e a n " beam i s then c o l l i m a t e d once more and 

made to impinge on a copper t a r g e t where the photons a r e converted 

to e l e c t r o n - p o s i t r o n p a i r s . P o s i t r o n s of the d e s i r e d momentum a r e 

then s e l e c t e d by a bending magnet and a.momentum s l i t . The p o s i t r o n 

beam emerges through a long square c o l l i m a t o r i n the main w a l l 

surrounding the sync h r o t r o n i n t o the p o s i t r o n t e s t beam a r e a . On 

e n t e r i n g t h i s a r e a the p o s i t r o n s pass through an i o n i s a t i o n chamber 

monitoring system, which t r i p s a s h u t t e r when the p o s i t r o n beam 

i n t e n s i t y exceeds a s a f e working l e v e l . 

The r e s u l t i n g beam i n the t e s t beam a r e a can c o n s i s t of 

p o s i t r o n s having energy from about 200 MeV t o about k GeV with a 

spread of ±1.0% or l e s s . 

The main c i r c u l a t i n g e l e c t r o n beam i s a c c e l e r a t e d and 

e x t r a c t e d every 19 m s e c , hence working i n beam "bump" mode, a 

p o s i t r o n beam can be obtained i n the t e s t beam a r e a about 50 times a 

second. 

However, i n the t e s t i n g of the f l a s h tube chamber, ve r y 

low f l a s h i n g r a t e s were needed so the lowest e x t r a c t i o n r a t e was 

used. T h i s r a t e produced about one p o s i t r o n beam s p i l l per second 

i n the t e s t beam a r e a , the beam being produced by a p p l y i n g a 
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p e r t u r b i n g f i e l d or "bump" once every s i x t y a c c e l e r a t i o n c y c l e s of 

the main beam. T h i s e x t r a c t i o n r a t e y/as e f f e c t i v e l y reduced by 

i n c o r p o r a t i n g a p a r a l y s i s u n i t i n the l o g i c of the data a c q u i s i t i o n 

system. 

The c y c l i n g times of the main beam and the p o s i t i o n of the 

beam "bump" i n time a r e shown i n f i g u r e 5-2. The p o s i t i o n of the 

beam "bump" with r e s p e c t to the minimum f i e l d of the c i r c u l a t i n g 

magnets and the magnitude of the beam "bump1 J could be v a r i e d i n 

order to produce the r e q u i r e d p o s i t r o n beam i n t e n s i t y . The width of 

the beam "bump" can a l s o be v a r i e d . A short "bump" l a s t i n g about 

0.6 m s e c , or a longer one of 1.0 msec, can be a p p l i e d . 

I n the short "bump" mode, p o s i t r o n s i n a s p i l l were found 

to be very bunched, with s e p a r a t i o n between some p o s i t r o n s being 

about 20 nsec. Such c l o s e bunching of p a r t i c l e s produces m u l t i p l e 

t r a c k s i n the chamber, however, i n the long "bump" mode p a r t i c l e 

s e p a r a t i o n s were found to be s e v e r a l ^ s e c . a t the beginning of a 

s p i l l , so t h i s mode of op e r a t i o n was employed i n t e s t i n g the 

chamber. 

The p o s i t i o n and magnitude of the beam "bump" weru v a r i e d 

to give about 30 p o s i t r o n s per s p i l l i n the t e s t beam a r e a . A 1.1 mm 

x 3.8A- mm. momentum d e f i n i n g s l i t was a l s o used to giv e a beam 

p r o f i l e of s e v e r a l c e n t i m e t e r s i n diameter on the f r o n t module of 

the chamber. 

5.k DATA ACQUISITION SYSTEM 

The path of the p o s i t r o n beam i n the t e s t beam a r e a was 

l o c a t e d by means of a Geiger counter, and the p o s i t i o n of the f l a s h 
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tube chamber was v a r i e d u n t i l the beam was i n c i d e n t on i t s c e n t r e . 

Four s c i n t i l l a t o r s were p l a c e d upstream of the chamber, the 

c o i n c i d e n c e s of which were used to d e f i n e i n c i d e n t p o s i t r o n s 

(see f i g u r e 5 .3) . 

Because of the bunching of p o s i t r o n s i n the c e n t r a l r e g i o n s 

of a beam s p i l l , the c o i n c i d e n c e c i r c u i t was gated o f f u n t i l a 

m i l l i s e c o n d or so before the beginning of a beam s p i l l , then 

enabled f o r about 5 msec. T h i s meant t h a t c o i n c i d e n c e s were obtained 

on w e l l separated p o s i t r o n s a t the beginning of a s p i l l . 

The timing of the c o i n c i d e n c e c i r c u i t was done with r e s p e c t 

to a s c a l a r pulse, which was fed by c a b l e to the t e s t beam a r e a 

.from the main c o n t r o l room of the synchrotron. The s c a l a r p u l s e , 

i n d i c a t i n g t h a t the main c i r c u l a t i n g magnets were a t minimum f i e l d , 

was delayed f o r about (D - l ) m s e c . u s i n g an EG & G standard GG200 

u n i t , and was then used to enable the s c i n t i l l a t o r c o i n c i d e n c e 

c i r c u i t f o r about 5 msec. ( c . f . f i g u r e 5.2 f o r d e f i n i t i o n of D). 

A c o i n c i d e n c e from t h i s c i r c u i t then s i g n i f i e d a s i n g l e 

s e p a r a t e p o s i t r o n i n c i d e n t on the chamber. The c o i n c i d e n c e s i g n a l 

was fanned out, one output going to a p a r a l y s i s u n i t . T h i s u n i t 

then d i s a b l e d the c o i n c i d e n c e c i r c u i t f o r a f i x e d period of time, 

u s u a l l y s e v e r a l seconds, thus d e f i n i n g the event r a t e . T h i s u n i t 

a l s o d i s a b l e d the dual t r i g g e r , DT3. T h i s ensured t h a t a f t e r the 

p a r a l y s i s p e r i o d the c o i n c i d e n c e c i r c u i t was only enabled v i a a 

s c a l a r p u l s e , thus p r e v e n t i n g c o i n c i d e n c e s due to p a r a s i t i c a l l y 

produced p o s i t r o n s or p o s i t r o n s i n the c e n t r e of a s p i l l . 

A second output from the c o i n c i d e n c e u n i t was used to 

t r i g g e r the high v o l t a g e p u l s i n g u n i t mounted on the top of the 

f l a s h tube chamber, which produced a high v o l t a g e p u l s e on the H.T. 
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p l a t e s of the modules. The dela y between the passage of a p o s i t r o n 
through the chamber and the a p p l i c a t i o n of the high v o l t a g e p u l s e 
v/as about 300 n s e c . 

A t h i r d outx->ut from the c o i n c i d e n c e u n i t was delayed f o r 

10 ^ s e c . then fed to an i n t e r r u p t r e g i s t e r s i t u a t e d i n the CAMAC 

system. T h i s commenced the readi n g and s t o r i n g of the outputs of 

the chamber l a t c h e s by a PDP 11 computer v i a the s i x EMIHUS c a b l e s 

connected to the th r e e 256 b i t CAMAC in p u t r e g i s t e r s . The 10 jUsec. 

d e l a y was i n t r o d u c e d i n order to a l l o w the a p p l i e d high v o l t a g e 

p u l s e to decay and the d i g i t i s a t i o n p u l s e s from f l a s h e d tubes t o 

se t the l a t c h e s . 

Once the outputs of the l a t c h e s were read and s t o r e d by 

the PDP 11 computer they were r e s e t by the CAMAC output l e v e l u n i t . 

The PDP 11 was programmed i n Assembler language (5) and a 

flow diagram of.the programme i s shown i n f i g u r e 5.^. 

The PDP 11 computer s t o r e d two events, which could then be 

d i s p l a y e d on a v i s t a s c r e e n connected to the computer system, or 

the events c o u l d be sent v i a a computer l i n k to an IBM 370, 

depending on the commands given to the PDP 11 v i a the v i s t a key

board. 

Once the data reached the IBM 370 by the computer l i n k 

i t was s t o r e d on d i s c . Two data runs were u s u a l l y s t o r e d , each run 

c o n t a i n i n g s e v e r a l thousand events, then the data was copied t o 

magnetic tape. The data on magnetic tape was then read and a n a l y s e d 

u s i n g programmes w r i t t e n i n FORTRAN. 
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5.5 TESTS IN THE POSITRON BEAM 

The main t e s t s c a r r i e d out i n the p o s i t r o n beam were i n 

order to f i n d the c a p a b i l i t i e s of the chamber i n the d e t e c t i o n of 

elec t r o m a g n e t i c showers, usi n g f u l l y d i g i t i s e d output. 

However, s e v e r a l t e s t s were done before the el e c t r o m a g n e t i c 

shower measurements were taken, i n order to remove s p u r i o u s and 

i n e f f i c i e n t tubes and to f i n d t h e optimum working v o l t a g e and r a t e . 

i n a l l the t e s t s a 50 V (peak to peak) cm"''' a l t e r n a t i n g 

e x t e r n a l c l e a r i n g f i e l d was a p p l i e d to the H.T. p l a t e s . 

5.5-1 SPURIOUSLY FLASHING TUBES 

The tubes used i n the chamber were t e s t e d f o r s p u r i o u s 

f l a s h i n g by using a p u l s e generator to s i m u l a t e c o i n c i d e n c e s i g n a l s 

i n the s c i n t i l l a t o r c o i n c i d e n c e c i r c u i t ( see f i g u r e 5*3). 

A high v o l t a g e p u l s e of 11 KV was a p p l i e d on each s i m u l a t e d 

c o i n c i d e n c e . T h i s r e s u l t e d i n an a p p l i e d f i e l d of about 10 - 11 

KV cw"^ a c r o s s the tubes, depending on which module they were i n . 

T h i s v a r i a t i o n i n a p p l i e d f i e l d a r o s e from the v a r y i n g H.T.-earth 

p l a t e s e p a r a t i o n s , due to the a d d i t i o n of rubber foam. 

The data obtained was sent dov/n the computer l i n k , c o pied 

to magnetic tape and a n a l y s e d . A simple a n a l y s i s programme was run, 

which counted the number of times each tube f l a s h e d and gave a 

frequency p l o t f o r a l l the tubes i n the chamber. S p u r i o u s l y 

f l a s h i n g tubes were e a s i l y r e c o g n i s e d , removed and r e p l a c e d . 
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5.5.2 SCANNING OF THE CHAMBER 

I n order to check t h a t the e f f i c i e n c i e s of a l l the tubes 

were re a s o n a b l y high, the chamber was scanned u s i n g the p o s i t r o n 

beam, with no l e a d t a r g e t between the modules. Using the motorised 

t r a v e r s i n g t a b l e on which i t was mounted, the chamber was moved 

back and f o r t h a t a constant r a t e a c r o s s the beam, ensuring t h a t 

the t o t a l width of the chamber was t r a v e r s e d . While the chamber 

was being scanned, c o i n c i d e n c e s from the four f i x e d beam d e f i n i n g 

s c i n t i l l a t o r s were used to t r i g g e r the high v o l t a g e p u l s i n g u n i t , 

and the data obtained was sent down the computer l i n k . 

The data was a n a l y s e d i n the same way a s the data obtained 

from the s p u r i o u s l y f l a s h i n g tube t e s t s . The tube i g n i t i o n f r e q u 

e n c i e s then gave i n d i c a t i o n s of the e f f i c i e n c i e s . I n e f f i c i e n t tubes 

were removed and r e p l a c e d . 

5-5.3. EFFICIEWCY MEASUREMENTS 

The f l a s h tube chamber was p o s i t i o n e d , without any l e a d 

t a r g e t between the modules, so t h a t the p o s i t r o n beam v/as i n c i d e n t 

on i t s c e n t r e . The l a y e r e f f i c i e n c i e s were then found from s t r a i g h t 

through p o s i t r o n t r a c k s f o r v a r i o u s a p p l i e d high v o l t a g e p u l s e s . 

The data t a k i n g r a t e was very low, about s e v e r a l events per minute, 

i n order to minimise induced c l e a r i n g f i e l d e f f e c t s . 

The data was a n a l y s e d u s i n g two computer programmes and some 

of the data was a n a l y s e d by eye, i n order t o check the v a l i d i t y of 

the e f f i c i e n c i e s g i v e n by the programmes. 

One programme recorded whether or not a tube f l a s h e d i n each 
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module for an i n c i d e n t p o s i t r o n . Summing over several- thousand 

events, the i n d i v i d u a l module e f f i c i e n c i e s and the l a y e r e f f i c i e n c y 

of the chamber were obtained. 

The second programme did a s i m i l a r a n a l y s i s , however inform

a t i o n was only c o n s i d e r e d from tubes i n a c e n t r a l , c y l i n d r i c a l 

r e g i o n of the chamber, where one expected to f i n d p o s i t r o n 

t r a j e c t o r i e s , 

Any l a r g e d i f f e r e n c e s between the r e s u l t s obtained from 

the two programmes would i n d i c a t e s p u r i o u s l y f l a s h i n g tubes. 

A very good agreement was found between the r e s u l t s obtained 

by both computer a n a l y s e s of the data and the data a n a l y s e d by eye, 

•for a p p l i e d high v o l t a g e p u l s e s l e s s than 11 KV. The r e s u l t s obtained 

for the l a y e r e f f i c i e n c y of the chamber f o r v a r i o u s a p p l i e d high 

v o l t a g e p u l s e s are shown i n f i g u r e 5-5» 

Because of the v a r y i n g H.T.-earth p l a t e s e p a r a t i o n , the 

working volt a g e v a r i e d from module to module. Some modules were 

very e f f i c i e n t f o r a 10 KV pulse, whereas o t h e r s needed a p u l s e of 

11 KV. T h i s i s seen a s the r i s e i n l a y e r e f f i c i e n c y of the chamber 

a s the a p p l i e d high v o l t a g e p u l s e i s i n c r e a s e d from 10 to 11 KV i n 

f i g u r e 5.5. However, f o r p u l s e s g r e a t e r than 11 KV some of the tubes 

began to f l a s h s p u r i o u s l y . A working v o l t a g e of 11 KV was t h e r e f o r e 

chosen. 

A d i s p l a y on the v i s t a s c r e e n of two p o s i t r o n t r a c k s 

through the chamber i s shown i n f i g u r e 5.6. 

The l a y e r e f f i c i e n c i e s of the modules and of the chamber 

were a l s o found f o r v a r i o u s event r a t e s . The high v o l t a g e p u l s e was 

11 KV and the data was a n a l y s e d using the above mentioned computer 

programmes. The r e s u l t s obtained f o r the chamber l a y e r e f f i c i e n c y 
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a r e shown i n f i g u r e 5 .7 . 

The l a y e r e f f i c i e n c y of the chamber i s seen t o decrease 

f a i r l y r a p i d l y with r a t e , due to the r e d u c t i o n s i n the d i g i t i s a t i o n 

p u l s e h e i g h t s r e s u l t i n g from the b u i l d up of l a r g e induced c l e a r i n g 

f i e l d s ( s e e chapter 

The module e f f i c i e n c i e s obtained f o r v a r i o u s event r a t e s 

a r e shown i n f i g u r e 5.8. These a l s o a r e seen to decrease with event 

r a t e , however, some modules decrease i n e f f i c i e n c y f a s t e r than 

others, due to v a r i a t i o n s i n H.T.-earth p l a t e s e p a r a t i o n . 

An event r a t e of about 11 per minute was chosen a s a 

s a t i s f a c t o r y one, producing a chamber l a y e r e f f i c i e n c y of 83%. 

Higher event r a t e s would have produced lower e f f i c i e n c i e s , and 

lower event r a t e s would have made data t a k i n g too long a p r o c e s s . 

5 . 5 . ^ ELECTROMAGNETIC SHOWER MEASUREMENTS 

Having decided on an event r a t e of about 11 per minute, and 

an a p p l i e d high v o l t a g e p u l s e of 11 KV, the chamber was s e t up i n 

order to take e l e c t r o m a g n e t i c shower data. 

The chamber was p o s i t i o n e d so t h a t p o s i t r o n s were i n c i d e n t 

on the c e n t r e of the f i r s t module, and l e a d t a r g e t was p l a c e d 

between the modules. Three t h i c k n e s s e s of t a r g e t were used, 0 .6 , 

1.2 and 1.8 r a d i a t i o n l e n g t h s . 

As an estimate of the s p a t i a l r e s o l u t i o n of the chamber 

was to be made, the p o s i t i o n s of i n c i d e n t p o s i t r o n s were needed. 

These were obtained from the p o s i t i o n of a s i n g l e f l a s h e d tube i n 

the f i r s t module, which had no l e a d t a r g e t i n f r o n t of i t . 

The energy of the i n c i d e n t p o s i t r o n was v a r i e d between 0 .5 
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and 3«5 GeV and s e v e r a l thousand shower events were taken, f o r each 

t a r g e t c o n f i g u r a t i o n and i n c i d e n t energy. 

A v i s t a s c r e e n d i s p l a y of a t y p i c a l shower event i s shown 

i n f i g u r e 5 .9 . 

The r e s u l t s obtained from the el e c t r o m a g n e t i c shower t e s t s 

are p r e s e n t e d i n the f o l l o w i n g c h a p t e r . 
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CHAPTER SIX 

ELECTROMAGNETIC SHOWER DETECTION 

USING THE MODIFIED FLASH TUBE CHAMBER 

6.1 ENERGY RESOLUTION 

I n order to estimate the e n e r g i e s of p o s i t r o n s i n c i d e n t on 

the chamber c o n t a i n i n g l e a d t a r g e t , the shower data obtained was 

an a l y s e d u s i n g s i m i l a r methods to those used i n the a n a l y s i s of 

the shower data obtained from the prototype chamber. The t o t a l 

number of i g n i t e d tubes was recorded f o r each shower produced f o r 

an i n c i d e n t p o s i t r o n of known energy. The t o t a l number of i g n i t e d 

tubes then gave a measure of the s e c o n d a r i e s sampled i n the shower 

which was p r o p o r t i o n a l to the energy of the i n c i d e n t p o s i t r o n ( s e e 

chapter 3 , s e c t i o n 3 . 3 - ^ ) . 

The t o t a l numbers of s e c o n d a r i e s expected by sampling 

e l e c t r o m a g n e t i c showers produced i n l e a d by i n c i d e n t e l e c t r o n s of 

va r y i n g e n e r g i e s a r e shown i n f i g u r e 6.1. 

The numbers a r e obtained from Monte C a r l o s i m u l a t i o n s done 

by Messel and Crawford (1) and V o l k e l ( 2 ) . 

The samplings of the showers were taken a t 0.6, 1.2 and 1.8 

r a d i a t i o n l e n g t h i n t e r v a l s f o r a t h r e s h o l d secondary energy of 

2 MeV. 

The t o t a l numbers of tubes which i g n i t e d i n the chamber f o r 

give n p o s i t r o n e n e r g i e s and t a r g e t t h i c k n e s s e s were c a l c u l a t e d , and 

the f r e q u e n c y . d i s t r i b u t i o n s obtained f o r the i n t e g r a l energy runs 
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are shown i n f i g u r e 6.2 f o r 0 .6 , 1.2 and 1.8 r a d i a t i o n l e n g t h s of 

l e a d t a r g e t between each module. 

From these d i s t r i b u t i o n s the mean t o t a l number of f l a s h 

tube i g n i t i o n s was found f o r v a r i o u s e n e r g i e s and t a r g e t c o n d i t i o n s , 

and the r e s u l t s a r e p l o t t e d i n f i g u r e 6.3* 

The c u r v e s d e v i a t e from the l i n e a r r e l a t i o n s h i p one expects, 

however these d e v i a t i o n s a r e not a s pronounced a s those present i n 

the data obtained from the prototype chamber ( s e e f i g u r e 3 * 6 ) , due 

to the r e d u c t i o n i n shower leakage and the i n c r e a s e d e l e c t r o n 

s e n s i t i v i t y of the modified f l a s h tube chamber. 

The energy r e s o l u t i o n s of the chamber were c a l c u l a t e d by 

t a k i n g the FV.'HM of the tube i g n i t i o n frequency d i s t r i b u t i o n s , a s 

was done f o r the prototype chamber. The v a r i o u s r e s o l u t i o n s obtained 

f o r the chamber f o r d i f f e r e n t working c o n d i t i o n s are shown i n f i g u r e 

6.4. 

For the lower energy runs the r e s o l u t i o n s f o l l o w the 1//E-' 

v a r i a t i o n one expects, however, for the h i g h e r energy runs, where 

the e l e c t r o n i n s e n s i t l v i t y of the tubes becomes important together 

with shower leakage i n the 0.6 r a d i a t i o n l e n g t h runs, the r e s o l u t i o n 

changes ve r y l i t t l e with i n c r e a s i n g energy. 

Using 1.2 r a d i a t i o n l e n g t h s of l e a d t a r g e t between the 

modules, an energy r e s o l u t i o n of about i 1 0 % was obtained f o r p o s i t 

rons of 3 GeV. 

6.1.1 SHOWER LEAKAGE 

Shower leakage was a l s o present i n the modified chamber f o r 

the t h i n n e r t a r g e t and.higher energy runs, however the shower 
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leakage was only present i n the l o n g i t u d i n a l d i r e c t i o n with v e r y 

l i t t l e or no leakage i n the l a t e r a l d i r e c t i o n . T h i s i s c l e a r l y 

i l l u s t r a t e d i n f i g u r e 6 . 5 , which shows the development of showers 

i n the chamber produced from 3 GeV p o s i t r o n s . There was 0.6 

r a d i a t i o n l e n g t h s of t a r g e t between the modules. The shower shapes 

produced i n each module a r e shown, tube i g n i t i o n f r e q u e n c i e s a r e 

p l o t t e d i n the v e r t i c a l d i r e c t i o n f o r the r e s p e c t i v e tube numbers 

which a r e p l o t t e d i n the h o r i z o n t a l d i r e c t i o n . I r r e g u l a r i t i e s i n 

the h e i g h t s of the d i s t r i b u t i o n s a r i s e a s a l l the modules were not 

o p e r a t i n g a t t h e i r optimum working v o l t a g e s . 

The mean number of tube i g n i t i o n s f o r each of the modules 

i n the Y d i r e c t i o n i s p l o t t e d f o r v a r i o u s t a r g e t c o n f i g u r a t i o n s 

and energy i n f i g u r e 6 .6 . These c u r v e s show t h a t l o n g i t u d i n a l shower 

leakage i s always present i n the 0.6 r a d i a t i o n l e n g t h runs and i s a l s o 

p r e s e n t at h i g h e r e n e r g i e s i n the 1 . 2 r a d i a t i o n l e n g t h r u n s . 

P l o t s of the number of f l a s h e d tubes f o r v a r i o u s amounts 

of t r a v e r s e d l e a d t a r g e t i n the Y d i r e c t i o n a r e shown i n f i g u r e 6 .7 . 

These r e s u l t s a r e seen t o f o l l o w the same behaviour a s those 

obtained from Monte C a r l o s i m u l a t i o n s by Messei and Crawford ( 1 ) 

( s e e c h apter J5, f i g u r e 3 » 2 ) . A f a s t i n i t i a l r i s e i n the number of 

e l e c t r o n s produced i s seen, l e a d i n g to a maximum v a l u e which i s 

followed by a gradual decrease i u the number w i t h i n c r e a s i n g t a r g e t 

t h i c k n e s s . The p o s i t i o n s of t h e s e maxima can be shown to be pro

p o r t i o n a l to the l o g a r i t h m of the i n c i d e n t p o s i t r o n energy ( 1 ) . 

The p o s i t i o n s of the maxima obtained u s i n g the chamber a r e p l o t t e d 

f o r v a r i o u s p o s i t r o n e n e r g i e s i n f i g u r e 6 .8 . R e s u l t s obtained from 

Monte C a r l o s i m u l a t i o n s ( 1 , 2) a r e a l s o shown and are seen t o g i v e 

r e a s o n a b l e agreement with the r e s u l t s obtained from the chamber. 
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Using c u r v e s of the number of f l a s h tube i g n i t i o n s f o r 
v a r i o u s t a r g e t t h i c k n e s s e s ( s e e f i g u r e 6 .7) c o r r e c t i o n s can be 
made f o r l o n g i t u d i n a l shower leakage from the chamber encountered 
i n the t h i n n e r t a r g e t runs. The t o t a l number of f l a s h tube i g n i t i o n s 
f o r v a r i o u s i n c i d e n t p o s i t r o n e n e r g i e s have been estimated u s i n g 
these c o r r e c t i o n s and the r e s u l t s a r e shown i n f i g u r e 6.9. 

A c o n s i d e r a b l e improvement i n l i n e a r i t y i s seen i n the 

c o r r e c t e d r e s u l t s of the 0.6 r a d i a t i o n l e n g t h runs, however, t h e r e 

i s l i t t l e change i n the 1.2 r a d i a t i o n l e n g t h runs, a s most of the 

showers were contained i n the chamber. 

The l o n g i t u d i n a l l y c o r r e c t e d c u r v e s s t i l l d e v i a t e from the 

l i n e a r ; t h i s i s mainly due to the. electron, i n s e n s i t i v i t y of the 

tubes, t h a t i s , the i n a b i l i t y of a tube to s i m u l t a n e o u s l y d e t e c t 

the passage of more than one e l e c t r o n through i t . 

6.1.2. ELECTRON SENSITIVITY OF THE FLASH TUBES 

The e l e c t r o n s e n s i t i v i t y of the tubes has been est i m a t e d 

u s i n g the t h e o r e t i c a l numbers of sampled s e c o n d a r i e s produced i n an 

electroma g n e t i c shower from Monte C a r l o s i m u l a t i o n s (see f i g u r e 6.1). 

The r e s u l t s a r e presented i n t a b l e I . 

An e s t i m a t e of the e l e c t r o n s e n s i t i v i t y of the f l a s h tubes 

was made f o r the 0.5 GeV run only, i n the 0.6 r a d i a t i o n l e n g t h 

t e s t s , a s l o n g i t u d i n a l shower leakage was q u i t e c o n s i d e r a b l e f o r 

i n c i d e n t p o s i t r o n s having e n e r g i e s g r e a t e r than 0.5 GeV. 

The r e s u l t s i n t a b l e I can be compared with those obtained 

from the prototype chamber employing the l a r g e r diameter f l a s h tubes 

(see chapter 3, t a b l e 1). 

Val u e s ranging from about 40% to 60% were obtained f o r the 



• 0-6 R.L OF TARGET BETWEEN MODULES 
m 1-2 R.L OF TARGET BETWEEN MODULES 

CORRECTED FOR LONGITUDINAL SHOWER LEAKAGE 
UNCORRECTED 

200 

180 

£ 160 
o 

U 0 

LL. 
O 

120 
Of. 
in 

100 

• 
& — 80 • 

60 

• 

10 3 0 0 2-0 
POSITRON ENERGY (GeV) 

Fig.6-9 Mean total number of tube ignitions for various positron 

energies corrected for longitudinal leakage . 



-82 -

TABLE I 

P o s i t r o n R a d i a t i o n Number of Number of S e n s i t i v i t y 
energy Lengths of s e c o n d a r i e s f l a s h tube 

(GeV) t a r g e t i g n i t i o n s 

between. 

modules 

0.5 0.6 33.6 20 60 

0.5 1.2 16.5 14 85 

1 .0 1.2 33.2 22 66 

1.5 1.2 49.9 29 58 

2.0 1.2 66.7 33 49 

2.5 1.2 83.5 39 47 

0.5 1.8 10.8 10 93 

1.0 1.8 21.8 16 73 

1.5 1.8 32.8 20 61 

2.0 1.8 43.9 25 57 

2.5 1.8 55.1 29 53 

3 .0 1.8 66.3 31 47 

3.5 1.8 77.5 35 45 
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e l e c t r o n s e n s i t i v i t y u s i n g the prototype chamber. The e l e c t r o n 

s e n s i t i v i t y has been g r e a t l y improved using the s m a l l e r tubes of the 

modified chamber, where v a l u e s ranging from about 50% t o 90% v/cre 

obtained. 

The e l e c t r o n s e n s i t i v i t y of the tubes i s seen to improve 

with d e c r e a s i n g p o s i t r o n energy due to the formation of l e s s dense 

electro m a g n e t i c showers. One way i n which t h i s s e n s i t i v i t y may be 

f u r t h e r improved at. t h e s e h i g h e r energy runs i s by i n c r e a s i n g the 

module to module s e p a r a t i o n i n the chamber and so enable showers 

produced i n the chamber to widen i n the l a t e r a l d i r e c t i o n , producing 

l e s s dense showers. 

6.2 SPATIAL MEASUREMENTS 

6.2.1 INTRODUCTION 

The e l e c t r o m a g n e t i c shower data obtained from the improved 

f l a s h tube chamber v/as a n a l y s e d with r e s p e c t to s p a t i a l and 

angu l a r information, i n a s i m i l a r manner to t h a t obtained from the 

prototype chamber. 

E s t i m a t e s of the shower c e n t r e s i n each module were obtained 

u s i n g the symmetrical p r o p e r t i e s of developing showers. These 

shov/er c e n t r e s were then used to ob t a i n a f i r s t e s t i m a t e of the 

shower a x i s . 

Knowing the l a t e r a l d i s t r i b u t i o n s of the s e c o n d a r i e s i n 

each of the modules, the p o s i t i o n s of i g n i t e d tubes were weighted 

a c c o r d i n g to t h e i r d i s t a n c e s from the estimated shower a x i s , and a 

s e r i e s of weighted shower c e n t r e s v/as obtained. A b e t t e r e s t i m a t e 
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ot the shower a x i s was then obtained by the weighted l e a s t squares 

f i t t i n g of a l i n e t o the weighted shower c e n t r e s . S u c c e s s i v e 

e s t i m a t e s of the shower- a x i s were then obtained u s i n g the above 

method a s an i t e r a t i v e p r o c e s s . The f i n a l e s t i m a t e of the shower 

a x i s was taken a f t e r ten i t e r a t i v e l o o p s . E s t i m a t e s of the p o s i t i o n s 

of i n c i d e n t po.sitrons were then obtained by f i n d i n g the p o s i t i o n s 

of the i n t e r c e p t s of the f i n a l estimated shower axes on the f i r s t 

module,. These i n t e r c e p t p o s i t i o n s were then compared with the known 

p o s i t i o n s obtained from the p o s i t i o n s of the s i n g l e f l a s h e d tubes i n 

the f i r s t module. 

"Apex d e v i a t i o n " d i s t r i b u t i o n s were found a s f o r the 

prototype chamber, and from t h e s e d i s t r i b u t i o n s the s p a t i a l 

r e s o l u t i o n s of the chamber were found. 

The angular r e s o l u t i o n s of the chamber were a l s o found by 

comparing the a n g l e s of es t i m a t e d shower axes w i t h the known v a l u e s 

of a n g l e s of i n c i d e n c e of p o s i t r o n s on the chamber. 

6.2.3 LATERAL DISTRIBUTIONS OF SECONDARIES 

The shower data was f i r s t a n a l y s e d i n order to o b t a i n the 

shower p r o f i l e s produced by the s e c o n d a r i e s i n each module, f o r 

v a r i o u s i n c i d e n t p o s i t r o n e n e r g i e s and t a r g e t t h i c k n e s s e s . An 

example of the shower p r o f i l e s thus obtained i s shown i n f i g u r e 6 .5 . 

The standard d e v i a t i o n s (cr^) or "shower widths" (2o^) were obtained 

f o r each of the p r o f i l e d i s t r i b u t i o n s . Some shower widths a r e shown 

i n f i g u r e 6.10. 

For the i module the frequency d i s t r i b u t i o n of s e c o n d a r i e s 

was r e p r e s e n t e d by: 
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^ ( y . .) = e x p ( - ( q i . ) 2 ) 

where q ( y ^ - y ± ) cos j, 

K. o\ 
1 3. 

( u s i n g s i m i l a r n o t a t i o n a s i n chapter 3> and K_ i s a f i t t i n g 

parameter f o r module i ) 

The frequency d i s t r i b u t i o n s f. . (y. .) were f i t t e d to the 

e m p i r i c a l shower p r o f i l e s by v a r y i n g the v a l u e s of K.̂ . The v a l u e s 

of which gave the best f i t to the e m p i r i c a l shower p r o f i l e s a r e 

shewn i n f i g u r e 6.11. 

6.2.3 LONGITUDINAL WEIGHTING OF THE DATA 

. Because of the f l u c t u a t i o n s i n e l e c t r o n p o s i t i o n s and 

d e n s i t i e s i n a shower, which i n c r e a s e d a s the shower progressed 

f u r t h e r through the chamber, the shower data was weighted i n the 

l o n g i t u d i n a l d i r e c t i o n when e s t i m a t i n g shower axes. 

The shower data was a n a l y s e d u s i n g the i t e r a t i v e p r o c e s s 

and u s i n g v a r i o u s v a l u e s of K̂ , and v a r i o u s l o n g i t u d i n a l weighting 

f a c t o r s i n the weighted l e a s t squares f i t t i n g of a l i n e (shov/er 

a x i s ) to the weighted shov/er c e n t r e s . 

The use of l o n g i t u d i n a l weighting f a c t o r s of ( l / o \ ) to 

v a r y i n g powers was i n v e s t i g a t e d . The v a l u e s of o-^ were used 

because they, gave some measure of the f l u c t u a t i o n s i n e l e c t r o n 

p o s i t i o n and d e n s i t y i n each module. 
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Some of the r e s u l t s a r e shown i n t a b l e I I . The standa r d 

d e v i a t i o n s of the r e s u l t i n g apex d e v i a t i o n d i s t r i b u t i o n s a r e shown. 

These g i v e a measure of the s p a t i a l r e s o l u t i o n of the chamber, which 

i s seen not to be ver y dependent on the v a l u e s of K. used i n the 

a n a l y s i s . 

L o n g i t u d i n a l weighting f a c t o r s of (1/L^) t o v a r y i n g powers 

were a l s o t r i e d i n the a n a l y s i s of the data, where was the 

amount of t a r g e t t r a v e r s e d by s e c o n d a r i e s i n the shower before 

r e a c h i n g module i . The r e s u l t i n g standard d e v i a t i o n s of the apex 

d e v i a t i o n d i s t r i b u t i o n s a r e shown i n t a b l e I I I . 
p 

The use of l/(o-^) i n the a n a l y s i s i n weighting i n the 

l o n g i t u d i n a l d i r e c t i o n gavt- the b e t t e r . s p a t i a l r e s o l u t i o n . Because 

the v a l u e s of o\̂  were i n t r i n s i c to each module and were r e l a t e d to 
the i n d i v i d u a l module e f f i c i e n c i e s whereas the L. v a l u e s were not,' 

p 

i t was decided to use l / ( o \ ) i n the f i n a l a n a l y s i s of the data. 

However a check was f i r s t made i n order to v e r i f y t h a t a l l the 

f l a s h tube i n f o r m a t i o n obtained from an event i n the chamber was 
2 

being u s e f u l l y used i n the a n a l y s i s , and t h a t the l / ( o ^ ) -veighting 

was not e f f e c t i v e l y "weighting out" data from the r e a r modules of 

the chamber i n the a n a l y s i s . 

T h i s check was performed by a n a l y s i n g the shower data 

u s i n g the i n f o r m a t i o n from v a r i o u s numbers of modules. The data 

Was a n a l y s e d using 5i 7, 9 and 11 modules, and i n a l l c a s e s the 

r e s o l u t i o n of the chamber improved a s the number of modules used 
2 

was i n c r e a s e d , hence the l / ( o ^ ) weighting appeared s a t i s f a c t o r y 

and was used i n the f i n a l a n a l y s i s of the data. 
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"STANDARD DEVIATIONS" (D) OF APEX DEVIATION DISTRIBUTIONS (mm) 

FOR 1 GeV POSITRONS AND 0.6 RADIATION LENGTHS OF TARGET BETWEEN MODULES 

L o n g i t u d i n a l Weighting 1 

K. 
X 

0.5 3.5 ! 

X tubes 8.8 8.7 
Y tubes 11.5 10.8 

Lonitudins.1 Weighting 1 

F i r s t /|. Modules 
— . ; •»! 

Rear 7 Modules 

K. 
x 

0.5 3.5 7.0 6.0 2.5 
X tubes 7.'+ 6.9 6.8 7.5 
Y tubes 11.1 10.2 9.8 11.2 

L o n g i t u d i n a l Weighting 1 
a . 3 

X 

K i 0.5 3.5 
X tubes 6.8 6.3 
Y tubes 11.7 10.3 
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TABLE I I I 

"STANDARD DEVIATIONS" (D) OF APEX. DEVIATION DISTRIBUTIONS (mm) 

FOR 1 GeV POSITRONS AND 0.6 RADIATION LENGTHS OF TARGET BETWEEN MODULES 

L o n g i t u d i n a l 

Weighting F a c t o r s °i 

1 
<x 2 

i 

1 
a . 3 

X 

1 
x 

_1. 
L. 

i 

1 
L . 2 

l 

1 
L. ^ 
X 

X tubes 8.8 7.4 6.8 7.6 7.8 9.3 12.0 
Y tubes 11.5 11.1 11.7 12.4 12.1 16.1 19.3 
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6.2.4 SPATIAL AND ANGULAR RESOLUTIONS 

The shower data was a n a l y s e d with r e s p e c t to s p a t i a l and 

an g u l a r information, u s i n g a v a l u e of 3*5 f o r the l a t e r a l f i t t i n g 

c o n s t a n t s and using v a l u e s of I / ( c \ ) f o r weighting i n the 

l o n g i t u d i n a l d i r e c t i o n . 

The a n a l y s i s gave apex d e v i a t i o n d i s t r i b u t i o n s and shower 

a x i s angle d i s t r i b u t i o n s . The widths of these d i s t r i b u t i o n s were 

found and used to o b t a i n e s t i m a t e s of the chamber r e s o l u t i o n s , 

knowing the p o s i t i o n s of i n c i d e n t p o s i t r o n s to ± one tube r a d i u s , 

and knowing t h a t the a n g l e s of i n c i d e n t p o s i t r o n s were 0° z 2°. 

'The a n g l e s of i n c i d e n t p o s i t r o n s were found from s t r a i g h t t r a c k s 

made i n the chamber without any t a r g e t p l a c e d between the modules. 

The frequency d i s t r i b u t i o n s of the shower a x i s a n g l e s and 

apex d e v i a t i o n s were not G a u s s i a n l i k e i n shape, hence the widths 

of the d i s t r i b u t i o n s were estimated i n a s i m i l a r manner to those 

obtained from the prototype chamber. 

L i m i t s c o n t a i n i n g 75% of the data were found and the l i m i t 

s e p a r a t i o n s were taken a s the widths of the d i s t r i b u t i o n s . The 

measure of r e s o l u t i o n g i v e n by a d i s t r i b u t i o n was then taken as 

- ( h a l f the d i s t r i b u t i o n w i d t h ) . 

The r e s o l u t i o n s obtained from the chamber wore then found 

a s before t a k i n g i n t o account the improved e s t i m a t e of the i n c i d e n t 

p o s i t r o n p o s i t i o n from the s i n g l e f l a s h e d tube, t h a t i s , 

( s p a t i a l r e s o l u t i o n obtained from apex d e v i a t i o n frequency 
2 2 d i s t r i b u t i o n (mm)) ~ 16 + ( s p a t i a l r e s o l u t i o n of chamber (mm))" 



(angular r e s o l u t i o n obtained from shower angle frequency 
2 

d i s t r i b u t i o n ( d e g r e e s ) ) ~ ^ + (an g u l a r r e s o l u t i o n of chamber 
p 

( d e g r e e s ) ) 

The s p a t i a l and ang u l a r r e s o l u t i o n s obtained f o r the chamber 

ar e shown i n f i g u r e 6.12 and f i g u r e 6.13 r e s p e c t i v e l y . 

The s p a t i a l r e s o l u t i o n i s seen to improve with i n c r e a s i n g 

energy and d e c r e a s i n g t a r g e t t h i c k n e s s , g i v i n g v a l u e s a s good a s 

i- 2 mm. 
S i m i l a r t r e n d s a r e found f o r the angular r e s o l u t i o n where 

v a l u e s a s good a s i 2° were obtained. 

The data was a l s o a n a l y s e d without any weighting of the 

f l a s h tube i n f o r m a t i o n . A c o n s i d e r a b l e improvement i n the s p a t i a l 

and a n g u l a r r e s o l u t i o n s of the chamber was found usin g weighted 

methods; t y p i c a l r e s u l t s a r e shown i n t a b l e IV. 

TABLE IV 

SPATIAL RESOLUTION OF THE CHAMBER (mm) 

1 GeV POSITRONS, 0.6 RADIATION LENGTHS OF TARGET BETWEEN EACH MODULE 

' 2 
K i = 3 . 5 , L o n g i t u d i n a l Weighting 1/(0^) Unweighted 

X tubes 1.9 if.2 

Y tubes 3.7 5.8 
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6.3 CONCLUSIONS 

From the series of teats carried out on the modified flash 
tube chamber i n the positron beam, together with the res u l t s of the 
analysed shower data obtained from the chamber, the usefullness of 
the flash tube chamber i n the detection of electromagnetic showers 
under accelerator conditions has been c l e a r l y i l l u s t r a t e d . 

The resolutions obtained using the modified chamber have 
considerably improved on those obtained frost! the prototype chamber 
employing the larger diameter flash tubes (see chapter 3). 

Shower leakage from the chamber has been reduced and 
•electron s e n s i t i v i t i e s as great as 90% .have been obtained using the 
modified chamber. This has lead to a much better energy resolution, 
g i v i n g up to ± 10% for 3 GeV positrons incident on the chamber 
containing 1.2 r a d i a t i o n lengths of lead, target between the modules. 

The spa t i a l resolutions of the modified chamber of up to 
± 2 mm are a great improvement over those of the prototype chamber. 
However, angular resolutions have remained s i m i l a r to those of the 
prototype chamber, where shower angles were found to within a few 
degrees. 

A comparison between the energy resolution obtained from 
the modified flash tube chamber and those obtained by recent work 
•employing electromagnetic shower detectors which give both s p a t i a l 
and energy information i s shown i n figur e 6.1^. 

A l l the detectors give s p a t i a l resolutions of a few 
millimetres or less. 

The r e s u l t s obtained by Basile et a l . (3) were from an 
electromagnetic shower detector employing two six-gap t h i n plate 
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spark chambers and nine spark chamber-scintillator sandwiches. 
Electrons were used to produce the showers. 

The r e s u l t s obtained by A l l k o f e r et a l . (if) were from a set 
of 21 glass spark chambers interspaced with i r o n plates, electrons 
v/ere also used to produce the showers i n t h i s detector. 

The energy re s o l u t i o n obtained using the modified fl a s h 
tube chamber i s seen to compare favourably with those r e s u l t s 
obtained by Basile et a l . and A l l k o f e r et a l . The resolutions 
obtained by Basile et a l . are rather better than those from the 
modified flash tube chamber. This r e s u l t s from the use of the 
p l a s t i c s c i n t i l l a t o r s i n the detector to determine the energy of 
the primary electron producing the shower. Without any information 
from the s c i n t i l l a t o r s the energy resolution of the detector i s 
increased by a factor of two. 

However, the data obtained from the detectors used by 
Basile et a l . and A l l k o f e r et a l . was recorded photographically; 
t h i s meant tedious methods of analysis, counting sparks and f i t t i n g 
shower axes by eye, whereas the flash tube chamber produced f u l l y 
d i g i t i s e d information which could be analysed "on l i n e " during an 
experiment using "on l i n e " computing techniques, or simply stored 
on disc or magnetic tape to be analysed at a l a t e r date using 
computational methods. 

From the r e s u l t s obtained from the modified flash tube 
chamber, i t i s seen that the energy and s p a t i a l resolutions are 
comparable with those of conventional detectors, however the 
operation of the modified flash tube chamber i s severely r e s t r i c t e d 
to low r e p e t i t i o n rates of about several events per minute. This 
rate may be s a t i s f a c t o r y for c e r t a i n accelerator experiments, but 
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the p o t e n t i a l of the chamber would be greatly increased i f higher 
r e p e t i t i o n rates could be used. 

The following chapter gives d e t a i l s of a method pursued at 
Durham i n order to increase the working rate of the high pressure, 
methane doped tubes. 
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CHAPTER SEVEN 

A HIGH VOLTAGE PULSING SYSTEM FOR USE AT HIGH REPETITION RATES 

7.1 INTRODUCTION 

From the test s done on the small diameter, high pressure 
tubes f i l l e d with Ne(?0%)-He(j50;4) + ?.% CH^ on the positron beam 
(see chapter i f ) , and on. the modified chamber (see chapter 5), i t 
was found that the flash tube d i g i t i s a t i o n pulse heights decreased 
'with increasing flashing rate ( 1 ) . This' e f f e c t l i m i t e d the operation 
of the chamber to r e p e t i t i o n rates of several events per minute (2). 

The decrease i n d i g i t i s a t i o n pulse height with r e p e t i t i o n 
rate was believed to be due to the b u i l d up of large induced 
clearing f i e l d s i n the tubes a f t e r t h e i r discharging. 

Tests were therefore carried out at Durham, where the 
d i g i t i s a t i o n pulse heights were studied using various modes of 
high voltage pulsing, with the aim of reducing the magnitude of 
the clearing f i e l d s , and so increasing the working rate of the tubes. 
The t e s t s are described i n t h i s chapter. 

7.2 ANOMALOUS EFFECTS ASSOCIATED WITH THE POLARITY OF THE 
APPLIED ELECTRIC FIELD 

The d i g i t i s a t i o n pulse heights obtained from the tubes 
were studied using a si m i l a r test r i g to that used i n the positron 
beam t e s t s (see figure 7.1 b). 

The d i g i t i s a t i o n probe was a 6 BA screw placed i n contact 
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with the tube window to which a 7 nun. aluminium disc was adhered. 
The probe impedance was 5»3 K.O. and consisted of a if.7 K _0_ 

r e s i s t o r and a 560X1 r e s i s t o r connected i n series. D i g i t i s a t i o n 
pulses obtained across the 560.0. r e s i s t o r were fed i n t o a .pulse 
height analyser v i a an in t e r f a c e a m p l i f i e r . This a m p l i f i e r served 
two purposes; f i r s t l y i t was used to amplify the pulses which were 
sometimes very small, and secondly, to i n v e r t pulses of negative 
p o l a r i t y because of the unipole nature of the analyser input. 
The pulse height analyser was cali b r a t e d using a pulse generator. 

Single p - p a r t i c l e s from a Ru"1"^ source were selected on 
passing through a flash tube, by means of a two fo l d coincidence 
of s c i n t i l l a t i o n counters S.^ and S2 (see figure 7.1 a). 

The coincidence signals were used to t r i g g e r the high 
voltage pulsing u n i t which provided a pulsed f i e l d across the tube. 
The coincidence u n i t could be paralysed for a f i x e d period of time 
a f t e r each coincidence by means of a paralysis u n i t , hence the 
working rate of the tube could be varied. 

The high voltage pulsing unit consisted of a CR decay 
system which was discharged using a t r i g a t r o n spark gap (3). The 
spark gap v/as triggered by a -3 KV t r i g g e r pulse obtained from a 
hydrogen thyratron on the acceptance of a coincidence signal. 

The t r i g a t r o n spark gap was used so that the p o l a r i t y of 
the applied high voltage pulse could be changed simply by changing 
the p o l a r i t y of the high voltage supply. 

The c h a r a c t e r i s t i c s of the applied e l e c t r i c f i e l d are 
given i n table I . 
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TABLE I 

CHARACTERISTICS OF THE APPLIED ELECTRIC FIELD 

Peak Value 
(KV cm""1) 

Delay Time 
(nsec.) 

Width (HC time) 
(/ASCC.) 

Rise Time 
(nsec.) 

10 - 11 200 '1.5 60 

7.2.1 THE EFFECT OF THE FLASHING RATE ON THE DIGITISATION PULSE 
HEIGHTS 

The d i g i t i s a t i o n pulse heights associated with the small 
diameter, methane doped tubes, had been ctudied at very low 
flashing rates, of several events per minute using cosmic rays, 
and at higher rates, up to about 240 events per minute, using a 
positron beam (see chapter k). The d i g i t i s a t i o n pulse heights were 
studied f o r intermediate flashing rates of up to 90 events per 
minute using the Ru 1 0^ source and using applied f i e l d s of d i f f e r e n t 
p o l a r i t i e s . 

The d i g i t i s a t i o n pulses were obtained f o r both negative 
and p o s i t i v e applied e l e c t r i c f i e l d s of d i f f e r e n t magnitudes and 
for various flashing rates. About 1000 pulse heights were recorded 
f o r each flashing rate and applied f i e l d . Almost 30% of the two
f o l d coincidences obtained were due to p - p a r t i c l e s which produced 
a discharge i n the tube on the application of the pulsed e l e c t r i c 
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f i e l d . The remainder of the coincidences were diie to the high 
background of gamma-rays also emitted by the source. The times, 
therefore, between the genuine - p a r t i c l e coincidences which 
produced discharges accompanied by d i g i t i s a t i o n pulses, were not 
constant, and the flashing rate mentioned throughout t h i s chapter, 
unless otherwise stated,, was the average flashing rate of the tube 
and not the rate of coincidences. The mean and standard deviations 
of each of t h e . d i g i t i s a t i o n pulse height d i s t r i b u t i o n s were 
calculated and the re s u l t s are pl o t t e d i n figure 7.2 and 7-3 f o r 
negative and po s i t i v e applied f i e l d s respectively. 

The va r i a t i o n s i n d i g i t i s a t i o n pulse height with flashing 
rate using a negative applied f i e l d agree q u a n t i t a t i v e l y with those 
found i n the positron beam t e s t s (see figure However, a very 
d i f f e r e n t trend was found when a po s i t i v e applied f i e l d was used, 
the decrease i n d i g i t i s a t i o n pulse height with flashing rate being 
a much more gradual process, which resulted i n considerably larger 
d i g i t i s a t i o n pulse heights at the higher flashing rates. 

As the magnitude of the d i g i t i s a t i o n pulse heights depends 
strongly on the size of the remanent clearing f i e l d i n the tube, 
these r e s u l t s suggest that the time constants f o r the decay of the 
induced f i e l d s are smaller when po s i t i v e e l e c t r i c f i e l d s are applied. 

The size and decay constants of the induced f i e l d s were 
estimated for various applied f i e l d s . 

7.2.2 INTERNAL CLEARING FIELDS 

The d i g i t i s a t i o n pulse height d i s t r i b u t i o n s were measured 
for d i f f e r e n t p o l a r i t i e s and various magnitudes of applied f i e l d s 
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at very slow flashing rates, so that clearing f i e l d e f f e c t s could 
e f f e c t i v e l y be neglected. 

The r e s u l t s obtained f o r negative and po s i t i v e applied 
f i e l d s are shown i n fi g u r e 7-4. A l i n e a r r e l a t i o n s h i p had been 
found in. previous t e s t s using negative applied f i e l d s (4), and 
t h i s was also found f o r both the negative and p o s i t i v e applied 
f i e l d s as shown i n figur e 7.*)-. 

The points i n t h i s figure are the means of the pulse height 
d i s t r i b u t i o n s , and the errors associated with each of the points are 
the standard deviations of the respective pulse height d i s t r i b u t i o n s . 

The r e s u l t s i n figures 7.2 and 7.3i together with the 
r e s u l t s from the graphs i n figur e 7.4 were used to estimate the 
magnitudes of t h * induced clearing f i e l d s at various flashing rates, 
fo r applied f i e l d s of d i f f e r e n t p o l a r i t i e s . 

For a given flashing rate and applied f i e l d , the r e s u l t i n g 
d i g i t i s a t i o n pulse height was found from e i t h e r figure 7.2 or 7.3. 
The e f f e c t i v e applied f i e l d f o r the r e s u l t i n g pulse height was then 
found from figure 7.4. The magnitude of the i n t e r n a l clearing f i e l d 
was then taken as the difference between the applied e l e c t r i c f i e l d , 
and the corresponding e f f e c t i v e applied f i e l d at that flashing 
rate. 

The r e s u l t i n g estimates obtained f o r the magnitudes of the. 
remanent clearing f i e l d s are shown i n figure 7.5- The magnitude 
of the applied field.was 10 KV cm"1. 

The decay times of the induced f i e l d s are seen to be very 
d i f f e r e n t f o r the d i f f e r e n t p o l a r i t i e s of applied f i e l d s . The decay 
constants of the induced f i e l d s , measured from the l i n e a r portions 
of the curves, are found to be 27-7 sec. and 0.6 sec. for the 



O o 

Q ID 

o U J 
LL 

l.U o • 
a 

CO 

UJ LU LO 

CO 

I I . 

LO 
o o o o CD CO to 

X ) 
(SnOAJ 1H0I3H 3Sind NV3W 

a. Q . 
LO 

LO 

to 
o 

CD 
10 

LU CO 

a. in 

UJ 
Q_ LU 

CO 
LO o LU CO 

CD 
LU 

LO 
o o co o CD CO CO CO 

CO (SnOA) 1H9I3H 3 S i n d NV3W L L 



Q 
LU 

H. V) 11 
o 

en 

i • — 
CO 

a 

in 
UJ 

o 

o (N 

i ID 

CD 
a 

( M -A) m a J 9Niy.v3"!0 



-100-

negative and p o s i t i v e p o l a r i t i e s r e s p e c t i v e l y . 

From the curves i n f i g u r e 7-5 i t i s seen t h a t t here are 

two d i s t i n c t g r a d i e n t s associated w i t h the decay of the i n t e r n a l 

f i e l d s . The curved p o r t i o n a t the beginning of the curves i n d i c a t e s 

a v a r y i n g decay constant immediately a f t e r the discharge, which 

then remains constant i n the l a t e r p a r t of the curves. 

S i m i l a r t r e n d s i n the decay constants o f induced f i e l d s 

were found by Ashton et. a l . (5), using low pressure f l a s h tubes made 

of S95 soda g l a s s , however the decay constants were d i f f e r e n t , which 

suggests t h a t they depend a great deal on the type of tube being 

used. 

Further evidence of the magnitude of the remaw^nt c l e a r i n g 

f i e l d depending on the p o l a r i t y of the a p p l i e d e l e c t r i c f i e l d was 

found i n s e n s i t i v e time measurements of the tubes (see s e c t i o n 7.4-.3) 

7.3 TWO DISCHARGE MECHANISMS 

For the f a s t e r f l a s h i n g r a t e runs the d i g i t i s a t i o n pulse 

height d i s t r i b u t i o n s were found t o separate i n t o two q u i t e d i s t i n c t 

d i s t r i b u t i o n s (see f i g u r e 7.6). T h i s e f f e c t was also observed 

du r i n g the lower f l a s h i n g r a t e runs, when smaller a p p l i e d f i e l d s 

were used (see t a b l e I i ) . 

The two separate d i s t r i b u t i o n s i n d i c a t e t h a t t h e r e are two 

q u i t e d i s t i n c t discharge processes, g i v i n g r i s e t o the d i g i t i s a t i o n 

pulses. I t i s b e l i e v e d t h a t the two processes r e s p o n s i b l e may be 

Townsend and Streamer discharge mechanisms (6), the streamer 

discharges, o f very h i g h charge d e n s i t i e s , o c c u r r i n g f o r e f f e c t i v e 

a p p l i e d f i e l d s g r e a t e r than about 9.5 KV cm" 1, producing the l a r g e r 
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TABLE I I 

j F i e l d s 

(KV cm - 1) 
r 

Peaks i n D i s t r i b u t i o n s 

( V o l t s ) 

Number of Events 

i n each D i s t r i b u t i o r 

(%) 

Flashing 

i Rate 

( H i n " 1 ) 

-10.0. 1 26 33 
6 74 

-10.0 0.5 69 41 
5 31 

+ 10.0 7 13 36 
37 87 

+ 10.0 7 39 62 
25 

t 

61 

+ 10.0 5 66 74 
20 34 

+ 9.5 5 55 7 
27 45 

-9.0 0.5 50 4 
6 50 

2 7 OCT 1976 
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d i g i t i s a t i o n pulses. At the f a s t e r f l a s h i n g r a t e s the induced 

f i e l d s reduce the e f f e c t i v e a p p l i e d f i e l d s . T his r e s u l t s i n Townsend 

discharges, o f lower charge d e n s i t i e s , producing smaller d i g i t i s a t i o n 

pulse h e i g h t s . 

7.4 APPLIED FIELDS OF ALTERNATE POLARITIES 

I n order t o reduce the b u i l d up of the induced c l e a r i n g 

f i e l d s at f a s t e r f l a s h i n g r a t e s , a double p u l s i n g system was 

con s t r u c t e d , which a p p l i e d a l t e r n a t e p o l a r i t y h igh v o l t a g e pulses 

on successive p a r t i c l e coincidences. This e n t a i l e d the co u p l i n g o f 

two opposite p o l a r i t y h i g h v o l t a g e p u l s i n g u n i t s t o the f l a s h tube 

.H.T. p l a t e , the u n i t s being t r i g g e r e d and the c o u p l i n g c o n t r o l l e d by 

a l o g i c u n i t i n c o r p o r a t e d i n the system. A diagram o f the 

experimental arrangement employing the double p u l s i n g system i s 

shown i n f i g u r e 7.7. 

The two hi g h v o l t a g e p u l s i n g u n i t s were coupled t o the H.T. 

p l a t e using two high v o l t a g e reed switches, (type DTA-812, 

manufactured by F l i g h t Research L t d . ) . 

Two spark gaps were used t o produce e x p o n e n t i a l CR h i g h 

v o l t a g e pulses o f a l t e r n a t e p o l a r i t i e s . 

I n the o p e r a t i o n of the double p u l s i n g system a. + 24 V 

two way r e l a y i n the l o g i c u n i t (see f i g u r e 7.7 b) i s closed t o 

provide power f o r one of the h i g h v o l t a g e reed s w i t c h c o i l s . 

Consider the case when the reed c o i l f o r spark gap 1 I s powered. 

The l o g i c u n i t , on r e c i e v i n g a coincidence s i g n a l , sends a t r i g g e r 

s i g n a l t o spark gap 1 which then switches. The spark gap 1 reed 

c o i l i s powered hence i t s associated reed switch i s closed, so a 

high v o l t a g e pulse o f p o s i t i v e p o l a r i t y i s obtained on the f l a s h 
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tube H.T. p l a t e . A f t e r a delay of about ^ 0 0 jx sec. from the s w i t c h i n g 

of spark gap 1 , the r e l a y p o s i t i o n changes t o provide power f o r the 

spark gap 2 reed c o i l . A coincidence s i g n a l fed t o the l o g i c u n i t 

then sends a t r i g g e r s i g n a l t o spark gap 2 , the r e s u l t i n g h i g h 

v o l t a g e pulse of negative p o l a r i t y appears on the K.T. p l a t e . I n 

t h i s way high v o l t a g e pulses of opposite p o l a r i t y are fed t o the 

f l a s h tube H.T. p l a t e on successive coincidence s i g n a l s . 

The l o g i c u n i t was made from standard TTL i n t e g r a t e d c i r c u i t s , 

and a c i r c u i t diagram i s shown i n f i g u r e 7 . 8 . The u n i t was housed 

i n a standard N.I.M. module. I t r e c i e v e s + 5 V sc a l a r s i g n a l s at 

the coincidence i n p u t and produces N.I.M. standard s i g n a l s a l t e r n a 

t e l y at ou t p u t s P ^ and on successive coincidence i n p u t s . The N.I.M. 

outputs from P̂  and P^ are fed t o high v o l t a g e t h y r a t r o n p u l s i n g 

u n i t s , which are used t o t r i g g e r the spark gaps. The + 2k V l i n e 

i s switched between outputs R̂  and R ? a f t e r a delay of about kOO 

jw. sec. on r e c i e v i n g i n p u t s i g n a l s . 

A schematic diagram o f the l o g i c u n i t i s shown i n f i g u r e 

7 . 9 . The <• 5 V s c a l a r i n p u t s i g n a l s change the s t a t e o f a J-K 

f l i p f l o p ( 7 ' + 7 0 ) , the output l e v e l s of which pass through a NAND 
( 7 9 1 0 ) , which g i v e s "clean" edges t o the changing l e v e l s . 

Each l e v e l from the NAND i s then fed t o a monostable ( 7 ' + 1 2 1 ) , 

which t r i g g e r s on a p o s i t i v e r i s i n g edge, producing both a N.I.M. 

s i g n a l across 5 0 I X at or and a i o g i c s i g n a l which i s 

delayed f o r about ifOO /^sec. by two s i m i l a r monostables. The 

delayed l o g i c s i g n a l s are then fed t o a s e t - r e s e t l a t c h ( 7 4 1 1 8 ) , 

the output o f which i s used t o sw i t c h a t r a n s i s t o r ( B C 1 0 9 ) . The 

t r a n s i s t o r operates a + 6 V r e l a y which switches the •*- Zh V l i n e 

between outputs R, and R . 
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The double p u l s i n g system was set up as shown i n f i g u r e 

7 . 7 , the Ru^"^ source being used t o provide coincidence s i g n a l s as 

i n the previous t e s t s . 

The d i g i t i s a t i o n pulse h e i g h t s were recorded as i n the 

s i n g l e p u l s i n g t e s t s . 

7 . J t . l VARIATIONS IN DIGITISATION PULSE HEIGHT WITH FLASHING RATE 

USING THE DOUBLE PULSING SYSTEM 

Using the experimental arrangement described i n the prev

i o u s s e c t i o n , the e f f e c t o f app l y i n g a l t e r n a t e p o l a r i t y f i e l d s on 

successive coincidences was i n v e s t i g a t e d . The d i g i t i s a t i o n pulse 

h e i g h t s were measured f o r each p o l a r i t y s e p a r a t e l y , f o r v a r i o u s 

f l a s h i n g r a t e s , and the mean pulse h e i g h t s obtained are shown i n 

f i g u r e 7.10, f o r negative and p o s i t i v e a p p l i e d f i e l d s . 

The mean pulse h e i g h t s are seen t o remain roughly constant 

up t o a f l a s h i n g r a t e of 9 0 min"""''. The pulse h e i g h t d i s t r i b u t i o n s 

are found t o widen as the f l a s h i n g r a t e i s increased, t h i s i s 

i n d i c a t e d i n the f i g u r e s by the increase i n the e r r o r bars 

associated w i t h each p o i n t . 

The widening of the pulse height d i s t r i b u t i o n s at the 

higher f l a s h i n g r a t e s i s due t o the presence o f the gamma-ray 

background produced by the r a d i o a c t i v e source, g i v i n g r i s e t o 

coincidences r e s u l t i n g i n the a p p l i c a t i o n o f high v o l t a g e pulses 

w i t h o u t the dis c h a r g i n g of the tube. I n the i d e a l case when the 

tube f l a s h e s on consecutive coincidences r e s u l t i n g from p,-

p a r t i c l e s , then the d i g i t i s a t i o n pulse r e s u l t i n g from a second 

discharge i s l a r g e r than t h a t accompanying the f i r s t discharge. 



70 
to 
o 
> 60 
\— 

O 
g 50 

LU 
tO 
._! 
Q_ 40 

< 
w 30 

20 

1 1 

POSITIVE A P F L I E 

) C 

. i i 

D H.T. P U L S E 

) 

r 

1 

> < 

r—— 

!> 

I t ? - • 
1' i 

, _ I 1 , 1 1 • 

0 20 40 60 80 1C 

F L A S H I N G R A T E ( m i r f ' ) 

1 i —i 1 — i i i i i — i i 1 i 

NEGATIVE A P P L I E D H.T. P U L S E 

< 20 

F L A S H I N G R A T E ( m i n ) 

Fig.7-10 Digitisation pulse heights as a function of flashing 

rate using the modified pulsing system. 



- 1 0 5 -

T h i s i s because the charges deposited on the tube w a l l s from the 
f i r s t discharge enhance the second a p p l i e d h i g h v o l t a g e pulse. 

However, consecutive discharges a r i s i n g from simiD.ar 

p o l a r i t y a p p l i e d high v o l t a g e pulses give r i s e t o smaller d i g i t i s 

a t i o n pulses, because of the backing o f f of the a p p l i e d pulse by 

the deposited charges on the tube w a l l s . 

Hence the gamma-ray background, which causes consecutive 

discharges t o be produced from v a r y i n g p o l a r i t y h i gh v o l t a g e 

pulses, causes v a r i a t i o n s i n d i g i t i s a t i o n pulse h e i g h t s at higher-

f l a s h i n g r a t e s , where the remanent c l e a r i n g f i e l d s are much l a r g e r . 

The standard d e v i a t i o n s of the pulse height d i s t r i b u t i o n s 

obtained using the double p u l s i n g system, f o r v a r i o u s f l a s h i n g 

r a t e s , are shown i n f i g u r e 7 . 1 1 . The standard d e v i a t i o n s increase 

i n i t i a l l y w i t h r a t e , however they appear t o remain constant f o r 

f l a s h i n g r a t e s g r e a t e r than about 7 0 rain**''". 

The constant d i s t r i b u t i o n widths may be due t o there being 

l i t t l e chance of accumulating charge on the tube w a l l s , when f i e l d s 

of both p o l a r i t i e s are a p p l i e d a l t e r n a t e l y . 

7.4.2 SPURIOUS FLASHING 

A s mentioned i n chapter 4 i t w a s found t h a t spurious 

f l a s h i n g of the high pressure methane doped tubes occurred f o r 

a p p l i e d f i e l d s of more than about 1 0 KV cm"^, and the amount of 

spurious f l a s h i n g was found t o increase i f the a p p l i e d f i e l d was 

increased. 

The p o s s i b i l i t y o f spurious f l a s h i n g t h e r e f o r e a r i s e s 

d u r i n g double p u l s i n g t e s t s , a s the a p p l i e d f i e l d may be enhanced 
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by the presence of an i n t e r n a l c l e a r i n g f i e l d . 
A measure was made of the amount, of spurious f l a s h i n g 

d u r ing the double p u l s i n g t e s t s by c a l c u l a t i n g the " f l a s h i n g 

e f f i c i e n c y " o f the tube, 

i e . Number of tube discharges 

Number of a p p l i e d high v o l t a g e pulses 

x 1 0 0 % 

f o r v a r i o u s p u l s i n g r a t e s . 

The r e s u l t s obtained f o r a p p l i e d f i e l d s of i 1 0 KV cm"''" 

are shown i n f i g u r e 7 . 1 2 . I t i s seen t h a t the f l a s h i n g e f f i c i e n c y 

remains almost constant f o r v a r i o u s p u l s i n g r a t e s using the 

double p u l s i n g system, and hence the amount of spurious f l a s h i n g 

can be considered n e g l i g i b l e . 

The f a l l i n f l a s h i n g e f f i c i e n c y at the higher p u l s i n g r a t e s 

f o r the s i n g l e p u l s i n g run of - 1 0 KV cm""1' i s a t t r i b u t e d t o the 

l a r g e b u i l d up of the c l e a r i n g f i e l d , which reduces the e f f e c t i v e 

a p p l i e d f i e l d . 

However, s i m i l a r measurements were made f o r a p p l i e d f i e l d s 
- 1 - 1 of 1 0 . 5 KV cm and 1 1 . 0 KV cm , and the f l a s h i n g e f f i c i e n c i e s 

were found t o increase w i t h p u l s i n g r a t e , see f i g u r e 7 . 1 3 . The 

f i g u r e s give evidence of spurious f l a s h i n g , so the a p p l i e d f i e l d 

must be c a r e f u l l y chosen, i n order t o work at higher f l a s h i n g r a t e s 

w i t h o u t the occurrence of spurious f l a s h i n g . 

7.4.3 SENSITIVE TIMES 

The v a r i a t i o n of l a y e r e f f i c i e n c y of the tubes w i t h time 
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delay was measured using the double and s i n g l e p u l s i n g systems. The 
measurements were made f o r s i n g l e cosmic muon t r a v e r s a l s through 
an a r r a y o f three l a y e r s of tubes, separated by e a r t h and tLT. 
p l a t e s . The passage of a muon through the a r r a y being r e g i s t e r e d by 
a two f o l d coincidence of p l a s t i c s c i n t i l l a t o r s placed above and 
below the array. A diagram o f the apparatus i s shown i n f i g u r e 7.14. 

The dependence o f the l a y e r e f f i c i e n c y on time delay 

obtained from s i n g l e p u l s i n g of the a r r a y i s shown i n f i g u r e 7.15, 

f o r p o s i t i v e and negative p o l a r i t y f i e l d s . An e x t e r n a l l y a p p l i e d 

c l e a r i n g f i e l d was not used. From these curves the s e n s i t i v e times 

of the tubes were found t o be 27 ywsec, and 7^usec. f o r p o s i t i v e 

and negative a p p l i e d f i e l d s r e s p e c t i v e l y . 

The s h o r t e r s e n s i t i v e time f o r the negative a p p l i e d f i e l d 

i s f u r t h e r evidence of the remanent c l e a r i n g f i e l d s t a k i n g a longer 

time t o decay f o r negative a p p l i e d f i e l d s . The c l e a r i n g f i e l d s then 

sweep- any primary i o n i s a t i o n produced by an i o n i s i n g p a r t i c l e i n a 

tube, away from the s e n s i t i v e volume, l e a d i n g t o a r e d u c t i o n i n the 

s e n s i t i v e time of the tubes. 

The v a r i a t i o n of the l a y e r e f f i c i e n c y as a f u n c t i o n of 

time delay was also i n v e s t i g a t e d using the double p u l s i n g system, 

and using d i f f e r e n t a p p l i e d a l t e r n a t i n g square wave c l e a r i n g f i e l d s 

working at 100 Hz. 

The coupling of the c l e a r i n g f i e l d arrangement t o the H.T. 

p l a t e s of the a r r a y i s shown i n f i g u r e 7.1^. The value of the 

r e s i s t o r was taken as 2 M i l (R^» R2^' P r 0 v i d i l l o a high r e s i s t a n c e 

l i n k t o ground f o r the charging c a p a c i t o r s ( C 1 ) . The value of was 

0.1 ju F, which presented a low impedance path t o ground f o r the 

hi g h v o l t a g e pulse, thus p r o t e c t i n g the c l e a r i n g f i e l d assembly. The 
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r e s u l t s obtained are shown i n f i g u r e 7.16, and the s e n s i t i v e times 

obtained are shovm i n t a b l e I I I . 

TABLE I I I 

C l e a r i n g F i e l d (V cm" 1) Se n s i t i v e Time (ywsec.) 

0 18 

. 16 2.7 

40 1.8 

7.5 CONCLUSIONS 

The r e s u l t s presented i n t h i s chapter ( 7 ) , t o g e t h e r w i t h 

the r e s u l t s given i n chapter k (1) , prove c o n c l u s i v e l y the presence 

of remanent c l e a r i n g f i e l d s i n the small diameter, high pressure, 

methane doped f l a s h tubes. 

The measurements of the d i g i t i s a t i o n pulse h e i g h t s f o r 

v a r i o u s f l a s h i n g r a t e s given i n t h i s chapter show t h a t very l a r g e 

c l e a r i n g f i e l d s are b u i l t up a f t e r a discharge; these f i e l d s then 

decay w i t h time, the r a t e o f decay depending on the r e s i s t a n c e and 

capacitance of the tubes. 

The r a t e s of decay of the induced f i e l d s were estimated 

from the d i g i t i s a t i o n pulse h e i g h t s and were found t o be very 

dependent on the p o l a r i t y o f the a p p l i e d f i e l d . The decay constant 

f o r the induced f i e l d r e s u l t i n g from a negative a p p l i e d high 

voltage pulse was found t o be about 30 sec., more than an order o f 
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magnitude g r e a t e r than t h a t obtained f o r a f i e l d r e s u l t i n g from 

a p o s i t i v e a p p l i e d high v o l t a g e pulse. The existance of these 

e f f e c t s was also supported by the r e s u l t s obtained on the tube 

l a y e r e f f i c i e n c i e s f o r v a r i o u s time delays, where the s e n s i t i v e 

time of the tubes f o r a negative a p p l i e d f i e l d was found t o be 

about t h r e e times smaller than the value obtained f o r p o s i t i v e 

a p p l i e d f i e l d s . 

These p o l a r i t y e f f e c t s p r o b a b l y . r e s u l t from the outside 

surface c o n d u c t i v i t y of the tubes c o n t r i b u t i n g t o the decay 

process of the induced f i e l d s . 

The decay constants of the induced f i e l d s were found t o be 

very small immediately a f t e r the discharge. These small values 

may be due t o the surface c o n d u c t i v i t y of the i n s i d e surfaces of 

the tubes being g r e a t l y m o d i f i e d by the presence of the gas plasma, 

an e f f e c t observed by Fov/ler and Sakuntala (8) . 

The e f f e c t s of the r e s i d u a l c l e a r i n g f i e l d s on the ope r a t i o n 

of the f l a s h tubes can be g r e a t l y reduced i f a p u l s i n g system i s 

employed which a l t e r n a t e l y a p p l i e s f i e l d s of negative and p o s i t i v e 

p o l a r i t y . The mean d i g i t i s a t i o n pulse h e i g h t s obtained using such a 

p u l s i n g system are found t o remain constant f o r f l a s h i n g r a t e s up 

t o 1.5 sec-"'". 

The s u i t a b i l i t y o f the p u l s i n g system a t higher f l a s h i n g 

r a t e s has yet t o be t e s t e d i n a p a r t i c l e beam. 
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CHAPTER EIGHT 

CONCLUSION AND FUTURE WORK 

8.1 CONCLUSION 

I n t h i s t h e s i s the a n a l y s i s of the r e s u l t s obtained using 

a prot o t y p e f l a s h tube chamber on a p o s i t r o n beam, i n the d e t e c t i o n 

of electromagnetic showers, has been described, and an account of 

the i n v e s t i g a t i o n s made i n t o ' t h e c h a r a c t e r i s t i c s of small diameter, 

methane doped tubes, developed f o r a m o d i f i e d chamber i s presented, 

t o g e t h e r w i t h d e t a i l s o f the subsequent development of t h i s 

d e t e c t o r . 

The proto t y p e chamber was t e s t e d i n a beam, where p o s i t r o n s 

having energies betv/een 0.5 and 3.5 GeV were made t o produce 

electromagnetic showers i n the chamber, which proved very s a t i s 

f a c t o r y i n the d e t e c t i o n of these showers,and f u n c t i o n e d w i t h o u t 

any d e t e r i o r a t i o n i n e f f i c i e n c y at r e p e t i t i o n r a t e s up t o 50 Hz 

( 1 ) . For i n c i d e n t p o s i t r o n s of energy 2.5 GeV, the chamber gave an 

energy r e s o l u t i o n of ± 13%, a s p a t i a l r e s o l u t i o n of £ 8 mm. and an 

angular r e s o l u t i o n of ± 2 ° (2) . These r e s u l t s were very promising, 

a s r e l a t i v e l y l a r g e diameter f l a s h tubes were used (1.6 cm. i n t e r n a l 

diameter) and the r e s o l u t i o n s obtained were comparable w i t h those of 

present methods of electromagnetic shower d e t e c t i o n . 

I n order t o i n c r e s e the working r a t e and improve s p a t i a l 

and energy r e s o l u t i o n s , small diameter (0.8 cm. i n t e r n a l diameter) 

tubes, doped w i t h methane, were designed by Chaney et a l . (1) t o be 
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used i n a mo d i f i e d chamber. 
The c h a r a c t e r i s t i c s of these tubes v/ere s t u d i e d i n great 

d e t a i l , the r e s u l t s l e a d i n g t o several a l t e r a t i o n s i n the design 

of the modified chamber. 

Unlike c o n v e n t i o n a l small diameter, h i g h pressure f l a s h 

tubes, the methane doped tubes designed by Chaney et a l . r e q u i r e d 

very s t r i n g e n t o p e r a t i n g c o n d i t i o n s . 

Due t o the quenching .effect of the methane on the discharge 

of a tube, they r e q u i r e d very high e l e c t r i c f i e l d s of about 9-10 

KV cm~\ having r i s e times of 70 nsec. or l e s s (3) . 

The d i g i t i s a t i o n pulse h e i g h t s obtained v/ere found t o be 

very dependent on the tube-H.T. p l a t e s e p a r a t i o n . A good contact 

between a tube and the H.T. p l a t e was found t o produce g r e a t l y 

increased d i g i t i s a t i o n pulse h e i g h t s . T h i s l e a d t o the re-design 

of t he H.T. p l a t e s of the modified chamber t o ensure good tube-

H.T. p l a t e contact. 

The tubes were doped w i t h methane t o giv e recovery times 

of l e s s than 0.6 msec. (1) so t h a t h igh r e p e t i t i o n r a t e s were 

p o s s i b l e . However, due t o the b u i l d up of very l a r g e i n t e r n a l 

c l e a r i n g f i e l d s r e s u l t i n g from the d e p o s i t i o n of charge i n s i d e the 

tubes a f t e r a discharge, the working r a t e was severely r e s t r i c t e d 

t o several events per minute per tube ( i f ) . 

The m o d i f i e d f l a s h tube chamber c o n t a i n i n g the small 

diameter, methane doped tubes was t e s t e d i n a p o s i t r o n beam, as 

v/as the case w i t h the pr o t o t y p e chamber, however, a t very low 

r e p e t i t i o n r a t e s . 

The mo d i f i e d chamber proved very s a t i s f a c t o r y i n the d e t e c t i o n 

of the electromagnetic showers produced i n i t by the p o s i t r o n s , 
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g i v i n g g r e a t l y improved r e s o l u t i o n s , most n o t a b l y i n the higher 
energy range where the protot y p e chamber s u f f e r e d severe shower 
leakage. The r e s o l u t i o n s obtained were comparable t o those of 
present very complex and exxjensive d e t e c t i n g systems. 

For 2.5 GeV p o s i t r o n s the m o d i f i e d chamber gave an energy 

r e s o l u t i o n of ± 11% (5)> a s p a t i a l r e s o l u t i o n of ± 3 mm. and an 

angular r e s o l u t i o n of t 2° (6) . 

The very low r e p e t i t i o n r a t e s neccessary t o ensure s a t i s 

f a c t o r y o p e r a t i o n of the email diameter, methane doped tubes 

g r e a t l y r e s t r i c t s the use of the tubes i n a c c e l e r a t o r experiments, 

however, a method of i n c r e a s i n g t h e i r working r a t e using a 

modified p u l s i n g system v/as pursued. 

The p o l a r i t y o f the f i e l d a p p l i e d t o a f l a s h tube was 

changed a f t e r each a p p l i c a t i o n of the f i e l d . T h i s g r e a t l y reduced 

the magnitude of the induced c l e a r i n g f i e l d s b u i l t up, thereby 

i n c r e a s i n g the p o s s i b l e working r a t e . 

Much i n f o r m a t i o n was gained on the magnitude and decay 

time of the induced f i e l d s from data obtained using the modified 

p u l s i n g system. 

Using t h i s system the tubes operate s a t i s f a c t o r i l y up t o 

1.5 Hz (7) , however, the system has yet t o be t e s t e d at higher 

r e p e t i t i o n r a t e s on a p o s i t r o n beam. 

The magnitudes of the induced c l e a r i n g f i e l d s were 

measured from the d i g i t i s a t i o n pulse h e i g h t s , and were' found t o be 

g r e a t e r than 500 V one second a f t e r the discharge. 

The r a t e s of decay of the induced f i e l d s were also found 

t o depend on the p o l a r i t y of the a p p l i e d f i e l d ; CR decay constants 

of 28 sec. and 0.6 sec. were obtained f o r negative and p o s i t i v e 
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a p p l i e d f i e l d s r e s p e c t i v e l y . The outside surfaces of the tubes 

are thought t o be r e s p o n s i b l e f o r these p o l a r i t y e f f e c t s . 

8.2 FUTURE WORK 

Work t o be done i n the near f u t u r e w i l l i n v o l v e 

i n v e s t i g a t i o n s i n t o r e d u c t i o n s of the- induced f i e l d s b u i l t up 

i n s i d e the small diameter, methane doped f l a s h tubes. This r e d u c t i o n 

may be achieved using the double p u l s i n g system mentioned i n the 

previous s e c t i o n . T h i s may i n v o l v e i n v e s t i g a t i o n s i n t o the shape 

of the a p p l i e d high v o l t a g e pulse i f very high r e p e t i t i o n r a t e s 

are r e q u i r e d , where a pulse shape g i v i n g maximum tube e f f i c i e n c y 

t o g e t h e r w i t h minimum charge d e p o s i t i o n would be found. 

Another p o s s i b l e method i s the treatment of the f l a s h tubes 

i n order t o produce surfaces l e s s s u s c e p t i b l e t o charge b u i l d up. 

The use of a glass other than Jena 16B i n the f l a s h tube 

manufacture may provide a s o l u t i o n . 

Further development has also t o be done on the modified 

f l a s h tube chamber. I f a double p u l s i n g system i s found s a t i s f a c t o r y 

i n the r e d u c t i o n of the induced c l e a r i n g f i e l d s , then the i n t e g r a t e d 

c i r c u i t r y which records the d i g i t i s a t i o n pulses w i l l have t o be 

mod i f i e d t o accept pulses of e i t h e r p o l a r i t y . 

The chamber frame can also be re-designed i n order t h a t the 

the chamber may be v a r i a b l y extended i n the l o n g i t u d i n a l d i r e c t i o n , 

w i t h the view of i n c r e a s i n g the e l e c t r o n s e n s i t i v i t y t o g e t h e r w i t h 

the upper l i m i t i n energy d e t e c t i o n . Optimum t a r g e t thicknesses 

and module separations f o r given energy ranges could be i n v e s t i g a t e d . 

Monte Carlo s i m u l a t i o n s o f shower development i n the chamber can 
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be done and the r e s o l u t i o n s obtained compared w i t h those from 

experiment. 

Work can be done on the handling of the data from the chambe 

"On l i n e " computer l i n k s used at present are very complex; the 

p o s s i b l e use of magnetic tape d r i v e u n i t s coupled d i r e c t l y t o the 

chamber could be i n v e s t i g a t e d . The use of microprocessors l i n k e d 

t o the chamber, g i v i n g d i r e c t measurements of shower energies and 

axes can also be looked i n t o . 

Once the successful o p e r a t i o n of the mo d i f i e d chamber a t 

high r e p e t i t i o n r a t e s has been achieved, then work can begin on 

longer, small diameter t u b e s ' w i t h the aim of b u i l d i n g a f l a s h tube 

'chamber capable of covering l a r g e d e t e c t i n g areas. 



-US-

REFERENCES 

1. Chaney, J.E., Breare, J.M. (1975) Nucl. I n s t . & Meth. 12]± 61 

2. Chaney, J.E., Breare, J.M., T a i t , I.D. (1975) 

Nucl. I n s t . & Meth. 125 189 

3. Breare, J.M., Nandi, B.C., T a i t , I.D. (1976) 

Nucl. I n s t . & Meth. 133 '+15 

if. Breare, J.M., Nandi, B.C., T a i t , I.D. (1976) 

Nucl. I n s t . & Meth. I n the Press 

5. Breare, J.M., Chaney, J.E., Doe, .P.J., El D i s o u k i , V/., 

Nandi, B.C., T a i t , I.D. (1976) Nucl. I n s t . & Meth. 

i n p r e p a r a t i o n 

6. Breare, J.M., Chaney, J.E., Doe, P.J., El D i s o u k i , W., 

Nandi, B.C., T a i t , I.D. (1976) Nucl. I n s t . & Meth. 

i n p r e p a r a t i o n 

7. Breare, J.M., Nandi, B.C., T a i t , I.D. (1976) submitted t o 

Nucl. I n s t . & Meth. 


