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T O MY P A R E N T S 



ABSTRACT 

A sample of 22354 K-meson i n t e r a c t i o n s a t r e s t l e a d i n g to the 

channels 

K P »I 7T+ 

has been obtained from an exposure to the B r i t i s h N a t i o n a l Hydrogen 

Bubble Chamber c o n t a i n i n g a t r a c k s e n s i t i v e t a r g e t . The data have been 

used to determine f , which i s the r a t i o of the production of E 
+ 

hyperons to the production of Z ~ hyperons. The q u a n t i t y B, which 

i s the branching f r a c t i o n of Z — hyperons i n t o p o s i t i v e pions has been 

determined s i m u l t a n e o u s l y . 

The value of B (=0.487-0.008) i s i n c l o s e agreement w i t h the 

known world value which g i v e s confidence i n the sample and i n the 

method th a t have been used to determine B and T . The value of T 

(=2.35-0.07) r e s o l v e the e x i s t i n g d i s c r e p a n c y between the known measured 

v a l u e s . 

T h i s t h e s i s c o n t a i n s a d e s c r i p t i o n of the importance of f , 

an account of the experiment i n c l u d i n g a d e t a i l e d c o n s i d e r a t i o n of 

how the r a t i o s were determined. 
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CHAPTER ONE THE RATIO, T 

1.1 I n t r o d u c t i o n 

There have been s e v e r a l attempts to study K P i n t e r a c t i o n s ( r e f . 1 , 2 , 6 ) 

at low momenta w i t h i n the momentum range (0-550)Mev/c. Because t h i s 

momentum range l i m i t s the experimental technique almost e n t i r e l y to the 

bubble chamber method, the s t a t i s t i c a l weights of the experiments, 

p a r t i c u l a r l y the e a r l y ones, tend to be low. The r e a c t i o n s which occur 

c h i e f l y a re: 

K P > K ' p ( i ) 
-o 

» K n (2) 
» ZV (3) 
» trf ( 4 ) 
> fv' ( 5 ) 

. • A if ( 6 ) 
Although the K P r e a c t i o n s are dominated by three s e t s of two body f i n a l 

s t a t e s K N , I T T and A T T . multipion production ( e . g - X y f y f , A T T IT ^ i s 

p o s s i b l e , but i n the low momentum region i t amounts to l e s s than 1% of 

the t o t a l c r o s s s e c t i o n . With charge independence the r e a c t i o n s above 

i n v o l v e the two i s o p i n s t a t e s T = 0 and 1, whereas r e a c t i o n 5 occurs i n 

i s o p i n T=0 and r e a c t i o n 6 i s i s o p i n T = 1. 

Models of the K~n> atrix type have been developed by D a l i t z and Tuan ( 3 ) 

and others f o r the a n a l y s i s of the low momentum data on the K ~ i n t e r a c ' t i o n 

Unfortunately the experimental data a r e i n s u f f i c i e n t to allow a determination 

of the K-matrix parameters. I n s t e a d an s-wave, c o n s t a n t - s c a t t e r i n g length 

pareaueterisatiQn has been used which i n v o l v e s 6 q u a n t i t i e s only and which 

can be determined from the c r o s s - s e c t i o n of the s i x r e a c t i o n s above. I n t h i s 

p a r a m e t e r i s a t i o n of t h e K N r e a c t i o n given by Da l i l f z and Tuan, the K p e l a s t i c 

and charge exchange c r o s s - s e c t i o n s a r e expressed i n terms of two complex 

constant s c a t t e r i n g lengths,A =a +ib and A, = a,+ x b, f o r the i s o p i n 
o o Q 1 1 1 

0 and 1 channels r e s p e c t i v e l y . B e s i d e s these four r e a l parameters contained 
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i n Ao and A^, two more parameters are n e c e s s a r y to express the observed 

kaon c r o s s s e c t i o n s . These parameters are chosen as a) the r a t i o . (€) 
e 

of the/^fT production r a t e to the t o t a l hyperon r a t e i n the i s o p i n 1 channel 

and, b) the phase angle between the i s o p i n 0 and 1 amplitudes. 

Then the kaon c r o s s - s e c t i o n s a r e ( r e f e r e n c e 1) 
(7 ) 

where 9 i s the s c a t t e r i n g angle 
2 

A,—Ao <rp_ _ TTk o C-
D 

( 8 ) 

" Z T T - - ^ - 0 ^ + 1 . ( 1 - ^ ) 0 7 - / - i - 0 5 0 7 ( j - 6 J C O S * ( 9 ) 

° zV= - L _L ( ,_ e lOY+Z-LosoTd-f) cos* 
o *• b 

(10) 

( I D 

(12) 

I n the above, 

D = 1 - i (k + c 2 k ( l - i 7 l ))£ (A +A,)-k ( c 2 k ( l - i > ) ) A A. ; 

» o 1 o o 1 
k = the wave number (centre-of-mass ystem) of the n channel (taken o 

o — 
as i / k •/ below t h r e s h o l d ) , k = the centre-of-mass wave number of K P 

2 -1 

channel, c = the coulomb p e n e t r a t i o n f a c t o r = (2 TT /kB) ( l - e x p ( - 2 JT /kB)) , B i s 

the Bohr absorption c r o s s - s e c t i o n i n the T= o, T = 1 channels. 

I n these e x p r e s s i o n s the r a t i o ( € ) i s given by 

c _ q-A. qAiNii 2 d 3 ) 

and the phase angle i s defined by 

+ = A f « C > ^ | - M | i = *, h + « « ' - * • * • ) c 14) 
T L N , l l - i K o A 0 H , h l - ' k o A o 
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Mo, 
where T^fp A r g M̂~~ i S t h e p n a s e d i f f e r e n c e a t KN t h r e s h o l d and Mo, M1 and 

are the r e a c t i o n amplitudes i n T = 0 and 1 s t a t e s f o r ICMo.M^) andA(N^) 

r e s p e c t i v e l y . 

D a l i t z and Tuan found w i t h the then e x i s t i n g data t h a t two s o l u t i o n s 

f i t t e d the data above t h r e s h o l d . Subsequently with the data of K i m ( l ) 

one s o l u t i o n was e l i m i n a t e d . For the a c c e p t a b l e s o l u t i o n Kim's parameters 

are 

a Q = -1.674 + 0.038 fm, bo = 0.729+ 0.04fm 
â ^ = -0.070 + 0.058 fm, b± = 0.688+ 0.33fm 

E = 0.318 + 0.021 ^ t h f ~ 5 3 - 8 ° 

The main r e s u l t of the s c a t t e r i n g length f i t s i s the p r e d i c t i o n from the 

negative value of a Q of a |̂ p bound s t a t e which i s i d e n t i f i e d as the A (1405) 

jesonance. I t s presence must be taken i n t o account i n the determination 
2 2 

of t h e A K N and £KN coupling constantsg^ and g^ from forward KN d i s p e r s i o n 

r e l a t i o n s ( r e f e r e n c e 4 ) . 

To study the region below t h r e s h o l d (assuming t h a t e x t r a p o l a t i o n of 

the amplitudes from the p h y s i c a l region to u n p h y s i c a l r s g i c n i s p o s s i b l e ) 

the data f o r « abso r p t i o n a t r e s t can be considered (that, i s when, 

a kaon i 1 1 a mesic atom undergoes capture by v i r t u a l mucleons bound i n the 

n u c l e u s ) . 

The p - r a t i o s , ( p = £ production/ ^ p r o d u c t i o n ) have been observed 

f o r K capture i n some heavy n u c l e i , ( r e f e r s n a e 4 ) and are d i s p l a y e d as 

1/p i n F i g u r e 1 . The r a t i o has been measured i n deuterium ( p - 1.14-0.13), 

helium ( p = 0.29 + 0.03), and i n n u c l e a r emulsion u s i n g heavy n u c l e i 

( p = 0.84+ 0.09) and l i g h t n u c l e i ( p = 0.58 + 0.06). They are compared 

with the value f o r hydrogen i n F i g u r e 1 . A l s o shown i n the f i g u r e are the 

expected values of p assuming v a r i o u s s c a t t e r i n g l e n g t h models. The values of 

c e n t r e of mass energy below th r e s h o l d are u n c e r t a i n . They are estimated 

from the average energy t h a t would be needed to e x t r a c t the proton (on 
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which the capture o c c u r s ) from the n u c l e u s . Many f a c t o r s have been 

neglected such as secondary i n t e r a c t i o n s i n the same nucleus (e.g. £ p »Al"l 0 1 ? 

£ n , E n * A P O R E P ) m u l t i p l e s c a t t e r i n g , and the p o s s i b i l i t y 

of r e a l Y* production ( r e f e r e n c e 3 ) . 

The r a t i o i s of prime importance i n the e s t a b l i s h m e n t of the K.N r e a c t i o n 

matrix s i n c e i t determines the r e l a t i v e phase between the T=0 and T=l 

amplitudes i n the channel. I n f a c t i f the behaviour of t h i s r a t i o below 

the K p t h r e s h o l d could be r e l i a b l y s e t f r e e from the e f f e c t introduced by 

the presence of other v a r i o u s n u c l e a r p r o p e r t i e s , a study of ( E TT ) 

production i n n u c l e i could provide r e s u l t s of g r e a t i n t e r e s t i n the region 

j u s t below «p t h r e s h o l d ( A ( 1 4 0 5 ) ) and would d i f f e r e n t i a t e between s o l u t i o n s 

of the K - m a t r i x which only d i v e r g e a p p r e c i a b l y below the K p t h r e s h o l d . 

The value of |~ i n hydrogen a t t h r e s h o l d has been determined by K i m ( l ) 

u s i n g a hydrogen bubble chamber. The value was found to be (2.06+ 0.06). 

I t has a l s o been determined by Tovee ( 5 ) u s i n g the hydrogen i n n u c l e a r 

emulsion where the value i s (2.34 + 0.08). (As a general o b s e r v a t i o n i t 

i s i n t e r e s t i n g to note that there are only two experimental s t u d i e s w i t h 

r e l a t i v e l y high s t a t i s t i c s of the Kp i n t e r a t i o n a t low momenta ( 300Mev/c) 

( r e f e r e n c e 6 ) , but only one, t h a t of Kim, i n v o l v e s a study of a l l f i n a l states.) 

The two r e s u l t s above d i f f e r by about three standard d e v i a t i o n s . 

Because of t h i s experimental s i t u a t i o n and because of the importance of P 

to e x t r a p o l a t i o n i n t o the non-physical region, a f u r t h e r determination of 

t h i s r a t i o should be made. The method of a n a l y s i s adopted by Kim i n 

determining the r a t i o \~ f o r K~meson captures a t r e s t on proton i s not 

c l e a r l y s t a t e d i n h i s t h e s i s . He only remarks t h a t h i s sample comprised 

(4994 )1 and (2429) E + . However i f i t i s to be assumed that he used the 

same range and angular s e l e c t i o n s of these data as he h i m s e l f used when 

determining the i n - f l i g h t K p »E T T c r o s s - s e c t i o n s , ( o r those e x p l i c i t l y 
± 

s t a t e d by Chang ( r e f e r e n c e 7) when determiningthe£ hyperon l i f e t i m e s u s i n g 
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the same f i l m ) , then the remark of E i s e l e ( r e f e r e n c e 8) i s a p p r o p r i a t e . 

T h i s concerns the b i a s e s , a r i s i n g from u n c e r t a i n t i e s i n measurement e r r o r s 

when they are comparable with the length of the t r a c k s measured and which 

are known to occur f o r l i f e t i m e measurements. Si n c e the number of events 

excluded by a given s h o r t range cut ( -^lmm) on the t r a c k of a £ hyperon 

i s s i g n i f i c a n t and moreover s t r o n g l y dependent on the s i g n of i t s charge through 

the lifetime ( lHj*) then u n c e r t a i n t y i n the a p p l i c a t i o n of t h i s 

length c r i t e r i o n w i l l l e a d to l a r g e r e f f e c t s with £ + than w i t h Z 

hyperons. T h i s i s w e l l i l l u s t r a t e d by the r e s u l t s of a c a l c u l a t i o n given 

i n t a b l e 1 . Those sigma hyperons produced i n K P i n t e r a t i o n ? a t r e s t are 

considered i n a c a l c u l a t i o n where measurement e r r o r s on t r a c k length are 

taken i n t o account v i a a g a u s s i a n d i s t r i b u t i o n . The l o s s of events, when 

a minimum trac k length i s r e q u i r e d , i s estimated and shown i n t a b l e 1 . 

As can be seen the l o s s e s are s u b s t a n t i a l and l a r g e r for £ + than f o r £ 

The c o r r e c t i o n f a c t o r by which the observed r a t i o T should be 

m u l t i p l i e d i s a l s o shown. For e r r o r s i n the range of 0.0 to 1.5 mm 

the c o r r e c t i o n f a c t o r s themselves are u n c e r t a i n from about 4% to 20%. 

Obviously without an e x a c t knowledge of the s i z e of the measuring accuracy 

i t w i l l not be p o s s i b l e to determine the r a t i o of Z ~ / I + to any great 

p r e c i s i o n by u s i n g only those events i n which the l engths of the sigma 

t r a c k s are g r e a t e r than some minimum value. From the r e s u l t s presented 

i n t a b l e 1 i t i s evident that probably an u n a t t a i n a b l y p r e c i s e 

knowledge of the measurement e r r o r i s e s s e n t i a l to make a s e n s i b l e 

determination of f a c c u r a t e to w i t h i n a few pet sent by t h i s method 
± 

( l i f e t i m e method). I n a d d i t i o n the measurement e r r o r i n the £ production 

and decay p o i n t s causes a c o n s i d e r a b l e spreading out of the observed time 

d i s t r i b u t i o n . T h i s i s i l l u s t r a t e d i n F i g u r e 2 where the apparent l i f e 

time of Z i s shown as f u n c t i o n of measuring e r r o r i n nuns. I n the range 

of t y p i c a l measuring e r r o r s (0.5-lmm) the apparent l i f t e i m e of the £ + i s 

i n c r e a s e d by 4% and t h a t of the Z by 3%. 
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1.2 Methods of Determining p 

Two methods of d e t e r m i n i n g p w i l l be employed. I n the f i r s t of these 

the o b j e c t i o n , d i s c u s s e d above to the use of events where the £ —hyperons 

are l a r g e r than some minimum length, i s overcome by us i n g a l l £ —hyperon 

events above and below the minimum len g t h . I n the second method, 

e s s e n t i a l l y a minimum length i s determined which corresponds to an e f f e c t i v e 

zero measuring e r r o r , 

a ) Method one 

T h i s method of a n a l y s i s avoids any range and angular s e l e c t i o n s and 

consequently b i a s e s a s s o c i a t e d w i t h them. The major d i f f i c u l t y i s th a t a t 

low energy, ^^have short lengths before decay and so i n some £ Tf̂  events 
± 

the £ i s not v i s i b l e and only the production and decay pions are seen 
+ -

( TT TT e v e n t s ) . The philosophy of t h i s method i s to avoid attempting to 
+• - + 

separate the T T T T events, by scanning and measuring, i n t o £ and L 
+ 

c a t e g o r i e s . I n s t e a d the number of £ decaying i n t o pions i s determined from 

the number decaying i n t o protons through the known branching r a t i o 
+ + 

E B = — r ~ — » " \ — , (B= 0.4835+ 0.007) ( r e f e r e n c e 9 ) . 
E »PTT B fZ^-»nfr 
I t i s n e c e s s a r y to d e f i n e c a t e g o r i e s of events as f o l l o w s : 

N_- - expected number of E »TT n decay. 
TT 

N^- ( o b s ) - observed number of such decays where the £ ^ s seen. 

NL- ( o b s ) - observed number of E a b s o r p t i o n . 

± *• + ± 
N - (obs) - observed unresolved TT E ( •TT "•" 1 ) events where the £ 

cannot be seen. 
ki + + 

Ny*" - expected number £ »TT n decays. 

N + ( o b s ) - observed number of such decays where the £ i s seen. 

N j ^ ( o b s ) - observed number of £ » p TT°cl e c ay s• 
+ o + 

N-j-p̂ > - observed number of £ decay to p Jf where the £ i s not seen. 



+ + -

From these categories the t o t a l numbers N , N of £ fli I events can 

be c a l c u l a t e d from which f" = N /N + 

F i r s t l y , 

N += N _ + (obs) + N - + N + (obs) + f ( TTTP (15) 
E * - » P I - r r r 

where f i s an unknown f r a c t i o n of the TT TT events. However, from the 

r a t i o , B , the l a s t terms o f the r i g h t hand side of equation (15) can be 

replaced and 
+ N £ p ( o b s ) + N T p 

N = =£— !i£ (16) 
I - 6 

Secondly, 

N~= N (obs) -t- N - - (17) 
L ° ~ TT 

= N r " (obs) + N T~ (obs) + f J T T T T ) (18) 
l-O- L7T 

where f _ i s an unknown f r a c t i o n . i t can be replaced and 

N~= N - (obs) + N -.(obs) + N + -(obs) - f ( TTTD (19) 
£ cr T r ' r + 

= N T
- (obs) + M ^ - ( o b s ) * N ^ f o b s ) - ( I V —N»* (obs)) (20) 

(21) 

- (otis) + M - ̂ obsHN^tobs.) - ( N . + - N J 
°" TT TT £TT 

= N _- (obs) + N - (obs) +N (obs)-t-NTrjf"(obs)— 
°~ TT TT ^TT 

re p l a c i n g N _+ as before 
TT 

N = N_ (obs) + N_- jobs) + N r + l o b s^N-rf-ir- (obs) -
LtT LTr Ljy " " 

By t h i s approach i t i s c l e a r t h a t accurate separation of £—»TTdecays into.£ and 

i s not necessary as long as the t o t a l number i s counted. A l l t h a t i s 

required i s an accurate e s t i m a t i o n of the t o t a l number of £ > p decays 

i n the two cases where a) the £ i s c l e a r l y v i s i b l e and b) where the £ 

i s not c l e a r l y v i s i b l e but i s r e a d i l y i d e n t i f i e d by the proton involved i n 

the decay. At the energies involved i n t h i s experiment there i s no 

p o s s i b i l i t y whatsoever (except i n the case of very steep t r a c k s ) where the 

TT and proton from £ decay can be confused. Hence the 
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accuracy of the determination of f" i s based on determining a c l e a r l y 

recognisable decay. Except i n a small number of cases no measurements 

need to be involved since a l l judgements can be made at the scanning t a b l e . 

Obviously the emphasis is on very high scanning e f f i c i e n c y and i n t e r p r e t a t i o n 

of events. Consequently t h i s kind of scanning has to be done by experienced 

workers. I n t h i s experiment i t was c a r r i e d out by t r a i n e d physicists, 

b) Method two 
-V- — 

In the previous method no attempt was made to d i v i d e the TT TT events 
+ -

i n t o those o r i g i n a t i n g from E & £ r e s p e c t i v e l y . I f i t assumed t h a t the 

l i m i t o f r e s o l t u i o n f o r d e t e c t i n g the decay of a i s e x a c t l y the same as 

th a t f o r ^ then i t i s possible to d i v i d e the t o t a l number of TT TT 

events i n t o t h e i r charged £ o r i g i n s provided the l i m i t of r e s o l u t i o n can 

be determined. Suppose t h a t the e f f e c t i v e l e n g t h t h a t a hyperon must 

have before i t s charge can be recognised (by i t s decay secondary) i s r , 

than the f~ r a t i o can be ca l c u l a t e d as f o l l o w s : 

The number of £ seen to decay or be absorbed i s 

< W | (23) (Nj-yobs) + ) - N^-jexp ^ ' ) 

+• 
and the corresponding number of J decays i s 

N r
+ (obs) = N T

+ l e x p " 1 ^ ) (24) 
LTT 2-7T t + 

whereT_^T +are the respective mean l i v e s , t and t are the respective times 

to t r a v e l distance r ( t ̂  1.055 t ) . Assuming, as i n method ( 1 ) , t h a t 

the number of decays to proton i s w e l l determined and i s given by 

N _+ then 

r _ N r - r r _ l U Z T r l o b s l t N f ^ e ( 2 5 ) 

N I ; + N I ; N Z y o b s ) e ^ ) / * + + N z + p 

The e f f e c t i v e l e n g t h , r, i s determined from the number of observed 

events as f o l l o w s . 



-+ ly) _+ iv) 
H ^ — ^ . - ^ - i x p - ~ - L ) + H^ ( 1-exp ' ) ( 2 6 ) 

= ( N r - (obs) + N r - | ( e x p ^ ^ — 1 l - f N p + ( o b s ) ( e x p - ^ - l ) (27) 

I n t h i s expression only r i s unknown and hence i t can be determined from 
- i - - - _ + the observed numbers of TfU, £ , £ and events. Obviously, 

by s u b s t i t u t i n g r back i n t o the two r i g h t hand terms of equation (26 ) , the 

numbers o f TT̂ TT""» e v e n t s a r e d i v i d e d i n t o those o r i g i n a t i n g from £ and 

£ r e s p e c t i v e l y . 

With t h i s value of r s u b s t i t u t i o n i n t o equation (25) w i l l y i e l d 

the new estimate of [~, 

Furthermore, w i t h the fT "ff events e f f e c t i v e l y separated i t i s possible t o 
+ 

determine the branching r a t i o of the £ i n t o pions and protons where 

N E y o b s l + f + N-rfff + Nfp N j . - ^ ( o b s ) e + t r , / t t i - Nz+ 

Hence the a t t r a c t i o n of t h i s second method i s t h a t i t y i e l d s a new estimate of 

|~ and also a new estimate of B. 

1.3 Summary 

An account has been given of the relevance of the determination of 

the r a t i o . 

r = f / i * 

t o the low momentum i n t e r a c t i o n s of kaons. The experimental discrepancy has 

been presented and two methods f o r f u r t h e r determination have been discussed 

i n o u t l i n e . 

In the f u r t h e r parts of t h i s t h e s i s an account i s given of the experimental 

a p p l i c a t i o n of those two methods. F i r s t l y however the t r a c k s e n s i t i v e 

t a r g e t chamber t h a t has been used i s described together w i t h an account of 
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the experimental runs and exposures. This i s followed by a d e s c r i p t i o n 
of the scanning and measuring th a t was made and terminates w i t h a 
discussion of the q u a l i t y of the data. F i n a l l y , there i s a discussion 
of the p r e c i s i o n of the two methods of analysis leading to the f i n a l 
determination o f \~ and the branching r a t i o B. I n conclusion there 
i s a short discussion and comparison of p w i t h other experimental r e s u l t s 
and an i n d i c a t i o n i s given of f u r t h e r work i n t h i s f i e l d . 
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C H A P T E R T W O ' T H E C H A M B E R A N D E X P O S U R E 

2.1 I n t r o d u c t i o n 

The work described i n t h i s t h e s i s i s p a r t of a general experiment on 

the i n t e r a c t i o n of low momentum kaons. I n Chapter 1 the main reactions 

were described (equation 1 t o 6 ) . I n p a r t i c u l a r r e a c t i o n s 5 and 6 involved 
o 

the production of TT mesons and were given by 

K P >ITT <5> 

K " P > A TT (6) 
o -16 

I n r e a c t i o n (5) the J decays very r a p i d l y ( "£ -">- 10 SK) i n t o A ^ . 

Consequently as seen i n the normal hydrogen f i l l e d chamber these two 

©actions appear to be i d e n t i c a l . What i s seen i n each case i s a t e r m i n a t i n g 

kaon tr a c k w i t h close by, a A -hyperon p o i n t i n g t o the t r a c k ending. 

Moreover, i n measurement these reactions are very s i m i l a r and there i s a 

high degree of ambiguity between the i n t e r p r e t a t i o n of events c o n s i s t i n g 

only of a kaon tr a c k w i t h a p o i n t i n g A • 

To avoid t h i s ambiguity (and hence being able to analyse pure T=0 

and pure T=l r e a c t i o n s ) an attempt was made i n t h i s o v e r a l l experiment to 

detect the Y rays associated w i t h these r e a c t i o n s . I f Y - d e t e c t i o n i s 

very e f f i c i e n t then the cle a r signatures of r e a c t i o n 5 (3U-rays) and r e a c t i o n 

6 (2)C-.rays) lead to the r e s o l u t i o n of the ambiguity. 

In the conventional hydrogen f i l l e d chamber the r a d i a t i o n l e n g t h TC, i s 

about 10m, which leads to m a t e r i a l i s a t i o n i n a few percentage of cases 

only ( < 5 % ) . I n a heavy l i q u i d f i l l e d chamber the r a d i a t i o n l e n g t h , w i t h 

a neon f i l l i n g , f o r example, becomes about 25cm which leads t o an increase 

i n m a t e r i a l i s a t i o n p r o b a b i l i t y by a f a c t o r of about 40. Unfortun a t e l y 

the reduced r a d i a t i o n l e n g t h also i m p l i e s large coulomb s c a t t e r i n g and 



-12-

consequently measuring p r e c i s i o n i s l o s t . 

I n the present experiment an attempt was made t o combine the advantage 

of l i g h t and heavy l i q u i d s by b u i l d i n g a composite system of a hydrogen 

f i l l e d chamber i n s i d e a neon f i l l e d chamber (reference 10). The hydrogen 

i s to be used f o r measurraent of primary i n t e r a c t i o n v e r t i c e s and secondary 

decay v e r t i c e s and the neon i s to be used t o increase the p r o b a b i l i t y of 

^ - m a t e r i a l i s a t i o n . 

Although t h i s f e a t u r e ("jj* - m a t e r i a l i s a t i o n ) i s o f no importance i n 
,T production. the physics involved i n determining the r a t i o ( _ t ^ ; — — ) i t does £ production 

have experimental consequences by the l i m i t a t i o n s on t r a c k l e n g t h which are 

set by the small volume of hydrogen. I n the f o l l o w i n g sections the composite 

chamber w i l l be described and s p e c i a l a t t e n t i o n w i l l be drawn to the 

advantages and disadvantages t h a t i t imposes on the experiment as a whole. 

2.2. D e s c r i p t i o n of the B r i t i s h National Hydrogen bubble chamber w i t h 
Track S e n s i t i v e Target 

The chamber f i g u r e 3 vessel i s bounded by t w o - p a r a l l e l windows of 

which the cle a r aperture i s rectangular w i t h s e m i - c i r c u l a r ends and having 

dimension 150cm by 50cm. The windows are 15.5cm t h i c k and they are 

spaced 45 cm apart between the inner faces. Thus the e f f e c t i v e volume 

of the chamber i s about 300 l i t r e s (reference 11). The chamber i s 

photographed i n dark f i e l d by an array of three cameras w i t h p a r a l l e l axes, 

perpendicular to the camera side main window. The cameras are placed 1.4m 

away from the chamber. 

A reference system i n the chamber i s provided by set of crosses 

r u l e d on the inner surface of the main windows and on the outer surface of 

the camera side window. 

B r i e f d e s c r i p t i o n of opera t i o n . 

The chamber i s run i n a magnetic f i e l d of 12.3k gauss. Under normal 

c o n d i t i o n s the conventional chamber i s f i l l e d w i t h hydrogen, made 

l i q u i d by temperature ( 27 K ) and pressure ( 8 Atmospheres). On 
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release o f the pressure to about 4 Atmospheres the l i q u i d hydrogen i s now 
at a temperature above i t s b o i l i n g p o i n t . I t can remain superheated f o r 
a few m sees before spontaneous b o i l i n g w i l l occur. During t h i s few m i l l ! 
sees the beam of p a r t i c l e s have t o pass through the chamber, cause bubbles 
to form at centres of i o n i s a t i o n , be photographed and the pressure restored 
to make the l i q u i d s t a ble again. 

However the chamber i s used, i n the composite system, under s l i g h t l y 

d i f f e r e n t c o n d i t i o n s . The chamber has been modified to enable i t t o be 

used to w i t h a t a r g e t of l i q u i d hydrogen surrounded by a neon-hydrogen mixture 

f i g u r e 4 . The two l i q u i d s which can be made superheated and hence made 

s e n s i t i v e a t a temperature of 29 K are separated by p l e x i g l a s s windows which 

are the w a l l s of the t a r g e t . When the pressure of the outer p a r t of the 

chamber i s reduced the f l e x i n g of the p l e x i g l a s s w a l l s t r a m s i t s the 

necessary volume/pressure change to the hydrogen which also becomes s e n s i t i v e . 

The p l e x i g l a s s windows on e i t h e r side of the c e n t r a l plane of the chamber d e f i n t 

the depth of the T.S.T. as 7.85cm. The windows are 1.0cm t h i c k . F i d u c i a l 

marks are engi-aved on the outer surface of the T.S.T, w a l l s . Two tra c k 

s e n s i t i v e t a r g e t s have been s u c c e s s f u l l y operated i n the 1.5m cryogenic 

bubble chamber at the R.H.E.L. The f i r s t t a r g e t was metal framed, whereas 

the second was made completely out of p l e x i g l a s s , 

a) Metal framed t a r g e t : 

The t a r g e t (reference 12) consists of a strong s t a i n l e s s s t e e l frame 

which i s r i g i d l y mounted i n the chamber body. 

The p l e x i g l a s s windows are sealed to the frame w i t h a gasket of indium wires, 

by i n i ' i a t i n g f l e x i b l e s t e e l tubes f i g u r e 5 . The i n t e r a l dimensions are 
3 3 135. x 33.5 x 7.8 cm and the e x t e r n a l are 147 x 44.7 x 9.8cm 

This t a r g e t reduces the gamma d e t e c t i o n e f f i c i e n c y since the metal frame 

l i m i t s the usef u l v i s i b l e region of the chamber. 



g.c 
a. 

£ 1 5 

cn-Q 
t 

</) o to 

I 2 5 

«2£ 

~Q en I f 0"D I 

ft) 
V) -2S 
•£5 & 

85. -Q-c 



•p 

o 
<U 
c 
0) 

O .H 
•P P< 
C 

• H (1) 
XI 

>» -P 
H +J a o a> 
•H 

•p 
M «5 
0) 
-p 
a 

> 
u 
v 
a) 

§ (/) 
OJ Q) 

• <u -d 
f- o 

ft 
X> 
H 
O 

•iH 

•o 
•H 
-P 

+-> 
<u c 
^ ni 

•(J 
<U 
Xi 
En 

-p 
in 
O 

1 
A .-'••in.'hVA 

-p a ho c 
S <u . . 
O oO cj 
U O -P 
J) I j o 

>> ~ 
JC -P 

EH 

hi) 
•H 

-4 

i 

r 

• - i -
i 

i 
••-r-
4 

i 
I 

T H--
+ 
-f 

T 
i 

-t-
i 
i 
i 

> 

© © 

1 ••• < 

x S 

co 

U l 



-14-

b) P l e x i g l a s s t a r g e t ( p l a s t i c framed t a r g e t ) : 

Since the composite t a r g e t l i m i t e d gamma d e t e c t i o n , because of 

obscuration by the metal frame, i t was decided t o b u i l d an a l l p l e x i g l a s s 

T.S.T. The e s s e n t i a l s i m p l i c i t y of a l l p l e x i g l a s s system i s c l e a r . The 

p l e x i g l a s s i s transparent t o both charged p a r t i c l e s , gamma rays and v i s i b l e 

l i g h t and so the gamma e f f i c i e n c y i s s i g n i f i c a n t l y increased. Whereas the 

metal framed t a r g e t was mounted p a r a l l e l to the windows of the outer chamber, 

the p l e x i g l a s s T.S.T. was mounted at an angle t o maximise the p o t e n t i a l 

path l e n g t h of primary kaons i n the T.S.T. 

c) Neon-Hydrogen mixture 

Experimentally i t i s found t h a t neon cannot be made t o work as a bubble 

chamber l i q u i d a t a temperature close t o the normal o p e r a t i o n temperature 

of hydrogen as a bubble chamber l i q u i d unless the neon i s d i l u t e d w i t h 

hydrogen. The r i c h e s t mixture of neon-hydrogen t h a t has been used i s 

about 80% by number d e n s i t y . I n the present experiment the number den s i t y 

v a r i e s from, i n i t i a l l y about 70% to f i n a l l y about 80%. I n t h i s range 

of mixture the r a d i a t i o n l e n g t h in Ne/H2 i s about 45cm long compared t o 

the r a d i a t i o n l e n g t h i n hydrogen of 10m. This r a d i a t i o n l e n g t h i s smaller 

by a f a c t o r of about 20. This i m p l i e s t h a t the conversion p r o b a b i l i t y f o r 

^ rays i s increased by a f a c t o r of 20. Although t h i s f a c t o r of 20 

appears to be a very large increase i t should be noted t h a t t h i s gives a 

conversion p r o b a b i l i t y o f about 30% f o r a s i n g l e ^ r a y i n the composite 

system described. U n f o r t u n a t e l y , i n t h i s experiment (as d i s t i n c t from 

the f i r s t experiment w i t h T.S.T. chamber w i t h 4Gev p i o n s ) , the ^ 

energies are q u i t e low and i n many cases the la r g e energy loss and coulomb 

s c a t t e r i n g of the e l e c t r o n i n the ̂  conversion make i t impossible t o 

measure the ̂  energy. This reduces the e f f e c t i v e conversion p r o b a b i l i t y 

to about 15%. Consequently the improvement by f a c t o r of 20 i s reduced t o 

a f a c t o r of 10. 
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d) T.S.T. Advantages and Disadvantages: 

Several advantages are to be gained from using the T.S.T. The main 

advantage i s the gain o f ^ c o n v e r s i o n s but at the same time, p r e c i s i o n o f 

working i n hydrogen i s maintained, t h a t i s the t a r g e t i n unambigously a 
o o 

proton and measuring p r e c i s i o n i s high. Gamma rays fromTT , I • ••etc.decay 

emerge through the perspex w a l l s of the T.S.T. i n t o the neon hydrogen 

mixture where they may be converted i n t o e l e c t r o n - p o s i t r o n p a i r s and 

p o i n t t o the production vertex. I n p r a c t i c e there i s no d i f f i c u l t y i n 

as s o c i a t i n g gammas w i t h the c o r r e c t o r i g i n , although the e l e c t r o n and 

p o s i t r o n tracks have the c h a r a c t e r i s t i c heavy l i q u i d f e atures o f large 

m u l t i p l e s c a t t e r i n g and bremsstrahlung. The e f f i c i e n c y f o r m u l t i -

gamma d e t e c t i o n depends c r i t i c a l l y on the r a t i o o f the conversion l e n g t h 

(9/7x r a d i a t i o n l e n g t h ) f o r gamma to the dimension of the bubble chamber 

(reference 12). 

The d i f f e r e n t t r a c k q u a l i t i e s i n the two media are c l e a r . The bubble 

size i n the hydrogen turns out t o be smaller (^ 200/*) than i n a conventional 

chamber and t h i s leads t o increased measuring p r e c i s i o n and improved 

r e s o l u t i o n i n the neighbourhood of v e r t i c e s (~0.5mm). This i s very 

important i n the determination of the£/£* r a t i o at r e s t , where the small 

bubble size e n a b l e s ! & E to be recognised down to smaller lengths than 

i s usual i n a hydrogen chamber. There i s a f u r t h e r gain i n p r e c i s i o n f o r 

low momentum tracks which stop i n neon. For these, range r a t h e r than 

curvature i s measured leading to a considerable increase i n p r e c i s i o n . 

A general v i s u a l advantage i s gained a t scanning time and t h a t i s t h a t 

the steepness o f tracks can be judged q u i t e a c c u r a t e l y by the l e n g t h o f 

the blank separation i n p l e x i g l a s s of the tr a c k hydrogen and i t s c o n t i n u a t i o n 

i n neon. 
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The main disadvantage of the T.S.T. system i s the small depth of the 

chamber ( 7 . 8 c m ) . X n e l o w momentum kaon beains have been produced by passing 

higher momentum beams through a degrader of about 30 cm Aluminium. The 

emergent kaonS are dispersed i n both the h o r i z o n t a l and v e r t i c a l 

d i r e c t i o n s and consequently the p o t e n t i a l path l e n g t h i s q u i t e low a t 

49cm. instead of 150 cm. At low momenta the secondary p a r t i c l e s tend towards 

i s o t r o p y and the shallow depth immediately r e s t r i c t s the p o t e n t i a l lengths. 

I n t h i s p a r t i c u l a r experiment where 0 A ( t h a t i s a zero pronged primary 

vertex w i t h an associated A ) events form an important t o p o l o g i c a l group 

f o r the i n f l i g h t i n t e r a c t i o n , a b o u t one h a l f of the 0 prong events t h a t are scanned 

are i n f a c t primary i n t e r a c t i o n s i n the perspex. 

The chamber depth i s important i n the determination of the [~ 

r a t i o a t r e s t . I n a conventional chamber where there i s l i t t l e depth 
± 

r e s t r i c t i o n J decay and J absorption are seen i n t h e i r e n t i r e t y ( i . e . b o t h 

primary and secondary v e r t i c e s are seen). Here 1 % of the secondary 

v e r t i c e s occur i n the T.S.T. w a l l s because of narrowness of the chamber. To 

r e s t r i c t events only to the c e n t r a l p a r t of the chamber so t h a t a l l events 

are complete would reduce the e f f e c t i v e chamber depth by 25% which i m p l i e s 

t h a t 25% of the scanning i n e f f e c t i s made useless. Consequently, these 

incomplete events have t o be used. 

Normally at low momenta, f\ hyperons decay w i t h i n a few cm of the 

vertex. Again w i t h a shallow T.S.T. about 30% decay i n the neon where 

curvature measurements are poor (because of coulomb s c a t t e r i n g ) . 

2.3 The exposure 

The exposure took place i n 1973 using a negative kaon beam transported 

at 600 meV/c d i r e c t e d i n t o the hydrogen bubble chamber and degraded t o 

lower momenta by an aluminium block mounted i n s i d e the s e n s i t i v e t a r g e t . 
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At the end of the exposure about 906000 frames w i t h (5-20) {< per frame had 
been obtained. An ideogram f i g u r e 6 of the approximate beam momentum 
i s shown. The t o t a l kaon path l e n g t h i s about 1000 km. 

The number of frames at each beam momentum i s shown i n table 2 • 

The f i l m s t h a t have been used:for r e s u l t s described i n t h i s t h e s i s a l l 

come from the 229000 frames exposed to kaonslargely at r e s t . 

These f i l m s have been d i s t r i b u t e d among the f o l l o w i n g c o l l a b o r a t i n g 

l a b o r a t o r i e s , Birmingham, Brussels, Durham, U n i v e r s i t y College London and 

Warsaw U n i v e r s i t y . 
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Table 2 
K19 Data taking summary 

The experiment was divided into Blocks of film with differing 
external beam momentum, degrader thickness and target type. 

Block 
No. 

Roll 
Nos. 

Thousands 
of frames 

Approx. 
K"per 
frame 

Approx. 
entry 

mo men. 
MeV/c 

Approx. 
exit 

rnomsn. 
MeV/c 

Deg rader 
thickness 
cms. A L 

Target 
frame 

1 1-105 229 5 260 0 30 metal 
2 105-126 54 8 4 315 235 30 
3 127-147 45 10-1 370 320 30 
A 148-i63 54 12-3 405 370 30 
5 16S-H8 51 8 8 445 410 30 
6 190-210 52 8-7 320 240 27 pzrspex 
7 211-220 26 7-9 300 190 27 
8 221-240 51 11-6 370 320 27 
9 241-250 26 12-2 405 360 27 

10 251-260 25 10-0 420 380 18 
11 261-277 44 13-4 450 410 18 
12 278-236 22 14-2 475 435 18 
13 «-> r v #-v »-,••) 

/. j / - . c . ) 1 16 17-3 495 455 18 
1/. 
1 -T 28 I/O 505 465 9 
15 305-3U* 25 16 6 530 490 9 
16 315-335 49 20 0 550 510 9 
17 335-355 49 12-6 550 525 0 
13 3:3-3 55 25 15 7 530 545 0 
19 366-379 35 15 2 510 475" 1 18 

Total frames 906000(229000 for stopping K) 
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CHAPTER THREE SCANNING, MEASURING AND INITIAL DATA 

I t was emphasised i n chapter 1 t h a t the accurate determination 

of p ( i . e . £~" production/ |T+ production at r e s t ) w i l l depend on very 

e f f i c i e n t scanning and accurate i n t e r p r e t a t i o n of events at the scanning 

t a b l e . Only ^ 13% o f the events need to be measured. 

Since the GEOMETRY and KINEMATICS programmes (see Appendix 1,2) have 

had t o be modified t o inc l u d e the composite chamber and Y rays, and f u r t h e r 

m o d i f i c a t i o n s have had t o be made t o handle very low momentum primaries i t 

has been necessary t o measure considerably more events than envisaged t o 

t e s t out thoroughly the changes t h a t have been made. Despite t h i s the 

p r e c i s i o n of the experiment i s s t i l l determined at the scanning stage. 

3.1 Scanning Procedure 

Each charged kaon e n t e r i n g the f i d u c i a l volume of the T.S.T. was 

followed u n t i l i t e i t h e r i n t e r a c t e d , l e f t the hydrogen voluma or l e f t the 

f i d u c i a l volume. The f i d u c i a l volume i s shown i n Figure 7, i t i s very 

r e s t r i c t e d and ensures t h a t a l l events recorded w i l l have tracks long 

enough f o r accurate measurement. A l l events of i n t e r e s t were scanned i n 

at l e a s t two views. A d e t a i l e d record was made of the event and great 

emphasis i s placed on accuracy i n the scan data since i t i s l a r g e l y from 

these t h a t the f~ r a t i o i s determined. 

The c l a s s i f i c a t i o n i n t o events " a t r e s t " or " i n f l i g h t " has also 

been made. Each r o l l o f f i l m has been scanned twice by p h y s i c i s t s . Any 

discrepancies between the two scans were resolved i n a f i n a l check scan, 

a) C l a s s i f i c a t i o n of events 

The events found were c l a s s i f i e d i n t o two broad groups, 0 - prong 

events and 2-prong events. The 0 - prong events were only recorded i f 

they were accompanied by a K° decay i n hydrogen ( f o r l a t e r d etermination 

of the charge exchange cross- s e c t i o n i n f l i g h t ) , a l l 2-prong events were 

recorded and were sub-divided i n t o the f o l l o w i n g classes:-
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where the i s seen as a v i s i b l e t r a c k 

or 

and i s also seen to decay, 

sr ) to a p i on — T 
TT 

b) to a proton—£ n 

2) KP 
a) 

'Z TT where the £ i s v i s i b l e and i s seen t o , 

decay t o pion — £ 

or 
b) 

3) 

TT 

t o be absorbed—Z g -

i s seen, i t i s also recorded. 
+ -

I f A associated w i t h the £ g . 

Kp "TT These are events i n which the production £ 

too short t o be seen since i t decays almost immediately on production. 

Because the TT associated w i t h production and the TT 

associated w i t h decay each have momentum i n the region o f 180 MeV/C, i t 

i s l a r g e l y impossible to c l a s s i f y these events unambiguously i n t o the 
+ — 

£ or the £ channel. Only at momenta above threshold f o r 

the charge exchange process can these events a r i s e from the close decay 

of |( ~ mesons. 

i s 

4) K P-—:—*TTP These may be £ ' events where the £* decays 

immediately by the proton mode or these are 0 - prong events w i t h 
o + -

the close decay of a A hyperon. u n l i k e the " T T T T " events, 
— o 

the TT from A decay has momentum very d i f f e r e n t from t h a t of 
- + 

the TT associated w i t h £ production. Consequently, a f t e r 

measurement by conventional means, or by use of template, at the scan 

t a b l e , these events can be separated unambiguously i n t o the £ and categories, 
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There are possible a m b i g u i t i e s i n the c l a s s i f i c a t i o n s £0- and TTp 

i f only scanning i n f o r m a t i o n i s used. Events c l a s s i f i e d as Z<r w i l l 

comprise those where the £ i s i d e n t i f i e d from the accompanying TT 

meson and where the £ i s seen not t o decay. These events are l a r g e l y 

those i n which the £ comes to r e s t and i s absorbed producing a 

secondary event w i t h n e u t r a l secondaries. However, because i t i s 

d i f f i c u l t to judge a t the scantable, the £0- category w i l l i n c lude events 

where the produced £ passes i n t o a p l a s t i c window and i s absorbed 

there. To resolve t h i s ambiguity a l l £o- events have been measured. 

However, as f a r as the determination of the r a t i o [~ i s concerned i t i s not 

necessary t o make a separation of the events. 

F o r T T P events c l a s s i f i e d as J^decays w i t h unseen £** there may be 

some contamination from events i n which the Z passes i n t o the perspex and 

i s mistaken f o r a proton. Some o f these may be resolved by the presence 

of an associated "JT from Lj[ decay. For £p the decay proton w i l l come 

to r e s t i n the p l a s t i c window and not be seen. 

I n determining the value of [~ a t r e s t i t i s e s s e n t i a l t o d i v i d e the 

scanned events i n t o those "at r e s t " and those " i n f l i g h t " . I n general a l l 
+ 

events where the £ i s v i s i b l e can be unambiguously c l a s s i f i e d since events 
± 

at r e s t a l l demonstrate accurate c o l l i n e a r i t y of the £ and the production 

]I . Events i n - f l i g h t show lack of c o l l i n e a r i t y except f o r those events 

i n which t h e £ and T T are produced at small angles t o the d i r e c t i o n of 

f l i g h t of the kaon. Then the l o r e n t z t r a n s f o r m a t i o n leads t o a geometry 

of t h a t event which simulates c o l l i n e a r i t y . However, from the r e s u l t s of 

separation i n t o events at r e s t and i n - f l i g h t (which occur i n a r a t i o , see 

l a t e r , of about 17.5%) the p r o p o r t i o n of i n - f l i g h t events which can simulate 

these at r e s t through c o l l i n e a r i t y i s at most 0.5% of the genuine events at 

r e s t . Moreover, events of t h i s k i n d ( i . e . c o l l i n e a r i t y where £ and TT" 

are produced a t small angle t o the K) w e r e checked w i t h a template which was 
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raade up of an average p r o f i l e of kaons coming t o r e s t and producing 
c o l l i n e a r i t y at r i g h t angles to the kaon t r a c k . This proved to be 
an e f f e c t i v e way of separating those events ambiguous between at r e s t 
and i n - f l i g h t . Of course the " T T T T " and " T T P " events can only be 
judged to be at r e s t ( o r i n - f l i g h t ) by use of the template, 
b) Recording of scan data through Scan Codes 

Events selected as above were recorded as f o l l o w s . A ten d i g i t 

number i s used w i t h meanings defined as below. 

X Y A B C D E F G H 

x,y = Zone i n f i d u c i a l volume where the events i s found. 

The other d i g i t s A to F are zero except f o r : -

A = prong siz e of primary vertex 

B = 1 f o r £~ 
+ 

2 f o r Z 
C = 1 f o r c o l l i n e a r i t y of £ and IT 

= 2 f o r n o n - c o l l i n e a r i t y 

= 3 f o r u n c e r t a i n c o l l i n e a r i t y . 
+ 

D = 1 f o r proton decay of £ 

= 2 f o r pion decay of £ 

= 3 i f no decay. This could describe a £ which i s absorbed or 

indeed £ passing i n t o the perspex window before decaying. 

E = 1 f o r "rr"Tpevent 

2 f o r T T P event 
,o 

F = 1 f o r associated A 
o 

= 2 f o r associated K 

G = not used 
H = 1 i f the event i s preceded by a 2-prong e l a s t i c k s c a t t e r . 

For example codings f o r common events produced by kaons at r e s t are 



• 2 2 -
2 2 1 1 0 0 0 0 - ( c o l l i n e a r ) 

2 2 1 2 0 0 0 0 -

2 1 1 2 0 0 0 0 -

it 

2 1 1 3 0 0 0 0 - ( Z wi t h o u t decay) 

2 1 1 3 0 0 1 0 - ( Z absorbed i n the 

2 0 0 0 1 0 0 - IT if event 

2 0 0 0 2 0 0 - TT P event 

o 
• A r t ) 

The code i s invaluable f o r s e l e c t i n g events from the master l i s t of scanned 

events on magnetic tape. 

3 . 2 Results of Scanning 

Scanning E f f i c i e n c i e s 

In order to evaluate the scanning e f f i c i e n c i e s , f i l m s were scanned 

twice i n t h i s experiment independently. Differences were resolved i n a 

t h i r d scan. The events were c l a s s i f i e d i n t o the f o l l o w i n g categories: 

1 -

2 -

N „ Events found i n both scans, 
1 2 

Events found i n the f i r s t scan 

N Events found i n the second scan 

4 - True (unknown) number of events on the f i l m s . 

I f and ^ 2 a r e t n e i n d i v i d u a l scanning e f f i c o n c i e s as defined by the 

expressions 

'\ |=N (/N T and "X2 = N 2/ N T ( 2 9 ) 

Then • i s the p r o b a b i l i t y t h a t an event w i l l be seen i n both 

scans. Then;-

The number of events found i n both scans i s 

N 1 2 .= V V N T 
( 3 0 ) 



-23-

s o l v i n g equations ( 2 9 ) , (30) 

* | = N , 2 / N 2 ' \ = N I 2 / N | < 3 1 ) 

and 

N T = N , N 2/N, 2 (32) 

The p r o b a b i l i t y t h a t scanners 1, and 2 w i l l both miss an event should 

be given by: 
^ = ( 1 - ' \ I ) ( \ - \ ) (33) 

Then the combined e f f i c i e n c i e s over two scans should be 

A c = l - ( | - > , ) ( ! - \) (34) 

3.3 Measurement o f events 

The measurements were c a r r i e d out on image plane d i g i t i z e d machines 

where the accuracy, corresponding t o h e l i x f i t e r r o r s on the f i l m was 

about 8J* f o r t r a c k measurements and about lo/*on f i d u c i a l cross measurements. 

Because small angle s c a t t e r i n g o f the primary kaon i s q u i t e probable, 15 

po i n t s were measured on each primary to d e t e c t scattering.Such p r i m a r i e s 

are f a i l e d by the o n - l i n e measuring system and so the primary t r a c k has 

to be reduced i n length to remove the s c a t t e r and measured u n t i l the 

primary i s accepted. I n t h i s way a s c a t t e r i n g was not allowed t o bias 

the measured curvature of the t r a c k . A s c a t t e r i n g very close to the 

primary i n t e r a c t i o n would lead t o thegvent becoming unmeasurable. 

The measurements were processed by the GEOMETRY and KINEMATICS 

programmes which had been modified:-

a) to take account of the geometry o f the T.S.T. system and the 

measurement o f rays (reference 13). 

b) to al l o w f o r f i t t i n g of events i n KINEMATICS where the primary 

i s stopping (reference 14). I f the measured momentum of the 

K primary i s i n excess of 5.0 meV/c, then standard KINEMATICS 



-24-

i s used. Below t h i s momentum, the f i t t i n g r o u t i n e o f KINEMATICS 

i s modified to take i n t o account the i n c r e a s i n g lack of dependence 

of the momentum of the vertex on the measured momentum o f the 

midpoint o f the tr a c k . 

The pass r a t e i n GEOMETRY i s about 80% and i n KINEMATICS a f u r t h e r 

80%,leading to an o v e r a l l pass r a t e o f about 64%. A f t e r measurement, 

events which have f a i l e d were re-examined (judged) on the scan t a b l e to 

decide i f the event should be remeasured. The main category of f a i l u r e s 

comprised events w i t h short s t r a i g h t t r a c k s which r e s u l t from the shallow 

depth of the T.S.T. In a l l there were 3 passes of the unsuccessful events 

through the measuring/processing chain. The t o t a l , o v e r a l l pass r a t e 

from measurement through t o KINEMATICS i s 98%. The scanning/measuring 

sytem i s summarised i n f i g u r e 8. Two groups of measurements were made. 
•+ — -

i ) The f i r s t o f these consisted of a l l TT TT a n d TTP events. Here 

the aim of the measurement was t o 

a) check the d i v i s i o n o f these events i n t o "at r e s t " and"in 

f l i g h t " categories p r e v i o u s l y judged by the template, 

b) to resolve these TTP events, which were not resolved by 

template, i n t o £ and A categories. 

i i ) The second group comprised a l l events judged to be i n - f l i g h t to 

provide data f o r the cross-sections of i n - f l i g h t i n t e r a c t i o n s and 

p a r t i c u l a r l y f o r the v a r i a t i o n of the q u a n t i t y |~ w i t h energy. 

3.4. Results of measurements 

a) General r e s u l t s on beam momenta 

Beam momenta can be determined a t two stages. The f i r s t i s a t the 

end of the GEOMETRY programme where the momentum corresponding to the h e l i x 

f i t t e d t o the measured p o i n t s i s a v a i l a b l e . The second i s a t the end of 

KINEMATICS where i f t h i s momentum has been " p u l l e d " t o a new value w i t h 
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higher p r e c i s i o n by: the f i t t i n g procedures. 

Since the " p u l l i n g " i n the f i t t i n g procedures v a r i e s w i t h the 

tig h t n e s s of the c o n s t r a i n t s i n the f i t t i n g , then f o r example, a 

comparison of T T * T f (unconstrained f i t s ) w i t h Ẑ . ( h i g h l y constrained f i t s ) 

should be made at the end of GEOMETRY and not a f t e r KINEMATICS. The 

reasons f o r t h i s are q u i t e c l e a r i n the f i g u r e s below. 

i ) C o l l i n e a r events ( Z-fj- ' E-jy. and Zp ) 

The d i s t r i b u t i o n of beam momentum i s expected t o be close t o zero 

momentum f o r these c o l l i n e a r (hence stopping kaon) events. As can be 

seen i n f i g u r e 9 the beam momentum a f t e r GEOMETRY shows a spike a t zero 

momentum which corresponds t o a l l primary kaons whose measured momentum 

at the midpoint of the tr a c k i s less than t h a t expected from the range 

of the t r a c k ("overstopped" kaon). There i s a second group d i s t r i b u t e d 

about 100 Mev/c. When these events pass through the f i t t i n g r o u t i n e s o f 

KINEMATICS the momentum i s p u l l e d as expected towards zero. 

This i s c l e a r l y seen i n f i g u r e 10. I n general these f i t t e d momenta 

are less than 50 Mev/c and c e r t a i n l y less than 100 Mev/c. 
— +" -t 

i i ) Non-collinear events ( £ 7 r > I-jy- } and Zp ) 

The n o n - c o l l i n e a r i t y o f these events implies t h a t they are not a t 

r e s t . The beam momentum from GEOMETRY f i g u r e 11 i s now d i s t r i b u t e d about 

200 Mev/c, t h a t from KINEMATICS, f i g u r e 12 no longer shows the p u l l i n g 

towards zero momentum. 

i i i ) At r e s t and i n f l i g h t events ( T T T T and T T P ) 

The d i s t r i b u t i o n of beam momentum from GEOMETRY, f i g u r e s 13,14, i s now 

l i t t l e d i f f e r e n t from t h a t from KINEMATICS although these events do f i t the 

unphysical (strangeness not conserved ) channels TTTTnandT T P I T . This i s 

because the degree of c o n s t r a i n t i s low. However i t i s c l e a r from a comparison 

of f i g u r e s 10, 12,13,14 t h a t t h i s group of data contains both 'at r e s t ' and 

'in f l i g h t ' i n t e r a c t i o n s . 
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b) R e s o l u t i o n of TTTT and "IT P events i n t o the " a t r e s t " category 

To s e p a r a t e the " a t r e s t " group a comparison i s made of the 

d i s t r i b u t i o n of beam momentum with that f o r c o l l i n e a r events. Each 

shows a s p i k e of zero. I t has to be assumed that t h i s s p i k e corresponds 

to p r i m a r i e s which a r e e x a c t l y a t r e s t . Normalising to the c o l l i n e a r 
+ - -

events, then the number of " a t r e s t " TX TT(or "JT p ) events whose measured 

momenta are i n the reg i o n of 100 Mev/c can be c a l c u l a t e d . The 

d i f f e r e n c e between the c a l c u l a t e d and observed values i s the number of 

events i n - f l i g h t . 

I t i s c l e a r from f i g u r e 11 f o r n o n - c o l l i n e a r ( i n - f l i g h t ) events, t h a t 

although the p r i m a r i e s i n t e r a c t i n - f l i g h t , the d i s t r i b u t i o n of measured 

momenta shows a s p i k e a t zero momentum . Correspondingly the assumption 

made above i n n o r m a l i s i n g the s p i k e s of c o l l i n e a r and TT^TT or (TT p ) events 

i s not completely v a l i d . T h i s w i l l have l e a d , above, to an over-

estimation of the number of if T T ( o r T T p ) events a t r e s t . 

A s e p a r a t i o n has a l s o been made by us i n g a template to judge whether 

the primary i s at r e s t . The template was checked a g a i n s t c o l l i n e a r and 

n o n - c o l l i n e a r events which suggests that a t most 2% of those p r i m a r i e s 

judged to be a t r e s t a r e i n f a c t i n - f l i g h t . 

Both methods of judging a t r e s t events a r e compared i n t a b l e s (3 and 

4 ) . Because of the u n c e r t a i n t y of the f i r s t method, judgement of " a t 

r e s t " by template i s p r e f e r r e d and t h i s method only i s used subsequently. 
- o + 

c) R e s o l u t i o n of f f P i n t o A and £ c a t e g o r i e s 

Whereas the use of a template appears to be the best method of 

r e s o l v i n g whether the primary of an i n t e r a c t i o n was a t r e s t or i n - f l i g h t , 

t h i s does not appear to be so f o r judging whether a TT P event i s due to the 

production and decay of a very s h o r t - l i v e d A Or £. 

I n p r i n c i p l e the momentum of the negativepion produced i n a s s o c i a t i o n 



COMPARISON BETWEEN EVENTS AT REST AND IN FLIGHT USING 

a) Template 

TABLE. 3. 

TTTf(TOTAL SAMPLE) 
=822 

ifP(TOTAL SAMPLE) 
=406 

AT REST IN_FLIGHT AT R EST IN_FLIGHT 

84.9% 15.08% 71.8% 

b) Measurement 

TABLE. 4. 

TTTf (TOJ/^, SAMPLE) TfP(TOTAL SAMPLE) 
=289 

AT REST 1N_FUGHT AT REST !N_FUGHT 

94.9% 5.04 % 75.5% 23.47% 
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with the Z+ or i n the decay of the A* i s s u f f i c i e n t to r e s o l v e these 
c a t e g o r i e s . For example, the momentum of the produced pion i s about 
180 Mev/c f o r the £ + and i s below 140 Mev/c f o r the A° . Templates 
drawn to c u r v a t u r e s corresponding to these momenta should l e a d to adequate 
r e s o l u t i o n where there i s s u f f i c i e n t pion length, d i s c r i m i n a t i o n by the 
template i s p o s s i b l e but t h i s occurs i n approximately 63% of the events. 

For the remainder, although the t r a c k length i s too s h o r t f o r r e s o l u t i o n 

by template, measurement leads to the s e p a r a t i o n of events. 

I n a sample of about 55% of a l l TT p events (judged to be a t r e s t ) 

that were measured i t i s p o s s i b l e to es t i m a t e the proportions which are 
+ 

due to J and to A . The events a r e p l o t t e d i n f i g u r e 15 where f o r each 

event the pion momentum and the opening angle between the pion and the 

proton a r e shown. The data d i v i d e c l e a r l y i n t o two groups, one centr e d 

on the expected momentum of 180 Mev/c f o r £ + and the other c l u s t e r e d about 

the k i n e m a t i c a l l y expected r e l a t i o n between the pion momentum and opening 

angle f o r the r e l a t i o n f o r the r e a c t i o n K P(at r e s t ) » A Trf T n e 

- o o 
corresponding r e l a t i o n f o r the r e a c t i o n K P >I TT leads to lower pion 

+ 

momenta. From t h i s p l o t the proportion of events due to £ decay i s 

estimated to be (73 - 7.9%). T h i s f i g u r e i s then a p p l i e d to the whole 

sample. 

A sm a l l number of the s o - c a l l e d T T p events a r i s e i n f a c t f r o mTTX + 

events where the s h o r t . £ + p a s s e s i n t o the t a r g e t w a l l decays t h e r e . For 

pion mode of decay the p r o b a b i l i t y t h a t the pion emerges from the w a l l i s 

estimated ( by Monte Carto c a l c u l a t i o n s , to be as high as 95%. P r i o r to the 

measurements above a l l of the s o - c a l l e d TT"P events were s c r u t i n i z e d and 10 

were found to have a s s o c i a t e d pions. These have been t r a n s f e r r e d to the 

c l a s s , 

d) Zcr events 

These events were measured f o r two purposes. One i s to determine the 

range of the absorbed Z s i n c e t h i s w i l l provide a check on the range 

momentum r e l a t i o n that i s used i n GEOMETRY and KINEMATICS. The second 
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purpose i s to determine, what proportion of the events were due to the 
£• e n t e r i n g the p l a s t i c . 

The average range i f found to be (1.19- 0.05) cm and t h i s confirms 

the c o r r e c t n e s s of the range momentum t a b l e s used. The number of events 

t e r m i n a t i n g i n the perspex i s found to be about 8%. As pointed out i n 

s e c t i o n 3.1*a these t e r m i n a t i n g events do not a f f e c t the determination of r. 

3. 5 F i n a l c l a s s i f i c a t i o n of events 

To summarise, events have been c l a s s i f i e d i n t o a t r e s t and i n - f l i g h t 

l a r g e l y by the c o l l i n e a r i t y of the events and i n a s m a l l number of ca s e s 

by the use of a template. These events have been f u r t h e r d i v i d e d i n t o 

p h y s i c a l channels. I n a r e l a t i v e l y s m a l l number of cases measurements 

have been used to r e s o l v e a m b i g u i t i e s . The r e s u l t s of the scanning and 

the c l a s s i f i c a t i o n of the data produced i n Durham are shown i n d e t a i l i n 

t a b l e 5. The scanning e f f i c i e n c i e s from a double scan ( p l u s a check scan) 

are a l l found to be high. These events together with the events from 

the c o l l a b o r a t o r s a t B r u s s e l s , UCL, and Warsaw are gathered together and 

d i s c u s s e d i n chapter 4. 



RESULT OF SCANNING ^ 
TABLE. 

AT RESTS INFLIGHT AT REST INFLIGHT 

/ TOTAL 
NUMBER 
OF EVENTS 

TOTAL 
NUMBER 
DF EVENTS 

TOTAL 
NUMBER 
X EVENTS 

% £856 97.91 4271 99.95 585 99.95 

643 97.89 560 99.94 83 9935 

1290 97.91 1035 99.95 255 99.96 

1229 9781 1010 99.95 219 99.86 

TTTT 822 9751 698 99.84 124 9957 

1234 J 94.9 93.4 
99A 30 

9746 
291.6 

J 94.9 
204.6 

99A 
87 

9746 

o 
K 140 8925 

1 . • 

THE TOTAL EFFICIENCY FOR AT REST SAMPLE=99.93 
THE TOTAL EFFICIENCY FOR INFLIGHT SAMPLE=99.967 
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CHAPTER FOUR DETERMINATION OF THE £/£* PRODUCTION RATIO AND THE 
L DECAY BRANCHING RATIO 

4.1 T o t a l a v a i l a b l e data 

A l t o g e t h e r i n the c o l l a b o r a t i o n between the groups of B r u s s e l s , 

Durham, U n i v e r s i t y C o l l e g e London and Warsaw about22354 events have 

been found by c a r e f u l scanning and check scanning. A breakdown of 

the t o t a l data i s presented i n t a b l e 6 i n two forms. 

F i r s t l y the data i s presented i n the form f o r use i n method 1, 

which i s the method which r e l i e s l a r g e l y on the a c c u r a t e i d e n t i f i c a t i o n 

of the proton mode of decay of the £ but not on the s e p a r a t i o n of the 

pion modes of decay of the E and E . A subset of these data was 

scanned i n which the s e p a r a t i o n of the pion modes was pushed to i t s l i m i t . 

T h i s means t h a t events were f u r t h e r s c r u t i n i z e d and separated i n t o £ 

and £ c a t e g o r i e s . These data were used i n method 2. A l l the data 

have been c o r r e c t e d f o r scanning e f f i c i e n c y and i n f l i g h t events as i n 

t a b l e 5. 

4.2 Determination of P 

The two methods r e f e r r e d to above have been d e s c r i b e d i n d e t a i l i n 

chapter 1. I n the f i r s t of these the branching r a t i o of the pion and 

proton modes of decay of the £ i s assumed i n determing p , i n the 

second, both the branching r a t i o and the value of T a r e determined, 

a) Method 1 

The advantages of t h i s method a r e ; -
+ 

(1) I t i s independent of the s e p a r a t i o n of TTTTevents i n t o 

those from £ and from E hyperons r e s p e c t i v e l y . 

( 2 ) I t i s independent of the mistaken c l a s s i f i c a t i o n of £ 

events as events. 

( 3 ) That the p r e c i s i o n depends upon the number of events. 

These a r e r e a d i l y i d e n t i f i a b l e a t scanning time. 



FINAL RESULT FROM THE COLLABORATION 
TABLE 6. 

DATA FOR METHOD 1 

CLASSES 
-f-

*P TOTAL 

NUMBER 

OF EVENTS 
18905 3 U 9 22354 

DATA FOR METHOD 2 

CLASSES 
+ 

c if if TOTAL 

NUMBER 
OF EVENTS 

8505.5 1070.1 1862.8 221&6 948.9 U 603.9 
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Then the t o t a l number of J — hyperon produced by kaons i s 

N~rWv (obsj+N^obsKNjMobsl^TfTAobs)--?!^ C22) 

+ 
and the t o t a l number of I —hyperon i s 

N * = N^|obs)->-N.n--p 

I — B 
(16) 

Using the number given i n t a b l e 6a and the branching r a t i o , B, from the 
+ -/ +• 

P a r i c l e Data Group T a b l e s (B=0.4835- 0.007) . r a t i o T i s j U s t N/N 

and i s found to be 
r = ( 2.35- 0.07 ) 

b) Method 2 

Table 6b shows the numbers of events i n the scanning channels used 

i n t h i s determination of (~ . These numbers i n c l u d e the c o r r e c t i o n s which 

were d i s c u s s e d i n s e c t i o n s 3.3. and 3.4. No events have been r e j e c t e d 

by s e l e c t i o n c r i t e r i a . I n t h i s method, i t i s assumed that the a b i l i t y to 

d i s t i n g u i s h the s i g n of the charge of a X — hyperon should depend only upon 

whether the £ t r a c k can be r e s o l v e d , so that the r e c o i l pion can be 

i d e n t i f i e d and i t s charge determined. I f the s h o r t d i s t a n c e , r , i s defined 

as the minimum e f f e c t i v e l ength needed to d e t e c t the charge of the hyperon 

then the number of hyperons decaying by the pion modes i n a d i s t a n c e r 

and which w i l l appear as TTTT events i s shown by equation 27. (see chapter 1 
•+ -

and below). From the numbers of TTTTevents i n t a b l e 6b the cut o f f length 
r can thus be determined. When i t , and other data from t a b l e 6b, are 

s u b s t i t u t e d i n t o equations 25 and 28 then the f r a t i o and the branching 
+ 

r a t i o B of the £ can be determined: 

(27) N ( i r ) = ( N ( r + N 1 T ) ( e _ i ) - i _ N T r l e -») 

_ t » / t " 
r [ M . ( " c r + NTT?(e ) (25) 
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a- __JJ_r (28) 

The above equations a l l o w , by i n t e r p o l a t i o n , to f i n d the e f f e c t i v e range, 

r , which a p p l i e s to the scanning of t h i s experiment»and the v a l u e s of 

T and B. 

These v a l u e s a r e : 

r = 0.045 cm 
|- = 2.38± 0.04 
B = 0.487^0.008 

4.3. C r i t i q u e of methods for Determining f" 

A summary of the previous determinations of f~ i s given i n t a b l e 7. 

Only those o f Kim, Tovee and the present work a r e of s u f f i c i e n t p r e c i s i o n 

to warrant f u r t h e r d i s c u s s i o n . S u p e r f i c i a l l y j p r e v i o u s methods which have 

used bubble chamber and n u c l e a r emulsion techniques to determine T a r e 

s i m i l a r . In both, events are s e l e c t e d for a n a l y s i s which a r e judged to 
± T 

be the production of JT TT j... kacn i n t e r a c t i o n a t r e s t on proton because the 

t r a c k s of the produced E TT p a r t i c l e s a r e c o l l i n e a r . However the composition 

of the events, as seen below, d i f f e r c o n s i d e r a b l y and i n these d i f f e r e n c e s 

the d i s p a r i t y of the measured v a l u e s of T must l i e . 
± 

In the chamber the p o t e n t i a l ranges of the produced £ hyperons 

are about 1.05 and 1.26 cm r e s p e c t i v e l y . As these are long compared to 

the decay lengths then about 93% of the Z hyperons decay i n f l i g h t . I f 

the decay occurs i n the f i r s t 0.5 to 1mm of the path of the £ , the hyperon 

i s not seen. A c o r r e c t i o n for the l o s s of events over the s h o r t , but not 

very w e l l known, d i s t a n c e has to be made. The e f f e c t of measuring e r r o r on 

t h i s small d i s t a n c e leads to over c o r r e c t i o n where the l i f e t i m e i s very s h o r t . 

Consequently the measured value of 1" — E/ Z w i l l be reduced. 

I n the emulsion there i s no magnetic f i e l d to determine the s i g n of 

the charge of the I — hyperon. However with p o t e n t i a l ranges of 0.06 to 



TABLE(7 ) 

DETERMINATION OF THE LIL PRODUCTION RATIO BY K 

MESON CAPTURES AT REST 

Author r 

Humphrey and Ross(ref:2) 2.15±0.12 

Kim(ref:1) 2.06+0.06 

Eisele(ref:8) 2.2 ±0.1 

Value deduced from Chang's data(ref:7) 2.29+0.11 

Tbvee(ref:5) 2.34+Q08 

This experiment 2.35±0.07 
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0.08cm most hyperons (about 82%) come to r e s t where the s i g n a t u r e s f o r 
- +• 

charge are c l e a r ( £ hyperons are absorbed, £ hyperons decay c o l l i n e a r l l y 

i n t o protons of c h a r a c t e r i s t i c range or i n t o pions of c h a r a c t e r i s t i c i o n i s a t i o n ) . 

Consequently only those £ hyperons can be employed i n the a n a l y s i s which 

have stopped and a c o r r e c t i o n for the approximately 18%, events i n f l i g h t 

has to be made. I n t h i s c a s e the d i s t a n c e s over which the c o r r e c t i o n s a re 

to be made a r e q u i t e p r e c i s e , and r e l a t i n g these d i s t a n c e s to proper times 

i s a l s o p r e c i s e . 

On balance the emulsion method i s f r e e r of s y s t e m a t i c e f f e c t s than 

p r e v i o u s bubble experiments and hence the r e s u l t of Tovee i s to be p r e f e r r e d 

to t h a t of Kim. T h i s c o n c l u s i o n i s f u l l y supported by the work d e s c r i b e d 

i n t h i s t h e s i s which i s independent of l i f e t i m e c o r r e c t i o n . I t r e l i e s 

h e a v i l y on the c l a s s i f i c a t i o n of events a t scanning time and hence c a l l s f o r 

high scanning e f f i c i e n c y and judgement. 

A f u r t h e r i n d i c a t i o n t h a t the Kim value i s i n e r r o r i s provided by an 

a n a l y s i s of A.D.Martin ( r e f e r e n c e 15) who has c a r r i e d cut a determination 

of the coupling constant <j^^and ^̂ ^̂ _l3y means of r e l a t i n g KM amplitudes by 

d i s p e r s i o n r e l a t i o n s . An important con elusion i s t h a t the low momentum data 

(provided almost e n t i r e l y by K i m ) i s probably i n e r r o r by as much as 20%. 

The advantage of the p r e s e n t methods i s t h a t s e l e c t i o n c r i t e r i a 

(such as those quoted by E i s e l e have been avoided and consequently t h e i r 

a s s o c i a t e d s y s t e m a t i c e f f e c t s do not f e a t u r e i n the f i n a l r e s u l t s . 

However, i t should be pointed out that i n method 2 the e f f e c t i v e l e n g t h , 

r , t h a t i s determined i s e f f e c t i v e . i n two s e n s e s . F i r s t l y t h e r e i s no 

a b s o l u t e cut o f f length but a spectrum of lengths which vary w i t h the 

geometry of the events and w i t h o b s e r v e r s . Secondly, t h i s e f f e c t i v e 

l ength i s non p h y s i c a l i n t h a t , i t i s cut o f f length corresponding to zero 

measuring e r r o r s ( s e e t a b l e 1 ) . I n o t h e r words above t h i s l e n g t h a l l events 

are r e s o l v e d , below they a r e not. 
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I n method 1 the d i f f i c u l t i e s above a r e avoided but the method 

r e l i e s h e a v i l y on i d e n t i f y i n g £^ decays. The m a j o r i t y of these 

where the £ i t s e l f i s v i s i b l e , p r e s e n t no problem a t a l l and are a l r e a d y 
•i-

separated from I decays by the i o n i s a t i o n of the decay p a r t i c l e . However, IT 
i t was d i s c u s s e d i n chapter 3, these events a r e contaminated by events where 

A— hyperons decay c l o s e to the production v e r t e x . 

Although the r e s o l u t i o n of these events i s good, any A decay l e f t 

i n the sample w i l l l ead to a r e d u c t i o n of P 

4.4 Summary 

I t has been seen above t h a t the determination of T and B are 

c o n s i s t e n t w i t h one another. Compared to the two pr e v i o u s determinations 

of I" ( with good s t a t i s t i c s ) , i t i s c l e a r t h a t the present r e s u l t i s i n 

good agreement with the value of Tovee but not t h a t of Kim. By t a k i n g a 

weighted average of the Tovee value and the value i n t h i s t h e s i s the fo l l o w ­

ing v alue of r i s obtained: 

!"= ( 2*35*0.05 ) 

+ 
The value of the branching r a t i o , B , f o r the I hyperon determining above 

(Q487^0-0081>rePresents a new determination of t h i s q u a n t i t y w i t h a p r e c i s i o n 

close to the e x i s t i n g world value. The c l o s e n e s s of our val u e s of B to the 

world value g i v e s confidence i n the determination of f value. 
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APPENDIX ONE 

GEOMETRY Programme 

The T.S.T, c o n t a i n s hydrogen w h i l s t the main chamber volume i s 

f i t t e d w i t h a mixture of neon and hydrogen. A geometrical programme 

HGEOM had been modified by (J.Guy) to r e c o n s t r u c t the t r a c k s i n the chamber 

and to a l l o w f o r the e x t r a media, consequently Range-momentum t a b l e s had 

been generated f o r the th r e e media (hydrogen,perspex and neon-hydrogen). 

Other c o n s t a n t s such as t h a t f o r the coulomb s c a t t e r i n g i n the perspex 

must be provided and storage a l l o c a t e d i n the geometry programme. 

The t r a c k which l e a v e s the hydrogen and goes i n t o the neon i s 

i n d i c a t e d by measuring the l a s t p o i n t i n hydrogen t w i c e . However h e l i x 

f i t t i n g s were a p p l i e d to the t r a c k s e c t i o n s so as to r e c o n s t r u c t them 

s e p a r a t e l y . Meanwhile a check was made to see i f the t r a c k has cr o s s e d 

the perspex plane and returned i n t o hydrogen. I f so the second p a r t of 

the t r a c k i s ignored. 

HGEOM pro v i d e s c e n t r e of t r a c k v a r i a b l e s ( J ^ , , tan^ ) and t h e i r 

c o r r e l l a t e d e r r o r s which a r e the normal measured q u a n t i t i e s used by the 

KINEMATIC f i t t i n g programme HKIN, f u r t h e r for the rfecr:. se'ction of the t r a c k these 

3 v a r i a b l e s a r e swum to the mid point of hydrogen and a mean of t h e s e 

v a r i a b l e s and those f o r hydrogen i s taken. When the geometrical r e c o n s t r u c t i o n o f 

the bubble chamber event has taken p l a c e ; the event must be t e s t e d a g a i n s t 

hypotheses of the nature of the event suggested by the experimenter. 

(KINEMATICS). 
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APPENDIX TWO 

KINEMATICS Programme 

By u s i n g the c o n s e r v a t i o n laws of energy, momentum, charge....etc. 

the KINEMATIC programme attempts to i d e n t i f y uniquely the t r a c k s f o r the 

reconstructed events. 

M o d i f i c a t i o n had been made to the KINEMATICS Programme to handle 

stopped K events. F i t t i n g stopped K with o r d i n a r y KINEMATICS ( i . e . the 

v e r s i o n used f o r i n - f l i g h t f i t t i n g e v e n t s ) l e a d s to a low pass r a t e e.g. 

on a sample of sigraa-pion events, a pass r a t e of about 65% through KINEMATICS 

was obtained. 

I t i s nec e s s a r y to have a r e l i a b l e f i t t i n g system i n order to 

separate events a t r e s t from those a t low momentum (e.g. lOOMev/c) which 

have been e s s e n t i a l l y separated by template . A v e r s i o n of KINEMATICS 

f i t t i n g to Px, Py, Pz a t the ver t e x i n s t e a d of the v a r i a b l e s tp , tan^ , 

1/pwas introduced i n t o subroutine ITERAT and t h i s l e a d to a high pass 

r a t e , but a l s o so d i f f i c u l t i n t e r p r e t a t i o n of the q u a l i t y of the f i t s 

s i n c e the input e r r o r s are not Gaussian. However, the f i t t e d v a l u e s 

of K-momentum a t the v e r t e x d i d not show an improvement over the measured 

values. Moreover a l t e r i n g the c o n s t r a i n t t o l e r a n c e s i n the f i t t i n g did 

not l e a d to any e f f e c t i v e improvement. 

A f u r t h e r m o d i f i c a t i o n was made i n f i t t i n g a t r e s t events, such t h a t 

standard KINEMATICS could be used. The v a r i a t i o n of c e n t r e of t r a c k 

momentum depends on the change i n v e r t e x momentum through the range momentum 

r e l a t i o n and so the f i t t i n g r o u t i n e of KINEMATICS was modified to take i n t o 

account the i n c r e a s i n g l a c k of such dependence a t low momentum with an 

a r b i t r a r y f u n c t i o n . The Swim r o u t i n e was modified so t h a t when the 

ve r t e x momentum of the K i s l e s s than 50 Mev/c, the normally returned 

v e r t e x slope i s m u l t i p l i e d by the a r b i t r a r y f u n c t i o n which i s un i t y a t 

p = 50 Mev/c and zero f o r P= 0 Mev/c. R e s u l t s of m o d i f i c a t i o n to pass 
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r a t e was s i m i l a r to those obtained 
f u n c t i o n s a re now Gaussian and the 
a much sharper peak a t zero. 

from Px, Py, Pz but the s t r e t c h 

f i t t e d K-momentum d i s t r i b u t i o n g i v e s 



ACKNOWLEDGEMENTS 

I would l i k e to thank P r o f e s s o r A.W.Wolfendale who made a v a i l a b l e 

the f a c i l i t i e s of the P h y s i c s Department a t Durham during ray work f o r 

t h i s t h e s i s . My p a r t i c u l a r thanks go to my s u p e r v i s o r , Dr.J.V.Major 

for the enormous amount of help and u s e f u l a d v i c e he has given and the 

many i n t e r e s t i n g d i s c u s s i o n s we have had. 

I would l i k e to thank a l l the other members of the Higher Energy 

Nuclear P h y s i c s Group a t Durham f o r t h e i r many d i s c u s s i o n s d u r i n g the 

course of the work, p a r t i c u l a r l y Mr.N.H.Bedford. I am g r a t e f u l to the 

s t a f f of the c o l l a b o r a t i n g l a b o r a t o r i e s , p a r t i c u l a r l y , P r o f e s s o r J.A.Zakrzewski 

and Mr.J.Ciborowski. 

My thanks are due to a l l the Scanning and Measuring S t a f f a t 

Durham U n i v e r s i t y f o r t h e i r work on t h i s experiment. 

L a s t l y , but by no means l e a s t , I would l i k e to thank my parents, 

without t h e i r grants during my stay i n England to study, t h i s t h e s i s would 

not have been p o s s i b l e . 



REFERENCES 

Chapter One 

1 J.K.Kim t h e s i s , Columbia U n i v e r s i t y (1966), (unpublished) 

2 W.E.Humphrey and R.R.Ross, Phys.Rev.127, 1305 (1962) 

3 R.H.Dalitz and S.F.Tuan, Ann.Phys.(New York) 10, 307, (1960) 

4 A.D.Martin. S p r i n g e r t r a c k s i n Mod.Phys.55 (1970), 142 

5 D.Tovee, D.Davis, J.Simonovic, G.Bohm, J.Klabuhn, 
F.Wysotzki, M.C.Seithey-Barth, J.Wickens, T.Cantwell, 
C.Nighogain, A.Montwill, K.Garbowska-Priewska, 
T . P r i e w s k i and J.Zakrewski, Nucl.Phys.B33 (1971) 493. 

6 M.Sakitt, T.B.Day, R.G.Glasser, N.Seeman, J.Friedman, 
W.E.Humphrey and R.R.Ross, Phys.Rev.139, 719, (1965) 

7 C.Y.Chang, Phys.Rev. l j j l ,1081 (1966) 

8 F . E i s e l e , H.Fitthuth,V.Hepp,W.Pressor and G.Zech,2.Physick 
238,37e, (1970) 

9 P a r t i c l e Data Group (A.Rittenberg, A . B a r b a r - G a l t i e r i , 
T . L a s i n s k i , A.H.Rosenfeld, T.G.Trippe, M.Roes, C.Bricman, 
P.Soding, N.Barash-Schmidt and G.G.Wohl),Rev.Mod.Phys. 

43 p a r t I I , S i , (1971) 

Chapter Two 

10 C.M.Fisher. E x t e r n a l Report. RL - 73-053 

11 K.A.Kamakhy. Durham U n i v e r s i t y T h e s i s (1973) 

12 T.G.Coleman.Nucl.Inst.and Meth.107 (1973) 399 

Chapter Three 

13 J.Guy. P r i v a t e Communication. R.L. 

14 G.Fleming, P r i v a t e Communication. Durham 

Chapter Four 

15 A.D.Martin, Phys.Lett.65B, 346 (1976) 

jT V " s u i t t>G£ ' \ 

( 12 JAN 1978 ) 

http://Nucl.Phys.B33

