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PROGRESS ON RIPPLE 

During mos t of the period of this report the RIPPLE s y s t e m has 
+ 

been in daily use measur ing f i l m s f rom our 11 B e V / c tt d exposure ob-

tained in the SLAC 82" bubble chamber. This effort , amounting to 

approximate ly one-half shift per day, has resu l ted in the m e a s u r e m e n t 

of s e v e r a l thousand events of at l eas t three dist inct experimental types . 

Although m o s t of these m e a s u r e m e n t s have not been useful for phys ics 

because of poor quality, this routine use has aided in the detect ion and 

correc t ion of a wide var ie ty of minor problems in both the hardware and 

sof tware . 

The mos t s ignif icant of these correc t ions involved a hardware 

modif icat ion which reduced the average m e a s u r e m e n t error f rom approxi-

mate ly s e v e n microns to four m i c r o n s . Many improvements of the s y s t e m 

sof tware have resulted in fas ter and m o r e re l iab le measurement of tracks 

and f iducia ls . It was a l s o determined that the fract ion of events s u c c e s s f u l l y 

m e a s u r e d could be substantial ly increased by a pre l iminary s e l ec t ion of 

scanned events to insure that they occurred in a region of high f i l m quality. 

Since mid-May the s y s t e m has been in routine use approximately 

one full shif t per day and has been able to m e a s u r e 80 per cent of the events 

attempted. 

A recurring problem during the past year has been the lack of core 

m e m o r y in the computer. This lack has resu l ted in many sof tware c o m p r o -

m i s e s which have in turn l imi ted the s y s t e m operation. Since the main goal 

has been to get s o m e m e a s u r e m e n t s of phys ic s quality, mos t of these c o m -

p r o m i s e s have been r e s o l v e d at the expense of s y s t e m speed and in favor of 

re l iabi l i ty . The instal lat ion of the 16K words of additional core m e m o r y 

funded by the recent ly approved supplementary grant f rom the NSF deve lop-

mental program wil l permit s e v e r a l s ignif icant sof tware improvements . c 1094 
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Work in this area i s a lready underway. 

PROGRESS ON THE w+d EXPERIMENT 

This spring one of W. D. Walker ! s students f r o m Wisconsin c o m -

pleted his thes i s work mainly h e r e at Duke. The subject of the t h e s i s was 

"Strange Part ic le Product ion in ir d Col l i s ions at 7 G e V / c . " The re su l t s 

of this experiment a r e contained in Dr. Lynch's P h . D . t h e s i s , which was 

prepared for the faculty of the Univers i ty of Wisconsin. Last year one of 
* o our publications involved the production of K * ' s in a s soc ia t ion with A . 

That i s the react ion ir"-p K+ir + A ° . The remarkable thing about these 

r e s u l t s was that there was an apparent violat ion of i so top ic spins if one 

looked at the deca; • K*(890). The resu l t was that we found much m o r e 

K*° K++tt than K*-> K° + ir° . In Lynch's t h e s i s we w e r e able 

to once again examine this react ion but us ing the react ion ir+ + n K+ir + A°. 

This react ion which i s the charged s y m m e t r i c react ion to the ir"p react ion 
+ 0 0 0 + 0 

usual ly y ie lds the s a m e topology for e i ther K ir A or K ir A . This m e a n s 

that scanning and other experimental b i a s e s should be near ly the s a m e 

r e g a r d l e s s of the products in the f inal s ta tes . The resu l t of this exper iment 

Bhows a s imi lar but a much s m a l l e r e f fect than which was previous ly observed . 

We find a ratio of K* decay of K° + ir /K + ir° 

to be about three to one a s 

compared to our prev ious ly obtained value of 4 or 5 to 1. Isotopic spin 

cons iderat ions would predict the ratio should be two to one. The dif f iculty 

with the previous exper iment apparently had to do with the fact that there w e r e 

l a r g e scanning b i a s e s involved which tended to d i scr iminate against the 

react ion ir"p ->K0ir°A°. In this f inal state it i s n e c e s s a r y to observe the 

K° and the A ° in order to reconstruct the event. Apparently there w a s just 

a l o s s in scanning of e i ther the A or the K° which tended to be rather fas t . 

We a l s o have a cons iderable amount of data involving Ktrir + A ° in the f inal 

s ta te . We a r e in the p r o c e s s i n g or trying to understand these react ions a s 

we l l as the KirA final s tate . This work i s continuing with Dr. Walker and 
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Mr. S. Dhar at Duke. 

The las t react ions that we have ex tens ive data on concerns react ions 

of the sor t ir + N — K + K + Nucleon or i r + N — K + K + ir + Nucleon. The 

t h e s i s of Dr. Lynch furnishes us a nice sample of reaction ir+n — K°+ K°+ p 

or K + + K° + neutrons or + K ° + p. We've combined the data f rom Lynch1 s 

thes i s with those obtained by Dr. R. Diamond of the Univers i ty of Wisconsin, 
+ + 

in which he studied ir n y ie lds K + K + proton. The study of KK pairs i s v e r y 

interes t ing in that these s y s t e m s show at l e a s t some of the resonance structure 

that one f inds in the tttt s y s t e m . It i s compl icated in that the G parity of the 

KK s y s t e m i s not definite as it i s in the c a s e of a irn s y s t e m . One of our mos t 

interest ing resul t s of the l a s t year was published in a Phys ica l Review Letter 

which appeared las t November. This le t ter contained^ the e s sent ia l resu l t s 

f rom the t h e s i s of Dr. J. T. Carroll who is now at SLAC. The interest ing 

resu l t had to do with the fact that if one looks at the irir s y s t e m in the region 

of the f ( 1 . 2 to 1. 3 G e V / c In the m a s s of dipion), then it appears that the 

S-wave and the D-wave amplitudes must r emain pract ica l ly in phase with 

each other. There was a l s o evidence presented having to do with the KK 

s y s t e m . This shows a l so that there was a peak in the KK m a s s spectrum 

in the region of the f ° and if one looked at the angular distribution of decay 

of the KK s y s t e m , this shows a state that s e e m s to be dominated by the S -

wave rather than the D-wave . This too would indicate the p r e s e n c e of an 

S -wave s y s t e m of even G parity in the reg ion of the f ° meson . We have made 

a compilat ion of data on (KK)°. We further conclude that indeed there i s a . 2 
strong S - w a v e present in the KK s y s t e m in the 1 . 2 - 1 . 3 G e V / c m a s s range. 

Las t , we have been looking at the irKK s y s t e m as we l l . If one looks 

at the KK m a s s spectrum f r o m this s y s t e m , one a l s o s e e s a strong peak in 

the region of the f ° or the A^. Undoubtedly there i s a mixture of A^ and 

poss ib ly the S -wave KK s y s t e m in this m a s s range. The irKK s y s t e m is an 

interest ing one to observe in that at l eas t s o m e of the t ime , it s e e m s to 

c o m e about a s a resul t of di f fract ive d i s soc ia t ion of the it meson . This i s 

the f i r s t s y s t e m involving the diffraction d i s soc ia t ion of ir which contains 
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K's a s wel l as the ir m e s o n . We find that the irKK s y s t e m has severa l 
m m 

s trong components . One i s a strong K K or KK final s tate , another 
m» m 

important amplitude has to do with ir + KK where the KK i s k resonance . 

It would s e e m from these data that the ir d i f fract ive ly d i s s o c i a t e s into a 
+ 

KK s y s t e m plus an S - w a v e ir or a P - w a v e ir to yield a 0 or 1 final s tate . 

We have in addition to the 7 G e V / c ir+d data, data obtained f r o m the Duke 

SLAC exposure involving 11 B e V / c ir + d interact ions . It was unfortunate 

that the SLAC run was not terr ib ly s u c c e s s f u l so far a s picture quality i s 

concerned. The low picture quality has caused diff iculty s o far as m e a s u r e -

m e n t s on RIPPLE are concerned and a l s o has caused diff iculty in actual ly 

scanning the p ic tures . We have obtained however a few thousand events 

involving a A or K° in the final s tate . We a r e studying.these p r o c e s s e s 

involving K° and A ° in an inc lus ive fashion. We have a cons iderable amount 

of data of this type f r o m the 7 G e V / c work done by Lynch. In compar i son 

of t h e s e two p i e c e s of information should be rather interest ing . 

ir-NEON INTERACTIONS 

We have r e c e i v e d approval of a 200, 000 picture run in the 82" bubble 

chamber at SLAC. In a t e s t run the chamber was f i l l ed with a neon hydro-

gen mixture . The m o l e percentage of neon was about 25 per cent. The m a i n 

thrust of this exper iment wi l l be to look at the production of high energy 

resonance s tates in the complex nucleus . We wi l l a l s o hopefully be able to 

do additional work on coherent interact ions on the neon a s we l l as incoherent 

react ion . Further there i s the poss ib i l i ty of looking at hydrogen interact ion 

involving two or m o r e it°. The radiation length in the chamber under these 

conditions i s about one to 1. 25 m e t e r s which means that one has a v e r y 

s i z e a b l e probability of mater ia l i z ing g a m m a - r a y s produced in the co l l i s ion . 
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WORK AT N. A, L. 

As mentioned in l a s t year ' s proposal , we rece ived approval for a 

s m a l l run at HAL using the 30" MURA-NAL bubble chamber. Last summer 

W. D. Walker spent two months at NAL working on components for the beam 

to transport part ic les to the 30" bubble chamber. Duke contracted to o v e r -

s e e the construction of a magnet to kick part ic les out of the bubble chamber 

when enough part ic les have t raversed the bubble chamber. The magnet 

i t se l f was constructed at the Phys ica l Sc iences Laboratory at the Univers i ty 

of Wisconsin and Duke. The concept and spec i f icat ions of the magnet were 

developed by W. D. Walker as a resul t of h is stay at the National Acce lera tor 

Laboratory. Construction of the magnet was initiated in August 1971, and 

the magnet was completed in February 1972. It was actually instal led at 

NAL in late March 1972. This device has not yet been used at NAL because 

of d i f f icul t ies with the spi l l t ime of the part ic le beam. At the t ime of the 

des ign of the kicker it was not known under what sort of conditions the 

a c c e l e r a t o r at NAL would be operating and in particular the m e c h a n i s m 

for spi l l ing the beams out of the machine had not yet been decided. We hope 

that the spi l l t ime for the machine wi l l be s tabi l ized in a region in which the 

kicker wi l l be of use . In the meant ime, we have dev i sed a backup kicking 

magnet that wil l hold the beam out of the bubble chamber for a longer period 

of t ime . 

INSTRUMENT DEVELOPMENT AT DUKE 

Since the 1968 NAL s u m m e r utudy program which took place at Aspen 

we have been convinced of the n e c e s s i t y of using a gas target in the study of 

high energy co l l i s ions in the NAL energy range. The reason for this i s 

fa ir ly s i m p l e , namely, that a s the bombarding part ic le energy i s increased 
* 

the min imum momentum that i s t rans ferred to the target d e c r e a s e s inverse ly 

at the bombarding momentum. Thus for a 100 B e V / c ir m e s o n to be 
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t rans formed to a 1 BeV object requires a minimum of 5 M e V / c momentum 

trans fer to the target . It is of course e s sen t ia l l y i m p o s s i b l e to m e a s u r e 

such a smal l momentum trans fer in a bubble chamber. Consequently we 

have been searching for a way to detect low momentum r e c o i l which m u s t 

occur in a gas target . The number of techniques that a r e avai lable for 

doing this i s quite l imi ted . One of the techniques might be the ut i l izat ion 

of the Wilson cloud chamber , another would be the u s e of a s t r e a m e r chamber , 

and we wil l descr ibe in detai l a third poss ib i l i ty short ly . We actual ly s e t 

out to build a proto-type cloud chamber ut i l iz ing newer techniques s o far as 

the i l lumination optics and the expansion m e c h a n i s m . We actual ly s u c c e e d e d 

in operating a smal l cloud chamber with m o d e s t s u c c e s s . By using good 

i l luminat ion opt ics , we had hoped to produce or to be able to s e e drople ts 

b e f o r e they had grown to a v e r y l arge s i z e and in this way hopefully to cut 

down the cyc l e t ime required in the cloud chamber. It turned out that one 

m u s t s t i l l wait a re la t ive ly long t i m e for the droplets to grow to the extent 

that they a r e v i s ib l e in your optical s y s t e m . As a re su l t of this e s s e n t i a l l y 

fundamental dif f iculty we could never produce tracks to the c y c l e t i m e of 

l e s s than about 10 to 15 s econds . This i s cons iderably too long a c y c l e t ime 

to be useful with an a c c e l e r a t o r . 

NOT I CI 
TMa report waa prepared a* an account of work 
sponsored toy the United States Government. Neither 
the United States nor the United State* Atomic Energy 
Comml—km, nor any of their employees, nor any of 
ttwlr contractor*, subcontractors, or their employees, 
makes any warranty, express or impHad, or assume* any 
legrt liability or responsibility for the accuracy, com-
[defenses or usefulnasr of any information, apparatus, 
product or prooaaa diecloeed, or represents that Ha m 
waatd not tefctnae privately owned rights. 


