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To: The membe:rs of the Nuclear Physics Research Committee. 

From: E. Bleuler, D.O. Caldwell, B. Elsner, D. Harting, 

L. Jones, W.C. ll!iddelkoop, B. Zacharov, 

He: 'rhe high energy pion experiments s
1 

and s
2

. 

At the NPRC meeting of lOth January 1962, it was decided 

to allocate 15 shifts with priority § to the high energy large 

angle pion-proton scattering experiment sl, whereas the decision 

on time allocation for the experiment s
2

, the dipion experiment, 

was left open. 

vie shoulcl like in this memoranclum to summarize the current 

status of these two experiments and to report the decisions of the 

group on the experimental sequence which should be followed to 

make the most efficient use of the PS machine time, 

S· Large-angle pion-nucleon elastic scattering at 12 & 18 GeV • 
. )-............... -.-· ...... ----·---............................................... _ ...... - ... ---------··-··""-·-· 

This experiment will give important information on three as­

pects of the pion-nucleon problem. First, the experiment is designed 

to yield about 104 elastic events behind the diffraction peak if the 

cross section in this region is about 10 microbarns per steradian, 

The angular dependence, magnitude 1 and. indeecl tho exiwtonce of this 

very large momentum-transfer part of the elastic scattering are com­

pletely open questions, both theoretically and experimentally, Second, 

data on the "tail" of the diffraction scattering are of great interest 

in connection with recent theories l) 2), which suggest a narrowing of 

the diffraction peak at very high energies, 'Chird, by comparing the 

backward scattering of K+p with K-p, the recent paper of Gell-Mann 

Frautsch:i, and Zachariasen3) ·suggests that cUrect information on the 

elementarity of the nucleon might be obtained, 

Primarily for this third reason, we feel that it is essential to 
+ include a measurement of n elastic scattering at 12 GeV in our prog-

ramme. :F'or technical :reasons it is not possible, however, to have a 
+ 

1t beam of this energy available before the long shutdown of the PS 

3118/P in July. 
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'rhis experiment is, in fact, a continuation of the experiment 

S , to which the NPRC allocated machine time at the meeting of the 25 
0 

September 1961, with priority §>.• This experiment came to an untimely 

stop becaune of a major breakdown of the PS machine and the disappear­

ance of the required beam immediately aftor;;vards o 

In spite of this, some data were taken, that have now been 

partly analysed, l'Jvents were found that fit the interpretation of a 

·n n system to be :formed in a peripheral procecJs and the mass o:f the 

dipion and the momentum transfer could be determined for each of these 

events. In this connection one may mention recent results obtained by 

Prof. Fretter concerning the 

Lagarrique bubble chamber4), 

interactions o:f ll GeV pions in the 

At this enorgy the pion-nucleon inter­

action appears prrodominantly (perhaps for as much as 75%) to proceed 

through a one-pion exchange interaction and a cross-section of l to 3 

mb is found for the formation of a :final state containing only two 

charged pions at the peripheral vertex, 

The physical basis for the experiment seams therefore firmly 

established. It should be emphasized that the experimental arrange­

ment makes it possible to obtain data on ·n n, n K, and K K interactions 

in .the same run. 

Recent theoretical ) ) I} 
papers 3 5 together with newer experimental 

data continue to reveal further aspects of this problem, l'or example, 

tho angular momentum o:f the diboson may be 

distribution of the diboson decay relative 

detu:rmined from the angular 

to t.he incoming pion 7) .. 

Secondly, by determining the croas-soction for a particular diboson 

chahnel versus momentum tra,ns.fer ~ and re.pea ting the m(;asurements at 

two incident pion energies, information can be obtained on the term 

Sct(t) in the one boson exchange amplitude, and from this, possibly on 

the elementarity of the exchanged boson. 

g OlJ:.~.~Q.~ on§_ reg ar dJ,LJ;&..J..hs:_e xp or i0S_n "t.g]-__ .P r o ?"QZ.f!.El!Jl.£_Q_f..._9.£E.~.P-!. 

In our request for PS machine time (see attached memorandum) 

we emphasized that a minimum programme :for both experiments could be 

completed in 17 shifts, while 72 shifts would be required for a 
complete programme. In view of thu consid.,,:ra tions above, wo could 
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not reconcile oursolvcs to attempt eithor experiment without com­

pleting th•• relevqnt measurements using the different incident pion 

beams rcquirud for tho mos·t intoros·ting aspects of the analyses. 

Neither could we ;juwGify eliminating one oxpcr:i.mont from our programme o 

Therefore we have chosen to commit ourselves ·to pursue bo·bh experi­

ments ·through wha·t we have defined as a complete programme~ 

Combining the facts that tlw n+ beam will not be available 

until after July and that it would be technically difficult to switch 

back and forth bet000n oxpcrimonts 811 and S21 WB have concluded 

that it is desirable to continuo tho d:i.boBon experiment as soon as 

the high onurgy pion beam io available~ This experiment will be 

continued until sufficient data have been collected and 30 shifts of 

machine time will be neodod for this. 

The experimental apparatus can then be changed to the. elastic 

scattering experiment in no less than two weeks. A major part of the 

apparatus, e.g., spark chambers and assooia ted equipment 1 VI ill be u·sed 

in both experiments. 

In vieF of the machino time available and considering the 

probable division of this machine time into separate periods, it is 

impossible to finish both experiments before tho July shutdown, but 

40 shifts (30 shifts for s2 and 10 shifts for s
1

) could be used very 

effectively. 

For the completion of clas·tio scatturing oxperimen·t(s1) two 

roquil"ements aro thr.;n eBsuntir:~l o 

l) The high energy pion beam must be available in the period 
after Gc~pt,c.:mber lstQ 

2) About 30 shifts of machine timo aru allocated to this 
experiment beh1een lst [)fJptombor 1962 and lst January 1963. 

This \IOUld bring the total number of shifts to 70, which is 

very close to the 72 Dhifts originally rotplcstod for a full programme 

on both experiments, 

We should like to emphasize that both experiments are directed 

at questions of the greatost current inturest in high energy physics. 

They can collect data on those questions at a rato and 11ith an accuracy 

3118/p not possible with othe:c techniqucJs; tho:y are sui ted to the high energy 
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character of tho PS and could not pos•ibly be done on any accele­

rator of lowor energy. Comparable experimunts are neither planned 

nor in progross else:;-w·he:re o 

l) Lovelace, preprint (Imperial Collug0 1 London) Diffraction 
scattc·ring a.nd Ma.nd8lstamm roprusontationo 

2) Chew and Frautschi. Phys.Rov. Letters 1 394 (1961). 
3) Frautr:ehi, Gell-Mann, and ZachariF.~s en n]~xpf)rimental Consequences 

of Hegge Polcr 11 (to be publir:;hed). 

4) W.B. Frettor "Intoractions of 11.3 BeV Pions with Protons" 
H.E.P.S. No.l7, 17 July 1961 Berkeley. 

5) 
6) 

Chew and ~'rautschi. Phys.riev.Letters 8 1 41, (1962), 
Button, ot al. UCltL 9814. 
(soo appendix in this paper for detailed bibliography of further 
relevant theoretical papers). 

7) Carmory and Van de Walle. UCRL 9932. 


