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Sinoo tho first indications in the middle of 1963, considerable 

evidence has noH accumulated :in favour of rüDonant states of' three pions 

at 1090 MeV (A1 moson) and 1310 MeV (Ae meson), A summary of the; 

oxperimonts is eivon in Table 1 • 
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It han beon apparent :t'rom the start thctt the .Proccns could bo 

oas:Lly stucUoèl '.lith a wprk chmnbor technique, l"!llich should givo tho 

folloning Etêlvantar;c:n : 

i) bottcn· reso1ution in maf:\f3 o:f:' tho reDonruJcos bc:causo tho 

virtuoJ. absonco of multiple n cattoring allovm a more accurct.te 

momonturn moasuromont, G.g. at 10 GeV/c 

ho avy liquid llp/p 9% 
lh chambr:.:r llp/p .3% 
Cl~HN magnGtic 

llp/p 1% upa.rk chambur 

ii) tho production targot :i.s knoHn., rm.d can onsily be varied; 

iii) s:i.rnplo triggor signature can bo used to colloct a laree numbor 

of ovunts ~ 

At veosont f.urthor inf'oJ:mation :is noc:dod on: 

i) resonant onorgy and. Hidths; 

ii) DnJ.itz plots for spin parity twsignmontD; 

iii) tho production mochan:ism: diffraetion dissociation, poriphcral 

p oxchanc;u, and oloctromagnc~tie have; all boen suggostod" By 

obtain.l.nc; bcttu:c dato. on tho trannvursc momontum distribUtion 

of tho compound states, and by varying tho target matori.a1, \70 

o:x:poct to obtain significant :.Lnf'ormat:Lon on this problom. 

Noto, f'in.:JJJ.;Y·, that thu noYJ mas::> formula of Br0\·"!11°) prod:ictn 

moson:i.c statua at 10139 MoV (1 = 1) and 1_306 MeN (I " %) : thiEl is a 

remarkablo coincidoncu, sooing thiJ.t the author :is appnrontJ.y unQ.vvaro of 

i:;ho exporirnonta1 nork on the A1 and A2 roooncmoos nontionod nbovo. 

To produuo a resonrtnco of rnass N the minimum four~-momontum 

transf'er needod i:3 

Cl • ~ lil2 /2Bo 
11lln 

wh oro Eo is tho inc:.i .. dcnt pion onergy. 'rhuroforo for all tnre;ots i t 
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shoulcl pay to uso high cmorgy: cxpnrimcmtally whon the target is a 

nucleus) this is apparcmtly ossontial bocauso tho resonant states do not 

appear if tho nuclc::Jus is brokon up. ~['huroi'o:ro tho oxpori.ment ia pla.nned 

f'or 15 GeV/c inci.dcmt tr , tho highcst availablo in tho cl11 boam. 

1 3) 
Study of ovcntD obsc:rvod in provious o:x::poriments ' . indioatos 

that tho follouinG roqui:romenta would projoct out tho dos:i.rod events: 

i) thrc:.;e f[wi.; oha.rgod f3ccond.arios insid.c tho 16° f'o:rYJard oone, 

and nono outsido. 

ii) no hoavy prongs duo to ovaporati.on from tho target nucleus. 

Tho b:wkground V/Oul.d consis t of cvonts Hi th addi tional neutral 

socondarios, or evonts in which a11 tho nucleo..r oxcitation enorgy is 

roleascd by omission of nuut:raJ. partiales, 

Wo propose to exploit this by mring tho oxporimontal J.ayout shorm 

cliagrnmmatically in li':ig. 1 to colloct ovcmtD occur:cing in tho target 

scintillation countor C1 • Tho spark chambors Hill be triggorod if' thore 

aro simultanoously: 

1) pulscos from C4 and C5 indicating tho arriva1 of an acceptable 

bearn pe.rti.clo; 

2) a pulso from C2 oorrospor,ding in hcoight to tho passage of' threo 

rolativistic D:ingly···chargud. partiel os througb i t; 

3) no puJ.sr] f'rom the anticoéno:idonco Dhiolcl C3; 

1,) a suf'f:iciontly small pulsu from tho taq:;ot countor c,. 

Spark ohcunburs 81 to 84 then moafJuru the: momontum and direction 

of tho incident part:i.clob ThG sot of spark chambors Ss in a magnetic 

fiolcl (actually tho mac;notio s:1ark ohambor of tho CERN/ETH group) moasuro 

tho momonta o:C tho chargccl sccêndary pcrticl.os. Noto thnt tho closired 

tracks will pass nicely throug!l the usuful rcr;ion of this charnbor. 

A small holo mado ~n C2 so that boam particlos travorsing c,,, 
C5 and. C1 pass through it, p:'OV<mts tr:Lc;goring on buam particlo.s that 

clo not intoract. It also e:·c·atly rod.uoo.s thu rate of tr:i.ccuring on 

cliffrn.ction scattcrs, del ta rays~ and diructly prod.uccd. uloctron pairs 

occurring in C1 ; and. n1im:.natu~; triggoring on interactions ocourring in C2 • 
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Events nith nuutral sooondarios may be identified by the oonse-

quant lqwk of' onure.;:y balance among tho ohargud pnrticlos .. Iho numbor of 

such uvonts photographod. rrill be roducod. by us:Lng a load-soint:Lllator 

sandvvich for tho an'Licoinoiclcnco shiold C3 Q 

In orcler to vary the target, and so obtain information on th0 

production procosB no propose to run \Ü th throe diff'oront targets: 

i) li qui cl H2 

ii) plcwtic no:Lnti:Uator 

iii) Col .scintilla-tor (Z == !)3 9 55). 

We vvill thus have: information f'or tn,rgot.s of' H, C and 2~ ::: 54 .. 

In cases ii) and iii) the scintillation signal from tho target 

is used. to discriminato against Gvents in whioh heavy fragments a:re 

omi tted by tho nuolcws, Tho pulso !wight. in ·Uüs scintilla tor vlill be 

rocorà.ed, and. rüso usod in tho triggor logic .. Tn case i) thia is, of 

course, unnoccH:JSr:.ry• 

•1:Io. aro intcrcstocl in thu invaria.nt rno.ss of tho threo-·pion final 

stato, e;ivon by: 

. 2 a . 2 · ~ + Pe ]J3 Sln 2 + PoP1 a:m- ~ -···1 

who re. p1,p2 and p, aro tho momonta of tho throo partie-los nnd a,{i ,y tho 

angl,es botrJoon thom, m boing the pion mass. ~ro os tima to tho accuracy 

obtainablo in M \'JJ may approximate, Df:Jglecting m2 an,d nssuming small 

anglos, 
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This yiolds 

!lM 
·~-TOO ''·' 

M 

V!hero p is a typical momontum, t]l in a typical m1gloo 

Vhth soconllary momonta of ord.or ') GcV/c wc oxpoct !lp/p :S 1%, 

Vlhilo anglos Hill bo of o:r<'ler 100 rn .rad monsu.rable to 1 rm:céi, agnin 1%. Honce 

tho .resolution in mass will bo ~ 1%, o.r 10 MeN, comparod with tho p.rosont 

Vlirlth ostimatos of 150 l!IoV and 80 MoV for A1 and A2 r·osonancos. 

E.r.ro.r.s duc to multiple scattoring in tho target and spark 

chambors havo boen includ.od. in tho abovo ùfJtimatoD .. 

Tho incomine pion momcmtum is noodod only to oliminato ovcmts 

vvi th neutral pions by us:Lng unerg_y bdlanco" rrho 7T
0 must carry at least 

140 lioV and will typically tako ~ 500 l'11oV. Honoo tho incoming momontum 

will bo rnoasurod to ~ 1%, by tho auxilimy spark ohmnbo.r system shown in 

Fi(;. 1 • 

A precise ostirnato of tho tr:Lgsoring officioncy and background 

p.rocoBsGs has boen obtainod by looking in detail at the photographie 

plata data
3

) The results are so~; out in 1Pablc:; 2o 

Total into.ractions 

Intoractionn nith no clotoctable nucloar :f'.ro.gmonts 

Ditto, + pul.so hoight in counto.r C2 = (2. 75-4) x minimum 

Di.tto, + no count in anticoincidonco shiclld 

2258 

693 

212 

75 

.".Triggors duo to interactions · 75 

+ tr:Lggora duc to dol ta rnys, diffraction scattcring 
and ulcetron pairs 

Total triggors 

incl udine 
mcaBurablc; events (n8 ::: .3) 
good ovontEJ 
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In onrbon, theroforoJ thu pnrtial cross-süction for tr:Lgguring 

is ~ 20 mb, étnd ~ 20% (1," mb) will bo good ovonts. 

With a bnam intonsity 5•103
- 104 rr- por pulsa (easily availablo) 

wo vrill take ono photograph por pulso, vJhich givcs 

12,000 photos/shift 

including 2, L1-00 good events/ shift o 

Yvi th oaoh of' the thrcu targots. Incluéiing sotting-up nnd normal diffi-

Probnbly vm shn:U only noed a 

fraction of tlw PS bomn on our target (target 1). 

Nonrly nll tho oquipmont noodocl for this exporimont alroacly 

oxists and will bo sut-up in tho d1 7 

statomont inoludos (noo Fig. 1) 

bearn for othor vwrk. 

- magnotio spark chambor + option, s!5 

- antiooinc:.i..donoo shiold countor, c3 
- bomn spark chambors 8 1 ••• 84 

- bcnding rnngnot 

- cùoctronics and triggo.ring 1oG:i.o. 

This ioavos spooial oquipmont to bo proviclod: 

- targot counter c1 
- hydrogon target 

- countor c2 
- smal1 tJ.mount of extra oloctronics. 

1'his 

Thore will be> no dif:Cioul ty in having this roady and tostod by 

(say) Noverribor 196~-· 

It is proposod that the main tnsk of scanning and mc.H:~.suring 

tho film Hill bo undortnkon by tho BrLJtol and Stockholm sidas of our 

coll ab orntion. Vfo e,lroady hnvc commi tmonts ta a1looato the following 
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moasu:C'ing machinas to this cx:_poriment: 

at Br:L;Lol 1 Dobbi(-;-i'lcinn<Js co·-o:rdint'!.tomctor 

at Stockho1r,1 

a.t CERN 

1 S.o.H. machino (oimilnr to l.E.P.) 

i x-·y co·-ord.inatom<:)tc.n:>:;~) ,. 

~l'ho rntn of Elf)n.suromur.~_t iü i~O evontL-;/machino/d<ly - i.e. 

"'' 6 months to co1:1ploto tho mcnsurumcntr::, Yrith 3 rnn.ch~ÜWD 3 s:inglc shi.ft 

working. 

If, honovcrJ tbu proncmt o:f'fort to mua.suru mn(nctic spark chnmbor 

evl.:nta "~;,r.ith I-IPD in nuccossful_, r:ncl I-D?D i.s avnilab1c, thu Ylholo data cou1d 

bd m(:!asu:ced in"' 15 days. ~rhoro is n good hope that thi:.> tochniquo 

vd.ll be ava~i.J.abl.cy ·but \f{J n.ro not d.opond.ont on ito 

f'ound that the li1LTt;notic spark cl:J.ur;1bur :1.::3 iclun11y nuitod to thi::J experi·-

ment. One gnins tromondour:ly :f'ron1 th() doto..ilod dovoloprnont of npparatus, 

optics nnd progrctr!lnüng nhioh ha.s cü.runê~y beon made by thu r;1ngnlYtic .spnrk 

oham.b or group. 

VVhilo tho group do not rri.sh to put .f'orv-r~:trd th:i..~J oxpc:n.~iment as 

ptu:t of thuir ov:n prograrnr:1o they nre hrtppy to nwko thuir tlpp<."tratUfJ ava:il-

nbl(), cmd co11nborn.tc in the taking o:f' th.c l!ictureno It hus boen deoidod 

not to go into tho i'imlr dotai1D of i;hn collr\bo:cnt ion untD. the oxpori-

1~wnt ha.~3 boon a_pproved_, n .. nd J:lachino .. -tir:J<.J rtl1oc<..ttc;cl in pr:inc:i.plc~ \i{o 

hopu, hov·mvor5 thtd; sorne: r:1onlbors of the J:I:i.cho.l.in:i. group vdll be :i.ntcrofJtod 

in particj_.patinc full;y- in tho cxpcrimont. 

partia1 PS bono on targut 1" 

SH~ J!,rs~ 20,000 for nppn:cnü_w, film, scDJüüng r:nd mcrwurins 

oxponsos" 

,, ) . 

ViJ"o havo ar:rnngcd this provisionnlly y;ith Prof on sor .Fiducn:ro o 
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FIG. 1: Diagram of apparatus: Trigger on C4c5c1c 2c3 with constraints on acceptaole 
pulse heights in cl and c2. 

C1: The target counter, 5x5x2 mm 
c2 : l cm thick plastic scintilla tor wi th l cm diameter ·ho le ,.+. centre 
C3: lead-plastic scintillator sandwich 
c4,C5: plastic scintillator, 5x5x3 mm 

All spark chambers made from 25 Al foil 


