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I. Summary' 

We propose to study the inclusive number and angular 

distributions of hadrons produced in interactionE? of hadrons 

on complex nuclei. '1'}}e experiment "t\10uld employ the spark 

chambers currently in use in Experiment 230 together "'lith 

targets of various solids (e.g., C, AI, Fe, Cd, Pb).Ch21 

We propose to use nucleon beams currently availa ble in the 

Meson LaboratorY7 specifically the Ml and M3 beams. The beam 

utilization would be semi-parasitic. As little material would 

be in the beam (~0.05A), it could operate in the M3 beam 

upstream or dOvffistream of E27 during the forthcoming tuneup 

of E27. In the MI beam, it could operate beyond the end of 

'E7, separated from the last elements' of E? by a shielding 

3 4collimator. rJO"l oeclm intensitj;1' is appropriate ('-110 ..-10 per 

pulse) as every inelastic nuclear interaction would be a. 

potentially useful event. Data would be taken with neutrons 

(M3) , protons (M3 or MI). 

We request a total of three calendar months or two six-

week ;'periods" of running for this experiment. vi'e believe that 

data collection will require 30-40 hours of beam time each 

in,the neutron and proton beams. 

II. Physics 

It has been noted repeatedly that the key to understanding 

stm ng interactions at high energy may lie in using the nucleus 

as a laboratory, and in comparing the inclusive distrib~tions 

. f . ,\- Iof a number of parameters as funct~ons o' atom~c nunUJer •. These 
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points of view have been stressed most recently by 1<. Gottfried, 

who comments that the multiperipheral, the diffractive (Nova), 

and the hydrodynamical model all fail to explain even the 

meager existing inclusive data. While he proceeds to generate 

his own model, the important point to note is that there is 

nm-" very li·ttle solid data, and good experiments are needed. 2 

A recent conference report by Van Hove also stresses the 

importance of this class of experiments. 3 

A secondary reason for accumulating such data is the 

desire to more clearly inte.rpret air ShO\l<ler and other cosmic 

ray data in terms of strong interactions in the 1013 _1019 eV 

energy range. Currently several parameters are involved in 

this physicsi uisl.cibutions of mUltipLLcity, angles, momenta, 

and particle type from interactions in air, as well as primary 

cosmic ray composition. The present data and interpretation 

leads to the conclusion that there is a growing :transverse 

momentum and a shorter Mean free path with increasing energy 

and a mUltiplicity increasing at least as El/4 and perhaps as 

El/2. On the oti1er hand, there is little guidance on reiating 

phenomen~ on nitrogen to phenomena on free nucleons. Data 

4 even at 100-300 GeV can materially imporove this situation. 

III. Discussion 

An earlier proposal from Michigan to place solid metal 

targets 'tvi thin the 30-inch bubble chamber was rej ected by the 

program committee. While we believe that this experiment 
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should be done eventually, we are impatient to move into this 

area at minimal cost to the Laboratory and to other ongoing 

experiments. Results from this proposed experiment will 

greatly amplify our existing knowledge of inclusive reactions 

and will guide future exper iments in what vle are confident 

will be a burgeoning area. 

Specifically, we seek to study: 

A) The angular distributions of secondaries 

The rapidity distributions in available data appear 

to peak backwards in the center of mass for heu.vier nuclei, 

as if the multiplication or intranuclear cascading were 

entirely in the spectator frame. 

B) Th~npidity. correlati?ns 

Available data (Appendix A) suggest a change in b:vo

particle interval distributions \.;i th A, and this sort of data 

can be greatly augmented. 

C) The ratio of 'Y.'s to charged secondaries, the total 

multi.Elicities, and the correlations between the 

y (1f O 
) multiplicity distributions and the chClrged 

prong (1f±) distributions. 

This would be accomplished with the lead plates 

between the two wide-gap chanfuers as used in E230. 

D) ,The charged particle average mUltiplicities and 

multiplicity distr iliutions as functions of E. A, 

and incident hadron (n and p) 

Momenta and secondary particle type would not be 

identified. 
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Only the last objective overlaps the objective of E178 

(W. Busza, et a1., of HIT). The bubble chamber ~ata using a 

neon filling of the 30-inch chamber ...vill yield one point on 

the various dis·tribut.ions as a function of A but will not 

map out the A-dependence. 

Our own experiment E230 has brought vlide-gap spark chambers 

into efficient operation and has developed essentially all of 

the equipnlen·t necessary for this proposed experiment. In fact, 

total inclusive data on the targets used in E230 will be useful 

in interpreting the ~ production events being collected there. 

Figures 1 and 2 show some events recorded in E230. 

IV. EXp'e.!-:~.r:!!~ntal details 

Two \vide-·gap spark chambers, each .of 40x40 inches con

taining two 6-inch gaps are separated by lead sheets of 1/4 inch 

and trigger counters. The last chamber is viewed end-on 

through a screen electrode to visualize a "beam's eye" view 

distribution of prongs. Tre photographs of E230 have recorded 

over 150 prongs (in the second chamber) from a single event, 

and tests of spark chamber efficiency confirm our excellent 

detection efficiency even for high prong numbers. For a target 

100 inches ahead of the chambers, the Ghambers "see" angles 

from 0 0 to 127 0 in the nucleon-nucleon center of mass~ closer 

target spacings permit more backward angles to be detected at 

the expense of tight.er spacing of the fonvard tracks in "the 

spark chambers. 

http:tight.er
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Nuclear prongs (slow protons, alpha particles, etc.) 

generally have E < 100 MeV and would largely be absorbed in 

the target or would be absorbed or 'scattered in the 1/4" 

plywood of the spark chamber electrodes and the plastic scin

tillators so that they sould be readily separated from 

relativistic produced secondaries. 

Events would be triggered ",ith incident neutrons by 

requiring at least one charged particle emerging from the 

target 'vith no incident charged particles. 'rhe effective 

(average) energy of the incident neutron beam is knm.,n from our 

present calorimeter data. With incident protons, a loose 

trigger requiring over 1.5 times average minimum ionization 

in two or three thin counters beyond ·the target would be used. 

Data 'vould be taken at target distances of 100 inches and 30 

inches, with and \\rithout lead converters between spark chambers 

and with different target thicknesses, especially in the case 

of high-Z targets (in order to correct for y-conversion in 

the targets). Some of the running time would be used to vary 

other conditions in order to look for and evaluate experiment.al 

biases. 

v. Historical notes 

The qualitative fact of the low rise of multiplicity 

with atomic number has been known for over 20 years from cosmic 

ray exposures of nuclear emulsions. However, to OUX knowledge, 

the first reference to the quantitative study of inclusive 

http:experiment.al
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distributions on nuclei as a tool for the study of the nature 

of the interaction mechanism was made by one of us (Lawrence 

W. 	 Jones) at the Conference on the Expectations of the New 

5Accelerators at Wisconsin in April, 1970. In the only 

systematic attempt at such a study to date, targets of C, Al, 

Fe, Sn, and Pb t.vers used in the Echo Lake cosmic ray experiment 

over the period 1969 - 1971 following the liquid hydrogen 

data collected. Mr. P. Vish,.,ranath is curren'cly completing 

his doctoral thesis at Hichigan on these data, and a report 

on some of his results \"as presented at the 13th International 

Conference on cosmic Rays at Denver in August. A copy of 

this report is appended ~hereto as Appendix A. 

The present lJroposed experiment is an att.empt hy our 

group to significantly extend data of the sort collected 

earlier with cosmic rays. 
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Figure 1. _ rrhe wide-g21p spark chamber configuration proposed. The 
upper sketcll illustrates the relative orientation of the counters, 
target, spar];: chambers, and camorel to se ule. The lower sketcl1 if; 
an enlarged dotail of the f3park chambers. 'rho stippled area rcp
ros;(~nt.8 the r;cn::;j tive reg ions of the chambers. 
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Fi9ure 2. An event wit,h a very 111qh mUltiplicity. The side vic,\.\'s 
of the t\\70 ch;:)mber~.i are seen at the t:op of the fic!lrt, and the dirc'ct: 
view (t.hroush Q screen electrode) of the lust gap in at the bottom 
of t.he f,ield. In tIle o]~i9in('11 ne9aLi.V(;), over 17:3 separ<1te sparkc 
arc v.i s 1.b1e in th~~ clin~ct view'. 



APPENDIX ]I. 

HADRON INTEHli.C'rrONS "lITH l.';rUCLEI 

Paper to be presented at:. the 13-tl1 Interncd:ional Conference 

on Cosmic Rays, Denver, Colorado, August 17-- 3D, 1973 . 
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ABSTf'v"\.CT 

After in ial studies of hadron-proton interactjons in 
t11e Echo Lake COf..;mic Ray Project, hadron-m1cleus interactions 
have been pursued by lclCing the liquid 11ydrogen t,ar-get: 
with tarGets of heavier clements. ~~e elements used were 
almninurn~ iron, t:in, and ad. An <:l.t.t.emp't has been made to 
Sb,ldy tl10 inclusive properties of the in-teract:ion as func
'l:ions of a'Lomic weight: c1nd energy. In particular, ('1.11

gular distributions mulJciplici ty dist:ribut ions I Clnd averageI 

mUltiplicity will be reported. 1~c predictions of dif rent 
high energy intcrac'tion models will also be eX<lJ11inc:d in 
connection witJl these reGul'l:s. 'l'he data contain C1bout. 200 
event:s from each hC2.VY element: targe·t at energies above 100 
GcV. 

*Supported by t11C U.8. National Science Foundation. 
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.t_._llX~J~~:(~~_t.j, r1'ho Eel10 Lake cOf'mic ray experiment has 
DC0n tH;(:d 1'.0 ~j-Ludy the irrt.:cractioll of hadr.ons (most:1y protOlw) 
of above '100 GcN with t:arget:s of }W<1vy nuclei: 1\.1, Pc, Sl1, 
and Pb. Earlie): cOf.;wic J:'2Y data had explored t11e l1a1:ure of 
strong in1:cJ:'<lctiollf':: at high enerSJY prim,u:ily vli-l:h t:ar<)ets 
of nuclci1r emul~:;ion or of metallic element:s from \-7)1ich the 
nature of free nne leon j nt.craetion:::; v,,.er(! in ferrcd ind irectly . 
Recent.Iy tl1(~ Echo La}~e cOGrnic ray cl.zli.:a and t:110 e>:ecllcnt 
accelerc.tt:or re~;n ~:; from lLA.I•..;,md C.E.n.1L 11ave 9):catly 
e luc:i d,·,tcd 1:])0 nue l(:;on-nnc leon int~~ract:i.on from 100 Lo 1500 
GeV. 11: DC;":! recoqn:i:c:ccll:ha·t i:hc in1:.e <'It:ion of t:ll is 
data in term~ of various models of :inc Ius reactions would 

.' be clari2iod quarrti~at inclusive data on heavier 
elerncnt.s. ]. 

.~._~::;XJ25':f"iment~;:lL1J9t:~dls. 'l'l1e EcllO Lake apparatus <15 pre
viously Qcscribed~ was used in this oxper nt except that 
the liquid hych:09cn -ta \'las replaced by a t:ar<]et. of metal 

,__~~.._._~~.~.._ 
TOP COlJ:H!':R ,." .. ,~= 

~. 

pl<.:'..t.es (Fig. 1). '1":';0 runs 
were taken, one with a 
target: of Al and Pe 
pln'ccf; 55 by ;;ide, 
and t11C other \d.Ll] a 
target of Sn and Pb 
platos. Each t<1rget 
CO})~::i.",t.c:c1 of (,. os, 
spaced about 15 em 
vertically and total 
ling clbout 20;; of a 
nuc ar interaction 
mean free path. 'l~he 

event vertex recon~ 
struction permitted 
deteDuination of the 

rtic111ar 1:argct: e 1
omen1: and plat:c numbcr. 
(Ect ier, dai:a had a.lso 
been ti:lken on <1 carDon 
target:. ) 

Dat:a \yere t:al~cn dur
ing 1969 and 1970. From 
the r(l\\T data 5<1mple, use
ful events \\'ere f;e lcct:ed 
as \'le1 s done \'l i t.h '[:ho 
hyd)~o0cn data. rl'(lble I 
list!:; the number of events 
of uhovo 100 C:cV finally 
used in tho d~ltcl. analysis. 

'-c" .:=: 

VllDE Gl~P 

···>'·'·--~""-'''·'·'''·O'' 

SHOWEHTARGn CO:J~Jl i:!?S 

WIDE GAi> 
SP/l,f~K 
CIl}':.I,~i;r:H 

.. ·,,,:.. ·,·_---....--1 Nt~Rr,'0W C~/\P{ ~ SP/;.'<i<
J O!,:\:,~i:E !~S 

CALORifM:1TP. 

Fig. 1. Vcr-tical section of tJ}C! 
expcrimcnt:al configu)~'l'l:.:i.on .. (Sho\','cr 
count.en:; arc around tho t.argct. mid 
plane and <:11.'e not 5ho\'111 expliciLly 
in the. diagram. 

http:count.en
http:configu)~'l'l:.:i.on
http:int~~ract:i.on
http:C.E.n.1L
http:Recent.Iy
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Useful 

Table 

Interactions 

I 

abovo'100 GeV 

E cmcnt Fe Sn 

NumbE~r of Events 230 220 185 

~~..!~j~(,\~3.I~Q. (a) rrho EcllO Lake result:;3 on pp intcractions
2 

aif fer ~;O:;1l"\'lh(1t from t.hm'c ohtaincQ at N.h. 1.1. 3 in avcrugc 
mnltiplicity and nmltiplicit:y di!':;tri1nrt:iolls. It: 11,1.:3 bc;ell 
dct:ermincd th the difference i~3 due t.o t.hc incfLi.c:lc::11cy of 
thc spcn:k Cl1clTllbcrs for larqc prong num}x; rs . Fro:n "\:.hc d<:d.:.a 
on i..:;par}( efficicnc ics in the separut.c ~FlpS vs. pronq num})C! I', 
we buv(~ developcd a [;elf con~:.istent: prong cOLecc'tion pro~'p:(nn. 
\\'e have undertaken to correct Ul(,~ prone; number c1i~3t:ributions 
for t1w heavy elemc:nts \vith 1.:he same bius pro~Jram \'.'hich 
brings the Echo JJake pp data into eigrccment \vit.h Uw N.A. L. 
bulJblc chamber da·ta. 

(b) From carLier' results, \:le have deLermined that thc~ 
incident: flux contains a mixt:ul-e of pions and proLons, ",it:.h 
'/r/p ::;: 0.3. 

(c) 'rhcre is an ene:cgy bias in interactions due 1.:0 
[; c c: c:"!d::~~'Y r: 2:"~:!,,),:~ ~ ,"~l1i 5,,:'" j.... 11.13" s ~ ~,: ll0 c~C11o):, ijllct:.(~ 1.... ~1 c()~n(~·tr.y • ~pl1 i S 

is undersLoud and correct.ion:,; are t:';.ppLL haGcd on C'. Honi..:c 
Carlo program. 

_~,__Resnlt:--s. Average pron9 mul t.iplic J.er", and muJ:t.ipl lL:.y 

dist:ributions arc ~;t 1 being analyzed "1:0 properly include 
cffec~:s of these bia~3C;J. ~['l1e ra.Vl dai::-.a 811m-l an increase in 
average prong number \\'ith a:Lomie \\'ei~Jht. Prelimin,uy results 
on tl1e increase in a\7Crage charged pron9 number \\lith atomic 
\'Jci~Jl)"t sUS""Jgesi: (n) 0: AX \·li·tll 0.1 < x < 0.25. \'ie bcli(~v('! tlli.1t 
nuclear fr<'1C]1ll0nJcs (bluck and grey prongf'; in emul1:,j.ons) are 
not: included in the observed dist.ribut ions in vio\1 of the 
avernge )~angc\ l~cquired (seve:cal 9 cnr'- 2) ·to escape 'l:he target. 

Angular distributions have been ~)tained for the four 
l,lCavy tal:9cb:; i.n the fo).~m of 11p ::::. log tan 0p. pl<?ts I where. Op 
~s the an9le of a secondary rc.Latlve ·to t~hc' ).ncJ~d(~nt: p,u~tlCl.e 
proJl~cted into a p]_ane cont;:lining the incident:. trajccLol.-y 
al.ld a. n01:11:1<:11 to t.hc opt.ic axis. . Fi? 2 cont:ail:s 'Ilp dist.:~nJU
tlons for t.he fOUl: clements for J.ncJ.dent cncrglcs 100 - -,00 
GeV. rl'hrce seLs of plots are giveni one for tlw "lcuding 
particle" (mo[;t negative 1,p) ,one for all prongs from event.s 
wit:h n !~ 6 and one for n > 6. 

'l'hc plot.s for Lhe leading particle arc very similar 
from clcment: to clement:. Tho 8.i.mpl('~::t int(~l~p):cl:at:ion of 
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thif; 	is ·the conclusion that tllc momentum distribution~; of 
the leCldin9 part 1e (1).:'e nec.lrly independent of 1\ and COll~~C

quently l:hi.1t i.:he inelasticity doc:::; not. v<lry si9nifie<lnt:ly 
with 	A. ('J.'his C1grce::; with older cosmic ray UeJt.a. 4) 'fhe 
plots for lUi" multiplic:i.ty evcnt:s do shc)\'! si~JniUcant shifts 
with 	1\, wit:11 a significant: shift. of pronSJs tm'/(:iJ:d larger 
angles for hcavic:~r clements. 

Th,yt t11cro remain:::; a "lending p:J.rtic II <:1m1 that the 
secondary l:t:iclcs ;:tn~ d8gradec1 t.hron~{h ilytr,uHlclear ea.s
e in9 is al~:o ren';: fro,n s~:1,)c1icf3 of the oX'dt~):c~d log 
tan Op di:':;-L:r o))r; 1 prcpared as for U1C pp data. 

Evcn at. tbif~ st-<1gC of alEilYBis, our rcsuli:s confirm 
the rcm;;l):,k(!bly slo-,.,r change in inclusive parameters ,·lith 
nuclc<1r}:; ,boll1 as reflec·ted in muJ.-tipl i'ties and in 
angulClr d is'l::ribuJc ions . . 

5 .~J~I'.5~:·~]:!::.slSl'1ClYl:[i' 'rhe cnrthors wi::,}) 1:0 than}:.: Dr Hariar 

Iona and the Univcr:d.ty of Denver for ir con·tinued 
hospitality and i:he use of the Echo LCl};C Ihgh nltitude 
Li:1bo:CQtor}T. 
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Hauron Ill"i.:eract.ions wi til Nuclei 

P. R. Vi,s[c':.'anath (' t: al. 
(r.c110 Lt:'.}~(! Co[,:;r..:ic Hay Pro:;ect) 

Addendum to 1:he PClper 1:0 be Present,cd at. i.:he 13th International 
Conference on Cosmic IZays 

(1) variation of n \<lith Atcmic vleight
c 

A simple:: Bonte Carlo model has been used to correct the 

raw data for cxt.ra tracks arising from secondary in'l:.crac·tioTlL: and 

gamma conversions and for tracks misGin9 due to spark chambGT 

inefficiency for large prong events. This corrected data is pre

serrl:ed in Fi~l. 3 foX' t".VlO energy ranges: 100-200 GeV and 200·-4-00 

CeV. The evcn.l:s from the bot:tom"·Ino:=d.: pJ ate of ·the ·target ncc"d 

ver~l lit.tle correction and they have also been sbovln in the figure. 

J« R. Florian et al (a recent paper submi'tted ·to 19~/3 meeting of 

the Division of Pa:ct:l.cles and Fields) report:. a coherent production 

model put forth hy Fishbane and 'I'refil. rrhi~:l model in v1hic11 an 

inte1.'11cc1iate excit:a'cion propi::tgai.:ef3 t:hrou~Jh 1:h8 nucleus before it. 

decays, p):edicts 

-
"l1'lere n].~
'J. 

nH found in 

the Bello 

for t.he spark chamber inefficiencies. and is 11m" more consi~,tc~nt 

\\1i th the aeee lerato.:c data at energies &.200 GeV. At hi9her ener

gies, ot~er effects set in and Bcho L~~c multiplicities are still 

10\'1cr than the Bubble Chanlbcr mul·ciplicit:ies. The data points 

in Fig; 3 do not. disagree \'ii"l:h i::ho Cp.f.1 mod::.::l \-then one uses ·these 

corrected p-p multiplicities given by the Echo Lclke di'.>.ta. l'I1'1i10 

t.11.c present V(11U8S of tlle absolute mnli::Lplicit.ie~1 could be still 

. lower than ·the true mult:iplicities, the observed slopes are ncyt 

expcc·ted t:o bc~ very much different from the true slopeB. Flori <'in 

et 0.1. do !-3CC· higher multiplici tiC~3 with 200 GcV protons on 

cln.ulsions but their slopes are compatible with the CPH model. 

Carbon d"ta have been taken from older Ec110 Lake results and 11clve 

been corrected for spark chamber inefficiencies. 

(2) Angular dis£ributions 
·.i <. 

Additional material on Ule Angular distributionD is presented 

in F:i.9. 4. At: (\ fixed c1w1.'s;cdlllultiplicity the ob!:;ervec1 r;cco:::.:'iZll:Y 

ordered by t.heir indiviC:ual J.oCjlOi.:arlO valne~; ~1nd" p 

http:di'.>.ta


plotted separately. The first plot conta.ined the tr.ack from 

each event that had the cloSZ?± angle relative to the beam 

direction, the next plot contained t.1w tr.ack from each event 

that had the second close~)t an91e relat ..Lve to the beam direc

tion and so on. If the momentum distribution of all ·the pax-

ticle:3 is of form dPL/n, the average vultles of thc~;e distri

butions should be equc"tlly spaced. Fig. 11 shows a plot: of the 

differences between the average values of these distribution 

for fixed ch<l~~.":fcc1 multipliciti(~s of 5, 6, 7 and [3 prongs. 

There is oDviOl.wly a lei'iding particle as evidenced by the 

larger first: interval in most: of ·the cases. There is also a 

uniform decrease in the average interval for lighter elements. 

In PD, there seems to be no correlation bet.vleen the 

average intervals. 
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V/).,RI/~TIOI\l OF jl~ Vvl"rH AT. V'lT. 

Conerent Production rviodel 
Predicts IIC :: 0.5 (0.5/.\1/3 +- 1) nHy 

cprv11-~"- CPM Model with nHY frofTI Accelerators 

CPM2~'" CPM Model wii"h hHy from Echo Loke 
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