mmm MM”MIMCW@MO
Rays. (mmm‘m’.&.V. Maskaet, )

FWMMWWMMM&QWMM
mamga,cmm The pistes were wilacked to & lywo belloem
end remained alefs for approsiugstely 8 1/2 bours. The four events vere
analysed for possille mesen production. In esth event there is u Aiffused
mvmamm,m-mumu’m
mmhmmmwmnﬂﬁphmnﬁ;nkm

mum,wmmmmwum
mu&mﬂmmmmmnmmmm
ingoming heavy iom.

Analysis has shown that this type ovent cannot be comsidered a single
m:m-smwm‘:m In general, they
mdnmmm
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CRAPTIR X
TNIROBUCTION
la PORPOSE OF THIS WORK |

Soveral Wigh enoegy, muclew disintepreblons have been fowsd
in twonty-Cour Owfy 100 micron platess mmmmm
wmmmmwmwmmmmmmma
miclous of tho emilsions In each ovent analysed, thope 1o pregent &
diffused shower of mintmum lonising particles, Vorkers, in stulying
mm,mmmgmmamwﬂm
particles are positive and nopstive plesosons and & = particles crested.
in the interastions

The maln purpose of this peper 15 to investigate some high
energy events which contain the characteristic shower of mesons and
 sttorpt to asscelate the shower with a theory of meson productions

2 HISTORICAL REVIEW

m,rmnuw:mmwmﬁn
m&m«rmmnmummmmm The ovent
m&mm«awwmmmmmwm
95,000 feets The incldent particle was identiffied se a proton of
3:10% ov enorgy. In line with the direction of the incident particle
man&mmmwmmwﬁhM
an angulay divergence of 0,003 radlanss The emcrgles of thove
mmhmﬂmm. mn&mmwmﬁm
elght obher winlmm ionising particles were enltbed In a diffusod cons
of 0,13 radisns engulsr divergence. The encrgy for individual
porticles in the diffused shower was found by small angle scattering



%e
to be much lees $han that for the perticles in the central eores The
»m\wmxmmmmwmum-mﬁxwm
Mmmmmm‘mmmuzmmmm
W&Mfi@dmm

mmmmmmmwmmm
\mmmmmnwmmmﬁmmm
mmmmmmmmmmma
onguler width 30° mmwﬂmmwm |
mwmmm mmmmwmmmm
:wmmemmmwmmmuu
mmw«mmy%mm
ovent was almost entirely a nucloon-mieleon interactlon either with a
very light olement or possibly with a deuboron or hydrogen nucleus of
‘the omulslon, |

In the sentral sores at L300 microns from ite origin, there
was producsd a palr of very small angulsr divergencos It wap assumed
that this pair e mroduced by a gawe-any from the decay of a noutral
mooon which was oreated in the intermetion, A lowe Mnit of the
1fetino of the newtral meoon vas given to be 2A5™ see,

The Dristed prow®™® has enplayed the method of measering the
soattoring of charged perticles emerging from mucloay explosions
produced by cosele radistions They have found that at leash 907 of the
mmmnmmmmmumx.mmm
350 Mev yrotuced by proton and alpheeparticles of great energy ave
pl-spsong, A shower particls 1o defined oo one with o groin-density
lese than 1.5 times the minlsum grainedensity, If swe-mesons ave



3
somobines oreated; they are prosent in musbers less than 27 of e

pi particles, Also, if electrons or other charped parbicles of small

rost-mass ere somebimes omitted from nuelosr explosions with an energy
less then 150 lev, they ccour with a frequency less than 27 of the pi

particles, They postulabe that the pl-aescns mush bo rested direstly
and that they carmob be regarded as the producte of decey of mesans of
secs They conclude that 1% ls reasomabls Yo muyppose that the plewesons
ave divechly producod in muclecmmmicleon pellisions,

Amothor sterbling event was Dowsd by Drads, Peters md Xaplan®7
in olostron sensitive Sedsk NTD3 plates flows at en albivede of
100,000 foots The event gave rise $o 56 wingly charged relativistic
23 units of chargs, This interaction wes produced by a primery alphse
particle of esergy 302 to 10%ev coliiding with & eilver or troming
miclous of the emilsion, Of the 56 relativistis particles, 23 were ia
& very novrow core wiieh had a total projected anguler sproad of 2.5
dogreess The resalning 33 relstivietle particles had m angulsr
spresd of 60 degrees with the divection of the ineldent alpha-purticlo,
The core was oo dense Shat the individusl tresks were nob resolvable
in the immdiate vieinity of the star, In additlon %o miniwm
ionlging tresln, palr production wae observed in the vore wiich
m&w%mxal&zﬁm&mbmm
The enerygy of the gamas-rayt wai estlmated from the angle of divergence
of the cbsgrved pelrs. Ome eleotyon palr wag estdssted at 10 Dov and



bs

mamw. Theso workers assumed that the gaumaerays '
mlmmmmdmﬂmmmmmtmmmm
that the 1fetime of tho mssons was < 20 hos, Grie of tho pairs
‘uwaummmmwgmnnmmmmm
mlmtmnmmmmwmmmumm
mmmmmwmﬁamww&mmma

mmmmmmmmmaummuw
W the asmmpbion of mitiple moson swoduction in primwyy seendsry
and tartlary eosomters in the tarpol maclous o Ly the sonwphlon of
ammamummmmm-
wmmammwmwmm
encountiors These gonoludlong were tnsed on the trensformation
relations comwoting the angulay distrilution of the meoms in the
mmmuménmwmmwwmmxm
mummmm ,

. In apother paper, fradt snd Pebers® illustrate an event
mmmwwemwmmwm
collimmted in the forwall divection, The incldent particle was
1dentifiod to be ealolun (7e00) with mn emergy of the ander of ab
least 100 Bov, The bargeb mucleus was asswwd o be ilver ar broming,
This event alss shows & fast, singly charped parilelo cousing a second

Otthar eventa initisted by slngly ohurged pavticles giving rise
%o a diffused ohower of wintmw lonising partleles plus eveporabion
partiolss e illustrated by lord md Soheln?,



Fe

Rocently, & peper by Plckwp and VoyvodleX geve projection
éravings for several nuclear events caused by the heavy componont of
cosalo rediation, They 1llustrate @n ovent emused by & carbon musleus
giving rise to 82 cherged fragments, of which 30 are aprroximately
ﬂmm“MmMm‘qummeMm
'aymmwmmmm,-mmmmuazmw
'mmmmmam‘ mﬁmmwwnmwwa
w%l@iﬂmﬁ&nﬁ%wWWgﬁﬂmumwﬁh
59 cherged fragaents, Assoclebed with this ovent is » diffused shower
of 29 wintmm londsablon perticles, Tho alpha-particle was one
ventinober long, and waltiple scabiering sessuremonte indicated that
ite enorgy s grecter thw 65 Dev, Tho hird event shows a mitrogen
nuclows giving viee to 60 chargod frasmento, ’n esbimste of the enorgy
of the incident parbicle cowld no b given, The directien of the
imoldent nueleus was spproxinstely in line with the cenber of & wido
| - gone of 17 shower particles, This event alse shows a hesvily lonising
 particle ejected sidewmys giving rise %o the charectoristic "hammor"
 tragk bogethor with the dlslmbogration oloctroms A "hamer? track le
‘cansed by the disintegration of & 145 or 2% molens into two alphae
particles nd an eloctron,

3s THRORY
~ Durlng tho past few yoars, thore has beon mish evidence
prosented for the productlon of many mesons in n single interacticn,
T6 49 only proper then that thero should sppesr wpon the doone



Co

mmmawhmmammm
wm*mammmmme
produstdon in succonslve collisions, Thie Yo of mesn oroduction 18
referrod to 09 pluwal profuctics Thoorlos desling with malbiple
meson production {production of sore thm one meson in & singds
interaotion) have Lesn prosentod i Lowis, Cppeatolner and - otiuysenis
e rocontly by PesmtiBIb, 14 1o wids dabter theary of nowen
mroduction with which WMis paper 15 concerneds

MMMMMMWMW,W
enargy svallable ln tholy conder-of-mms sywiom 1o roloased in a small
volume hoving dimensions of the arder of waguitude of the pian (pl-wcoan)
clond ewrouniing the muclecnsy Those plon clouds me me
Navo Pimed laberel dlmenslons of B~ P where <10 e plon roste
usgs, The ssorgy b sush a collision o give rise %o otates
reprosenting a cortaln mmber of pieoe in additicn to the ariginal teo
micloond, Dus $0 5 Lovents contraction in the dircotion of motion, the
plom flelds wil) tend to behave as flab disos, end a coneldersblo
st of anguler mosentus will be involved in eff-cemtored collisions.

For hah soorgy collinlong, the mader of mooons oreated 1o s
fwmction of G eerey wd of the Lspaot parasetary ¥y Where ¥ say
ronge from 0 0 R, The mpular mowatan oreated 18 assumed 0 be
carviod off Yy the mosons, and thie oives rioe $0 o dhower of cosom
in the baglewnnd and o direstions 1o the contor-of~mies oynloss
xammmemummm,mm
eslsuton o isotvople, If the eolllelon i offwconter, angular



=
v

momentam 18 present which couses & peaksd dlstritation in tha
badiovmad and fopemrd hemlophaross Thon the off-cambored gollisicn
1o cowerted %o the labopsbory cystemy there 16 a dense core of high
wmwaﬁaﬁfﬁmﬂmmﬁ&ﬂmw&oﬂw&%%m&m_
Por enorgles % 5:00°%v, Verml suggeots thab the jwodution
of maelecn-antdmueleon pairs is wmﬁh m'wm’ﬁo Lavorably
with meson creabione The muber of sll charged particles will be
slightly grester then 4f mesons alono were cresbeds mmﬂnzzm
m:mmmmwwmm.
1o (vt i)l

2. L06(v MRyt
Formila 1 is uoed on the asmwption thab muoleom
ave posibles Pormula 2 glves the mumber of pi-msons if one ncowses
thot only meson crestlon 1o possible, ¥ yefurs 4o the energy of the
 ineident nuglecn in the laboratory eysbem, and U0% 1s tho restemass
onergy of tho waeleon,

Fernits theory for observed muuler distelbublon my be
comvenlently treated in the mammor 8o presented by Plokup end Voyvodie®

The lepact paraseber, ¥, i given by

"4

| | A & s/ Y
and Jg_(,a).._i_ly,,_L_t[_’ .,«./ =

f:a}mect’_i_ﬂ ave assowmd and the value of /A can o found,



8.
The equation Por ¥ {owber of mosone croated) csn be wrltben

% o C-a[ L
(»‘3’/!!62):‘ J‘z.()”/

tn the fom

FLFPYe 1+ pr [+ =
Gty - A

Caisueanam,?f' io the enorgy of the oolliding mucloom in the
mmm-ymmmzumwmoumw‘ n
ssousing an equal probatdlity for positive, negative and neutral ple
mm,mvmormmnmhamw
’ s 233 [__FA)
s/mg)g "% (P

Mm,unumwmmmwmmm ﬁ'

a valuo for ¥ ocmn bo onlewlated,
in tho csntoreofepnes syabon cmn bo axprensed #9
s 3 sne 4F ce)
where Filz) = 2 3 &_%g_
A - ‘
| L) P .

mmmwmnmwmmu
simbymrommﬁ.m:

(%_e___ Yid ae



L Pe

,?
| ?’—‘-‘(w’mc@)% ” |

€'z polar angle relstive o tho ineident direction in the laborabory
g,%udmrsmwmmmﬁmmmmm
MMmﬁmMVMdmhu@mMmMim
 velocities for the created particless

| mwmnmmumrw_ﬁ,w can be

&M mmvﬂmammmmn Vm%vam
nf_g_, pcmwmmmmmmm

mg_gw fmmmwm,ammmammm

mhplot\admmlmmrmafrﬂm mw
mmmwwwmmmmmm
mwmium



CRAPTER IX

EXPERDINTAL TR
Je JISPCRY OF THE MMULSTON

The amilelons used in thls work have beon designabed feries 7
for inboratory marpones, They are 300 micron, I1ford 0«8 platos,
Wmmmmw,wmmmmwm
Ineite conbalner which wag supported ab the odnes by thin oteips of
rase forming a oradle, Mammmmwmmmﬁu'
covered by as 1itile materisl as pousible, Q
 Tho plates were exposed in iugusb, 1951, ob geomegnotle
Istitude 55 N, They were attached $5 ons of the balloons ssscolated
with the project "lhods® in Minnesotas Figure 1 gives tho record of
the complete flight for theve particular plstes, The balloon reached
o naxlamm altibude of 93,000 foot and remained approxisately ab that
altitods for O} bowrs, The minisus pressure achieved was 11 mm
moroury, which corresponds to approximetely 15 ga ew™h residusl aly
rOBrC. |

The Iiford 0«5 exuloions sre electren sensliive and will record
all charged particles ab all enurgles, This ig of pmrticulay value in
this work, since the primary cossle redlation has energlos in the
range 1032 to 2003 v,
| $, DIVELOPENT OF THE MIULSTON
| The plates were doveloped scoording to tho method ealisd

"temperature dovelopmont®, This mothod was presented by Delworth,
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Oechialini and Puyne™, The firet step in the procodwe 4n 4o
saturate the esulsion with developer mbwmed 1 ¢ 1 at a toworature
vhlch keeps the doveloper inectives Tho cold tewperature ie
recomendsd to bo 57 C. The plates are then transferved to o sclution
MﬁMWM3Mn¥n.w1MWQ
Development 18 allowed to procoed ab o Seperature of approximately
20° Gy finoe esulsions vary in thickness, one must rely upen the
mothod of trisl and errer to get the bast development for auy
particuler thicimess of emilslon, Ccoauiond may arise vhon one wembe
the plates overdeveloped e underdeveloped, snd one must Sherefore
vary the tine of warm devolopment svccrdinglye

Development can be stoppod almost Imsediately by tranclerying
the plabes to a solutden of 27 moeblc aedd at 5°C, The tlme for
which the plates mre J0f% in this solutien thouwld be of tho oace
order as Wt required for the cold shage of development to allow
thorough penetration of the solublons Otvong sgltabion showld
sceompany the plates in the scid solwtion, Ib 48 ab this time that the
plates should be cavefully and gembly wiped with the finger in order to
remove any silver prains that may be on the surface of the emulaion,

The plates are them transferred to a 307 sodium thicsulphate
sojution (hype) st 5°Ce After a sulteble time, the hypo solution is
raloed to a temperature of 20° G, Agitabion of this solubion should
continue witdl the plates arc ready to be washed, Tho plates shoudd be
kept in thism solution farr ©07 longer than the time requived for them to
clear, The washing proceso should thon comsonce, and be contimiod
untdl the washing solution gives no indication of the presence of lypo



i3
as judged by the potassium perssnganste tesh,

1 recent paper by Dainton, Cabblker and LookiSe gives
experizmontel remults fur pemetrating tlsw of devslopers for epecifiec
thicinesses of exmulslonse Included in this paper ave the times for
mmwmmm,mmmmmm
of thickmonses 100, 200, 40O, 600 and 3000 micronss

A sablsfactory proceduro for tho Serles 7 platos 15 28

~ Sosk in D9 developer mived 11 sk 5°C 18w

In dilubed doveloper mlwed 311 #b 20°C 40 ming
Stop bath of 2% aceblc asid s6 5 C with |

sbrong agliation | 1§ min,
Fizing bath of 307 hypo at 5° © 30 wdn,
Pixing buth of 30% hypo ab 20° C with strong agltetion 6 lws,
Vash in water s 35° ¢ 2 bre,

Dry at 20° C, prefersbly whore thare is cireulsting eir

Tt ghould be wentlonsd thab the emulelonsy vhile in the
washing sbages have a tendency to reticulate, and therefore should be
watched carefully, Netlculation of tho emulsion has o tendoency to
vegur more froquently L the temporetire of the water lo ellowd to
 ploe, This is partlovlarly true for temperaturcs sbove 20° Co Tt in
‘T‘W«ammmmmwmm
mmum:a"cmm Ce At & lowr temporaturey the
"mwwmm,mmﬁmﬁmmamn

The procedwre gliven above fov 300 microm, Ilfard Gef plates



| 1,
 has proved satiafactory. Tho omulslon showe s wilformity of
developsment cxgept for tho first few microns ab the topy and there is
m»umummnmm "'hemim:agafmm
caloulated 4o be 2437. |

Curve B in Flgwe 2 gives m«nmummmﬁwm
7 plates, wille Curve A ie mnother salilwation for a met of platos
doveloped st mn eerlier dste., IS is necossary to plob & calitvoblon
curve for cach seb of plates, since the degres of development may vary
SOBEV It mmmmmwmwmwﬁm
cortain lluite,

mmwmmfmwwmw,mw
eloctrong from the A -pesong, and long 77 -meson tracks, Jeasuremonts
'mmm}hamémihdwﬁmrﬂr

| . 3y METHOD OF FINDING EVENTS
The original purpose of scamning the plates 7=l through Tell
s to £ind nll heavy Lons with track lenghhs in cxoess of a cortaln
sinimm values The minisss valuo was set ab 6,000 sderons, With thls
longth of twask in one emalslon, a hoavy fon oould bo idembifled
without following it from emlsion to emulnion
The platos were gommned by hend using the Lelts Ortholus
wieroscops. The 2hisl objective was wsed in conjuncbion with the Ox
periplen syeplece, This arranpoment gives sn overall magniflcation of
180, and the dlamcber of the field of view is SL0 microns,
| mpmwth,mhimmnéminnmmm
with the long edge of the emulsion in the horisontal position, It was
found that 1f the sonith were delined a9 & line perpendicular to the
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iong edge and parallel to the amlsion, that nemrdy a1l the heavy loos
ontored the enalsion with senith angle from 0° to 0%y Hance, eny
heavy len having a track longth grestor than the mislmm value would
m;mmmmmarmmmmmmum Tids
mummwmmmm,mmanmamm
sean Lbacke mmmmmmmm. Soveral
‘mmmmMMWWMmmmﬁmm
mmwmmmmuwmmmm
by the two mothods, | |

mmmmmmmdmmmmrm
by following all heavy ions oboserved in the cmulsions, The method of
sdipping a field of the emilalon 1s dangercus, in that some of the
hoavy ion interactions may have beem overdooked, If the event
ooourred 1o one ficdd of view, the lon would necessarily come in ab 8
large sngle With the emilion end hanse would e very sharby Also, the
| ﬁmmmwwmmmwmm
tmodiataly, A st of this type wodld bo difflcult %o madyse) wd
muammwmmmmmummmwnmsm
«mmm,,mmrmmwmmam&mm |
© emloien to snother, Tnfortunately, the present plates were not
allgned Lbefore QxpoOswe, Also to e coneldered 13 the fact thet a
hoavy lon may entor the amlolon almost paradlel and imdcract lumedistely.
This fype ovent may have beca missod, but 1 is reasonsble to aseume
- %hat 1% docs mobt occmr frequentlys

L total of Dive evonts causod by the heavy component of coasle
radiation have beon found, of which fowr heve been amalymed, The fifth



® nl’
is an interpotion of a hoavy lon in which a fow evaporation pariicles
are omitted, The ion continues In the smw directlion without apparent
loes of chargo. m:mnvwmmmwmwm

and Peters’s

he IDINTIFICATION OF HEAVY I0MD
Tho sllver halide grains in the ewalsions are mwde developsble

by the lonization produced by a charged particls, Since the ssme process
1 responsible for the emergy loss of the particle in ite passage
tiwough matter, the grain density will incrosso with incressing charge
and docressing velooity of the particles, and will be independont of
mass, For heavy longy the track will be a solid colum of develaped
sliver vhose thickness can b nmy Simes larger than the dimsoter of
the gralas in the ewlsloms The width of these tracks 1o far too
large to bo aceountod for by the inereased rmge of the olectrie fledd
of milbiply charged melel, The width of such treclks is dus %o |
gocondary elodtrons with energy enough to yendor a fow gralug
dovelophle in the nelghbertieod of S Srajestarys Pron the musbor of
 these scoondary eloctrons (delteersyn) ejected from a heavy track, it
"'nmmummmwmm
o mmmwmmmmma
MM“M&%W#;

" (a) the freguency of occurenge of delba-ruys per wdlt length

of track wnd
{b) the ranges of the particles ia the assosbly of glass and
omdaion congbituting the photographlc platos,



18
For particles of low enorgy which occur froquontly in $he prissey
radlablon ab goosagnetic latltulss grestor than 45%, the dbove methed
mmmmmtwmm.wwmmmww‘
doteretnod only 17 the particle happens %o reach the end of 148 vange
in one of the emulofonz, “ven for higher smorgles, the sbovo mothod
e impoecidls to umo because the present seb of plates was not
aligned before emomme, maling 1t fmpossitle to follow an lon thwough
m,ammwmmmmmﬁ
elisdnatos this difflewity, They deternine the charye and energy of
the hemry fons in comle radiation from the Srequency of the accompanye
ing delSowrays and the mliiple scatbering in ite path Ghrough the
exuleion, mymmmunamwmmwwm
mmmmagm&m Plgre 3 represents the
theoretloal values for Tiford Ow8 plstes of mmber of dolbasrays por
100 wicvons (Np) vorsus the sverage anpular dovistion per 300 nlarons
(& ) for ton of various charges, The solid Mneo reprooemt lines
of conshant charge, “hile the damed Linos @ 1inos of aonehant
AN Ammmgmuwmmwwmrm
For particles moving ab relativistic veloeitlen, Vg varies as
"f,'m'zamW&mm”ma:mw. Pigare 3
shows that ap the omorzy increason, Mo bocomos conobant, This ovcurs
"<»vmu&wmmmumwmww. The charge can
therefore be deduced from the observed walus of N without an exnoh
knowledge of the range, I must bo remembered that Shds is omly true
whore tho energy par mueleon of the heavy Lum is high enough to produse
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204
o conptand mpber of delbs-rays por mld length over o lomg range,
There are Baveral mebhods one omn enploy Yo dotersing wwther the
mgwmummwmmwwmm
- alonos o - | |
1, 17 the lon trask 13 of greas length (410,000 nicrons) and
ngt,smMthnWW,w
2, 17 the lon inbernots wiih a muleus of the emulsion aa
produces reosults vhich show 1% to e a high onergy intorsction.
In both of the above cases, wo can identify the particle by
comparing the cbserved value of Mg with the anticipated valus of Hg for
various ¢haryes from Pigure 3, and we can also set a lower limit %o the
energy of the particlo, |
Two dong Lon tracks wore chosen for idemtification by counting
N5 and measuring the mdbiple scattering. The twacks were 23,000
and 15,000 micrens in length, bub did not end in the emlsion, The
,Wﬂmmzmmmﬁnmm&mmmwwt
mwm‘mmmmmimxmmma
& projested field, The lelts Ortholwt mteroscope wig used and the lens
qyoten consioted of tho 100:1 oll emorsion chjeobive with the 10¢
componsated ayoplocen, Tith this lons gystom, 100 divisions on the
apopiove seals ware equal S0 50 wicrouse Tho plebs was rotated es the
sbage until the track boing studled was parallel $o cne of the axes,
Henge, one could move slong the ontire longth of track by changing only
one soordinate,
Several caloulations wore made for £ and N ot intervals of
5,000 microne for each trock, A and N5 vepresent the average valuos



par 200 microns over a Wack length of 1,000 mioronss Tho obearved
values fopr the two Sracks oo ahow in Table ﬁ. Several valuse ware
ealeulabod in opder Yo show whother ar nob the track wao omod 1y a
high emwrgy or 8 ow enercy 1on. Tabla I ghoms that Dor ench Traok,
the mubar of delts~muye and hﬁw angoim deoviation staye relatively
constanb, Looking ab 7lgwe 3y W see lasedlately thab Track T was
coused Yy & particle of 2 ¥ 0 1, Thio corresponds to en cxyyen
nueleus, Track 2 with Nf B 5,7 doltaerays/100 mlerons and X = 000173
'mlmummmw°a?rl. Tharafm,’trmevu'
caused Ly a nltrogen auclous, ‘\ _ |

Sinee Hg mmmmummmmww
MMM&W&WWMMW&W&W
alone, -

The value of & 48 helpful in the sbove cases, in ihat it
'm“wm;mnntmmw&mmm. In
the case of Track 1, X ao.msmmramm@mmi
to an enorgr of & Dev per nusleon (Figure 3. mﬂmmm"rmz,
K 2 04001073 rade/100 miorons, whilch correopands Lo an enovgy of
spprosivately § Dev per mucleons

S, METHCD OF PIUDING POLAR ARGLE DEPENDINCE
| Tho polar ungle 1n dofined by the direction of the inoaming
mwmmmammmmdﬂmmmwmuamgam;
4 partiele was considered a shower particle if its lonisation was less
than le5 tines minisum lonisation, For the series 7 plates, minimm
Lonization was found to be 23 £1 gralns/100 microns, Thevefore, iy
particle whose grain count was loss the or oqual to 35 cralns/lo0
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TACK 3 Flebe 7 - 20 |
coordinabon ¥ 0.2 % @ 520 ®{niorometar) & 50
lLongth of Tvack in Jmuledont 23,790 microw

R in U ~ &« |

?m Wﬂ- rads/ 100 4

e . |

19,500 o 0400 ' 0500196

2hsy500 (X | o.00222
9500 Tl Ca00195

LS00  Ted ' 0400222

hve, Bo 2 Tl £ 1 - hwes X® 0,002008 & 0000137

TRACK 2 Plse 7 =2
- eoordlnates ¥ 8 25,76 MzﬁSk.? ® nloronrtor) = 5.0

Length of Track in Mmisiont 15,600 wiovens

35,000 W 04002627
10,000 60 | 0,00922
54000 Sel3 05001732

$00 Ga0 Da002050

Aves % 5,7 21 Avee % ® 04001873 + 04000256




nicrons was considered s showsr particlss
The some optical gystom was used have as for the identiflcation
of hoory lonoe
the analysls of the ovank, 1t weo nocossary to kuow tho polar mgle (6)
- depondonce, The mngle € wao found in the following manmere
A point on the gyepleoce scale was ploced ab the centor of the
shar, ond this wes defined as the arigin of & eoordinato syotos in the
emilsion, Onoe the cyepioce 18 seb, 1% ot not be moved until all
meapuwrononte are complete, Yoving the eyeplece will change the arisin
of the eoordinebe, and consequently all values of © will mob bo with
‘vespect to tho omme orlgine The micrometer scroes con be resd to
within § mlerons and tho depth of foous to within 1 mierons
The values of %, % p and 8, are resd directly from the ¢
micronoter @bage of the microscops, Then the micrameber serews ape
moved, placing a polnt of the track caused by %he heavy lon directly
mmm«mmmm»mm ‘galng the
-mmuta,y,,s,)mmmmmwmv
These two polnts deflne o vestor, and by taking the difference
~ properly, the vestor can be made o polnt in the direotion defined Ly
%' Zx,-xy
NP e
u,’:,l,-a,
Tt st be remembered thab s,' 4o not the actual depth that the
lon hos travelads The emlsions were originally 300 mlorons, und after



2he
develormont, thay are only a firscbion of thle velue. The slwinkage
Pactor for these omilsions 1o zm,ma:mm@a} maet Do
multiplied by thie valngs ?!wkmm is frus for any seacuromont nade
on the ¢ comdinabo,
The next step 1o to record the comdinates of a polot on
. each of the minimm lonisatlon twracks. Thooe polnbe ave cailed x,, v, and
5.+ The difforences betwoon these polmty and the arigin dolines a
xi2x -x,
2% -7,
gl s, -0, ;
Once these vectors me found, it 1o only & matber of celowlaticn %o
£ind the polar angle for caoh shower particle, If € is the angle
‘botwoen the two vectors, then 1t 1s given Ly

cone' # XX+ YV +F 20

_ R P
Yo considoration has been gpiven the asimethal angle { &), since
Torndita thoory asowses mooon peaduchlon independont of &

& typlesd ealoulebion 18 given in Tsble IT md Twblo ITf, AN
peimod valuos are in mlerons, Jince the mlcroscber sorows con be ruad
‘mnmswv%mwe'mhmm.tf.

These takles show the calewlations for the evend {liustrated
in Pioure 8, whils Figwe 9 chove the values plotted as & funotlon of
the polar mgle,
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CHAPTER IIT

AMALYOIS OF IVIMPS
A1l coordinates in tho lfellcewing pages refar to tho lelts
Wmumm. 411 evenbo iliustrated are projeotion drawings
made by prejecting the ovents by a syptem of mirmors upon & planc,
~ The event Lllustrated in Plgwe b was found 1inm plate 7-3s
The coordinatos aret

7 = 7485
x {course) 2 13,0
% (mlorosetor) & 5.0

The heavy ion wag asoumed to have gufficlent emergy to allow
1% %o bo identified by comting deltamrays alome, The total length
of the track is 510 microns and N5 over this range 1o equal to 22
dolta-rays/100 mlorons, Tho oloment travellng with relativistic
veloclty and having Shio dolta-ray cownt 18 sillcen (3 = Mg ¥ = 20),
Dus %o the difflculty in comting this mumber of delte-rays/100
nlerens, the deltawray comt could easlly be in aror by 2 doltarays/200
- wmicrons, Thovelore, s more acourate stabtoment of the atomic nurbor
 woudbeZ = £l

The totel musbey of perticles wited from the event 1o Sk,
There mre 4n b0 forward directlon 30 mimlmum or nowrminimm lonizing
partlcles which are aspumod to be plesescus, The total charge oultbed,
comting relativistic and non-relativistic partieles, 1o Tl

On the spmmption theb the silicom mucleus collided with a
melous of the most abundant element in the emulsion, silver, theare is

a total charge of 61 involved, Tharefore, by charge conservation, there
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were 10 charges oresteds The nuat sbundent eloment in the weulslon is
Uroming, which has a chargo of 3. A collislon bebween silicon and
tromine would involve a tobal charge of L9, and thus 22 charges would
be created. rmmmumm:inﬁmhummwmmof
ﬂnsmww,mmwwm‘mmmm
| Figwe 5 gives the angular distribubion Zor the diffused
showor of mesone for the ovent in Figure Ly The polar sngle is defined
y the diroctlon of the inconlng lons B (61) gives Hi muber af
mo0ons per degreo wame 6 rafors to the polar angle
Ma»mvamwrm,mwmm

could nob be found o £i the cxporizental datas Thlo theory prodicto
o maxiwmon very clope to mero polar mgle. Thereforey this event
-Wsumm;mmwm 1% i very likely
© that this evemb is of a more complex mabwe. Foswibly, it is en
'smummmﬂmmammmmmm
uwmwmmwmwtmcwm
wodwum); In addition, produced weoons ey luberect with nuoleons
with possible miltiple meson productions Alscy the interaction mey
mm.mwmummhammmmmmm
. mmmwarmmm
o vwémmmmmwmwmmzmm
pl-ah'fu&, The voordinatos avesr

¥ 3 3l

x {course) # Bsh

x (wlovometer) = 5.0
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e
mmmwmmmmmm&mm
The average della-ray count over thic entire lemgth wme fourd to e
8,0 £ 1 dolberays/1004 o This correoponds to the clommb with
2 %9 4 1vhich is flowine, |
In the interastion, there are 37 charged particloes mvm;
of which 15 are ab minlmm lonisetion located in the diffsed shower
in the forward direetion, The emitted perticles carry amy s tobal
Mﬂth& Therefore, 1T we consider that )i charges were croated,
and eince the incident fon had a charge of 9, the barget muclous mst
have o charge of aporosimabely 7w 20, This element 18 nob listed as
mammméuwmmm,uammwmm
impurity, Pigure 7 gives the histegram of the 15 mintmm londsation
tracks in the difPused eonp, Again, & theoretical cwwve could mot be
fitted %o the oboerved distribution, Ve ean conclude with certainty
that this in not an intoraction of the Mol typo, anvd that 46 is
definditaly of a more complox nabure.
| Fipwe § 1llustrates snothor event of the foregoing type. This
' event wan found in piate 7-12 and can bo locsbed by the Pollowing
cocrdinaton: |
¥ = 20.00
% (cowrse) = 52,7
x (mlcrometar) 2 40
The ion was 7,150 microns in length, The doltewray count/100
nicrons over this entire range was found %o be constant ot Mg s ha tle
mmmmunmﬁmwm. In addition, mooourenante of
small angle soattering wove nade and A e fomd to bo 0,00223 rade/004 ,
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e
Thia enables ote Lo oot a lower llmit to the energy of the incident
lon from the enerzy scale inoluded ab the %op of Figwe 3s The lower
Limit wan found to be S¢S Dev/micleans
© Theve ave 25 charged particles enitted, of which 11 ave ab
sinlmm lonization located in a diffused cons in the forward direction,
The emdbbod perticles in this ovent carry ey & total charge of 333
and 1f wo nssume the barget nucleus to be thab of eulpher, ve may
conclude that 10 charpos were createds

| Plgure 9 gives the observed Asstribublon o the 12 minimm
tonising particles in the diffused showsr, A9 bofares Shoy are plobted
with yospeet to the direction of the incoming fom, Attompte to £it a
| theoretical distribution to the cbserved distribution proved frultless,

'Mm,waum;mmmwmm,mm«
a more gsomplex nabiurg,

The event 1llustrated in Figure 10 wes eaused by an ion
identified as silicon, The totel track length of the lon is 1,500
microns, and has a constent deltamray count of 218 £ 2 deltamrays/200

The ovent was found in plate TCl, and can be located by wsing
the following coordinatem

, ) -
x(m) s?ﬁ.&
x (mloromotor) = 5.0

Thero 18 & total of 31 pm-tlcles emitted, The most interesting
foature of this event o that the imeident mwlous conbimuos in the
sum direstion, beb Sinished in cbarge, This oan be interpreted ob
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a planclog collislon with & nucleus of the emulalon when only & fow
MMwmmmammWﬁmmwtmm. By
cmmmmwmmwmmmmw
of broming,
mzm,mmmﬂm,wamm%efﬁﬂdm..,,
The delta~rey cownh Gvor Yhls entive longth of teask wes 7% doltes
vm/m‘m,mmmmhmmmm Tals
conotant delta-ruy coumt Soomn to indleate thal the primary ion lost
but 14t42s of 1te enargy per mucleon in the interaction, |
© There sre spproximtely 6 wlalmus lonlsetion parbiclos, but

mmwm.mmmmmmmbmw
:mnummmm

,mmmdmmutm@xm
- emitted prrtleles cavges a low onorgy Scconlary ovenby The reccll

As this paper has showed, the inberactlons of She heavy lon
wwwmmmmumﬁus »
~ einglo mleco-meloon interactions Therefore, Formi's theary of
. multiple meson production cannot be applied to such evemts, The
possibility that the muclson may have boen scetbored befare 1t
- interacted in meson productlon has besn consldered and found fruitless,
17 tils pooslbllity were Sruo, and the lntorection wore one of the




mm.mmmoummawmxmmm
pertloles n & d1fferent diroetlon than Wit defined by tho polar
angles It miot be romosbared hat the Metograms given in thls peper
mmmammmmgﬁmmmumw
%0 the direction defined Uy tho incldent len ave ot necceserily
m,ummmhsawm:mwm
mmﬂ,msmwmmwmmmmw.
carpilex natures They way be intersctions of tho following typosm:
~}.. Pluroe-nultinle produstion
2 Pawal production
3o Hoson productlon by kmockeon mucleons
be Purther internctions of initially produced mesons with mucloons
_Mwmmwmwm:mumwwd'
 the sbove types of mason reduction.

| In adilbion, e collision of the inconing maclous wAth the
tacyot misleus may Fange from n contral collislon to & glenoing
 eollinton, which @il adds o She complowity of the ymoblom,

T4 acems that meson production an deseribed by Perl happoas
varcly in photographle emisions, "hen it does ooewry 1t 1o most
kely to bo an inberaction bobtwomn a primery prolon and ono of the
ight elements of the ewilsion, It also soems likely that this type
of produstion could be the result of two mucleons interscting which
were located en the clremferences of the muclel, providing it vere a
Zlancing type collislon and not a contered coliisions This is what
this paper hes atbempbed to prove, From the resulbs of this paper,
1t seems very wnlikely that only e mucleon-meleon interaction would



40y
result vhen a hoavy ion collides with a muclous of the omulslons



APPINDIX X

Contents of Dl Developer
vater, about 125 ° F (£0°C) 500 oo
. Rlem . ) | 262 prame
Sodlws milfite, doslcoated 9640 grams
 Potasatun tromido 8.0 grams
Cold wuter to make Lo uwr

Dissolve chemtioals in the order given.
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APPENOIX 1T

Potaacium Fermanganate Test

Stock solublons
| ém (atoti2led) 8 oze = 236,08 o
Potesslm parmanganate L gre & #2600 grano
‘Wmm& 8 gra® 20 e

tise 35 drops of bove solublen to § ose (23760) of dlatilled wbers
 Thon pow § ona(1a0ee) of thlo solublon in small graduste, Now
 allow water to drip frau plates into this solublon, mad the prosence
 of ypo w11 bo Indloated in that the viclet solublon will tum o
an aranpe colows If more Wypo 1s procend, $ho volublon will change
“V,‘mmmﬂ

. aamwﬁumwwmwmmﬂum
the solutiony a mmber of drops of top water should be dropped into
the Jose(2isloe) of vielet colored polublons If no change bakes
place, any change in eolor that will teke place from the water
drained from the plates wAll be dus to tho presence of hypoe
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