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ABSTRACT
A St\ﬁy of the interaction §f negative K mesons ab rast_'in' complex
nuslei by the photogrephic eniulsian, technique has been made.
 An unbiased sample of 133 K absorption stars has been found by
the "along the traok scarming method“

Thc obaerma ata.m are all consisten‘t. with the pcrimry Y abaorption

process by the atmngen@aa congerving xmaction.a x{" P> Yﬂ'anc} K~ O TN,

- The sii.gle "XUClGDI) abaor'pﬁidn process in’ complex nuclel is pz?edorrxi:nant. __

La.f*d.&‘%;ed plon and hyperon mectra for the K A»;—oY Trmactions '

occurringv with el ccnp.:.er n\m‘lei are cmpared with the cc":pi..atian of }(

.absoxmﬁ.ou stars proganted at the Sixth Armual Rochester Conference and
Tthey Aprac. | | | ' o
The c&lculated speﬂtra are vaged :upon the Sex‘bar optical model and
talce into account the presenice of perticle nucleon povential wells.: “
Ths observed shift in tbe pion spectra of 30 Mev for the Z reaction
from the free nucleon case is interpreted as primrily due to binding
-effects (g) the atomic binding of the X neson beforg'ab_soi'ptj,mf;- fakes
- place, (b) the nuclas.‘r-'birxiing of the nucleon with which the K-maoa '
: interacts. _ ’ | o | ,
| The ratio of K'N—-ﬁn 4o K™% ﬁhsm been determined as .ds - 0%,
'I.. ' ....Ci'% of the K~ abaorpu.mon stars N particles are and.twq:
(which are presurably dus %o the primary process k KN~ A:'and the
sea,mcmry Process Z ‘@-’ A"J) ' ,‘ B
The ratio of the K /Y ‘nasges nas been dewmﬂ.nad by 8 rarg:e .
momentin: method With the result M X /M( = .998 ¥ ,013. Several .
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events havé been obssrved which are Ilntwerpiebted ag the absorption

of K rmosong by ihe ayvurogen of the emulsion by She reaction
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INTRODUCTION

The first example of the nuolear'ébgorption of a nagative X meson
at rest wag observed by Leprince Riﬁguet.gl) From the early examples 1t
wag appsarent that in the majority of evenié the totel visible'eﬁergy
was considerably less than the rest: energy of the g meson, and svidence

was presentad which showed that thofx-'nucléar absorpiion prOcesé'cculd

involve the'rormation of pions and hyperona.(Q)

| Phenomenoldgical acﬁémes to account for the properties of hyperons
vand'haavy meions héva beeh’proposed by Nishijima, Gell~Mann, and others§3)

| Thése.achemes involve the introduction of a new quantitj called " strange-

nesg * by.Geli-Mann, which acts like a new quantum number. There is noﬁ

~substantial evidence in support of the main feaE?rea~of thea2 schemea.

- According to these gchemes the K meson can interact wii & ruti on

to form a Y, Wpair , and with two nucleons can form » Y, pair.

With the:completioA or high enargy 8ccelerators in th§ bﬁil'fn Glde-
‘tron volt range, it has become possible to produce K~ ﬁesona in fair -

intensity and uhder contfqlied_conditions. ConseQuentlj we have ﬁndér;‘
taken an experimental progran to study the propefties of negati#é K'nesaas 3
agd thelir iﬁtergetione vith.compiex nuclei by the.photograghié amulaién

technigue.

All published K~ absbrptionvaventsdin'complex'nucloi at réﬁt,‘;§é1§ﬁ~
ing the éyehﬁg_feporiad'here é&n be interpreted in terms of the utr;?ie{.
ness congerwing reactions K WN® .gz,r,and K ONN" -Y,N. It must Le .
remarked that mamy of the K~ sbgorption events observed in nuclear

" emulsion are complicated, and it is virtuslly impossible to make strong

S oo
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arg\menta concaming the ina.ry K" abaorption reaction in all individ\ul
cases. _ v ‘
| ‘ Part I of t.his thesis containa a report on a stwiy of the interaction
5: negative K maons st reat. in comlex nuclei.
The K abaorption staro nt res‘o in comlex nnclei have been observed ,
to have tha folloving propertieac - -
1. The emlssion of charged hyparona and hyparfragmnta.
2. The emiuion of oharged p‘.tona which aometimee occur in associa-
tion with the enission oi‘ a charged hyperon.
3. The emisaion of high energy protona ( 30 = 200 Mev. )
L. The emiasion, in 'ohe majority of - events, of low ener@ protona
‘and pronva oha.racteriatic of evaporation procesaes‘ '
5. The formatiop of zero pro_nged stars. oo
6. Many cases where the t_otai visible energy is small enough to
~ permit the Aepﬂ.e'q;on'df. neutral_fij’perons. ( 2° & Zo .)

k 7. A smlall mmber of cases ‘alrh‘erjé_ the total visible energy is ‘ao
large that. the hyperen must have been trapped and exploded
inside the nuclena. . | |

These experimental resulta are in agreement with similar work
carried out concwrently by other groups (h), | |
\~ have calculated ths pion and hyperon encrey spectra for kW *’Z'ﬂ'

and K~N ;Avreactiona occm'ln{, in conpler nuclei on the basis of a

simple optical model and hawe corpared ‘them with the experimenta.l

apectra and good agreamnt is obtained.

The single nucleon absorption process in complex nuclei is the

most frequant reaction and proceeds mainly through the Z- v mode.
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| mrmnofm.wmmwwmo:mm-
umxmmzm ,

" The ratio of the masses of the K %o the K’ meecns has been measured
'_’byamgommummummmmvnmof nk./xw-.”a

:.013. . ‘

smmmumbmebmm&mmwmmumx
.mm~ubmpucn¢tmtby-tho'hydrozmotthecmd.dmbythemumﬁ'
X ¢H _>§+K.mmmcmwcmudmumafm
£, m-mm.E mermo. |



I. The Interaction of Negative K Particles

at Rest in Complex MNuclel

A. EXPERIMENTAL ARRANGEMENT ARD EXPOSURE

Aochmtiodngrnotmlmtmcxpomu umnnmx.
Protons of 6.2 Bev. kinectic energy are incident on s plunged target
( Cu §*x1"x1%) placed in the west tangent tank, whers ihe stray field of
the Bevatron is low (<100 gauss). The particles produccd at 90° to the
‘incident mtanbmpau through a thin window (.090- Al.) on the west
side of the Bevatron vecuua tank. Thoupnﬂiohcmmnfocwby
four 2%x2* aperture stroung-focusing qmdropol. (5)’3:0 particle
: nignmdmmtminmlmnlaoudbyaomﬁngwtpwed
hahind the quadropoles. fhia beam then enters & stack at stripped
emnlaiona. The amnlsion stacks were pllced 8o that the plane ot the
individual pellicles were vsrtaolo. Tho target to emulsion path was
3.2 moters and the nnmnntun interval of the exposurss vas from

270@0385)!&/@, withnmntmdispeuimofoﬁ.'
 Three stacks of Ilfard G-§ 600 micron stripped emulsion were ex-
Mtcthiabm.

The'mtmﬂtﬁmﬁo target was weasured by use of the induction
Mtrédo;mdthoaxpom.mlmmdwmmuwwpmm
on the target. |

B. TECANICAL DRTALLS

The prcoed\n-u naod in preparing the. -uaka, development, and fingl
pellicle processing have been deseribed by Goldhaber ,ot. al ___mand Shapiro
end 5t411er(T). The stendard vartable temperature Bristol development was
used,

NOTE: For Fig. 1, see Part II,
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C. SWAEWMO!MATMIM

mm@unxmmfmwmoﬂnmmmm
technique®., m.wormmumm-ambmmmwwuu

~of ending fowrd.

For ths momentum imterval in the sxpoeures { 270 to 385 Mev/c) particles
of the * nass possssa an lonisation relative to aimdmm (Vog from 2.0 to
2.7 at the leading edge of the pellioles, which is easily distinguished
fmtheiouiuuonofbon’\fm.ndlimmmbmwuﬂu.

We wore able to determine the relative ionisation and potential range
of 7 rass particles from the known dispersicn of the magnetic v-umS”
rhemmdimca(t“)mmnommtrmwtb
olea pommzd a fnr]y well defined rsngs. An exporimental check of the
romentun dispersion was obtained from the £/ K* mass ratio exposure.(10)
For the center polliclein this exposure a momentum of Bwtéxw./em
vobumed.,uhtchcmwwmemnonrmgoothﬁt 25a.tor ‘
"C‘ mss part.iclu. B |

'Thcmguhrm“dotthoboqmdetwin'bmmjocw.-m@ |
dtp angles to better mm° with i-upoet. to m'm“rr'm.cm.a o

rcramkmmcmoaduacwpmx‘m,nww:u'
ﬂlre‘criurhlv _ _ ,

1. The relative lonisation of the track uttholéidibg'pdgeoftho.
pellicle hei to be within t: .2 of the caloulated valoe.

'.'a.M‘&uxwmfofamm.oz<1o°1nbomdipmmjoem
 with respect %o the mean T direstion.

3. mma.mmwwuummm ottho
ommuam

i et OV e R e

S
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Tracks which fall within these three criteria have been classified as
stopping K~ megons, unless the track ends without the formation of &
‘visible absorption stsr, in \;thich case the track underwent further
analysis. '

" Thess three criteria are sufficiently ssvere to eliminate T mescns
and lighter ma’ particles of any incicient momentum from the sample.

In oa.aés whers there mig}it have been & doubt a moro accurate vgrai.n
count was performad at several different residual ranges and 1&ent4f1~ v
: cation was made on ‘this basis. M_,. -

The three criteria are not sufficiently strict to separa‘ba protons
from K~ mesons forming gero pronged stars in all cases. Further measure=
mant’.anwere made on this type of track. A grain count of aﬁ'lmt S00
grains or a per cent .opacity count was mads on about the same 1eng§h
of track at several differcmt residu-.l ranges asbout & centimster apart.
 Several of the tracks separated by these techniques were checked by
mnltiple scattering measurements ('constant sagitta versus. residual
'range) and the it‘emiﬁcationa agreed, Not all of the t.racka forming
zero pronged atars ( K¢ candidates) were am.lyzed, and we have -
inferred from these ummalyzed tracks several additionsl X tracks. .
In one region of the stacks all K-,' candidates were andyzed, 80 that
in this region we have the measured ratio of K~ tracks forming visible
absorption stars (at least one prong of range > 10 y ) to K tracks
forming sero pronged events (tracks forming zero pronged stars, blobs,
re_coila, and pronge less than 10y ), we .assune that this ratio is a
comu‘oant. In the region vhere the'K} candidates have not been |
analyred and since we knew the number of tracks forming K~ abaorption i
stars we have 1n1‘erred five additional K, e ‘s On thia basis.
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D.. EXPERIMERTAL A!AL!'SIS OF X~ ABSORPTION STARS

After a track was classified as a stopping K meson an analysis of
- 4ts ending vas made., | | ‘

fhe following definitians were adopteds

Prong - - any series of grains which has a definite direction.

Beoou--mmmu!mgthiammlnoroqmtos

Blob-- uvconglouuuonofthnoorwegminswhichw
"no definite direction. ‘

Prongs of all 1oh1utim'md widely varying ranges are emitted from
| o otq:pings In order to minimige thochamaotniuingaprongnt
lemm&mawotﬂhmspwudemhx’ stopping under 100x10
| or 100x15 u@aﬁuﬁm. The efticieney for seeing light prongs( g/g
 1.5) 48 7 508 and m&mvy prongs is ~ 1005, Simtlarly each prong
: endingm carei’nllq ;ntpacud ’ and the sams efficiencies apply fuer
Qbmﬁngdemawmmmimofﬂum. a

m prongs wers tollcmd as far as pouible. Of the 306 prong-
(mlnding mous) cnitt.od rron the 138 K stars, 38 were not follovod

| '*‘tothecmddthtirrmgo,ottheulSnreshmrpnrticlu(g/go l.h)‘.

'1sw1on1uumbom1hms,maaumbuck(g/go 5).”

B Range and idnintion measurements, and cbarwtériauc ondingc m
_undindotommgthoidentitymdmrgyofmhprong ‘l’honngt-

emrgy tabloaotwmmdtmng (u)meuaod , '

1. Prongs classified as T mescns

3: of the 138 K .beoqation stars onittad prongn clnuiﬁod as

nesons. (mcmof,dm pion m.d.onm obnrnd.)
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13 of these tracks were arrested in the emulsion so that chargs and
8 good energy determination was ocbtained.

On 6 of the prongs it was possible to perform two grain counts
at a great emough distance apart to permit a reliable identificetion

and a good energy determination.

On the remaining 1L prongs only ane grain count or estimate was
possible. S of theee prongs were emitied with a g/g, (1.3 which rules
out the poseibility that the prongs are protons from energy considera-
tion. 9 prongs were emlitted with g/g, between 1.3 and 1.6 , and in these |
cases we cannot rule out cencluaivel};- the possibility that these prongs
are protons. These 9 pronge have bsen classed as Tt;wsom i;;noét
' i. The higﬁest energy of an identified proton was only 190 Mev.
( &/g,= 2.1 ¢ .12). :
b. In all 12 cases whers tracks were emitied with /g < 2, and
where 1t;vu also pobaiblo to subsequently identify the track) .

" they were all L meeona.

The péuibil_ity that some of these prongs n;xfe electrons or /LL maom
is unlikely, 'iinc-e the K meson is a lohg lived strongly interaoting par-
"ticle." A. ltrongly mteracting X~ meson will only very raroly produco -

_ elect.rona or_m mesons aa s result of the nuclear absorption of t.ho X
'maon dus to the ext.romly ueak e and/u coupling to the m.tcleus. The

- emigaion of«’-or /k mesons = due to the decay of a K Regon at or neaf reat
is aleo a ra.rg process. Eatimten indicate t.hat the K~ mason will spend
of the order of or less than 10 1»lem':. ( from the point where the track.
nppears to be. at rent) betora mxclm abaorption takes placa in nuclear

mldm smemmmamr mmiamloaieo( )Mfav
otthex msﬂnbedmumdwm(vou).
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2.  8low Protons ‘ |
mprongeinthorange intcrvalS/ktcBSnn.wro claseed
as slow protcm unless Mentiriod as snother particle or visually

cluaed as an o particle. 4
. .- In this range interval the contribution of 4, t., and of particles
is no doubt significant and even the visually identifisd o a&re an under-
estimate, No serious attempt was made to obtain & more reliable sapa.r
ation. The effect of incorrectly classifying d, t, and o( as protons
is tc imdcreatimete_me Kinetic energy of the prong, and will usually
causs an wnderestimate of the total prong energy (kinstic emsrgy plus
binding energy). - | : .

Estimabea of the total energy end.t'oed in heavy pa.rticles
(charged heavy particles and neutrons) was cerried out in the m

faahion as 1n the- antiprotcn a..a.r analysia (13 )

, ard conpensatea for
thia mnierestimatc. |
3. Charged Hyperona Identification
Charged hyperons were identified by their characteristic andinga.

| " At rest positive hyperons decay. into either a proton uith 'y
rm of 1650 : 50 M or into a minimum secondary ((R‘) meaor;).«_

| Part.iclcs of nuclecmc' nass Mch'fcm visible abscrptioh _
stars whén a.n"ested in the amuléion werc classified as' E’_particlcs.
If an electron was uacciated with the ending of a track of nuclecmic
7 msc, theae tracks were also int.erpreted as S hyperons. |

 In fldght 2 lmaercns decay either into a proton or a TX meson
end 5' hyperons dacay 1nbo W mesons. Tracks which fit theac
. condim (and kinsmatics) have been cleseed as charged hyperon decays

- in flight.
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E. REstLrs

1. Prong Distributiens | ‘
_ The prong diatributions have been plotted excluding recoil prongs
. _(S 5 m)e |

The prong dist.ributioxisvyof all x stoppings is plotted in Flgure 2. |

The-gvﬁrago nurber of pronge is 2.2 ¢ .25,

_ The prong distribution of the K Mmgs which emit & charged
‘pion is plotted in Figuﬁ 3 (incluiing the pima)., The averagé' nurber
of prongs ig 2. + b, and the amge ?tqble prorng murber is 1.3 4 .

 The prong distribution of those X stars which omit a charged-
- ‘hyperon is plo;t-od in Figure I (i;;uding the hyperon). ‘I‘hle._aiemgo
manber of pronge is 2.6 ¢ 6, and the mmrage nm of at.abie iﬁ’fcngq
ie 1.e .3 - -

 The total prong distributions are the same within statistics |
_ wcatﬁxg a hi@w avéragé excitation energy in th:;ee X stars where
no charged unstable particle is emitted. | '
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whiich a charged pion is ertitted
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. 2 Freqwncy of Pypea of K Abaorpt.ion Stm

'i’he £ absaxrption stars hnve been grcuped into the follawing

K categories:

, B

O.

d.

hc'

OE)W

41

UHYPER, W

ThvreR.

A X star which emits both a 6hnrged pion a.rxﬁ an’
4dentified charged hyperon. '

A% star which emits an identified charged hyperoa.
A X~ star which cmits & cherged pion.

AKX slar which e-sdts a elmrgad p;on and 8 }tpor-

fragmant.

A X" ster which emits a hyperfragmant.

A X star which emits no identi;fied' wastable pariicles

~ but one or mors protons with ilnetic enargy , p%30 Hev.

'AX" ster which emits no iCentified unstable
wticlec and only évapbrationvgu-engs,Tp £ 30 Hev,

A K star uhich has no visible prongs > Su
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‘l'cble II
Mmtifiod Cha.rgo of Unstable Part.iclen Emitt.ed fron K Abam'pbion
. Sum -
o3
L - 4 ‘
o~ ‘v"‘ 1s Z’}‘TT"L
& 0 2 2
o—
B + s
< : ¥
Z o | = =
R 4 :
R 1 deoa; drcoay
all | forming| essocia othexg all (™) s*p)
i - .
7 L 2 { 1] () 3 0

3 f(l)

:'n.- '*o\"n-Z
S\ Sy
10 3
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g Tabla I '
~ Frequency of Types of K ‘Abgorption Stars
% o _ Q;'mr,r Gvper 3";’3_"-“-_ O;J }O _ Total T : 5
9 % . o0 30 3% ) e (s) 138

7T 2 o 2’ 3 u 1008

|

no.with 1p no.with 2p each  no. with 3p sach no. with evap. nq.lrith no

of ’I'? 30 Mev.. with Tp 30 Mev,  with Tp 30 Hev. prongs ocnly. ~ prongs

2 1 o 17 - 8

*6T




3. Total Visible Busrgy o
In Figuwe S fa plotted the total visible enargy released in K~
mmmmwmmummunedmcmwm |
the follwing fashioms - | |
1, Tothoobmndk&muomofapwtanmm_
e'mwmmmambmm '
2. Tatheobmummmuotm dmaddcdhm
'ta-bmugmgy. - |
'3._ rowwmmmm«wgmmm
Q#H'C -250)!'1 '
b romobmodpidmdmﬁgmgymmedmom"
for the plon rest energy. | -
Se Tomakimtiomgcfeuhmmtmadded .
.mqmueon,,cz-m-m A particle ~ 177 Mev.
,Thiacmicmtapreciudeaaiptianofthotommu
mgyr@lnnoddmmtdlottho’h’ uhichmmitwdm~
observed;- sbout, 108 of the pions with e/g, < 1.h (> 70 Mov)
mwobublym,mdprobablymmumm
cluosdualawoumaminreantyd,t cra(parm.olea.
'_MMWWMhmm zm = 135 Mev.
If ve assume that 50% of the Zmlozofthecxm-goapa.m |
,mm?omvmnuaa,miamndmaemtomumlamy"

. B - .
roleuetom 160 Mev.
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GREATER THAN PLOTTED VALUE)
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Ligt of Stars TABLE IXI
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1.'8?\:&“&’-
Type of Star
Mcchsrs'dpim . _
L. NMober of identified 2. and hyperfragments emitted
5. Mcnf-f&tmmr('rp > 30 Mev) emitted
'6.,' Naber of evaparstion prongs ewitted
Mcmgatcutmmwpim
- 84 Mwumzmi‘zqmwmm
9; Total kimticminch&rzod unstable ptx'ticlal obsorved
0. ?Mvidbuwinm '
1. rmwwmrmmm (mlmmgbindmgworem
' torouhfmm)
o e i o e, o ST D
,rorwhpu'tic
Kimuowotwehfutprown
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P -mumnmmm,f
1, Introduction
woun,'dinnitmx.abmﬁmwincm'q
mﬁhiintemotthcpbmiogi&lnhmcp&om&e&byﬂiﬁiﬁiﬁ,
mm@M.f” mmwhmhmbmvmmmm
Wmmmwm.wwmmmm
mm:at.im uit.h nuclesr matter, ‘
Amwmmm-thmamnmmm
'Mmmumlmmmquuwrmwuwmmm'
__mdomowmi@amqmuty,cmodthe'm'byﬁm-
,xm,inconm'vod Ewholmtuyparucloi:wsigmdastrmmai'
nmbor,s,mdthe otr&ngomuoftheaystuiadefimduﬁungobrm
| }moft.hnn.mmmo:mmmmclu. n.oaninu.-u
comootion exists bohmenﬁm nmganeas and the isotopic spins
| Q/o-I + 8/2 ¢ X/2 '
kvhe'ron Q/eiumchugemofthowucle.

': Ijiotheucwtofintopiclpmot
tbepc'tiela. o |
s_ummmﬁ‘m«mmmo;

N s the muder of mucleons involved.,

 Tahle IV gives the assigmmnte made by Gell-lann and Hishijime.
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lel‘lIV

: I\ 2 ~\ o +

E . ':'"” . AO

o ey

V== K’,—\Z’ m, P ) 1<°,k‘<f
21 .4"5_' Q"z,‘/m> =k, %) 4, )
| =i=Et st —

(=rn,0,M L—l-o.‘)

sz wumzmmwm&mm
, :Wrmouaimmmmmmma
_a.'._} dexmdmcmved , _
Cbe '.'rm-fmmmum (wdmpmmm”m.

| I, 1 I, et 8 are ccnserved.

e, FchMmI,MSmM

el A= ¢ . o -

d.  Por weak interactions (taldngplaoeinlonto.lo.e soc.)
.143001, ‘

e.  For transitions O S > |
/8o slow that they aro not cbserved.
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2. Alloved K "R® Reastions |
) Awlyinggheu rules for a strong X nucleon intersction ttw
.f°u°|f138 mimmmmd, '

(a) X ¢p —> Z e

) £ ¢p —> e’

(;).'K ¢p —> Z.+TI‘

(di.x.op s /Cftt"'é}

“‘(0) 'K-on.,.____.,.z-*»,-r'°
D) K en— T - - . s
0’1) K » H—> Y & TT'-(-T_

u\dforthe two nucleon absorptiont ‘
) K emeN—>Y 4V R | i

v'-(d)' K- e Ko —> Y4 Ny
It should be noted that if no‘other selecticn m}.es src operative
mot.icns (b and j) ehould be mmall from plmsn gpace considerstions. Ve

- agsume dhis to be so iu the fouwing'diocussd.cn.
. e
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The twanching ratdcs far the K single musleon abscrption reactions
: (a) to (g) can casily be derived hy awlying conservation of uoto;nc

spin, Meny authors have calculated theoe rattos (1575 ang the results

“are given in Table V.

' Table ¥
' Branching Ratios for K’N*D!T\'

4

,.009'0( wcos (S —§> )

Reaction . _ ' ,
Initial State Final State.  Mateix Elements (n. B.)
KNemy Twl = Ieud | Ll-a(coseuiaine )
KN+IT.Tm0 t 1e0 M =bleos b+ 1aing )
Q::&}\"I -1 . . ‘ ‘I.l ' ' p]lae(oaw’imw)' o
Reactian =  Matrix Flement (¥. E.) - (M. EJ)
(1) & Op-s'{‘wﬂf : ].'M'.+1"M‘ - 1 az#abeoa *1!:2
| o FT i e T Ty %
(2K +pas e -1 K 1 b2
() - Z- - %‘ o . . E B
3) K +p. * kL M o+1lX 1 ' :
| e 7 1 %o T a-abeos +b/6
(h)K sn-> 4T -1 : '
- VT K 1 &’
RS Fow y I
‘ K Qn—a- ¢ L l a
| 7 " R
.'(é)K ‘/,,\w AN K
—(7)!(1/2114/\ . T Nl ' o2
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Footnotes

In muclear metter the K- would be anticipsted to interact predominantly
with a single nucleon, to & lesser extemt two nucleons, with larger
agmgates aven less freqmt.]y ‘

(1) For T~ absorption at regt in xmclear matter, it has been
shown tlu,t the 41~ is predominantly absorbed by & peir of nucleons in '

. the nucleus (14) (8erber ( ) Puppi ¢ ).

" When f’ " interscts with a froe nucleon at rest only the following
proceuoa are possibles o
(a)_ w™ + N —-.'v_.“'o'* N qha.rge exch_mge (in rmclegm -
not possidle from ex‘mrgy‘
con_ser\fap}qn) |
.(b) T oen—-Y 4 N eleqtro;vmgnetic
vwhere ot {¢) W +u-~—>N _.absox_-_;)f,ion {forvidden
ty momentum consex;vation)

¥hen the absorption proceas is allowed by mnmm cona&rvamon (i.e.,

vhen the interasts with two or more nucleons T + B+ N ¥ + R’)

the absorption process ig the predominant mode. Hence crwl»:ly the

would predominantly interact with a single muclean in the nucleus, but the
gingle nucleon charnels are slower than the absoi-ptian pfocess vhich
requires at least two nucleons.

For ahe %~ megon, & strong K‘free_ ~:'mcleorx procesa is pblsible |
K + 8 Y+ , If the Ccmptcm vavelength of the £ is a rough msasure
of its interactive distance, then ite sphers of interaction QT.-_.‘ / Tc.n'y

is about SO timee smeller than t_ha &0 sphere, ©o Lha.‘ the single nucleon

. Teaction becomes pl&maiblo. " The P'aulli,princlple wouls inhibit the K~ from

interacting with lerge aggregates of nuclaons since after the interactions

the remaining nucleons taking part in the interaction must go to unfilled

states.
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to
=)
mamwmmmuuoat (\ W Z

mmmmwu

- A (23 %)
( ) .
. - g5 a* (2¥r)+ 1
where { 15 the neutron to proton retio.

Ths ratio of 'charged plone asgociated with N~ from the
L ”"“T rmtian(dnimwas T\'.\ )wmmmmmw

‘uit.h g particlesﬁmlcw+2vmtm (éeed.mtedaa '“' )is

givan by

NI 3%
[}
- —_ % , e (0 N
s 3 (ity) + &
Waen the n/p ratio is wity the 2:{‘\° ratio reduces o :
O N

| SIt’o‘ - R
‘_‘th,srstioof TS e Ziumzy@mtpmtof_mnjp
ratio. | |
MmﬁootmtxmwmtOMgudnimmmmm
mlmmummmaZWMcmmzmmh

x,/zmm n/pmtio is mﬁh $.60

<
2 |
N e L s S =L
~=> 2 B 5 2 = 2
t
¢ i L e -
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- 3. Energy 8Spectra of Final State Products

The kinetic energiec‘ of the final state products froxa the absorp-
tion at rest of a K~ meson with one and with two free mucleons are given
in Table VI, (negleoting nags diffarencea of n and p, ¥ tt\nd :To',' and & !
z u.\‘e‘,) B

TABLE VI -

Final State Kinetic Energies from K~ Free
Nucleon Absorption Reactions at Rest -

Reaction @ K & N —> X + TC
. ) . ) . °
_ _ ‘ . o = T N W/\
; . ] . qo oA \SO .
K. E. (Mev.) 5 o
' Reaction K+ ¥ o+ N-———»Y:’\f‘\, ,
TN n N,
= T -
: : - \3_5' Tl=2 Y5 H
¥. E. (Mev.) Ve ' -

" The' final state producta from the reae'*tions form lim apectra
composged of high energy pions and - low energy hyparone for the aingla |
nucleon reaction, and’ higx anergy Ixyperona and nucleonn for the two |
nucleon recct.ion. '

Hhen these absorption reactions take place within complex
nuclei the line spectra of the final products will be spread out
and ghifted to lower energiea. Not only are the réact.ion prodncte:
fox'med with a epread of energies at lower energles, but. the roaction
products may interc.ct before 1eaving the m.cleue which will cause add-
tional onargy degrat.ion and attenmtion of the apectra.

There are aeveral effecte which modify the line spectrs

when ‘thess rqictionft_nka place within nuclesr matter.,
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 a.  Atomic binding R
b.  Prinary Huclear effects

1.
T
14,

iv.

Internal momentum of the nucleons in the mucleus.
Bindjng of the nucleon in the nucleus. .

The presence of particle nuclear potentials in
which the initial particle reasts and in which
the final particles are formed and exist in
imtil .moy lsave the xmclouo.

Ccmlmm effeots on the reaotion products.

C. Subaequent interactions of the piona and hyparons as t.hey 1am ’

the nucleus.

d. ~ Subsidiary prééeaoes '

1.

i1.

i1i.

1?.‘ )

Hyporframnt fomt.ien
High snergy mwloon amisaion 1n addition to the

two nucleon process.

vaporation procasses
. Doc&y of travpod /\ part cles

S




(a) Atcmdc Binding ‘

The K meson loses a emall, but irreversible amownt of energy
to X-Ray and Auger olsctronandssimincmadingtcmu@uybowﬁ
atomic orbits before muclear ab.arphon takea place.

The X msonispredomﬂnmthoaptwodfmmZparidatonﬂ.c
states in hosvy muclel (Camac et. al) { ).' The atomic states from
which X~ mesons arc captured are not experimentally known, althcughv
salculstions by Blatt ant Butler ¢ ; )\indicate that the K meson 1s
probably captured from & 2 p or higher stomic state in the hasvy elemente
" of the enulsdon. For tho same atomic state a K meson will be mare
| uight.ly bowy) than a T nogon cme to the K neaon's greatcr nass.

An estizate of the atamic bim_mc af the X~ meson 1s the . -
. hcigl'-‘r of the Coulomd o&rriar, vhich 18 L ¥Mev. for the li@t elmta
| ( ¢, N, 3)3“ the emmlgion, and 7 Mov.. for the heavy clements (Ag,ﬂr)
of the emilaion. S ‘
" (b)  Primary Nuclear Effecta |
" Me will treat the K~ sindle mucleon-nucleus absarption reaction
in terms of a simple optical moddl ¢ ). _ _ _
| -A'bound nucleon in the. molean POSHLOESS Idmtic ‘energy wxw
respect Lo its nucleon-nucleus potaent.ial mll, and the ¥ meson could |
aloOpossauld.mtic mergywihhngpecttoaii xmclear\mll The K _
mesan and bound n.cleon intexact ui.hin the nucuuo, and it is hore that
momentum is congerved. The mtiorpror*mu ( YedW ) are formed
in t.hei. mspective particle - mclw mlls, and z‘em.i.n in them \mu.l
t.hey amg@ frm the nucleus. _ |
~ In the monpuving diagran are thowm me Various potentd.al
"-wells and ‘syrbola uaod to desaibo the W N -»YB.— reactlon.




 Particle - Nucl  Potential Wells

____;'+ B
A | &'y
T
e

Musleon « Nucleus Well.

.-4‘

Eyperon » Hucleer Well

Ve mchm-ml_ous well depth
B.E. ® binding emmrgy of last

.nusleon

--bindi.ngebergyofm:élson_

which mw-uu with X

- ld.mtic enargy of nucleon
vhioch i.nhrwtc with K"

- pion-mcleﬁs well
dept.h

- k!.netic mqrg of pion

ingide nuvelsus

. kimtd.c ensryy of pion
outd.do nueleus :

- hypa'on-rmcleus well
depth

- Id.netlc cmrgy of - :
hyperon inside nucleus

-kineticwgof '
tqpu-om outd.de nucleus

. Mmteffocﬂmm@.eotedinﬂwndhmmdthopomm
wells are considered as simple square wolla.

Diagrams are not drasm to sosle.
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'&m-m'lmu"‘f.mryp ﬁ’m /,,f:?'-;

_mnm.mwmmwumm t-_%r'

nnu-monmdmm

"J-t.*;i -mmmmorthekimncwofm |
mmmmﬁmtwummot

- | Indp& .0 o

% "-mmmmdmumucmotm | ,

| ' mmwmmnmfm.mmmmot'

'71\:1 “"& «0 .
e a total energy of W mmmo!mafrm ‘7::‘"'1"-“
 ‘ C\« - totdwot‘r’ mcuntm-otmufm )Mv+)»c
.-_ﬁ“»_‘-f-» the R of the center mass (valoeity of m |
L m/nleoityofu@t) - ' '
Toobtd.ntha-pootnufthapimmdmminaidoﬂm

-mlm, the mntmdimmon of um m;cloom im:lde the mclcua

'mmsmm.tm mnbefomaamwme.bmdum. '_

@_‘
‘ . RD*YW‘
' wohmasmdmtthox‘uw\’rmnm 18 mg

indcpmdmt 1n t.be region )ofha Yev. "me tvpu'cn end plon spectrs

" heve been cmmwmngbow t.hoamd.on (1.0, valus of 20 Mev)

'mtm distribuhton, and the Formi mtupz dictribut.ian (Ty:max ™ 25 Mev).

o Tommmmwmammmmlmm
g 'roum meiommmde: DA -

'T\; - T\ai .

i it



The pilons are formed in an energy. rogion where the pian-m\olnr
mlldepfhiaqmuuhcmm u”,md hmnudmomrgy
went. vdm of ~LO Mev. The hypersn nuclear well depth has been
uumdtobomrgyindcpondmtandoqmtoolsm

The transformation of the number of pcrtic;oa in the energy

| {nterval r.to'-‘l' ¢ dT from ingide the nucleus to outeide the mucleus

is then
; , . d
) T
. outside d T / inslde
for cor‘réu‘p@ing m;'gy values (T -« T, +7 ),
; : outside Iﬁside

The resulting pion and tvporan spectra outside the mucleus are -
shown in figures & end | . The pion epectra are normaliged to |
equal amounts of_'rr,_: and %, = productlon. There is a shift to

' lower k’inotfc energies for the confral values of the pion spectra
conpared with the free muolsom react.ions; The shift is 30 Mev. for
the T, and32M_ev.rou-t.hor*‘. o |

The central values are:

T ¢ @ 60 Mav. £, process
T:— ‘w 118 Mev. N, process

Tha hypa'on spoctra extend over & wide energy renge dua to the

effocts of tho internal mﬂm. The hyporona can also be produced
with insufficient energy to get out of the nucleus dus to t.he hyperon-
m:.clw potenﬁ.nl well, And the hyperons produced with small energles

‘ sufficient to onerge from the nucleus can spend a longer time 1n t;he
ml.u'.' than the nuclear‘ transit time due to the reflections at the

nuclear surface, and these reflected lxyparons possess a larger probability
for nuclear intersction. | |
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The depth of the hypercn well hes 1ittle effect on the shape
of the spectra, but the well depth will shift the spectra
| Thecmwpommﬁilmimthe Zwslldeepa‘(vz'ov
with V,<0) whercas tho Couloak potentdal will make the = well

-~

"nhallm (V V°~ withvc>o\inadditimtoalowmrg
+ _

cmmmm'form 3 hyperons.
Fwa%ul@pomﬁalofémmmwpermpomm
Ve~ = V,g--—)SMcv,ﬁxeoriginofthe 2 spectrum will be

«15 «6 =<2 Mev bolowthe ZET0 AnerEy outedde the nucleus, where=

as the T origin will only be -9 Mev-below zero energy outside the .

_nucleus.

W T .
N
o Btk et

BRI 4 A RETINEEE S A A R ET T I

*wfm
b N

."

Y f":?“ w5k “‘33&7
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\

(c) Estimate of Bubuqn-nt Interactions

(1) Plon Interactions

It is difficult to estimate the subsequent pion intersction in
leaving the mucleus in which t,h;y wore formed. We choose & simple model to
make this estimate. . | |

%asmmwox eaptmprobabilityiaeom'tantperunitmlm
imuda the mucleus (capture from s atate:) . We then upe an equttiam for
uniform pisn creation inside the nuclevs darived by Bruclmer.,‘Serber,' and
Watson (20) » Which pives the fraction of mesons produéad' in a nucleua which
mnotabeorbedtnleavingthomelam(f)inmvmofmmmlwmdiua' '
(R-r Al/ )andthepimabaorptionmeanfmpath, ;\ within
miclear metters

£, = 3{?§‘ S SRR N (1+x‘)cxp-(xa)g

T .=z
Xa Xa

uhez.'«ayavnﬂi/‘ . | |

. This equation is valid when tha absorption moan froe pauh, )", is
much smaller than the scattering mean free pat.h, n L This comition does
not hold over the entire pion emarg: recion of interést {( 0 = 180 Mev. ). -
To treat:. the hicher pion enersy region (above . 50 Mev.) whare Ass Ko we
have replaced the totalmanfreepath e {’/M R +4\nm used x, -za/xt._
insfbaadoftheabeorptionmmfroepath,1m,amlx,i.ntheoquat.ion '
vielding the fraction of meeons emitted, and dosijmeted Ly the ayrbol £,

The effect of the scattering moan froa path ia to effectivoly anl&‘go

the siza of themucleus. Haence the fraction ia the maximm amount of

pion emission and f ig tbe minﬁm ammmt of pion emission. .

Captmfroms states will yield mowdmmmmtofpimabmﬁm. .
Captwofrommemwtllraaulﬁinamnw anount ofpionabmtmm
Mio;mtm in mving the rmclaua. Crude estimates indicate

< loss. ,
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. In f"igum‘&, Curve A is a plét of <f‘) using values of >\" (2)
_and averaged over the emmlsion constituents in propartion to the
relative stopping powers and relstive volunes of the gelatin and Aghr
cerystals (35% CNO and 65% AgBr); Curve B is a plot of (ft) sirdlerly
averaged over the emuleion constituents and uging values of >‘t (21)
The values of (f‘> (Curve A) and <ft> (Cm B) bracket the true -
amount of pion emission for uniform pion creation within the xmcleua.

' me star studies of the picm-nucleqr interaction in mlaion in™ |
.- the pion enorgy range €0 - 150 Mev, (22)" about 25% of the pions uhich

. have undergone nuclear interactions and are re-emitted from the nucleus

are inelastically scattered. Curve C is a plot of F = <ft> ¢ 1- (ft}

where F is the estimated total amount of pion emission and is composed

of two terms £, the elastic contribution, and 1 - (fy, the
. , . . ' ) ?ﬂ -
inelastic contribution. Below & pion energy of 100 Hev. ( f > 1-9

smaller than (f)#l- £ >duat.ot.hesmnarerreotorthe

_T_

ocattefing mean free path. In this region we have uged for the estimate -

of the amount of inela.stic acattermg the difference between < f ) and -

{t > {ive. <O 7 -4 >)
The energy distribution of the inelasticauy scattaered piong

in the energy vegion 6C - 150 Hev. has been observed to be approx:!.ﬁately
independent of initial energy with a peak of inelaatic pions at 30 Mev.
For the estimt.e of the inelastic pion digtribution we have used an
average of the - results of Berm.mlini, at. al. and Goldlmber, et. al.

The effects of thevae mdificationa. on the calculsted pion spactra

{ T and W, ) are shown in Figure 9.
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(2) Subsequent Hyperon Interaction
At the present time it is even more difficult to estimate the
cusmmnt. hyperon interactions before 1uving the mucleus. This is
-mainly dus t.o the meager knorlodgo of the muclear interaction properties
of the hyparonl. N
'rhe ) lvpa‘on. progumably mberaot with mucleons vias
s 0n-;)\°0p v72nsv.
g op_.)\ ¢p ~72Hav.'
s° 0 n ",ho *n 4 72 Mev,
| = ep~h%en ~ 72 Nev. _ |
~The ch&ge exchange resaction ¢ 'H'“*Z * "N" i pmamnably
snall dus to phaao space considor’aﬁonp._ The z‘mcloon mtoriic:tion
should yiem A paruclal. | , o
At the premnt time onom.i‘lly no :Lnfomution is milable on

the imlutic mtwi.ng properties of the hvperona so that a di.cmsaion '

even as skotehy ” t.hat for the pions 13 not pouibla.

'I'he interastion croua-mtions of the Z and Z )\yperona in

nuclear matter ahoum be_ aqual \monpuaing through nuclear matter
" equally populated by’neutrm and protons. :

The particle branohing ratio = /Z emitted ghould be nurl.y :

eqaal to the Z / 2‘_ rltio at formtioa if the nsutron to pro\‘.on ratio
18 near unity. '

By applying the cm cpproaoh uud in estimting the munt. of
mbsoqumt pion mtomt.icn we cen ca.lonlau (using eq. (" )) tho
_tmtionaf)wmmtabom‘bedinlo&vingthemmleuuamuon
aftho.bmummfreepath)\ + In Figure 10 the results
of this c;lcnht.iom are gim uvnrngod over the mlaion eonutibmu.
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()  Swsidiary Processes
| i. Hy‘pcrfxmt fmtidn .
Hyperfragnents would bs formed as swsidiary processes
aiv.i not as ;a regul—t. of the primary K rmclveon sbaorption process. The
' ~twpaffr@nts would result from previously formed A° vhich become |
bound in muclear fragments that are ejected from the nucleua. The n°
arise from either the primary absarption process or the mﬂ:sequant :
~interactions of the Z, hyperons. The S lwperons which are created
with insufficient aner,griea to leave the nucleus will quickly undergo ,
nuclear interactions forming A ° 's ( \512. sec). .
| i1, Fast Nucleon formations
Fast nucleon formation can rogult from the subsequent, intm\'-‘ - S
action of either Y or iV or both before they lcave the nuclleus,«w_!‘iich o | |
will take phco in the order of 10‘-22 eag, |
114, Evaporation Spactra
E\raporation spectra composed of nucleons, heavier particles
and perhaps even A ° either bound or free (if the A° were trapped
within the nucleus) will result from the excitation ptroduceo vhen the
K abaorption process occurs, and 1a incroased vhen either ono or bot.h
of t.he reaction pz‘odncta intaract. befors leaving the nucleus. ’Théoe

<19 .
procasaea will take place in -10 ? sec.

LN A ° Decay

1f the A° hyperon is still within the residual nucleus
it will decay either mosonically or non-mesonically in a time of




Ve Simeemhumatageiamatedbywidoum
mmmcmtimlmamtbaappnedtouchatage

soparataly. In particular the energr evailatle in each rt‘t&ge

limited.

52.
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) Conparison with Emﬂmnm Data -
To obt.ain a wga oample of dat.a with wvhich to compare ‘the

uleulat.edapecmweuillusethecomla ton of K~ abaorpt.ion tara

mparod by Sula Oold}mbar for the Sixth Ammal Rochestar Conference (

This oompilation 1nc1ndes p\bliahed ‘and unpubllshed data of aeveral

m'(z : l-_')a‘, Harnbostol and Salmt, Goldhaber gt al, G. Stack |

Coll&barators, F‘ry et al, Geo*&e et al, Hhite et a.l, and uehein et al, -

+ _ +
| Spectrun with Identified Asesclaied Z Hyperon.

This experimentally deterwminsd pion spectrum is the
pion epectrun fmn those K~ stars in which both an observed pion and
mqntiﬁed Z hyperon aro emitted. Tha cmernr determination of
those pions _balow : Mev. are quite accm-ate and tho exper*mnta.l
errors (for the majority of events) are within the 20 Hev. intervals
plotted in the histogran in Figurs . The pion energies above
" 80 Mev. are in general less well determined since the enargy detar-
minati_ons are based on grain count meamn‘emntg. The expea‘imantal v
arrars of these pions are generally greater than the 20 Hev. int.erva.lé
l'uaed in plott.ing the hist,ogmm and we bave used the meagured. enersy and

- have not includod any weighﬁng fac?,or for the errors of thege mossurements.

The calculated pion spectra for the K °N'"= L T yaing
both the Gaussien and Frmi distributions has been normalised to the
mcperimnm ‘data o the bagis of equating the area wder the
caloulated apoctrs tlz the area of the historram.

The agreemsnt between the calculated spactrum using
the Gaussicn distribution and axparimontal histo :z'ar is very goed.  Joth

cwrves peak at GOMev mdhave theamaidth. Asvouk!baanticipawd

st Sl ecalis B T et ot s A MW A o
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GROUP NO .OF EVENTS

. ’ . ¢ 7TL

HORNBOSTEL & SALANT 30 .5

, GOLDHABER ET AL. 138 5

) 9 - 6 STACK ~ .45 6

CWHITE ET AL o 75 7

GEORGE ET AL LY 50 " |

L SCHEIN ET AL. 70 5

. L‘-I' TOTAL 408 . 22
< '
i . -
m -

.0 80 120

. v (MEV)
" FIGURE |1, CHARGED PION SPECTRUM WITH IDENTIFIED ASSOCIATED CHARGED HYPERON

) USING. GAUSSIAN ousrmaurtou ’
"IEY LISING: FERMI - nlmIRUTION




-

s

The calculated owrve uging the borsd distxibution has no tails due to
the neglect of the hi{,h mom b corponents in the mucleus, amd as i
goen, doea not fit the experﬁ_ffrmtal data a8 woll a8 the curve calculated

using the Gaussian distribution.

N LA ANy A W o o DR A et

TN

2. Charged Pion Spectrum

This epectium ig t.he obgerved charped pion anergy spectrum from all

T

the 1~ absorption stars in which a charged pion is observed to te emitted.

A R A7

l‘he garr uncertainties in 'c.he detarnination of the pion anerglies app.Ly %
as previously dJdescribed . in Soction G - 1. \’g
. . K

Only a small fraction of the p:u.ans e stgerved Lo bg emitted with ’;
encrzies ebove 100 '24.ev;, which indi cates that uh!’ frequency of the }%
processg s low ( AV "-*AT). Yven thom 1 the p;on Cnorry HeasUraents é
in i‘nis reglon are not accura ﬁ"" "cocrmn_e(.:, thes o‘t;se:".'ed. fraction af Jrc

pions anttted in this region, a.ru:. considering ihe errors of the

My

M
A

o
individual pion eneryy mamxronenﬂ.s, shm that the N procoss

mrobatly uoos occus. A (mfm.,tr' eatat hahmem of the A' proco._ss imuld

gt

PO
e

be the obeez‘va tion of a cha.l"re(. gmn w"th an accuratm,,r uo’wmned ener oy -

»

% s

ey

mater than "~ 1"’ ; x-Imr.

G2 [ 8N
20

3
Zan

In the ‘oxmrimental hira@ogram (1«"21‘{':ure' ) there are 125 piong of

2

~which 11 have oncrgles greater than 100 Mev. We have assused that all

B>

AN

the pi:ms anove 100 Mev. arcse from the A° procesa.

“-S »’;{.’.’

From the calculatod T, A olastu-c apecmm, (} ipure o ) 71;1_;03

g

1
e

«

the emitted elasiie pions hava ﬁnor(ms abov:rr 100 Hev.

CRR
S ¢

s
R

The nuiber of‘ LN ala.st;ic pions omi u‘c.mt.- will then be given by g

No. T, elastie (1, ) - N T , =

No. of T, elastic with Ty > 170 Mev. 11 ovents 71

The muder of Wh-elastic events ia “hen 3»10 = 15,5 cventa.
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We hava calculatnd that the inelastic 7"& contritetion {Sectian )

is equal %o 357 of hf‘ elastic rontrivution or 2¢% of all the 4

-

magonn stilbted, e nurber of in2laetic T, évente 1g then given ¥ ¢

To. W, imelnetic (?-Ii. { 1-.',':) ) R, () W34

Noe. —T‘_;\

elastic (N (7w ) ) oo T
Y . M .

The nuaory of T dnclastic cveutg ig Liwan K, { Ty )o@ 5.5 eventis.

o *

The muber o: pions ariging frow the /A process in the IL‘_sto;;ram
Sq than 0 Y - ' oo ¢ 21 . :
is then [ - \Iﬁ vt (Tf\ ) > B L, ¢ Lo m av )11 /8, anc
the numer of char-ed pions arisis- irom _t.‘(x A process cmic{,u el

e

P [3)

1IN Yov, 18 91 - 11 ®» 17 events, Thls leaves 105 pions as the contri-

cutlon ol whe b2 Procuss.

e have calculated that ©970 af the W, plens oripyinalle Zormes

within the muwelens are amiticsd composed of an <lasiic eontxivuiion of

14 of thw oririual velue and an .1.”1”...3.8':;"’ conteivution of 1% of

Lha
' * . ‘

orizinal valua (Sec Je SLdilarly for tha Wi gpecirun 705 of

+

s plons are zmltted from the nuclous where .

the oririnall forued T
28 of the ord-inel velue are clazstic and 2% are inelastic pions.

i & ""Q"f

: the A o the §° processes is

The ratio of enitiid f‘har @7 pione fvo
Wa-

E

T

oniLted - ci © 20

The ardesion of piuns lug L9 Uy mwsonic dacar of 3 b app'x‘
or via the reaction X~ Wi — 7 &+ 0 + W are emall sines no estahlished
cage of two plon emisaion has Leen reprted in approximately -~ Ll0U0 K

absorption stars so far reported. *°
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The ratio of the amount of originally formed charged pions

from the /% process ¥ (°) to the E proéess {8 thent

+

Ta (o) . = ;% attemuation of T‘;: - - Ta(e)
4 ' - .
W~ (o) . % atlenuation of 11, : _W-t<€)
- 0 2
.55 103

I:';i:_) s 25 .08 pro able error on’
: T\';“. (o) - 11 events .
~From the branching ratios for the single fucleon K absorptioﬁ
procegs (Sec@ﬁ:bﬁ .~ ) the ratio of the A° to >3 r_éactionq is -
A‘r"elated to the ratio of the charped pions from t.hé A’ reaction to the
| | charged pioqa h'om the 5 fa@cﬁion ( w. /n:_ < T\; ).b;,_r the -
equations o ’ ' | -
| .Ao/zf«é sts” . @ 1) (34 3y «‘-&-R,Ll)

_where a and b are the intensity of the triplet ardd amglet 7 states

vr*espectively and ‘g is the n/p ratio.
When the n/p is mj_.ty the ratio is

A°/ziz%g’

w1, |
A /71' -~ T}. .
In emmlslon the - n/p ratio is 1.2, and fur ‘his case the o*’prnssion

Ao R S o . Vz .
/2-"'.'5.'*2 1.7 (l.l '/3 T -
TA /TT-\“' L R

where S ab /& . ‘

becomes

. The ratio of £ * or "’/ 4ﬂa not well known but it is restrlcted

to the range © to ¢ , which implies that the ratio’ A/ T 5% s

i . o . TA f“.(, “ W~
can be between ,917 and .9L5 for an n/p ratio of 1.2, Wo will use & %

4
E
i
i
!
3
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value of .93 and include the additional uncertainty in the statement
of the xiztob_able error. The resulting ratio of K~ single nucleon
nucleus processes which proceed thfojugh the A° mode 'tO'vthe S

'7 rodes -( A°/Z_* *éo*iv) is then: -

o
N gt + %45 =t 09

_ The calculated spectra for the enttted T, and Wzt.vmlsons
(using the Gaussian distribution) normalized to the experimantal
histogra:h‘are given in Figure . The caleulated elastic o
gpectrum ‘vlraa fitted to the e@érhwntﬁl data by ‘equating the area ur;de‘r
the calculated curve above 100 Mev, to the area of the ﬁistogra’.m above
100 Mev. The calculated emount and energy distribution of the eﬁiﬁted
inelastic 'ﬂ': pioné ware thén added to this curve. The fitted 't':on?.ri-
bution oi‘ emitted *T,: pions was tﬁen e&&act-ed from the histogram
leaving the contribution of th plons. - .

The calculated emitted 'Tf;_i spectr-wh was then fitted to the
modifiqé. histogram by eqﬁéting the area.underr the calculated curve in
the region 20 - UO Mev. ’io th_e. area @ier the modified histogram in -
this energy interval. _ - |

Very good _agre.em_ent-iis obtained betﬁeeﬁ the calculated 'spectra
and the. experimental histogran,

Again using the branching ratio for the single nucleon abgorption |
reactions (Sect. ) the ratio of neutral pion to total pion proldAu'cvti'on

for the 2 and /\ process is given byi

v * ez
— E - & + 33
™
| e T+ T 3$‘+3+L“§
[
and T a <« 1

-w\;/«» T: =+ %
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For n/fp = § = ) these relations reduce tot

-

) —Tré‘ e .); and TT‘A - %
_]'rzt)o - -n’Ao:— .

.For the n/p ratio of the emulsion, i.e ¥ = n/p =1.2. These

relations reduce to

. o
T - 7+ 3¢ Can be between .33 to .35
"‘n—ti,o - . te 2 +3d* A o
and T, " 9w -} = U5
.«tv-.‘-—n-- . -
. A °,— 2.2 »
‘i(A .

'hr’q can .now compare the obgerved frequency of charged pion emission
with the emount which would be precdicted by this anslysis for various
~ frequencies of the sim;.‘;é n;.lcleon procoss. Thiﬂ '18 dOh@ in Table VIII.
L'sbin,«;' "1 branéhﬂ_.ng ratios -(Se_c‘-:. ) and norm.lizi_r_xg the _-F.‘ P
reaction ﬁn unity we obtain | |

T
a + b 4+ cC -]

"
then a°, %

and c° are each restricted 1o the range O to 2. The sum
of the kK~ pand ¥~ n reaction can ‘then be written as

V .. ‘ bl .: had ‘ ’ 2 2

- (K p+K m)nlﬂvui»(a + 8°)
e | S - Lo
The vatio of the A reactions to all the K~ ®N" reactions in terms
 of the intensities
: o

A -’ ,/2 e

1+ 'gl(az . c2)

(k" oym)

= ,19 % .00 (experimomtal value)
Equations relating the intehsitiés_'ban be writiten for i -
| 2 =52 .08 + (8% .9)a
2 N -

¢ 1is then restricted to the ranges
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TABLE VIII

Frequencies ‘of Pion Production

X ' This Analysis = , o Observed |
- (nfp = 1l.2) ' grequ§ncy

 Single Nucleon Irequency 100Y  Frequency at Emltted
: ' : Production Frequsncy
5
Z, ma.ot,'ione'

sit? . (25)
"+ . - : . * ’ - + '
T, + T : 52 - § to 36 7 U to
I T »Z. o et _35:&
/\ ~ reactions | 1947 '(I. 5)
T, w0y 522
' ' k2 * ¢ 31 o LA
Total ‘
Single Mucleon Frequency 90%
Z vr'eac‘piona"-. ) — 75.% (,_'
Ter Ty s 33ty
' A reactiona, I 7t 6
. : o A - + R ‘
. Tom .37 - 7 3] - !L-
S0
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2 +
¢ = 15 . 08 if 8 wmo

2 + ‘
¢ = 1 - .11 if a =2

Furthermore, it can easily te seen that if the valus of c2
‘18 1in the lower part of this range most of the &, formation

2 omall), and if

proceeds through the singlet stats ( p? large, &
the value of ¢? ie in the high part of this range most of the &

formetion proceeds through the triplet state (82 largs, b2 small).
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3. Charged Byperon Spoctrum ‘
The observed and calculated spectra (uainc t.he Gaussicm

momsntwn diat.ribut.ion and normalized to the, data above 10 Mev) are 2
comered tn Tigwe 1. | o

| It 18 geen that thsyagreeverysell sbove l(\Mev fromthe |
gparcity of events above (O Mev, the t.wo nucleon process is i.ndicabeo to
' have a low i‘requency of occurrence. The two nucleon process (K + "N“
4"N" T ;b:‘rl) would yield a high enersy l'xyporon of 110 ¥ 60 Mev. Although

gome of the high energy hyperons could have remained undetected due

to the small sizes of the stacks employed. 0f the particles of nucleonic

mass (conaidering only our data) emitted with kinetic ener;ics greate:r
than 50 Mev, twelve were arrested in the emilsion of which one was an
identif;ed 'Z+and-twelve J.eft th'e. stacks (é:;fétime conglderations make .
the decay in flight of(nm_xy- of the hirh energy hyperons "Qe_ry likely).
From these considerations and tho calculated fit the two nucleon ‘;Scrocese
is infroquent althouch it is aifficuit to estimate iﬁs {requency due to
isoto;:ic sp-in,. and gome exporimontal consiclere.tibns, ‘hut itr is probably
< 1. o
| . 'l‘hexje is evidence for a.Cloulomb varrier effoct inhibiting
the ermdission of low energy positive };ypei'ons. 'In Teble X are dis-
played the frequency of < Tang 7 hyperon emisglon for 10 Hev .

energy intervels for the evenis in which the char;c has boeen reportiad.

o ~ Table I

Energy Interval Q- 10,  10- 20, 20 - 30, 30 - LO Mev
l' T - 3 2 2
24+ (1) 5 3 ' 1

‘The ratios aret Z fz’(<l0Mev) ® 7 < Z/st (210 Mev) = 7
. z"; "('37“ > §

o
PRI
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The hyperon gpectra were fitted to t.he experimental hi 8=
 togrem by using a Z /z*detected emua’lon of unityend then
everaging the calculated s and E spectra. end fitting this

finel curve to the deta. The $ and f hyperon spectfa. incle

uded tha Coulomb shifts. Bventhough many of the 2 hyperons |
remain undected, thay have Do mrluence on cnu titttns pro-

cedure.




b su'z; of Kinetic Energles of §. nypem and 1ts Associated
Charged Plon -
1In Eig\ﬁ-e |4 1is shown the eum of the cbserved kinetic energies
of the 2 hyperon and ite associated charged pion ( O3y events).
 The energy consarvation equation can be expreseed in tarms of |
the sun of the .ld.netic anorgles of Athe_z hyperon and -1£a agsociated
charged pion (where neither particlo has suffored an inelastic soatter-
ing in leéving thevnucleus). - | | |
'r"w'_ STy =M s Ko - Mg - M SEE o 0BM
Uclngthei By moavalueafrom?arbn,avnmqf-Jr’ev.
| dathex stomic binding and B ; as the binding emergy of the nucleon
_with which the L~ interacts the squations becomes
- ?w_ * T#_+ - 103'- 8+ B, =95 Meve+n n' (for i*r;eactiona)

| *rv+ ¢+T,- = 9%6-84+By 6‘88-1«@ ¢ By - (for 5y’reactions)
For comparison the K free nucleon energies are

T,~*Tst =103 |
‘Tqr 4T~ =96Nev |
The sum of kinetic energies in the K~ nucleon mucleus will vary
between | '

s
"I']v+ . ’%- from LY to 80 Mev.

Ty~ * To¢ from 53 to 87 Mev. and

For the variation of B, from -8 Mev to L2 Mav.
The awrage sun of the kinetic emergies will be

__T';; 0"1"';2 - 70 Mev. for equal production of t-’:ndgtvporo.m
" which correspondis to a residual muclear excltation of 13 Mev.

The obssrved average sum of energiea is: T, s 0T = 75 Mev,
(axcltxling the low energy event in the histograa) uhich ia in agmemt

: with_ the single nmloon mtcrp:ret.auon.
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mmumaﬁumumymgmmmmtm

frcuanmex .b.orpuea star cmbo made.
The average enargy emitted in knock-on mleohs',' Bko’ can be obtained

by sssuxing that inock-on neutrons have the asms aVerage energy as knock-on

wommoummghowamﬁmmtutmtmmcm The
n/puuovutalunuc '

<n/v7- A-2> -12

‘mwmmgmlmwﬁwmaummuma,ﬂé,mm
obtnimdbycowuungmwcgeeneéx;’gymlwedinalwwom The
wwgywmmaummmm&wbyumn |
valmofBHav for ths average kinstic enargyc\fevapmt.ion mutrona(m‘)f
(fh Ynos.k.nn}«w.)mdan/p rauoathw') | | '
- moswwmcmmm@d\mmumﬁmmwm
obuimdbynddingncmctimbemtothemﬂmrafemtwddm‘ged '
wpm-wpimwwcmtfwthmmwrminmdewcm,
wmmwnmwloﬂammmuberofimmby
'mmwmobmmdmageemgiu.-
Tha mme enorgy emitted in TT “and Z particles was estimated

'mﬂnbuiaofohlrgoimmmceandbythtweinmactim

;'properuecofgxe'ﬁ'mthemuthe'!f and that L~ hyporon-has the

same interaction properties as the I‘Wperons.

® Por the Q;vmuan rogion we have assumed the same &/p ratio and
ensrygy spectra f Bhoq'auﬂmbmsuhubomobmedin-w mason
sb‘orpttcm Mn .
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Tabls XI
Division of Energy Belessed in an Average K~ Star
L, : Exission int

- Energy in Mev. Data

-

" miion Processes  Tev. R0 ' ( Goldnaver st. al.)

| xn?;k-on Nucleons %o | 62 . (Oommn-ot al.)

‘ Mged Plons | U*t H . | -67'_ : (Rpchcm c@;ﬁim) |

~ Charged Hyperons Wt s (Rochettucamdhtim)
Neuf.rti Pimq o 'i'ﬁvo | 3 '(M4mepmdméo)

| MZM Uge -~ 29 (ohnrgeindependonoo)

Wmmmtodfm‘ :'Uv- | '3311('“. '
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o e 3 o
'mmwmgmtmmwmuummm
Thommltingm@.umgiminmhn. o

Mtommummlo,zm,mmx-mmabm

in complex nuclel 1ss S '
. .I. - 2. - . ) .
» (L93 -« 8«8 ) Mev. ® L77 Mev,

The average energy given off in unstable neutral particles is from
Table XI ¢ - o } .
| Ffgtarle . ™ (LT7 - 269) Hev. = 208 Mev.

mlmmemfgemmwmomwmbyzw‘r
pnrucleamobtm: ' ‘ ' ’

gm'. 11&6’“'0
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He'determin‘e"tho-zpercenuée-of stars in which Vtho mmganiu is '
viubly acoounted for and intu'prete the missing strangcnon as bd.ng ‘
cmiad auay 524 amitted A putzclea. 'me resulls are give:. in ‘rablc xn.

Yas

Tabls XII

Parwntaga of K stars in which Smwoa io Viubhr
. Accounted for.

L " % Emitted

"+ Z ove S g observed
Z-miased' | o ki o  estimated
Z" | 10 - charge independence
Ryperfragnents | 3 o - obbgrved : |
Stars in which o observed .

total visible energy ' :
is greater than 310 Mev. .

& no strange particle

obgerved.

Total strangsness - 35%
accounted fori

This method yieldn 65 z of tha, K abgorption stars vnl
emitl( particles, ‘

Rivemal

Mo othn

P I TSI 7 FAE I T WL L7 TR N vy




2.

APPENDIX

In this section we will di scuss the approximtiona made in treatinr

the K N—v X msctions ingide t;he nucloua.

- In section the energ, c_onsemtion equation was writtens
Ei - Ef
ﬂhml . ‘\' ¢ )ZK + B”‘I + 0 cuca K..
and Y \&W + T, . T~ .

The vartocs emolamprcviouah' de.iost in section .-
Us:l.ng the tranaformtima from outgide the nucleus m insido the m.clmm

Tor ® Ty * Ve
.TY' .fo'i V; . | ‘ - o
% Tyt Vwoo
' ‘we ‘can rowrite the energy comservation aquation, -
-EI - %’—'1" TY.‘L‘ ¢ ilg ¢ ?‘iw- TNi + VN'-“ VTt-_VYOB.E.a’};

¢ My o Wy . , -
%vritethemtmconmatianequatimas(aaemﬁngme pxno)
; ,___,.—-» . —p
Py ® Pws Pyy -
Themgymﬂablemthecmtm :msayatem is

Rewriting Ey e Uy <+ T, ¢ 4, where A-v\,on.z.ex -Vy-VOMK
and using p.él- Tm( T‘!i 021&3) then

_Em-uw«)?/“i LTI
‘ C o (ne )t




1

Using the values given in section =
Ae(+l2 & 4O & 15 <8 & Lk ) Hev. = LS9 Hov.
and My = 938 Mev. then  2/( A ¢ My) ® 696,

'Fér'rui-honev mwﬁurﬂ(uxa,,)z is small compared to oms,
'woomnowapwoud.mteE by : ' '

.(A T <1 ) (Aw«)"’

e E, *

where E, = A # My , and A-AT’&/U#MN)'. |

 Substituting

Ecm = 11437%', .38 Ty «

The effect of variations of the nucleon kinectic energy, Tyy , from

'O-Bonsv.onm_emerginthecanterofm'aa',}:cm,ismn.

The momentum in the center of mass , P,y is given by

-1V<s -(My‘ﬁ)z)(E - (M -¥)2)

Lett.inga-(uy¢x) andb-(‘ﬁy M)z m)dapprmdmting
2
Eom -EQOZEQ then.‘ '

pm.' 10“)"Wg§ "'Eo. - %) (E, ’?{‘o | - b?)

- 1 D
° 2E, V"E - 8% (B - 0%
cu'ryingoutthe Muted opu‘atimmdneglecting socond ordertarma'_ :

Pon "R\l r(a}"—r ‘T°""" ."1>




Wi

T4e

meZWW'

P = 187Ny - Trell.bMev , T =93 Mev

. [] : .
P, " P, _(1}1.972:;10‘ Tﬂi)_“

For the N resction

pow25TMey. , T,  =29.3Mev , T, =153 Hev

p .p °' . o . . N -q )
. (1+1.232%10° r“i

vfor nri.ntions of T

| The mmt%in the center of mass, Pn changss at most by 7%
from 0 to LO Mev. In the calculaticms in

0N |
Section we have neglected this variation and used a canstant

-value of Pon (for "i‘*{i - 20 Mev)..' :
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EASUREMENTS on the mass of the poéitive K
particle have recently been carried out by direct
comparison of the ranges of K+ and 7+ mesons and by

" comparison of ranges of K+ mesons and protors of the

same momentum.'~* For negative K particles no such
direct comparison is possiblé. Hornbostel and Salant®
determined the K~ mass by a range-momentum method
as 93124 m,.

In order to compare the negative K-meson mass

~ with the positive K-meson mass, we have exposed stacks

of nuclear emulsions to the focused K+ and K~ beams!-?
of the Bevatron, maintaining the geometry constant
and reversing the magnetic field® in the focusing
spectrometer. ‘

The stacks were exposed with the plane of the
emulsions in the vertical direction. The horizontal
momentum dispersion in the analyzing magnet gives

rise. to a momentum spread across the stacks. The:

momentum in the K* stack (forty 600-u Ilford G.5

pellicles) varies from about 315 Mev/c to 335 Mev/c,"
and that of the K— stacks (one hundred and thirty-two .
. 600-y pellicles) from about 280 Mev/c to 355 Mev/c.

Immediately behind the stacks, a copper absorber:and

wedge were placed to stop the positive and negative =

mesons in the respective exposures. The geometry of -

the exposure is shown in Fig. 1.

‘The scanning method used in thlS experlment was

e
)
1
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090" AL |
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Fi6. 1. Exposure geometry.
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Fi6. 2. Range distribution of positive K mésons.

“scanning along the track.” Tracks were picked on
the basis of their ionization (grain density) at the
entering edge of the emulsion in the negative stack and
1 cm from the edge (i.e., after the region in which the
protons of the same momentum stop) in the positive
stack. The limits of the grain density at which a particle
was selected were chosen so as to include particles
between the mass of 700 m, and 1300 m,. All K mesons
that underwent a nuclear scattering (scattering.
>20° for Ex>30 Mev) were eliminated from the
sample chosen for the K—-mass determination. Three
K~ mesons and two K+ mesons were eliminated in this
fashion. The method employed for the K—-mass deter-
mination was as follows:

1. The ranges of the positive K mesons were used to
determine the momentum of - the positive channel..
The mass of the K+ used for the momentum determina-
tion is Mx+=M,=965.4 m.. It should be noted that
the M x-/M k+ ratio is not sensitive to this assumption.
Figure 2 shows the range distribution of the positive
K mesons.
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2. Both the positive and negative = mesons were

stopped with a copper absorber and wedge (under the

same geometry), permitting us to determine the z+ °

and #— range difference. This was accomplished by
observation of stopping = mesons in pellicles. placed
in the wedge. The knowledge of the momentum in the
positive channel and of the difference in the =+ and »—
ranges permits us to calculate the momentum in the

negative channel. This calculation was carried out by -

integrating the function dp/dR, by use of Aron’s
tables.” The difference in the momenta obtained from
the pion range difference (R,*—R,-=1.46 cm in
emulsion) is 9 Mev/c. This method is not affected by
the over-all accuracy to which the range-energy relation
is known since it uses dE/dx to bridge across only a
small momentum difference. The range distribution of
the positive and negative = mesons is shown in Fig. 3.

3. The range of the negative K mesons, and the
momentum in the negative channel obtained by
Method 2, permitted us to determine the K~ mass.?

For the K—-mass determination we used the ranges of
42 K~ mesons found in the central part of the stack.
Any error in the mass due to the error in the measure-
ment of the momentum dispersion is thus negligible.
The momentum dispersion was measured by wire

trajectories' and checked by us with the range of

protons in the positive channel. The uncertainties that
contribute to the error in the K~ mass are (a) statistical
errors; (b) alignment errors, which are of the same order

1001 AR=1.46 cm .

s %
RANGE (cm)

F1e. 3. Range distribution of positive and negative pions. The
mesons traversed the stack and the copper absorber and wedge.
The equivalent emulsion range is given by , emulsion=23.85
g/cm?.

16} ' 963
o Mess3zT M,

14t | V&t =43 M,

2l Il Mg =963 12'Mg , INCLUDING
’ i STATISTICAL & ALIGN-
o || MENT ERRORS .

8t |
Ny- |

St |

T E

2r I

] ] R | s .

650 300 $50 1000 . 1050 1160

MASS (M)

‘F16. 4. Mass histogram of the negative K mesons (assuming
Mg+=M +=965.4 m,).

as the statistical errors; (c) errors in range measure-
ments, which are negligible compared with (a) and (b).

As all our measurements were carried out relative to .

the K+ range, systematic errors would tend to cancel.
A mass histogram for these 42 mesons is shown in

" Fig. 4.

The ratio of the negatlve K-meson mass to positive

. K-meson mass thus obtained is

My-/Mg+=0.9982-0.013.
The mass of the K—, if we assume M K+—M 965 4
Mo, 1S

MK—=963:EIZ Me.

The above mass determination corresponds to the
mass of K mesons present, after a time of flight of

- 1.4X1078 sec in the proper system of the K mesons.

We are greatly indebted to Dr. E. J. Lofgren and
the Bevatron crew for their assistance in carrying out
the exposures. We also wish to thank Mr. H. H.
Bayona, G. M. Wike, and Mrs. C. Toche for their
help in scanning the emulsions.

* This work was done under the auspices of the U. S. Atomic
Energy Commission.
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"B Tae X , = VYaswes and the 2~ Hass Difference.

Dmm.omam'nwdwum.m'm observed n

which deserves special attemtion, o
mm(%\_wd“m)wmwmmuw

nu.I.T.mW(KmMK}Bz)MM&-W.

muehmtnx mummmmmmrm

'.whwmwwxmm(mrwom,hm,

or electrons were asscciated with the star). Ome prong i._ainhqmr
particle ( presumably aTU mesan) vhich leaves the steck, and the other
_prong is a dark track several hundred microns long ( of nuclecnic mass)
which s emitted colinear ( wiuz;n the precision of masuremsnt) to
the shower particle. In two of the evente (. &, and Kygny) & minimm
particle ( presumably a \\ meson) iamochtodwiththeemungeftbo

dark prong, indicating that tha dark prong is either a Z particle

which decayed st rest, or a 2 pn.ruclo which decayed in flight, In

the ot.hexfltud,v_into (a;,_znnd Kgp) B0 vtiiible secondary or interaction

was formwed at the end of the dark prong, which is consistant with a
hyperon which is arrested in the emulsion forming >n £ATD prong
Heasurements on thege four events are given in Table I.

These ovents are intszrroted as the absorption at rest of the
K‘m?ykydrommm@ldonbywofonwingrmumc'

+ +
K. § — & + T



Table I _
Maasurements on cam:-'xvm.

Event | MProng L Shower Pmule
“ (£) ()
Moderatl. ‘ o/ 8 I
Range - I Tire A it ‘end ' '
, ;XOO  10"dbg ¢ Bo _ s/lgo
772y | so9a ko] bl | 2.5 |ssoontary 1.1le .4 +Ll3
Yen | 519 ¢ 29 | 20
=

2 Jegs s 2s] eam.3f 2 - w2lyeS

e | eneld 2.3

‘nm projoctod colimariw of the dark prong and abotm' part.icle in
a1l four events 18 better than 3°. :

o)
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valuos of the K mass , on the basts. of the assumed equality of the <

. 81
e °

The masp . of ons. of the particles in the foregoing reaction can

be deterndnod by uaing the measured range of the ‘dark prong, the range-

energy’ rchf.ion( ) R the muaea of the other three particles , and tho .

conpervation of mw and momantum,

A, The K Hucfromthoz Hau.

We carriod t.hrough the abm proceduro and determined the K mase
for the t,vo events ( %21 and Kypy) vhere the dark prong is 1nt.erpreted :
as a Z particle. o ' | o

Henaodthetollowingmnaforthez avalueofx 232733111.(2)
(s ) (L)

.67 mass of M e 2.7 ¢ .3 mg; &nd & proton mass of Mp & 938.73 xev.

Since we were unable to determine if the hyperons reached their total
pétantiul range before decaying ( due ‘to t.hoir large dip) jthe K~ masses
determined by thia analysis are to be considered as lower limite to the .
K mass. ‘ -

If the hyperon in event Kmfaecayod in flight the reuult;l would
be more consiata.nt. The total moderation time of the nyperons in these
two evente iaSleOnoec. and since the < lifetime 139:2;:1%%%(
the decay :Ln ﬂight of the hyperon in evant K is reuonable. ‘

If we apply the samo procednre to the two I events and use a Z

_'masseqmltothe s momdu‘fmseqnutothe"f mass - we obtain

-

aml Z magses. This mmpretation appears unlikely as will be diacuaaod

B. S and Z Masses from an Assumed K Mass

We carried through the above procedure using a value of the K mass
)

»equaltot.he'C’ mags Kv¢96573 .7m,afnddeterminednlmeforme

S am 37 hyperon masges. Events Q- and Kygp 7i0ld the >3 meron

vTEZ

ms,whereas evants €7 and Km_yield zq;pa'vlimu for the o nass.

5)
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_ .'meresulmmmgimini‘ahlenmﬂgmvclmd&
R It is not possible to cbtain an escuratc energy determination
f'ottt@picniﬁtm'aeparﬁcnwcoiimrmu. If the plon energy

Y -

mknominaddit.immﬂwmgo  the dark prong (kypes'on) a
Adm-mmmionofbotht.hex m!kvpmmco\ndbemdousing
mbwomma(pianmdmm)inmax'on*€¢7 reactions.
"mmme-rmwmmmum,wmnmm
_mmdmmmdew,thafbm’thmamthefmoingrwﬁdn.
mwionof‘rablo n"maaluamifmx'msueqmmm
=¥ magsa T- " mass diffarence of > 124"613 m,mmi nass
dotax'm.md'anthisbwisis 232"3,sm,m1miseqmlwtmzm
demmmmrmo.mmomrmm imatmt.
This is evidence for the s° in event g to have decayed at Test.,

in ¥bich case the £ -5 mags difference ia then equal to U 6w . The
'{—_E* mass difference results from using the sams K mass in theao .
four avents and the fact that the S hyperon prongs (which maet have |
ccm"-oomot) possnases a shorter rangs then the g’ ivparonin-_mt‘o;'zl .
‘miademuom of the -3 ‘rass ¢iffermnce is fasonmitive to an
Wwwmdwefmamwmmngmofwm
m:mmmu tion confmtotmx particle as the charge conjugate
| -'oftha!( particle, and there ismthemucalmfwummu
equivalance of the I and 27 yperces. '

| "mumuw_mwmuumofmx‘mammeqmuw
P o’fm.i‘md i+wmiswmm,ummwmm
;bewodi.ffcmt!’ wunlaa,omK‘ﬁAchmwtsfmtmg tmm’cm
u:dthootburx particlaﬁuiem:'emwfm:xg S bypam This.
Wﬁmdwmnmmdmmnmtmdm
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Table 1I
K, Z mZMstmtboBmuam
e B st Tt

e 1+
o Identity of Case A Case B
| e |
Event, Prong - Charged , - Ibvmmm o
| using m&?’a%d:.?nﬁ
| 37 ¢ “a# ME 2
xz1 z $ 96626 ,.aszsu o
B | (D) < 935e5 ) 225k | (W55 L)
‘ >~ - -2338 8L
% =8 = 952¢5 | -
. b msslg7 =286




to the K~ and k¥ as charge conjugate pa.rticlee and would be a
violation of charge inqepenAance., |
The possibility ‘that the ebort range s~ prongs in the

colinear eventa a.re due to the X ebsorption by a proton in the
nucleus which undargoes the reaction ™ I g*“ ’ is unlikely.
The chsnce colinaarity of the plion axd hypuon from such a react.ion
is enal.l, and furthermore, tha range of the i hyperon would de
even shorter than the observed range unlesa the Z mASS wore

.*.
significantly lower than the i nass.

Addendim

Sinca the first report of: ﬁﬁié type of event and 'ité interpretation
as the kK~ a.bsorptlon by hvdrogen in the onulsion at the ?iso. Conferance
in 1955 se(verzl additional c'vents have been found end other evidence |
G

presented 'to,,eatablish a 5-“5 maga diffarence. Rosgelet

ly : i .
Steinberger ¢ 9 have independent types of events which yield z

.r
‘mass (reator than the § mass. Fry ( 10) has reported two colinear

evonts (the ranges are given in figure 1 and i - where they are callol

‘¥Wis 1 and Wis 2). One event ives riss Lo a heavy prong which emits a

proton of ™ 1660 M at the end of its range (2 dece.y at reet) (event

h't"

Wis 2) and ano'c.her event in which the cark prong ends without the

formation of a visible secondary or interaction (Wis 1) consistent

with a E (.;iving rige to a zero prony star. We havo alaso recently

obgerved a colinear event in which the dark prons emits a proton of
~ 1660 M ( decay at rest), Berk 1. Ticho 1 (unpublished)

hae observed
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-an mnt where ‘the dark prong has a range of about 700ﬂ', giving rise 'to |
& viaible abaorption star at the end of ite ra.nge which is mong evidencc :
fcr the identification oi‘ the dark prong as a S pa.rficla, and lends strong

support to the ,1nterpreta.t,ion of the dark prongs as Z particles in

the colinear svents where the dark prony ends without the forxr_.ation of -

a visible abgorption star. ‘
These events will be described in more detall in a forthcoming’
publicatioh. |

N

" The prmliminm'y results for all the Berkelay M. I. T. and Harvard

ovents are s

(12)

b4

M- =SS 2m if M _+e 2527 + 1n |
M, m22e2m Ar X Cmots e sm (Y

R z-v« h g s i _K- .HQ . - -Dmo

and N ;- = M+ w1+ 2n_1 the mass difference is inssnsitive to the

ermlaion density and to the exact value of the L~ mass.

:
-
i
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