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.ABSTF.ACl' 

A study .of the interaction .Of negative K mesons at rest in complex 
' ' •' 

nuclei by. t.hs photographic emull!iion- technique haS bean made. 

An unbiased e&qll.a o! 13.3 x· absorption stars _hu been foum by 

the "along the track scaimixlg method". 

The obserVI?/l stan are all consistent with the primacy K- absorpt.ion 
. . 

process by the strangeness cor.servin.e l'O&.ctions K .. ~N"_. Y?r am K .. "m'·Jl!- Y~~. 

The sir.t;le nucleon absorption prooeeu ln conplex nuclei is predominant •. 
. .,; ' 

CaJ.cula"ted''pion tmd hyperon spectra for the rtN ... Y tr reactior..s 

occurring wi thil'!. ooq:>le:A ~uclei are compared -..d. t.h the conpila.tion of K-

they au.ao. 

Tho ca.1culated epect.ra are based ·upon t.he Serber optical model a:nd · 

take into account the presence of pal'tic1e nucleon potential. wells. 

Th:s observed shift in the pion spectra of JO 11ev for the .7:- . reaction 

from tho free nucleon case is interpreted. as prlnarily due tO ·b:iixling 

effects {a.) the atomic binding of the K ... J.ileSon be! or.~ absorption t.akae 

-place, (b) the nuclas.r bind.inc of the nucleon with which the K. !lliSSon 

interacts. 

'I'he ratio of. K,.N~ ~~ t.tJ K~·...trh<U5 boon determined as .24 ~ .09. 

In · - 6)% of the K.. absorPtion !!tars 1\ · particles· arc ai t~ 
.. . 

(lrhich are presuu101.bly due to the primary proceee hN"_. A,. a.m. the 
" ,, . 

secon0...ary prooeos ! N _.. A N) • 
. , .- . ·. 

1'he rotio of the 1C /K ii\a.'Jtro:t hu beEln detarmi.nad . by a range 

M. ··;~! .. + Q + ... · .. 
momen.tum met,hoo With the result .... K . JW( , a .. 99v •• 013. Several 
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reaction. 

ThfJse ~V0!1ti3 J.l.!.·.:<;·~ :!~1 ac·~1.1:catf: •.'oto-.h:n...:..rJ.e.tir;;-:& 

... 
~.: . :J 

- f 
azld the ~-~ mf"~ss >::j.f.'ier.?.nce • 
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IRTRODUCTIOH 

rhe firat example o! the nuclear absorption of a negative K meson 
. ' (1) 

at rest was observed by Leprince Rin.guet.. From the early examples it 

was apparent that :i.n the majority of events the tote.l. visible energy 

. -
wae considerably lese than the rest. anergy of the K P~eson1 and evidence 

was presented which showed that tho K nuclear absorption process could 

involve the formation of pions and hyperone.( 2) 

Phenomenological echemes to account for the. properties of hyperoi18 

and heavy me~ons have been proposed by Niahijima, Gell-Mann, and otheraP> 

·l'hese ache~ a :i.nvol ve the introduction of a new quantity called " strange­

ness " by Gell-Mann, which . act• like a new quantum number. l'.he're ia nov 

substantial evidence in support of the main fea~ee of th~s~ •chem.s. 

· According to these schemes the K me eon can !.:1teract Yi '::.i " r- 1.l.~ l: ·r'ln. 

Wlth the completion ·of high energy accelerators in the bill ·~:; .;L.c.­

.tron volt range, it h&e become possible to produce K .. mesons in .ru: 

intensity and under controlled condi Uons. Consequently we have .under­

taken an experimental program to study the properties of negative K 'MII0015 · 

and their interactions with cornple:x nuclei by the phot.ographic ~mUl.a:'t.Qil 

tech."lique. 

All published K- absorptlon events in complex nuclei a~. l"9~t-,. .it)c:lu:;­

ing the even*-s reported . hGl"€ C~ be interpreted i.il t.errns of tJ,e, t>t.r&.~ .. .,._­

DEISS ooiU~ernng reactions K •N".;.Y;TI ,and K- "NH" -Y,N. It must t1• 

remarked that m&IJ\Y ·or the K .. absorption e1'ents obl!terved in nuelear 

emulsion are con:pllcated, and it is virtually in.,o~Jaible to make et.rong 

' . . ,, . 



----------~ ·----~,.--------w---------~-_,...;..·~-------~­
' I·' 

arguments concerning the pr~ }('" abeorption · reaction in all individual . 

Part I ot this t.heeis. containe a . ~eport on a study of the interaction 

ot negative I 1!1880~ at rest in complex ·nuclei •. 

The K.. .absorption ~· ~t rest iil con;»lex nuclei have been observed 

to have the .following· properties a 

1. The fiJ!!i.ssion of charged Jvperone and hyperfragmenta~ 

2. The emission of charged ~8 which sometimes occur in aa.ooia­

tion with the emi.ilsion of a charged hyperon. · 

3. Tl1e emisaion of high energy protons ( .30 - 200 Mev. ') .. 
t. The emission, in tbe major~ty of events,. pt lav energy protons 

and prongs oharacteris.tic of evaporation processes •. 

5. The formation of zero pronged stars. 

6. Haey cases where the total visible aner&lr is small enough to 

permit tho .emiuion of neutral hyperons. ( }.• -t L_
0 

) 

, 
7. A small, nll1!1ber of cues where the total visible energy is ao 

large that the hyperon must have been trapj>ed and explod~ 

inside-t-he nucleus. 

These experimental results are in agreement with siJdlar work 
. . . . . • . - {u) 

carried out concurrently by· other groups a 

-" " We havo calculated the pion a;n.-3. hyperon encrr,y spectra for " "' _.,. ~ 1\ 
-;. •• o. . ' ' 

and · '1<. N 4-c\~ reactions occurin(; in COl1tplex nucle::.. on the basis of a 

simple ·optical model and have COFq)arBd .·them vi th the experimental 

spectra and good agreement is. obtained. 

The single nucleon absorption process in complex nuclei is the 

most .frequent reaction and i>rooe~s mainly through the ~ 1r mode. 
\ 
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· In Part. II at th1a ta..aia are clfJecribed deterlllDatiou ot .the ..... · 
. ,.... . 

ot the, ...... and '2: toj:HIHa. 
.. - . . 

The ratio ot t;M ••- ot taw l to the Jt •110M hU beaD ....-.t 

bf a race ...m. ~ 111t.h 1ihe resultiaa value ot ~ ¥ • .~8 

t .ol.J. 

S8'I8Nl eftDta h.ft· beeD csbaez ved vbich are lnterpr.tecl u ·the ,-

118101l·tlbao.rptioa at zwt b7 ·the· ~~an~ the· emulate b;r ta react.iou 

x-' • B -~ ~-t-+·lfz· 'thNe .fteate peni~ an aOourate d~ticm of. the 
. . c . - + ,·, *••• m1~a ·~- ~ -.dUr ...... 

•. 

-. 
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I. The Interaction o!_Negative K Particles 

at Rest in Complex Nuclei 

..,. 

A ~tie ct.1acN1I ot tM lentroD uponl'ea 11 ~hom 1a rtpre 1. 

Protoae ot 6.2 ln. Jdneo\ic fllWr«T are 1aoid.ent on a pluapd tarpt 

( 0• taxl"xl•) placed 1D the wilt tapnt tuk, 11here t.be atr.,- field ol 

the leY& \ron 11 l011r ( < 100 1&1111). !be ,...Uolee prodllct~ at '10° \o the 

1acidat pro\on 'beD pue tbrcN&b a ·tJrl.n winclw ( .()9011 Al..) oa the wit 

l1de ot the Bnatroa ftC\1\a .u. TheM pa"\ielea · are tbeD fooued 'b7 
. (S) 

taur a•xt• ... nus-. atroJII-lCMt118i1Jc quadropole ~!~~~pete. The particle 

aip u4 ·Ja01118lltua in\en'al an aelectecl b7 a eteeriftg aap8t pl&oed 

behiad the quad.ropolea. . ru. 'beaa then eatere a stack ot etn.pped 

eaulAons. The emula1oD .-tacka were pac.d 10 that t.be plane ot tile 

. iDdividUal pellicle• were vvtiole. .The tarpt to esmllion path vu 

3.2 metere aDd the --.nt• int.enal ot the e:xpoeurea-. .troa 

270 t.o JtlfJHf.n./c, with a..,..,._ dispCSI"81Am ot t S •• 

Three nuta of ntGI'd o-S 600 llioroa 1t.ripped eaulaiGD,... ex­

posed to ~. b4NUI. 

tho ·proton nux on the tarpt. wu au\d"Gd by use ot the 1Dduction 

electrode, aJid the 8ltp08UI"el wre lJJd. ted to ~~ wlJ protou 

on the tarpt. 

The prooedurea uaed 1n preparing the al.aeko, developmmlt, and tinGl 

pellicle proceaai~~g baTe bMD deNrib4Kt by Goldhaber •.!!• ,!l~6)4Dd _Sh.apiro 

and suu..z.(T). 'rbe et.adard Tariable teaperat-we Briatol development..,. 

NOTE: For F'ig. 1, see Part II. 
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1M aepUw 1 ...-. wn 1'01Dl b7 the "&laaa tlM VaoJr •.,..,nc 
t-eoba1q••. Th1a tne ot ecamdac 1Dtrocl11c• no biae in tU _,. or .U.· 

ot adtnc tcn8l.-

For t.be MaiDtlat ila1.en&1. 1ft the aposarea ( t70 to .385 Mw/c) paftlol .. 
' (8) . . 

ot the l' _. po•••• a 101datian relatiw t.o a1.td.IDa of .troll 2.0 to 

2.1 at. the lMdiBC tiClp ot the pelliold, 111bicb 1a eui]¥ d.i~ 
,· . . 

hom the 1CIId.sa\1on at beaa ")( ••ozaa aDd ligll\er -.. beUl partiel ... 

We were ablA to ~ the nl&Uw 1on1aa~ioD ml potellt1al ranee 
. . (9) 

ot "?: .,... pe.rtiole• trca the· kDolal c!Upereiorl ot the -a-ua ~ 

The ~\\8 dt..,_.t.cm ( t SS) V.. III&U eD01J1b that.~-.. .partS.· 

clee po .... mld a 1'&1rlT nl.l.··detiDed rang.. An exper1.1¥mtal obeok .ot tbe 

Jll0Milt.Ul!1 di~on ~·obtai,_, 1'rclll the l•/ r+ Jaal ratio upo.W..(l.O) 

, . For tbe cttDter peU~ iD this. u.poeure a JI)C)IIIMtlDil ot .314. ~t 6 Mrr./o ... 

. obtai.ned~,· wich OQJ•retlpcDta. to a emul.llion razsae ot 4.2S • .25 ca. 'tor 

?: mnas part1cl ... 

The &JtCQl.ar apzeed ot the~ .. del'ilaed. 1a 'both proj.ct.ed ud 

dip ansl•• to better tb&llliJ0 v1Ul ,....,.ot. to the -. 'l(. d.ireoUQD.:. · · 

Far a track to~ clu.-d u &· 1topp1.ng 1\ JM8QD 1 it h8d to tit 

tbrM cri teria1 

1. The relat.1n 1onisat.1on ot the \rack at the leadiDc · edae c4 the 

pell.i,~ ui to be vJ.thia t .2 ot ua. ca1n1at.ed roue. 
. t·· 

. 2. The- tinek b.s to 1'ora u tmll• ot < 10° 1a both dip aas projected 

vitb """' M the -.n 'l( d!NoUon. 

.3 • The ft.llp . ot a ~ tnek hM to be wlthi.ntJ/1£ -. of the 
;;. 

oalo111&W~· 

,· . 

' ' 

l 
I 
l 

' 

. ,,. 
I 

I 
l 
l 

. ~ 

i 
'l ·l 

. j 
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Tracb vbich !all within these three criteria haft been claasi!ied u 

-stopping r mesons, unleaa the track ends without the formation of a 

·viaible absorption .tar, 1n which cue the track underwent further 

analysis. 

These three criteria are sufficiently severe ~ elhdnate Y meaone 

and lighter maae particle• of e:rfT incident momentum !rom the sample. 

In oa~a llhere there might. have been a doubt a more accurate grain 

count wu _performed at several different re•1d~ ranges and identifi-

cation was made on this -basis. 

The three criteria are not sut'.ficiently strict t.o separate protons 

from li mesqns forming zero pronged stare in all eaaea. Further measure­

ments were made on this type of track. A grain count o£ at· least 500 

grains or a per cent opacity count v&a made an about the same length . . 

of track at several differcmt residUal rangee about e. centimeter apart. 

Several of the tracks separated by these techniques were checked by 

multiple scattering meaeurements (constant aagitta versus residual 

range) and the if!ontif'ioations agreed •. Not all of the tracks forming 

zero pranced etars ( x-f candidates) were analyzed, and we have 

inferred froM these ~ track& several additional K. tracks. 

In one region of the &tacks all !tl' candidates were analyZed, so that 

in th.1.s reg-lon we han th~ measured ratio ot K• tracks fornrl..ilg viaible 

absorption stars (at least one pr~ of range > 10 .Y ) to x· tracks 

forming zero J)ronged eventa (traeka f'orming zero pronged stars, blobs, 

recoils, and prongs leas than 10 )J, ) , we .assume that this ratio is a 

conatant. In the region Where. the Ki o.a001dates haft not been 

~ and ainoe ve knew the nUDiber of tracks forming x• abaorption 

' ' 

. ·-. 

/ . 

• -4 -- --~- -- -·-- -· --- ________ __.:._ __ ~~~~· ·~~--
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D •. ~AL Aftl,tsiS or 1- .ABSOfiPTIOI SUBS 

Uter a tnot vu clau1t~ed aa a atoppina , .. ••on an ~ ot 

it. adiDg ... ada. 

1.'be follM:Ac def1n1Ucms were adoptedt 

ProDg - - a:JV eerlee of gr&iM tthich b8.e a detini t,e direction. 

Recoil - - &IV' PI"Oit& who" length ia leN tban or eq11&1 ~ S 

Blob • - &IV c~OMraUcm ot \bree or mora grains which bae 
·,j'. 

JTotip . ot all 10Diu.U0118. ad videq 't"1.171na rangn are a.1 tted tl'Oill 

1• ~·· In order to lWdahse the chance ot Jdaeinc a proag .at 

lout. t110 ob....,...ere care!\i1.l.T iDipected each 1'"' etoppi.aC under. lOOxlO 
. . 

or lOOxl$ upe.ticaUe. fhe etticieney tor eee1Dg lia;ht J'I'ODP( g/g
0 

l.S) ia ')' 90% ai'Jd t~ prongs 1a -1~. Sildl&l'~ each prOne . T . . 

eading vu ~ ~u.pect.ed 1 aD4 the._ e!ficienoiee appq f1liir 

ob~ decqs ad 1nteract1cme ot tM proaga. 

All pronga .... toll.owd .. far .. poesible. or the 306 PI'OftP 

(ncludillg recoua) eaitt.ed trot& the 138 t•stara, 38 wen. not followed 

··to the ad ot their ruae, ot tbeae lS were ah<Mt:i' part.icl.ea ( a/a,~ 1.4) · 

lS bad 10Dizatiou between 1.4 m:t S, ami 6 nre black (· r/r.o"3. ·s). • '. 

RaDp and ionisation ~ta, and obara.c~atic •DC11na• were 

Ued. in dete.rlliDiDg the 1dentit)' and energ ot each prong. The ranp­

~gy tables ot Bu-ua ~ aad Y~ (ll)were ueed •. 

i 
.. 1. Proap olueUied .. 7( 118aJQI28 

.B ot the 1.38 x· abaol"p1don atara ea1 t.ted FODC• cl.aeeitiect u 

JDUCM. ( DO Cue of . dm1ble pion emiaaion VU obaernd •) 

'· 
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13. 

13 or these traoke were a.rreeted in the emul.a1on 10 that oharg8 ud 

a gOod energy determination wu obtained. 

On 6 of the prongs it vaa poeaib1e to perform tvo grain counta 

at a great enough diat.anoe apart to permit a reliable identification 

and a good anergy detend.Datdon. 

On the remaining 14 pl"ODg8 onl.y one grain count or e.ti.mate wu 

poaaible. 5 of theee pronca wen emitted with a g/~ < 1.3 which rule• 

out the poseibili t.y that the prongs are protons from energy conaidera­

tion. 9 prongs were emitted with g/io between 1..3 and 1.6 , and in these 

cues we cannot rule out couc1uaively the ponibility that these pronp 
~ 

are pro.tona. These 9 prongs have been claaeed u 'ir "Maona Since 1 

a. The highest energy of an identified pro\on waa only 190 Mev. 

( g/g. 2.4 * .12). 
0 

b. In aU 12. cue• ·where tracka· were emitted vith g/g < 2, aDd 
0 . 

Where i~'VU al•o poaaible to subsequent~ identifY the t.r&ekJ 
. I" . 

they were all L M1tOn8. 

The poeaibillt7 that 110!18 of these prongs are electrons or/-. meiiODI 
- ... .. . 

ia uril.ikely, · 1ince the I meaon is a long 11 'Ad 1t.rongly interaoting par-

ticle. · A . •troncl.y interacting r meson will only very rarely produce 

electrou or~ me.ona aa a reeult of the nuclear absorption of the ~­

meson due to the ext.remeJ¥ _weak e. aDd__}' coupling to the nu.cleutt.· . The 

emission of 4Z. or _jA mesons . due to the. decay of a K~meson at or near rest 

is &leo a rare process. Eat.imatea indicate that the K- maeon will spend 
ll .. · 

ot the order· of or lese than 10- · see. ( frOlll ihe point where the track . 

appeara to be. at · re11_t) )»etore. nuclear Absorption take•. place in nuclear 
.. ··· .... ··.--·.· • .. :.?., .. .:.-· .... ·.·-,:···: . 

Cllllalon. Si.Me ·the _, 4 .......... ~ ........ t.....: -V~· • . . .. ·•8 .. ·(12) . . . 
. ·. ·.· -. -. ··. . . • ~~~ ~ . WJa .~~ :.--. ie ·-:v.lQ . ~· . . .,., t•. · . 

. ot.~ ,. ~ •. -:m··be·due t;O·~-d~ ~--(: ~- .,.s,;.' . . . . 
. . ' .; . ~ 

'· . 
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2. Slow Protons 

.All prongs in the range interval 5 /'- to .3.$DI'Il. were clueed 

aa slav protons unl.eu identitied aa another particle or Tisual.l.y 

cl.ueed as an o( particle. 

14. 

, In this range interval the .contribution ~ d,. t, and o( particle• 

is no doubt aignif'icant and evan the visual.l,y identified o( · are an · und~ · 

est1mate. No serious attempt vu made to obtain a more reliable aep&r• 

atioa. The effect of incorrectly classifying d 1 t, and o( as protons 

ia tc tmdereatimate the kinetic energy of the prong, and will usually 

cauaa an underestimate of the total prong energy (ld.netic energy plu 

b~ing energy). 

Estimates of the totB.l. energy emitted in. heavy particles 

(eharged heavy particles and neutrons) was c&rried out 1n the Same 

fashion u in the antiproton star analysis (lJ), am conpensatea tar 

this underestilDate. 

· ). . Charged Hyperons Identitication 

Charged hyperons vere identified by their characteristic e!ld:inga. 

· At rest positive hyperons decay into either a proton With a 

range of 1650.! 50)'< or into a .minimum secondS.ry ( ( i() meson).· 

Particles of nucleOnie maae which· form ~sible absorption 
-stars when arrested in the emulSion were classified as 2 particles. 

If an electron vas associated ·with the ending of a track of nucleonic 

JJ~Us,· these tracks were also interpreted as ~ hyperons. 

In'night 
+ . . 

2: hyperons decq Gi ther into a proton or a Tf meson 

and '2 hyperons de~ into \\ mesons. Tracks vhioh tit these 

o~tiana (and kinematics) have been claseed as charged hyperon decqs 

in £11g"· 

. .I 
. ·.I 
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B. RfSULTS 

1. Prong DietribuUene 

15. 
~ ' 

1'he prong distributions hava been plotted excluding recoil prongs 

c~ s..)o\>· 
1'he prong dist.t"ibttt.ioM· o! all l !ttoppines ia plott-ed in Fig11n 2. 

The· aftftie llUI!bar or prongs is 2. 3 • · • 2S. 
. --The prong d:J.etr1but1cm of· the K etoppings which end t a charged 

pion is plott.ed. in Figure 3 (iDclurling the pion).. Tha aver• number 

of pronrra i.e 2.h + .4, and the ·~ ew.ble prong mDIIDer ts l.J + .4 - . . -
. The prong diatribution ot those x··at.anJ wbich. mdt a eharged' 

·hyperon ie plotted in Fi~ 4 (includ.~ the b;ypftron). 'l'ho. average 
.• ... 

llUJIIber of pronge ie 2.6 ·! 6, az!d the average ntmJber of stable pronge 

l'h.e tot.a.l pr"~ diatrfrutions are the eame vit.hin statistics 

1Micat~ a big:hv &VP.t-age excitation energs in thoee X· stan where 

no charged unstable particle is emi. tted.. 
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-2. Freq't.lmlC7 of ~~ or K Abaorption Stare 

-'l'he K abiiGI'pticm •tars have· been grouped into tho following 

eat~gorieat 

a. <7"':::: . 
-~ ~,:tr 

b. "E 

o. o:rr 

d. ow:'( PE f? I 1[ 

·e. o- . 
H'('PE~. 

·t. ~P. 

h. f 

. -
A I et.ar which emi t1 both & charged pion and an · 

identified charged hyperon. 

.. 
A l aw which emits a cttR.rgOO. pion. 

• A I et&r which emits a oharpd pion and a h:yptlr-

fragment. 

A K &.tar wdcb ~ .. H.s no id9nt1:fied unat&blo part::i.oletl 

. but one or mor$ protona vi th ldne·tic enargr , T P :l;, .)0 Mev. 

- . . · A. K star which emits ·no identified unstable 

·p8rtielea and onl.y evaptlration prongs,Tp ·~ ~iQ Mev • 

.. 
.l K star which has no visible pron&a 

~ · .• ~ .. 

~ 
. . ~ 
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Tabie II 

-IdantUied Cbargo of lJDa:t,able Part.iclca Emitted· f1oo2l K AbaarptiOD 
St&re 

~ 
1lZ.. 

~ - ..4 
"E.~ 1f :±.. ~ - - 4' -n--"TT ~ 1T ~ 

lt_.;; 0 2 2 

'I 
'I 

' i 
• 

(7- -t o--
~ 1\~ 

- ~+ . L:!:. < 
':r . d 9-Go.).' ~~ C:,.Q,:y 

all forming asaocia1 led othel all -~ "(rr) "i+( p) 
ftt..AYo cl_ .... ...+ ........ A.t •. l"'l&at 

7 L 2 ,. 
6+(1) 3 3 +(1) 0 ~ 

a;:--\-~~ 

- 11-+ 1\ 

10 3 



. Tabla I 

-Frequency of Types of K Absorption Stars 

cr.;;, f. 0£:" a:;.. . o;;-~r,T" ";")"Pet" . 
·~ 
' .>.lOtu.b ~ 

no. 5 9 28 0 3 .34' 41 

% 4 7 .20 0 2 25 JO 

Type no. no.vith lp . no.witb 2p each no. with· Jp each 
tJf Tp JO Mev •. with Tp JO Mev• . :With Tp )0 HeY. 

O":;f- 28 2 1 0 

~ 

~ 9 2 0 0 

o-
5 

~ .. , 
0 0 lr~ ·:. 0· 

,, c:r-
34 21 11 2 

p>l4>J,w 

---:-- ~ .-. -.. ,-·_~~--~---:-:---.........,..,-,-~-·~....,..., ~ ,....,.-;,-- ~ ... -~ 

F 
14. (5) 

14 

no. with evap. 
prongs anl1'. 

17 ' 

5 

1 

0 

Total ..;,-.· .. 

1.38 

~ 

no.llith DO 

prongs 

8 

2 

4 

0 

~ 

I 
!'.! 
·~ 
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T 

' . 

). To1ial ·vs.81bl.e .._,17· 

.In Pigare S ls ·plotted the total Y.isible ener11 releuec! ill x-
·' 

. abtlorpticm nan. The total n..:lbl.e 8DII"&?' :releued wu c~ 1D 

tbe tol.la.ins .tUhiont 

1. To the Clb&&i wd k:t.Datic ..,..g. of a prot.cm w.s added 

8 .Mtw to taD aoooaDt ot 11110leai-. bi,.S1 Dl• 

2. To the obMil'ed Jd.Mtio 81l81"17' ot an d( we lidded 4 M.v 

tar b1zw!1»g __.I.Y• 

). To tbe obearftd byperon ld..netic energy vu added the 
2 

Q • H.,C • 2SO Mn. 

1&. To tM obw•ted pion ld.n.uc energy Wu .&ted 1.40 Me?. 

far tM p1on re.t aargy. 

;. ·. 'ro the ld.Detio merr;r ot eaoh ~t wu added 

the Q val• + K 1f c2 · tar the A c. particle A..- 177 MeY. . 

ThU D1ll"ft 1• not a preciee description of the total Yiaihle 
' ' t 

~«T nleued 81nce not. all oL the ~ 11hich are emitted are 

obiMtlted·~:·:about ~ ot the picaa with g/g < 1.4 ( ~ 70 Mev) 
0 

are ~~ m8Md, ad probab~ about. ~ of the ·prcmp · 

cl..auecl u ale. protou are in reality d1 t · ar Of part.iolea. -
i'he obaez ted ....-age total n.tb:e .eerta ie1 Em . • llS Mw. 

I£ w u..- that. ~--ot tmt ~· and 1~ or the obarged piau 

20. 

above 70 Mev are atlt88d, tb.ia would raise the total visible eDIIl"gy 
. -

releue . to I vi8 -=- 160 Mn. · 1 
\ 
I' . • I . 
. l 
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F • · !BICIII'l'IQAL DlSctmSIOI . 

l. IAVod\lCUOD : 

. - . 
We w11.1. di.,._. the JC ab..-pt,iaD proee_.• iD cOIIp]a 

. . 

30. 

ft11Cl.e1 ill \el'lll ot the phcu.,DD1os10&l ~ preeeDted b7 Rilhijia, 

Oell-icaaa iDt otben. : (J) '!hetle ~ hm .been ftr'1 naoeuhl.. 1D 

apl•1Ding the ~ propert.1ee ot \he h3,._. and beav7 m..- Del t.be1r 

1ntaraetion8 vi tti nuclear •tter. 

Acoard:S.Dc to t.he8e _._. tiwuitiou which . are allowd UDder the 

uual OOUfJI"ftt.iorl l.ae -.r ·haft q11ite dUterent ratee ac001'difta to 

the degrett to tlbiclt a new q11Mtity, ealled the ·~by Oell-
.· . . . . 

• I • • 

1'nld>er, 8, &Dd the artra.:npnesa ot the qstea ia defined u the algebraic 

- na ot .the ~ ~ of the c~ part.iclea. Alao an iDtiJiate 

ootm.ction .rlm be~ the. atnDgeneu am the 1801iopic epiftt 

Q/e • ~3 + S/2 + 1/2 

. vberet Q/e 18 the charge IDIIIt>«r of t.he particle •. 

IJ. 18 t.hG s CCIIJI)ODIIftt at i~ ..,.US ~ 

the part1cl.e. 

8 . 1a tbe .vana~ D1lll>er ot t.U part.iole. 

- I ia the IWllbw ot aucl.eou im'Ol...S. . 
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tablA IV. 

-2 - \·· 0 +· 

0 Ao 
t o·) 

·- . -+ - _o - \(.0 ·rn, 'P l< ~J K. 
l/2. - }( I 
~ .=::. 

(:- ·~ J 'I.,_) t _1/')..) ~~) (-1/1 J L~} 

- . ~ - ... 0 -\' 

~I Z I~ . "'t\JI\J'tf -
(- \ 0 \ I 

\) l-\;Or \ ) 

•. ,. 13 0>'4 ... ., 1• ~t.t.en d1reotl7 beneath ·the psrt.1cl.o. ' 

· !tie ~o1.1.old.Jic I'U1M are inpsaed on an izrteracticmt 

a• - Q ad H U'ft _ahllr:B ooDaerved. 

b. rar rut nnnc 1nteracU~ (~.place 1B 10•23 ..C. 
. . 

· I, I , 8Dil S are oOOINI •eel.- · 
3 . 

o. For eleo~ petic 111tencti<me I .. t arxt S are O<mMJ nd. 
' . ~ . . 

aD! b -:x. ! 1. - . ' 

ror wak inW'actioiuJ ( t.aldng p1.aoe 1n 10 -u to. lD -8 eeo.) 

~S•!l, 

•• For VusiU.. 6 s > ~ 
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.· 2. Allowed K •;a &Nctionl 

App~ . t.b .. rulee, tor a strong ~.- nuoloon 1ntereetJ.on the 

following reacrt,iona~ are allcftda · .. + -
(a) l +p ~ l:. -+ rr. 

.- 0 t:J 

(b) I +p ___..p z: -ttl 

co>.· , - - + 
+p ~ 'E. + .-rr . 

(d) 
.. 

J( +p ~ 0 c» ~ 1\. + 1l ~· 

-·(•) K +n 
- _o 

p. z .. )l 

- . --. (f). K + n ----9 ~ -+ I\ 

.l .. + n ------.. ·~ + Tf -Ca> 
,(h) R .. +.N ~ \(-+ ~rtu 

ad f<:W tM two rmcleon abeorptiont 

.. ·(if K• + f: + N ~ Y .-t lf 

(j) J( •• w • ~l ____.. y-+ .J.l--t v 
·.It ~ be noted that 1! no -'otha- ael0Cticn rules arc operative 

. reaot.iaas (h ~ j) ahould be mall from pbaw.>. spa.ce cons:idon.t1ons. We 

UIJUIIIO _dbia to be so in the following· di~JCUSs..ton. 
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33. . 

·The bftachiftll ratial tor the, .. eingle zmclean abeorpucn rucUona 

··(a) to (g) can euU:V be derived b7 ~ eonsenation ot .1aot0pic 

sp~. May authors haw C&lcul&ted theee ratios (l5), d the Nul.ta . 

are given in TAble V. 

Reaction 

Initial State 

Tablo V 

Branching RAtioa for n ~ y 1r 

FiDal ~tate . 

1. l~~. 

I • 0· 

·'I • 1 

I'Jlt.r"ix El.emrmtt · (M. E.) 

l)_ • a(c08 G? + 1 aiD~ ) 

11 ~ • b ( eoa ~ + i sin ; · ) 
0 . 

N • e(coa'"' + i· sin w) . 
1 . ' : 

Matrix ElemeDt (M. E.) 
. ' 2 

(M. E.) . 

(1) rt + .... 
+ P-'~> ~ . •rr l M + 1 M 

. . 2 ' . 2·' 
1 a +abeoa +lb 

- 0 0 · (2) K · + p.. ~ + 1T 

(3) K- + P~i + rr+ 

- 0 ·c>). )(- • n ~~ • iT. 
' ~ 

c6>.x· ·r ... ,~ . n-o 

.. (7) r.·'/4: n -1111\0 ~ 1f • 
. . ' 

·t 

eoa D( • cos ( e - f ) 

·~ ·1 '10 

- l M 
. Yo- 0 

1. M 
-"2 ~1 

- l 
1T M 

1 
1 !)_ 

1'E 

l Nl off 

\ 

0 4 ~ga ~ . 

l b2 
t 

+1M 
·-fb 0 

1 2 2 . 
4 a .. at> e~ • b /6 

iff 
l 

2 a. 
"2 2 
l • '2 

·' 2 
l c 

·'2 
·2 e 

.... ,.-
~ . . . 
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34. 

P'ootaotet ... . : 

In nuclear matter the K would be antici~t&d to interact pred.O!Id.nant:J..y 

vi tb a ain&le nucleon, to e. lee~Jer extent two nueleone, 111 th larger 

aggregat.ea oven less freqUently. · 

(1) .F.or 'K"- abaorption at ~at .in nuclear matter, it bu been 

shown that the 1t- ia predom1Dantl,y absorbed by a _pair of nucleons in 

the nu.eleue (14) (lerber ( ) , Puppi ( . ) ) • 

· When ~ · 1Jttenet. with- a !roe nucleon at reet only the follOld..ng 

Proceaeee are poesiblet 
(J 

(a) -rr- + N - "1f + N charge exc~e (in nucleus • 

not postdble from ~nergy 

conservation) 
,· . : ' 

{b) . '1f + N - '( + N electromagnetic 

(c) lf- + H --~ l\( absorption ('forbidden 

cy :momentum conservation) 

When the absorpt:i.on process is allowed by mo:aentur:1 conswv-ation (i.e. 1 

when 't.he interaets with two or more nucleons 1T- + N + N _,. N + N) 

t.he abNrption proeess is tha pra.·lo:minant mode. Hence crudely the 

would predominantly interact w:l:th a si~le nucl'\lon in the nucleua, but the 

single nucleon cb.annels .sre slower th~ the absorption process vbich 

requires at leu-t:, tvo nucleons. 

t'or •he x:· meson, a strong K .. free nucleon proce:sa ia poasible 

1 .. + N Y + If the COl1i'ton wavelength of thA K .. ie a rough measure 

or 1 ta int.eracti ve dist.arletli' t.h~ i te sphere of intera~tion \ ~ <:. "- /-...,:.c. T( r - . 
is about 50 timee smaller than tho 1i sphere, so that the single nucleon 

reaction become• plausible. - The Pauli_ principle woul.~ inhibit. t.he K.. from 

1nwracti.ng uith l&rge aggregates of nueleona since a.ft.er the.1ntaractiona 

the remaining nuoleon. ta)d.ng part in the interaction must go to llnfilled 
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i<.- IV .... " T reuUCJD (~W as n-;) t.o cbar'pc! p1.cma u.sociatad. 
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I ,, 

~ 
i'be ratio of neutral. piQOS to c:Jbllrgw pions b-am &l.l.tbe ~~. 

. ' .0 +. . 
maleon reacticms &tad rwmtrAl. ~ ~ to ehargod < -b;rpet·oruJ ia 

... 

l/2 WhGD the rJ/p ratio is tiZlity, i.e. 

"0 I aa;1 _f~ .:= --- ::: -
\\.~ '2_ + 2:-- -~ 

. . . . ::;. 'k ... ' .... ·• 
,'t . ,· .,., !~ . - ...... , .. 
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. 3. Energy Spectra of .FiDal State Products 
' .~ 

Ths kinetic energie1 of the final 1tate product• from the absorp­

tion at ren of a K .. me80n with one· aDd with two .free· ~ucleone are giTen 

in Table VI, (negleoting .... diffsr~eea of n and p, ll t and :T 
0

, and ~ -t 
- . 
~~r.,. 

TABLE· VI · 

Final Sta~ Kinetic Energies .from ~- Free 
lucleon AbiJOrptiq.n Reacti,ons at Rest 

Reaction ~- ft. N ~ "'( + 1T 
0 

1\" z "Tt~ 
,.. 

' K. E. (Mev.) 
<=\0 ?..7 \SC> 

I 5 

~- + N + N --...P.. "(4-
c. 

Reaction. 

N.I... 
f\ 

~ 

\ -~ ~ 
l '2.2 

l 0 c K • E • (Mev • ) 

~ 

.N" 

) 5 ~ 

The· .fin&l state producta .from the r~'?eiona form line epeetra 

e~oaed o£ high energy pions and -low energy· bn'erons for the single 
... 

nucleon reaction, and ·high onergr hyperons· and nuclf!tone !or the tvo 

nucleon reaction. 

When these absorption reactioa._t&ke place within complex 
. ' . 

nuclei the 11M speotra of the final products will be spread out 

and shifted to lover energies. Hot only are ~e reaction products · 
. . 

-..;-.- .. 
fot-med with a spread of.' energie• at lover energies, but the reaction 

product& ~ interact before leaving the ~ucleue which· will cause add­

tional energy degr&t1on and attenuation of the spectra. 

~ere ar.e several effects which modify the ·l.i.n.G spectra 

when ·the~ re&ctio~take place within nuelear matter. 

.. ,· 
"'?<,' 

. .. ·_ ;: - '· . ' ~. 
.··._.'.·_ . 

. ~- ·. ·: ··,,···. 
/'· .. .· . '' 

t . ~ 
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a. Atom1c binding 

ii. B~ -~the nucleOn in the nucleua •. 

1U. The pN8812Ce ~ part,iclA rruclear potontiala in 

vhich t.he 1n1 t.1&l part.icle reacta and in which 

the tiDal pu-iiclea are formsd and erlat in 

- unt.U . the;r leaft the nucleus. 

1 v. Coulcmt> et.teota Qn the · reaction product.. 

c. Subsequent. interactions of t.he pions am hyperona aa . tbB,y leave 

the nucleus. 

d. · SUbsidiary proeeuee 

1. ~tragmant formation 

11. Hi.gh ~87 nucleon emiaai~ in 'ad.di.tion to th~ · 

two maclecm proceaa. 

111. Ev.poration ~·· 

1 v. · ~ ot t.rappOO . ~ 0 ~1clea 

·,:·. . - . 
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(a) A tcaio B1Mi.Dg 

The K- tooson l..Oaaa a -.11, but lrreveraible llllO\mt ot enezogy 

to x-IUQ' &00 Auger electron aud.as1on til oucad1JII to mare tigbtJ¥ boum 

atoDd.c orbita be!ore nuclear abaoi'ption takoa place. 

The 1\ ~ is predom:inarrt.ly oaptur<Jd from 2 p Or 3 d atomic 

atat.ea -in hoavy nuclei (CaMe at& al) . ( ) • '1'be ato111c states from 

lJh1ob K- .111Nt01l8 AN ca:p't'UI"'?.d_ ant not. ~tall.y known, although 

oalculationa by Blatt am Butler ( ) \ Wic&te tbat the K- ~~880ft ia 

probebly captured from a 2 p or higher atomic rvata 1D the he&Yy el.amrmta. 

· · of ~ emulsion. Far tbG H!lXt atomic otato. a K-meson w11l b8 flm'O 

- -tightly banrrJ than a lt" msMn due to the K ~aon's grea~ man. 

t.n otrtJ..1»1te o! tho atonic bind.J.nc of the ::· mason is the 

height of tho Coulomb barrier, vhi~ ia 4 Mev. for the light el.lmenta 
. . . 

f c, !lJ J ):Jr the CI:IUl.sion, arxl ~ !'IOV •. for the heavy sl.ementa (Ag.J3r) 

· of tho emulsion. 

Primazoy . !lueloar E.f'£ecta · 

:we will treat the K- ei.n(l.e· nucleon-nucleus·. absorption· react1ori 
.. ( ) 

in terms ot a e:imple optical :¥)del · • 

A bound nucleon in the neleon po8seosaa ld.ootic energy with 

respect 'to it• nucleon-nuclwa pot,ential woll, ·az¥1 the K- meson could 

al.8o ~ass ld.Mtio morro.,. with ~ct. ~ a K• nuclear wll. 'l'he i( 

meson and bOUD.i n~lGOn interact. vi·.hin tho nucleua., end it is bore that 

~ is consorv'EJd •. The re&.')tior., Pr01uc"ts ( y ~" ) are rOl'ftlfld 
. . . ·. . . -~~ . 

in theiz' . :respectlve particle - .rmcleu wells, md reuain in · t.hGm until 

~ ~merge .frO!ll the nucleus~ 

In the ace~ djagram ~ lhown the vario.us potent:1.al 

· · wellf; ~ e;ymbola U88d to deeribo tb! ~ 'N "+ Yr rea.ctJ.on. 
I • 

. \ 
' ... , .. <.j .... : .. ··. ~> .'. ~ ;, '-~t 

·"- ~ •'.' . . ··~:::.:.·~·~ "~-

.... • . 
. ,.. ... -":.: : 

. ( .,.j f, ~ ' • • • -~ 

·. 
.\I ',• 

. ~ . . . . . ': , _. ... 
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~-. '-r-..-..-­
e.E. 

~--o~----'~ e·,. 
VN .,__..;_ ___ _:-t-

1_...__._--------.LlN 
lfuclecm • lhacleu Well . 

. .'71 • 

v =• aa.cleoo-nuol.na well ·depth· I . 

B .1. • b1Dd1nc er.ergy or last 
. D11Gl.eon .. 

~B1 . • b1nd1na energy of nueloon 
*1Gb. iDteno- vi th K 

T • Jd.Driio energy · o.~ nucleon 
N 1 . wbioh interaota "i th x· 

T1ri , .vT • pion-INCleus vell 
...... __ depth 

1 
Vw 

L ....... _ ......... 
.-.,~~ 

Pion • .!hlclear Well 

1 f 

lflperon • hcl.Mr Ve1l 

.;. 

• kinetic &Dergy of pion 
~e nucleus 

• k::1oo tic ensr~ o-t pion 
out.;SAe nuaJ.,~ua 

V • ~on-nucle~ well · 
·Y depth 

t • lr..inetio energ of 
. t i hype1·on 1uide nucleus 

t • kinetic aers7 ot 
Y hlPeron out81de maclAnus 

* Ccnalcmb e1'hne an nogl eoted in these ~ 8lld the poteDU.al. · 
..U. ere oOnatdwed u sillple aq.uar& vella. · 
~are not dram to soal.e. 
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. beQIMD tba_lJ,Id.~·. ! -~· ... t. • lt- . , = Af- (1':'-. 
ast with a rea~ proMbWtf' ~ P • -tr· 

fhe ... '~- ... 'de.tirlld bel.GWt ' 

. · t~ 
1 

•. · Oeat.nl ftl• ot. tile k!D~Uo .....,. ot tbe · 

.t, 
T1 

in the l.abora-7 bw. .. tar a nDlMz. ....-. ot 

~1 mi~ •0 

• ··eeatral. va1.U.· ot t.M ldi.Uc .-.sr ot the 

ill. the t.bantaiT tl:ue-.tar a ..u.ear -...nttia. 0t ..... -.. ': ',· 

40 • 

:· ·. ~ ~ .Pact· • 0 ' 

.. e~ •. w.al ·..-cr ot n- ~ ~~ ot .... rz.a- l ~; + r:-. 
e~ .• ··~tal ~·0<1 y' 1ri c.iter ot ~ ~~ .} >'tl\~ ~ r~ 
, fe- tit: ·tbe J3 ot·.t.be ~ .... (nlAd.tJ' ot ·o.nter . .._I ft.looitT ot ti.&ht> 

·:To obt&ia ·the -~ .~ the piona ~ ~~ · ~tddo. the 
Due~, thG ~~d1trt.r1butJ.on at t.h8 nUcleoDtr. a.td~ th~ nuclOlliJ. 

' - . . . . . . 

·. ' .... -·. lie ·haft aatnJII8d ibat' t.bo.t. ~~---~~ croa. •ction ie eaergy 

· . · • ird~~i ·~ taae .regtcm ) ~·ha M8V ~ . · ~ h1pwi.~ a114, pit.m .p.otra 
• • h ••• 

have. b._ c~W ·ust.ng boUt. the-~~- (i.e. value ot ~·Mev) 

~tuli d1~on, ...t .th, Fond~~ di.t.rib11tioo. (Tlt;ax • 25 Mev) •. 

To ~ \be pion Ud· ~-~a .ou~ \he .utaClna -tbe 

.fol.J..ow1DI t.naat-....ttou were madel . . . . . . 

( T -,r • 
l'y • 

... ' ~ . 
~ . . ' . .,, 

. - ____ ,__.__._ 

, . 
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· The piona are tCIII"Iilad ill an enera .. region vhere the piO&emiDlear 
. . . . • (19) ·. . . 

w11 depth ia ~te:q coeatant . , and w haft ued an enar.,. 

iJIUpem~t Yal.u ot -40 Me't'. , 1'he bJrper811 nuclaar wll depth baa .bMD 

aanmed ·t;o be aercr iad.,.._t ad equl to -15 HeY. 

The trWton.Uon ot t.be . n\1JIIber or Particles ill the energy 

interval r to .1' .. d'l' from 1ns:ld• tho nlleleua to ou.t.eide the IIIICleu 

ia then 

. I d"-) 
\... d T iJud.de 

·. 
tor corresponding 8ne;-87 ftlue• ( T • !i . ~eV ) • 

outside llW.C1 

The renl ting pian and eyperon. spectra out.sid8 the nucl.eu are 

• The pion spectra are normal1zed to 
. . -
equal amounte ot 1r

1
• Uld ~~ prod1&otion. There ie a tJb1fi to · 

. lower ld.ne~fc energiee far ibe. c~ values of the pion apect.ra 

compared vith the tree nucleaa reactionsJ The. sbitt ie 30·Ma. tor 

• tbe l)t - · aDd 32 ~ev. tar the TL""" • 

The centr~. values are c 

T Ti • 6o Mn. 
·will 

T.r · • 118 Mev. 

~ , "'r procesa 

• 
I\ , 1\ process 

·. The hyperon spectra extend over a vide energy range due to the 

e1'tecta o! the interD&l. J~~D~~D~mtum. 'nle hyperons Cal! also· be produbed 

w1 th insutficient . energy t.o get out or' the nuclewr due to the· hyperon-

. mv:lear potential wll. And the lJn>erons produced with emal.l energ1e.­

sut!ic1ent to 81181'ge tram the nueleua can spend a longer time in the 

nucleu than the nuclear t.ranei t time due ~o the re!l.eetiont' at thE? 

nuclaar nrt'ao•• aDd theM reflected ~ posou a larger probab1llt;' 

tor nuolAar illteract.ioa. 

. .. -

·~· . 4.• 

~· .. ' . ~- . ~ 
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·The depth of the bJpercm well has little eftect · on the IMpe . 

ot the apeot.ra, but. the wll depth vill 8b.1A t..~ spectra 

apprecUb]J •. 

. 1'he Coulomb potential V1il. mako the Z wsll deeper ( V r- + V 
0 

. . . ~ . 
·vtth V < o) whereas the Coul.oab potent.ial wUl. make the. ~.·well 

. c . ·. . . 
8hallowar (V.f \ + V

0 
With V > o) in addition to a low 8nergy 
...... c 

Coul.CIJ!b em Oi:t for the ~ h,yperona. 

Far a Coul.Olli> poteDtial of 6 Msv 8nd equal hyperon poteDt1al.IJ 

V ~ • V "i:.+ • - J5 1-!.cY, the orig:Ul of the ~ ~ will be · 

• 1$ - 6 • -21 Mev belov the aero anergy outei.de the nucleus, ~ 
+ . . . ' 

as the 'L origi n V1ll ··on13 P9 · .. 9 ~1ev~below zero energy outside .the 

. mJCleus. 
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(c) E.U.te of Sv.beequlnt IDtenctione 

(1) Pion Interut.ione 

45. 

It is difficult to e.U.te the subsequent p!.on interaction in 

leavine the nuelaw!l .in vhicb they were formed. We . choose • 8i.q)le !IIOdel to 

aka this estimate. 
. - . . . . 

We asiiUJIIB that, the K ·a.pttll"$ probability 18 conatallt per unit V'Olurr. 
. .• * . . . 

inside the nucleua (capt~ trom·s atate•) • We tJ1en uee an equation tor 

unitorm piOn creation iDeido the rr.lclEms darivad 'r-ry Bruckner, Serber, aDd 

Wataon (20), which gives the fraction of meiJOnS produCed.. in a nucl.Bu.~ vhich 

are not ab80Z"bed_ in leaving the nucleua '< f ) in twms of the nuclear radiua . . a 
1/~ . 

( R • r A - ) and· the pion abeorption mean free path, .A ·1 within · o . a . 
miClur •tter1 

!a • .3f l lrx; 
.. 1 --.. ~ 

x· a 

ware X • 2h I . 
a >.a 

This equation is valid when "the absorption ~ free pat.h, A 1 ia • 
much smaller than the acattering mean .fTee path, .,.._ '~ This cond.1. tion does 

. 8 . 

not hold over the entire pion cmargy raeion o! interCJst · ( 0 - 180 ~iev. ) • 

To treat~ the b!r)lar pion enera re£ian (above .... 50 !~v.) 1lhare ~ ~ ).. o... ve 

have r~lacod the total 'mean tree path, 4 J ( ~ t = ~ ... + '0.~ ~ x:t. • 2H/ ~ t 
instead o£ the .absorption mean f'i-oo path, J..o.. 1 aDi x. ~ 1n the GqU&tion .- a 

yieldin{; the fracticm o£ -·~emitted, and desi~ted by the ~l rt. 
Tho effect of the scatt.e:r-1--ne mean frM pn.th is to e.t'fect1wly GIA1arge 

the size of the~ucleus. HGnee the fraction t is the ru.xilllUM an¥)'Ullt of . . a . 

pion erd.aaion ~ It 1a the miniJaur:l amcwnt of pion emission. 

. ' ' 

'/ ... ~. . . ~ 
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< \.. . (21) 
In Figure e I Curve A u a plot of f ) uaiDg valuee of /\ 

· a a 
and averaged OTer the emulsion oonatitwmte in proportion to the 

relative stopping powers am re~tive volmnea ·of the gelatin and A€Dr 

. ceyatals (35% COO and 6}% Agsr) J Curve B iB a plot o£ ( f ) eimil.ar~ 
. . t (a) 

averaged over the emulsion constituents and using values of ~ - · 
. t 

The values or ( f ') (C\U"Ve A) and < f ) (Curve B) bracket the true. 
a t 

amount of pion amiuion for uniform pion creation within the nucleua. 

From star et\ldiee ot the pion-nucl~ interaction in emulsion in··. 
. (22) ~- . 

the pion energy range 60 - 150 Mev. about 25% of the pions which 

·have. undergone nucl.:r interacUons and are re-emitted from the nucleus 

are inelutically- ecattered. Curve C is a plot of F • ( f t) + · 1· - < r t) 
' 4 

· where F is the aet.imated total amount ot pion emieeion and is COJIIPOSoo 

of two terns < r t) the elutic contribution, and 1 - < f tl , the 

4 
inelastic 'contribution. Below a pion energy of 100 r~ev • .(r ) ie 

a . 

siJI&l.lar than < f t? + 1 - <f ... ') due to _.t.ha smaller et.feot o! the 
. L 

seattElri.l'lC mean free path. In this region we have U$ed for the estimate 

of tho amo\D'lt of inelastic scattering the difference between <f.>. and· 

<r > (i.~. <r ')~{r )). 
t, a t 

The energy distribution of the inelastically acattared pione 

in the energy region 60 - 15'0 Mev. has· been observed to be approxiroately 

independent of initial energy vi th a. paak of inelastic pions at 30 Mev •. ..• 
For the estimate of the inelastic pion distribution we have u.sed an 

average of the :results · of Bern8.rdini ~ ot. &1. and Goldhaber 1 et. al. 

The effects of ·these mod1f1cat1ona.on the calculated pion spectra 
+ . 

( ~~- and 1\" ) are shown . in Figure 9. 

' . . '.' 
·-: •\ . · .. · . · .. ' .... 

t •· • 

i; . ." .... .-·._ . .. 

( •). 
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nucl<;r.s, 

fracti.on 
fraction 
(ft? + 

<. :.·'-) 
v 

r~:t..:,···).. I ,.-.,~ ~L t ( l:Lr;rc 1/)... t • J..~s + :lJ.a 

of rionr, ''t;h:!.(::i1 nt'S.fcr no i:ikru.cti~n in l<Ja'.~irw 
~-rhicb has u...-·1CeJ.'·rono an "...:lulJ.stlc scat~crine;: 
1- (ft) 

I 
L! 

) 

the nucleus plus 

,....... 
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( c-2) Sub88q1JIIIlt IQ'perOD Interaction 

4t the preaent tilllll ·1 t ia 8ftD more t1ifticul t to eatimatA the 

nbaequeDt lQperon interactiona before leaviag the nvcleu. This 1a 

. a1nly due to the meager me-ledge at the rmclear interacUon propertiaa 

a£ the bJp8l-'Oll8. 

'the ~ b;tper<ma ~q interact with DUCleons Tiat 

• 10 
~ ~ ·1:1 --.. n • p 't.- 72 Mev. 

~ 0 
+ p -+ A 0 + p "" 72 Mev. . 

~ 0 + n ...... }\ 0 + n ...,... 7 2 Mev. 

• "-0 
~ + p -+ " + n -... 72 Mev. 

' ~e charge exebange reaction 2:: + •r _.., ~ • •r ia presumabl7, 

-.11 due to pbue IIJ)&O* ce»W derati~. 'i'he nucleon interaction 
#1:1 

llhGV.ld 1i•ld i parlJ.clee. 

At the pte8811t U. eaiN!lti•lly no intormation ia an.ilable em. 

the iDel.utic ecatteriDg properties .of the hJperona ao that. a diacuaeion 

~· u lketchy w that for the piODa is not poalible. 

· · The interaction croa .. sectimw of the ~ • and ~ • eyperone in 

· ma.olear matter should be equal vheD pauing tbrollgb D11Cle&r •tter 

8q1Jal.lJ' populated by neutrcme and pi-ctou. 

Tbe particle branohinc ratio ~- ~~·. emitted should be nearl.7· · 
' - . . . ,. . ' ' . 

eqa&l to the ~ / ~ rat.i~ ~t fonaatioa if .the neuVon to proton ratio 

1a near. 'tm1 ty • 
. . . 

By app~ . the .a-· approaoh uaed in eetimating tbe amount of . . . . ., 

nbeeqwmt pion interaction·w can calculate (uaing eq. ( .· ) .) the 

traot.ion ot }<f,..Oilll not &beorbed in l.e&YiDg the nucleua u a .tunction 

of the abaorption MU .tree path )\a . • In f1Pre 10. the renlte 
' i 

ot tbia oalO\Ilation are gi1"tm cnrapd O'f"8r the nul e:i on ooneti tueta. 

~~ . il~ 
~ 
~ 
·-~ 

.·~ 
,"~ 
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(d) Subsidiary Proceuu 

1. HyperfragmaDt formation 

Icyperfragi!llmta Would be formed u eubsicll.ary processes 

-am. not u a result of the prima1'7 K nucleon abeorpti on proeese. · The 

· ~frag!i&nts ·voul.4 reni t from previously formed !) 
0 vhich be.oome 

bound in nuelear fl"'lgJ''IBJ1te that are ejected from the nucleus. The 1\
0 

• e 

ariM from either the prlU.ry absorption i>rocea• 0.. t.be aubsequ.ent 

-interactions of the ? hyper~·· The ~ eyperons which an created 

w1 th insuf!'1eient anergies t.o laave the nucleus vill. quickly undergo 

nuclear interactions f()rnd.ng /1. 0 
• s ( 

ii. Fast liUoleon formationa 

\ o sec). 

Fast nucleon .formation ca."'l result from the subsequent i."ltor­

aetion of e:i thcr Y or i\ or both before they leave the nucleus, .llh:ieh 
. -22 

vil1 take plaoo in tho order of 10 e~f. 

i:ti.· Evaporation .Spoctra 

Evaporation spectra cOIIIPosed of nucleons 1 heavier paz:tieloe. 

and perhape ~ f\ 0 ci thar bo~ or freo. (if the 1\0 were tr&p})ed 

w1 thin the nucleus) vill reeu.l t frO!Tl the exci t&tion produced wen the 

K • abeorption. proeeaa oeoure 1 and iu incroased vben ei tber ono or both 

o! the reaction products interact befora~ leavi.ng t.he nucleua •. Theee 
. -19 . 

pl-oceaaea will take ·place in -10 sec. 

0 
iv. l\ .. Decq 

If tbo A 0 hyperon is still vi thin the residual. nuoleum . 

1~ wUl d~ay aither-moeonioal.ly or nori-meso:nical.ly in a time or 

-11 
"""'10 eec:. ~ 

. : .... 
. I 

•• • <: 

I 
. I 

·.' 

•• < ~. 

... " 

. ! 



I 
I. 

. . .~ 

'I ~ • •• ... 

v• Since eaa.h t1Jial stage is eeparated by vide time 

1Dtervala · ·the canservation lao DIUSt be · appllcd t.o each etago 

eepG"&teq. In pari.i.oul.ar the anergy ~le in each ~ i.s 

l.1a1ted. 

1.·.·· 
:,.,. 
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(~) · C~son with P'.xperi.JEntal Data . . 

•. To obtain a· large MD;)le ·of data w:1 th which to Compartl the 

calc1ll&t.ad. spectra we V11l use the. comp~.lat.ion or K- absorption stare · 

prepared by 5ul.a Ool.dbabor far the SiXth Amual Rochester Conference ( 

This COlllpilati.on .1nell¥1ee pll.)liah'ed and unpublished data or several 

groups ( . ) I HcmJbc)stol 8l')::l Salant, Goldhshcu- et al, G. s·t.ock 
. . ..... _... ' 

Collaboratorsi Fry~~~ GeOrgo ~ _!!, Whito ~ !!• and Scbe:tn ~ !!• 
. ' 
+ + ' 

' l.1t' Spectrum vith Identi.fi$d· Associated. r-Hyperon. 

This experimentall.y de~ pion speet..rumis the 

pian epectrum. .from those x- stars in wtlich both an ohservod pion am 
+ ' 

identified ~ - hyperon aro er:d.tted. 7h~ onercy determL"letion o.f 

thoee pions ~low 
;-~ 

!-fev. ar9 quite a.ecurate and the experi.mental 

errors (tor ·thft najori ty of events) are w1 thin the 20 Mev. int.ervals 

plot.ted in the histogrmn in Figure The pian anareiee above 

· 80 Mev. are 1n generAl lees well dete.~ned aince the energy deter­

mi.nations are based an grain co~.~nt measurements. · The eXporimental 

en-ora o! theae pions are generally greater than the 20 Hev. intel"V&ls 

· uee6 in plo~ting the histogram and we· have used tlle ~. energy and 

) 

have not inolwed azq woight.ing ta.otor for the en-ors of these maasurornants • 
. ·' 

The calCUlated pion speet.rs. for the K.~»tJ"-. L 1\ usine 

both tbe Oe.uasie.n and. Fermi distributions has been normalieod to the 

experimnntal data oo the basis ot equating t.he aroa \mder tho 
. ..-

caleulated spectra to ·the area af ·the h.1.st.or,ran. 

The .&~nt betWesn t.'te calculated spP-etrtw usine 

the GaWitlion dietributJ.on and ~nt.&l histor;ram is VP.ry gocd • , Eotll 

curves peak at 60 Mev. Mel have the same width. Aa wolll.C oo rmtieipaWd 

• j. : 

"~', .7t-,........ . ...... •· ': 

• 

j 
·l 
l 
l 
l 
l 
l . 
l 
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l 
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The calcul.atod ol.U'V'O usinr; th€1 J:\ll'mi distrfbution has no tails due to 

the neglect o.f the high ~nt.urn ·c~3llcnts :L"'l tho nucloua, azxl ne is 

using the Gauss:lcm · distr:f.bution. 

2. Charged Pion Spectrum 

This spectl•mt is ths observe<~ charclo/.~ pion WlOre~r spoctrum from all 

the ~;- a.baorpt.ton stars in wl"..ich a cl'..ar8r!(~ pion is obse...-v-00 to tt' errd. ttcd. 

The &J8.lOO unc~r+.Al.int1es in the detormination o.f t .... 'll'l pion onergies apply 

as previously cJoscr:tbeC. . i."l ~()ct:ton G - 1. 

Only a omall i'ra.ct.ion of the p:i.on.~ nJ:·c cil}sorv·t~~ 1.:.o b9 ami tt.o~.~ w1 th 

eoorr:;iae above 100 ~1ev a, Wich' intiica.ws that the i'~oon.:;..;r of i~l(\ 
,, y 

procesa -r s law ( K- N _. A lr) • Even thm.lch t.hc pi.on cm(~[Y ::aea.auranents 

probal:l,y doos occus. A <JofirJ..1Z' cst.abliahrrler.t of tht1 1\ • procc..3s V:)'U.ld 

be the observation of a Cbtu·(:,od ;;ion with an accurat.4'ily detormined ener .. ~· 

In the eYperL~tal histogie.n (iicuro · ) there arc. l2h pions of 
. . . 

0 A process. 

), 71% of 

tha omit toe ela."Jtic pions havr:l ~norv:i os r..b1)Vt'l lCO Hev. 

The numb€!!" of 1\ ~-alas tic piono 0'!1'.1. tto6 will th~ID be giv~n. b·.f& 

No. · 1T;: e3lastle (H 
0 

) N 1.~ 
[) 

• • 
-------------------------~------ --

11 events .71 
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1.-~~lw~t. ,, c , .. t r.; ) ~-1 ( .'TT" ) .) :.~ : :•). \ ... 
" ''i .\ l • • __...., ............... 

!lo. "" elo.st.:_c c~ ( ~~- ) ) ll .71 \ 
n " 

!·~ .l ( Tl" ' • S.5 ~ :'V·on t...<l • / 
..1. 

1\0 process in tliO hiSWi_;T&m 

-ls thc>n Ill> (T"' ) • ., 1:::.:; + r· .... • 21 o·.·unte, and il 1'1 •: - ..... ~ 
c~. ...... - ' i <) 

-~ ( "" ) Cl 

tho nu.w.~<~r 0'~ .. char··.oc pions arisi:~·· .t :com t~'(J t1 pr-OC(~SEJ mrl.tw.; r.~·(.1l~.JW 

+ 
orit-:.1-nal valu<.~ (S~ct. ). 31:·.:::.lar~.-~ fo:· . the T\ <'i- sp;:ctru:u 70.1> oi 

-+ 
fT l..- p~~ .. ons ~'€: ~n:t t t~! f:::--oM U•1e nucl·~us wilcre 

inelast:tc pions. 
~ +,o,~ 

/1 ·w t.ha ~ processes !.s 

• .2'.: 

------·----.. ---·----· -·----"'!"'" ___ .......,. .. ~._.- ..... .--_.. ... _____ .. ___ _ ..... - Ire!•• 

absorption at.a.rs oo far :r-eported • 

.. . · .. ~ 
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The ratio of the amount of orlginall.;y formed chareed pions 

rrom the /1° procoss l\ ( o) .to the ~ process is thant 

+ 11:-
----------~-- • _. .• %.a•t•t•c.nua_.t•i•o~n._of~---'• 

1\ ~ (o) 

-4-
T\- (o) 

~ 
% attenuation of -rr; 

• .70 21 
-~- IOJ 

"1r: ( o) • • 2(.!' 

If± (o) . 
z: 

r.£.; 
• '.JI.J probable error 6n · 

11 events 

From tho branching ratios for t.he single nucleon K- absorption 

process (Section ) the ratio of .the 
CJ 

1\ to ~ roaotione is 
0 

5?. 

·relaten to tho ratio of the charL-ed pions fron the 1\ reaction to the 

chargecl piona from the ~ reaction ( -rr: ( lt ~ ~ 1\ ~ ) by the· 

equationt . . 0/ + 0 -.. /1 . ~+t-t~ (_:;i . t + \ ) . \ 3 0... ~ -+ !, \ <a.. "t. + ~ b~ 
~--------------------------------n-; I l'ii_ ""'"1\~ · b ,.f< G.~-+ 2. ~ ~~ + b2

) 

where .a and b are the lntens:1.ty of the. triplet ar~ singlet [. states 

reapocth~ely and ~ is the n/p ratio • 

Whon tha n/p ts unity the ratio is 

o I ~ o _ 
t1 . ~-\- ~ ·-+ i 

-------------- • l. 
"lf";: ln. -,+ u: -

~ -t \ t. 
In ~_sion tho n/p raM.o is 1.2, a.":l.d f-.I' ~his casa tho oxpr!lssion 

becomes 
t10/t+"t ~\ !-

1.7 ( 1.1 + 
1/~ .-1. 

) • 
lt- I * lrz. 

r:~ !.7 + 1/"t. ~'1. 
~- b.,_ ··" 1f i-\ 

where ~ . I cS. '1. • 

. Th411 ratio o.f or. lo/~'lis not wll known but it is rostrictad 

1\ o / ~ \ to-+ 2:--~ 

to the range o to (}10 1 vhich inplies that the ratio 
~- I x • ._-
,, ,A. tT (. -1 " 

can bo b6twen .917 and .945 for an n/p ratio o£ 1.2. Wo will usa a r: 

. '· 

' 
~ .• 
1 



:; :.,."::·; 

value of .93 and iriolude the additional U!lC&rt.ainty in the statement 

of the probable error. The resulting ratio of K single nucleon 

nucleus processes· which proceed throUgh the 1\0 mode to· the ~ 

modes ( /1 ~ / ~ 't -t [
6

-\ ~--) is thenJ · 
. 4'1 . 

o· 

1\ / ~ -t -t ~ o -t. ~ ... .i • 2L ~ • 09 · 

The calculated spectra for the emitted ~- and 

(using ·the Gaussian distribution) normalized to the experimQntal 

histogram are given in .Figure • The calculated elastic ')(,..-

spectrum was fitted to the eJq>erimental data by· equating the area under 

the calculate<:i curve above 100 !1ev. to the ~rea of the histogram above 

100 Mev. The calculated &ll'.ount and ener~r distribution of tho e6itted 

inelastic 1r 1\. pions were then added to this curve. The fitted cont.ri-

bution of emitted "f1t" pions va8 tr..en subtracted from the histogram 
± 

leaving the contribution of 1\z: pions. · 
+ . 

The calcula~ed emitted '"fli.- spectrUJ':l was then fittod to the 

modified histogram by equa.tinp, the area u.'rldcr the calculated curve in 

the region 20... GO ~iev. to the area uncl.t:r the modi.fi~ld histogram in 

this energy interval. 

Very rood agreement ie obtained ~etwoen the calculated spectra 

and the experimental histogr&lll. 

Again using the branching ratio for the sj~gle nucleon absorption 

reactions (Sect. ) the ratio of-neutral pion to total pion production 

for the ~ and /\ process is given byt 

,.3_ ... , ~ ... 
.' ; .. ~ .... , . .r•._; ·, 

. ··~. 

.. . , 

.; 
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For n/p • \ • 1 these relations reduce toa 

0 ·~ 

lf~ 
0 

0 1 a.n.c: Tr,., • 1 
~-

~ IT: ±,o ) lro,-
z. 

" 
.For the n/p ratio of the eraulaion, i.e ~ • n/p a 1.2. These 

relations reduce to 1 

60. 

• Can be between .33 to • .35 

• 1 
2.~ 

• 

Wo can .nov con;>are tho observoo frequancy of charged pion emisaion 

with the LYJJOUllt vbich WOuld. be prcrJ.icted by this analysis for various 

frequencies of Uw sina+e nucleon procoss. This is done in Table VIII • 
.. 

UsirJ.( ':.h13 branchin{; rat.~. :>5 ·(Sect. ) lind. norroalizing the F. p 

reaction· to unity we obt.ain 
2 2 2 

a + ~ + c • 1 

2 

2 b2 and 2 . . then a , c are each rcstrictt'd t.() the ran[;e_ 0 to 2. The eurn 

. of the K.. p: and :-:- ~.reacti-on can then be 1t!rl t ten a.e 
. ') ..., 

(K-.p + K- m) • 1 + ~(a~+ 8&) 

Tn..::· ::atio of the 1\
0 

reactions to all tho IC "N" react.ions in terms 

of the lntonsitiee 
0· 

1\ .• 

clr~ "N"> 

~ /_2 c If. ....... ' 
... 2 . 2 

1 + \ (a + c ) 

Equat.ions relating the in-t.ons:'Lt:bs ca.'1 be wri ~ten for \ • l. 2. 

2 + ( .lq · + . • 09 ) a 2 
C na .15 .. .00 + t,; 

c ie than restricted to the range t 

•' '. 
'• ~· 

- .· . . ...; .~· . ' \ ~ ; ·: .[ 
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TABLE VIII 

Freq~ncies of Pion Production 

This Analisi e 
(n/p • 1.2) 

Single *t.cloon F'requency 100;~ Frequency at 

<=- roaotions 

-+ ' -
11 ~· -t i\ l. 

1\ reactions 

"'-" 

Total 

Single nucleon Frequency 90% 

2_ reactions 
+ ·•. -· 

'"t\ 'L -t· tti 

reactions . 

IT . 
1\ 

Total 

Proouction 
;; 

81 t 7 

52 ! , to 
c:'h + .: 
;_) -- ,_., 

.19 ! 7 

16 ! L 

7. - ·+ ( 
:.. - . 

},7 + "' - s 
+ 17 .. 6 
+· 9 - 1! 

Emitted 
Frequency 
% 

.,6 + ~~ 
,) - L 

JC + ' - h 

5 ! 2 

L2 ~s 

,., + 1 

~.) ... 4 

+ 
·4 - 2 

37 + ... 
- .. • ~.J 

to 

61. 

·Observed· 
Frequency 
~ 

{25} 

( 5) 

Jl + ',J - ~·i!> 



.. 

~ ~~;.' ' ·, : 

~~ . . tl•. -:..' . : ~ ~ 

2 + 2 
c • .15 - .08 if a • o 

2 + 2 
c • .Ll - .• 11 if a • 2 

2 
Furthormore, it can easily r~e seen that if the valuo of c 

is in the lower part of this range most of the · ~ ·formation 
. 2 ·~ ·2. 

pr~eede throutr)l the singlet state ( b large, a mnall) 1 and ii' 

the vaiue of c2 ie in the high part of this rang~ most of tho ~ 

formation proceeds throUgh tha triplet state (a2 large, t 2 small) • 

. . I 

.. · .. ··. 

·:·· . 
. · ... ;. . ·: ... ·~ . . . . '. 

.. : ~ . 
... . ~ 

.. ; .,. ,' 

62. 
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3. Charged Hyperon Spectrum 

The observed and eal.eul.ated spectra (utd.ne the Oaussien 

momentum distribution and ~mall zed· to the, tiat& above 10 t-tev) are 

compared in figure ·14. 

It ie seen that ths;1 ag:r.'OO very well above 10 Mev. trom ~ 

aparcity of evente above (:() t1ev, thf) two nUcleon JJl'OC8S8 is i.OOfcated to 

have· a low frequency of occurrenco. The two nueleon process (K- ·• nw' + 

11W' Y + N) would yield a high enerror hyperon of UO ! 60 Hov. Althollf.L 

some of the high energy hyperons coulcl have remained W'lrletact...ed due 

' . 
to the small. sizes of the atacks enployed.. 0£ the-particles of nucleonic 

. maaa (considering only oUr data) emit.~ vith kinetic ener;;iea greater 

than 50 Mev, twelve were arrestoo in the emuli'Jion of which one ~ an 
. + I • . • 

identified ~ and tw1vo left the st.aeks (~fetime considerations make 
. . . . ~ . 

the deeq tn flip,ht of many of tha hich onercy .hyperons Yery likely). 

From these considerations and thiJ calculated fit the two nuclt:lon process 

is infrOQuent alth<>.ueh it :S.s difficult tc eetimate its frequency due to 

isotopic spin, am some ey:p<)rimontal consiclera.ti(Xl81 but. it is probably 
.... 

< l():t. 

l'here is evidence for a Coulo::'lb ba.rriar effect inhibi tir..c 

the emasion · o.f ·low margy posi t:i..ve hyperons. In Table· DC are di!'­

played the frequency of ~ &M G -t hyperon emission for 10 Hev . 
. • 

anerey intervals for tho events :tn ·~h"ich -~ho chax~;o han boon ro:r;ortad. 

Enerr?Y Interval. ~- 10, 10 - 20, 20 - 30, JO ... 40 Mev 

... J 2 2 t 

2 + {1) 5 3 1 

The ratios area ~ f l:. t ( <: 10 Mev) • 7 • t; <;.+ (., 10 !.fev) • 7 
2 + (1) ) 

~ 

... 
t • • ~ -~· 

. ~-;:I . • ' ,._ ,.. ' .. ~ .. . ~,. 

~ ... '- '::·. ::-:. 
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40 
(MEV) 

. .. ~ . .. .- .. , 

ROC.MESTER· C.OMPIL.TIOM 

GROUP . 

HORNBOSTEL 8 SALANT 

GOLDHABEA ET AL · 

. G STACK 

FflY ET. AL. (AREA) 

GEORGE ET AL. 

WH!TE ET AL 

SCHEiN ET AL. 

TOTAL. 

60 80 

K-
.... r_..,. 

30 5 

138 1.4 

45 8 

~ 20 7 35 

52 

7 5 12 

70 9 

'6 I 7 ·84 

~ ~ \-

[_:'._ FIGURE I 3, HYPERON KINETIC ENERGY SPECTRUM 
l 
t. ·. 
I ... 
r . 'c : . 
~' . . 
~; . I 
.. :· ~ t 

. 100 



The hyperon epeetra were t1tted to the experimental b1 a-
-, 

to gram · by- uatns a f -, ~-+ detected emlal.lon or UD1 ty an4 tben - - ~ . . 

· averag1nl the· calculated 2 an4 ~spectre. en4 t1tt1n& tbla · 

•• 

- r 
tlnel curve to the 4e·u. The ~ end "r · bJperoo apeotfa i.ocl• ... 
uded the Coulomb ab1tta. !Yen though man1 ot ·the ~ bJperons . . 

ramalo un~eoted,tbeJ have oo·lntluence on tbla tlttln& pro-

cedure. 

-~. 

.. :~ ., 

.\ 

.. ' ...... , 
·:~· .. ;_ -

ft.· 
- . 

: , .•. ,j 
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u. .Stim of Iinet.io Energioe of ~ Hyperon and its Aaaociated 

Charged Pion 

66. 

In Figure J '+ is shown the aum of t.he obsened kinetic energies 

o! the . ~ ~on. and 1 te ueOciat«t ~gect pian ( ~,. events). 

The eners:Y Conaerv&tion equation CBI'l be expreel*i in teJ"U of 

the 8lR of the ld.netie enercisa of the.~ hyperon and ite associated 

charged pion (where neither particle. has . .uttered an i.nelaatic scatter­

ing 1D leaving the nuc1ews) • 

T t\ . + T ~ • Mp + Mx· • M ~ - M;r + BEa,r. + B N 
. - + 

. Using .tbe ~, t mua values from Part II, a value of -o Mev. 

u the K- atomic b:i.nding ~ B rJ u the binding energy of the nucleon 

. with 11hicb the I( .. in~aot• the equationa become• 
+- -

. T - + T..,.. + • 103 • 8 + B"" • 95 Mev + B ~ (for ~ 7r r~tiona) .,.. ' 
T • T - • 96 - ·8 + B., • ·ea Mev+ B.; · · (for r-7r+reacuona) ~~ ~ ... .. 
FOr- comparison the K- free nucleon energies are 

T .a- + T ~ t • lOJ 

' 'l'1r' + r z.- • 96 Y.v 

. The eum of ki..Detic energies 1n the x- n\ICJ.eon nucl.ews v1ll vaJ7: · 

T - + 'l' + 1r . ~ 
from 53 to 87 t{ev. aild· 

T lt-t + \• from 45 to ao· Mev. 

Far the variation o£ B.,· fron ·8 Mev to 42 Mev. 

The average lttiZI1 of tho kinetic energies v1ll '00 

.,. --- ---. . . 
T "'t:; • T J: • • 70 Mev. tar equal production o! ~ and ~ }Vperona 

llhieh correspondr~ to a residual nuclear axoH,ation o! 1.3 Mev. 

1'he observed average 8Ul11 o£ energies iau 'T;' + +T+• 75 Mev. 
~ ... 

(excluding the 1~ energy eYmrt. 1n .the hiat.ograa) which. ie in -u~emant 

1id.th. t.be 8ingle maol.eon ilitorpretat.ion • 

. ~ .·. 
~ . •' .. . 
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20 40 60 80 iOO 

1 + -r Tf . y ·(MEV) 

SUM OF KINETIC ENERGIES OF A$~0CIATED 1: ANOTI 

R 0 CHEST E R C 0 M PILAT 1.0 N 

GROUP 

HORNBOSTEL 8 SALAffl 

F R 'r ET -AL. 
GOU)HA8ER. ET AL. 

GEORGE. ET f•L. 

NUMBER OF 
£.VENTS 

2 
. I 

3 

WHITE ET·~L. 5 

SCHEIN ET;'J.L. 

LEPRINCE-RINGUE'T ET A.L I 

TOTAL 14 

(~ -.. . 
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68. 

s. D1Y1.alcla ot IMIV Bal.tai.S 

-tr. u anzoaae I ab~aD .tar can be .a. 
TM ~ ..rcr Mltw in knock-on DllCleona' ~0, can be ·obwi.t 

by a..-l.Dg. that· Jaaock-on ~ have tbe ... aftn.ge eMI"If u lmock-cm 
,. . 

prot.ciRa _whoae ..,...,. energ -::.- obtai.nBd traa tb8 fut pro~ apect.rua. The 

D/p n.Uo .. taDn ... 

'ftw avenge __.87 releaeod in evaporat.1011 procesaea, lfev , baa been 

obtaiD&d by COIIplt1Dg the av.rage a~ relaued in slow protons*. Tbe 
. . . . . ~ . . . 

~ .MWJrV ~ed ill evaporation neut.rcme vu obta1Diti by using a 

val• ~ 3 Mev. tor the enrage ld.Detie -energy or evaporation narirt.z.ODa(24) 
tt • . . . (21.;) 

(· e>oza • ~-D • B .E.; .. ,~ U Mw.) am a ll/p ratio ot :4 • 

The avenge 81M11"17' fJII1 t,ted 1n ~ UD5table part,iclu baa been 

obtaiDod by addi.Da a C<4Xcee~on term to ~ Dtlll»er o! emitted obarged 

hJpai->oM ard p!cma to .aCCNElt rar those llhicb. remain \mdetectod, ve 

1DcNued the. ~ o! pions by leY.' and the mmt>ar ot 2:-~ b7 

·~and used the obem•wed enrage e~gies. · 
.- 0 0 

1be averace aercr fE.t.t.d 1n lT .m <: part1elea ,... estimated 

an the buia of ·charge indepmdenoe &Dd by auum1ng tbat the interaction 
. · - o . · r . o . · .. 
_ ~·· of $t• Tare the IJIIZI8 u t.he 11 1 and that. r eyporon ·baa the 

. - . + 
... interaction propert.iee u the ~- ~perona. 

* For ·t.be ~ti<m :ro&ion vc ,havo ll8wmed t.~e eame 0( /p. ratio and 
. anergy epeotra ttts~ 0( •a am protons .. baa been observed in "'l\ --eon 
. abeorption etara. . . . 

. ' ' 

·-:-;:' ..... ~. ... ! ..... •.' • : . . ' ' ~ • . . . 
;: ·~ ... ..:.~-~:r ,.,_. ~ :.~.~:-: ~ ..... ,·. 

• t ... ~"' 

,; '·~. \ __., ... ~. 
. ' .~oe~\~~.·~ :"':·< ;~·.-.'·., ·.'• _": 

: ... ~; ... 



" 
Em1eeion 1ne 

I ·111 

I Evaporation Proo.eaee 14. 

. IDook-on ltUcleona 

Charged Piau 

. Cbarpd lf;yparou 

~ 

I 

I Jfntral Pione 
I. 
i 

Energy accounted tor 

.. 

. . 

0 

'"· 
~ 

17'1ft. 

. 
lJzt 

~-
·lJTo 

1J ~0 . 

, 

. . ~ .... ,_.· . 

Tabla XI 

67 

S6 

.33 

3.31 Mev • 

' ' .. 

69. 

Data 

( Qoldhaber at. a1.) 

. (. Goldhaber. et. &1.) 

( Goldbaber et.al..o) 

. . 
' , 

. ~ ., ..... . . . ... -~ ....... 
· .. 

'~ < .· ~· . ..~ <t(: 
r·· ... ' 
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70. 

.. . 
~ total 8D8Z"17 8V&Uable1 EavU.• 1n tbe I .. aucl.ecD ab~ 

in o~ nuclei let 

. - 2 . 
EavU. • Mg o • B.E.a r .. B.l.lut 1'1\laleon 

I 

• ( 49.3 - 8 - 8 ) Mev. • 477 Mw. 

. . 
The average energy i!VWl ot£ in unatable neutnl pari,iclee 1• tr. 

Table XI t 

. ri1Lt..able . . . • ( '477 .. 269) 14ft. • 208 .... 
. neutral pu-tlcle• 

•',l • 

Incl~ t.htt ertJarfC:i eet1Jaated to be carried . ._.,by £ ~UI1 \r 0 

partiolea w obtaizu 

1'h11 unaccounted ..,.t ~ aergy would be CU'J"1ed &11110" 'b7 ~'\eel 
6 0 

/l part1..Cl.es. 'l'be A puot1cl.ee U'i8e rro. two eourc .. , tbe pn...,. PI'OONa 
- t:> . 0 

I 1-r f\ 1r aDd f'IUI1 the aecODdaJT iDteractiorw ot the !Opel'OD8 b7 Z R -A IJ · 
~ . 

both ot tbeae proce~ v1ll em1 t A particl.etl with a aftJ:'ap JdDetie 

energy ot about 40 Mev. 

by a 

!extra • 
---------·----.~=-=~~ M 'o2 .. Mpc2 'E'.~. 

lla6 

21.7·~ 

• 67 %. 

l'hi• fraet.iCJD oaa al80 be obtai,., by ~ the OGIW vat.ioD 

ol at.nDpDe •• 



• p 

~-· .-

:V •• 
-~ -~ .. 

?lo 

We · determ:i:ne · the percentage · o! at.a.nt in 11o"hi.oh the, etrangeneea 1• 

vUably accounted tor and intai-pretA the miaeiDg etranpneae u beiDa . 0 . . . . . 

earried .l»>q ffiJ emittecl A Part,iclsa. The result. In ·giYW. in Tab~{ III. 
_ ........ 

Tabla xn 
Parcentaga of x:·stan in llbioh StnmgGDefll 1• Viabq 

Accozted tor. · 

% Emitted 

Hyperf'ra~t.a 

stars in which 
total rl:sib~e eera 
ia· greater than 310 Mev. 
&: no strange perticle 
obeened. · 
Total atraaprJ.eae 
accounted tcira 

lh 

7 

10 

3 

l 

ob .. rred· 

.•• u.~ 

charge 1DdepeadeDH 

.obeerved 

obeernd 

This method . )"ielda 65 % of the~ K.. abeoi"pt.ion stara v.Ul 

. ~ t Ad particles. 

. . 

~, . . '. -.. : ~ ~ :. ·_~: ::~; . .::- ~:. ·: :J;~~t ti. i:~~~\~~j~sx~:;: .. '~-::~~r~~t:~~r':_ ~ --~~:~-~-~±<-~DtLl~~~~~ --~-~ ... :l~t££-.~Fi£1 
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72. 

. . 
In this sect:ton. w will dlscuss the approximationtt made in treatinf: .. 

. the K N - 'Y 1t' reactions ins1.de the nuelous. 

In e,ectian 
. . 

the enerc conservation equation was writtena 

E 
f 

.. 
where1 . E1 • N~ + l'Jt + BN + !:·.E·a,Y. 

a.~ ~:f. • Hy + ~ + T/ + 1'-n- • 

The vario1:s s·-.'1d:>ol.e were previ~ de .• :ined in section •. 

Usine the t.r&naror..tatione tram outside· the ,nuclfr.ua to in81do the nucleus. 

"' • -;i • VT J."Tf 

Ty • T • v .. y 1 .i 

n • Trac • VN L·r: ' 
we can rewrite the energy conservation equation• · 

EI • ~ + Ty1 + Hy + i'\r • TNi +_ VN • V"Tt"- Vy + n.E.a,K· -.­

+J\1+}\• --We write the momentum coneervation equation as ( ·assuming the PK ., 0 ) ·.-- - _..,. ~i • p"lf 1 . + Py1 ~ 

The msrgy- avail(l.ble 1n the center .:;..: MUS system u· 

Revrlt.ing EI •. M:z + TN1 + A 1 where A• V~ D.E•a,tt • Vy • Vlr + l'\{ 

and using Pr-: • TNi ( TNi + 2l·iri ) then 

• (A+~) 1· 1. + 

. . 

.... 

:.·. 

, ·~ · ··· :·. ;.·.-~ .: ·; -~:~_ ): -.~:- <: · __ -:·(·~)-~~f','~-:~:;>:··~·,:_··,::(··.,·. :< ... .-~:~ -;-,-~< •. ;{t~~~;:~:l~Z*~!tt~~ 
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U•iz28 the valuea gi van in aecticm 

A • ( • 42 + 40 . + 15 • 8 + 494 ). Mev. • 499 Mev. 

aad Mrf • 9.38 Mev. then 2A/( A + ~) • .696. 

Far 1'1:1.• 40 Mev. the term 2A TJI ( A+ Mrf)2 
i• emall c~ to one, 

ve oan DOW approxi.Jate E · by . . em . 

• E +A 0 . 

vbere K0 • A + Mti 1 md ~ • A. TN / ( A + Mrl). 

Subatitut!Dg 

Ecm •. 14.37~ • .348 TNi • 

'l'be effect of variationa 'o.t ·the nucleon ld.nectic energy, TNi , .from 

o- 40 Mey. on the energy in the center o:f mass, Ecnn , is aznall. 

Th8 momantum in the center of maae , ·Pcm'. is given by 

P,.. • ~ y (E~ • ( My + M ) 2)( E~ • ( My.~ M )2 ) 
. em . ; 

Letting a2 • ( My + M )
2 am b

2 
• ( My - M ) 2 am appr<Xrllllating 

2 2 
E...,. • E + 2 E A then ....... 0 0 

Perm • 1 . l/c~. +; 2Eo • a2) ( F,o2·+ 2 Eo. · .• b2) 
. ~(Eo+&}f . 

1 l/ 2. . ... 2 2 
2Eo V ( E

0 
.• a2) ( K0 - b ) 



Far the Z. '1\ reactian · 

p 
0 

• 187 Mw · Ts • 14.6 Mev Tv • 93 Mev 
. - ) .J c 

• p
0 

.( l+ 1~972 x ltl' 3 T~ ) 

p o • 2$7 !!,! . J T" 
c 

• 29.3 Mev' 

P •po 
Clll .. 

. . -~ ) 
( 1 + 1.2)2 t 10 ~ T~i 

T • 1.53 Mev -rr 

'l'he ~~ in the center of Jlll8B, p em ohanps at 1110.t by .7% 

tor nriations. oi T 1\ fro1il 6 to 40 Mev. In the caleulatiooe in 

Section n have neglected t.h1a va:--ia.tion and used a constant 

· · val.ue of p (tor TN • 2G Mev). · 
om . 'i . 
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II. The K- Mass, !: - Mass and 

L-- I,+' 1-1ass Difference 
fV\iJ!f.lTWN lABGI'iiHORY 

REPB!NT NUMBEA 

A. Ratio of K- Mass to K+ Mass* 1356 5 2 
FRANCIS H. WEBB, WARREN w. CHUPP,' GERSON GOLDHABER, 

AND SULAMITH GOLDHABER 

Radiation Laboratory, University of California., 
Berkeley, California 

(Received December 14, 1955) 

M EASUREMENTS on the mass of the positive K 
particle have recently been carried out by direct 

comparison of the ranges of K+ and r+ mesons and by 
comparison of ranges of K+ mesons and protons of the 
same momentum.l-4 For negative K particles no such 
direct comparison is possible. Hornbostel and Salant6 

determined the x- mass by a range-momentum method 
as 931±24 m •. 

In order to compare the negative !(-meson mass 
with the positive K-meson mass, we have exposed stacks 

· of nuclear emulsions to the focused K+ and K- beams1•2 

of the Bevatron, maintaining the geometry constant 
and reversing the magnetic field6 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-JL Ilford · G.5 
pellicies) varies from about 315 Mev/c to 335 Mevjc, · 
and that of the x- stacks (one hundred and thirty-two. 

. 600-JL' pellicles) from about 280 Mev/c to 355 Mevjc. 
Immediately behind the stacks, a copper absorber an:d • 
wedge were placed to stop the positive and negative 1r 

mesons in the respective exposures. The geometry of 
the exposure is shown in Fig. 1. 

The scanning method used in this experiment was 

FIG. 1. Exposure geometry. 
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FIG. 2. Range distribution of positive K mesons . 

"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 em 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 undei:went a nuclear scattering (scattering 
>20° for EK>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 me~ons were used to 
determine the momentum of the positive channeL 
The mass of the K+ used for the momentum determina­
tion is MK+=M,=965.4 m •. It should be noted that 
the Mr/MK+ 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 1r mesons were 
stopped with a copper absorber and wedge (under the 
same geometry), permitting us to determine the 1r~ 
and 1r- range difference. This was accomplished by 
observation of stopping 1r mesons in pellicles. placed 
in the wedge. The knowledge of the momentum in the 
positive channel and of the difference in the 1r+ and 7r­

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.7 The difference· in the momenta obtained from 
the pion range difference (R,..+-R"-= 1.46 em 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 1r 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.8 

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 
trajectories1 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 
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FtG. 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 p emulsion=3.85 
g/cm~. 
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FIG. 4: Mass histogram of the negative K mesons (assuming 
MK+=MT+=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 inass histogram for these 42 mesons is shown in 
Fig. 4. 

The ratio of the negative K-meson mass to positive 
K-meson mass thus obtained is 

M x-/M K+=0.998±0.013 .. 
The mass of the K-, if we assume MK+=MT=965.4 

m., is 
MK-=963±12 m •. 

The above mass determination corresponds· to the 
mass of K mesons present, after a time of flight of 
1.4X lQ-8 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 i:heir 
help in scanning the emulsions. 

*This work was done under the auspices of the U. S. Atomic 
Energy Commission. · 

1 Birge, Haddock, Kerth,. Peterson, Sand weiss, Stork, and 
Whitehead, Phys. Rev. 99, 329 (1955). 

2 Birge, Peterson, Stork, and Whitehead, Phys. Rev. 100, 430 
(1955). 

3 Fung, Pevsner, and Ritson (to be published). 
4 Heckman, Smith, and Barkas, University of California Radia­

tion Laboratory Report No. UCRL-3156, 1955 (unpublished). 
6 J. Hornbostel and E. 0. Salant, Phys. Rev. 99, 338 (1955). 
6 The stray field. of the Bevatron increases the magnetic field 

of the strong-focusing spectrometer for exposures to positive 
particles and decreases if for exposures to negative particles. 
A compensation for the stray field was made which almost 
cancelled this effect. 

7 Aron, Hoffman, and Williams, University of California 
Radiation Laboratory Report No. UCRL-121, 1949 (unpublished). 

8 Range-energy tables of W. H. Barkas and G. Hahn [University 
of California Radiation Laboratory Report No. UCRL-2579 
(unpublished)] were used in this work. 
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B. 'a. ,- 1 2: ..... 8IJd tba L-~ Han DUttll'enoe. 

llhich d._.,.. epeci&l. atteatian. 

two ....-.. ( 0""11'1:. \ ad <T"" lr'L2 ) aD! two lddi t~~ rlellt.e Obw:t ved 

lJl each e'NDt a x· --= is arrested 1n. the ew'lld on am tonu 

a YiJd.bl.e absarpti.Oft .tar ~- ot tvo pronp ( DO teooi J a, blobe, 

or eleot.raaa wre uaociated. vi th the star) • .Que prong itl a ~over 

pG"Uele ( pr ... nabq air -...) 1llhioh l.eana the 8tMk, and the other . 
_proD& 1a a dark· track ••wal hundred mierona lcmc ( r4 macleoaic -...) 

11hich u emitted eoUDear ( vit.hi.D the preoidan or me~t) to 

the llhollw · J*"Ucle. In We ot tbe eVenta ( . ~ 1 aad K)m) a rd m .. · 

partJ.oJ.• ( preRmab)¥ au 11880D) ia ueoeiated with tbe em1.ng ot the 
. . . . + 
dark JII"ODI1 iadioatiDc that. the dark prong u either. a ~ pa-t.iol.e. 

. + 

vh1ab deeqed at nat, or a 2: -part..t.cle tmich doca;red in night. In 

the other two e·.rent.a (~,and 'HBt) no ~~ble aeoondary or in~on 

na ton.d at the end or the dark prong, vbich ia eonaiatant v1 th a 

tv"Peron 1fhich 1a arrested in the emulsion tondng a ~ pror~ 

lt&r. 

'lheae Gftllt.a. are ~ u the abiiOII'ptian at reet o£ the 

, .. -.m bJ ~in the nnlmcm by the foll.OifiDc reactionat 

-K.· • H --"-- ~ ± -+· 1\ -t 



Table I _ 
,. . * ~ on Col inear lventa 

Bnmt. Dark. Prong Shawer Particle .. 

( .~ ) ( "lr) 

~ 
Moderatio l 

rl&o Banle tiM.~ at ead . Dip · 
- lCi . . I!; • /100 

oy~ mi.rd'•• 
809 t 4C -u.4 2.5 ~ 

. .. 
1.1. -~ • 41.3 1 . ., . 

I zlnimmn. .. 

MHl 579 t 2~ 2.0 sec--A ... ~ l.Jl t 
·1 

no~ lAt 
o:; 2 2 

88C 
695 * 25. • 24.3- . 2 • .3 

or ........ _ -- ·-24.$ ti~--
...,. 

no ,., .n.tt 'a 
sec--a--

I -
691 t 41 ·-te2 . 2.3 arintco- ! 

action 

• The projected colinearity G! the dark prong ad sboiNr particle 1n. 

all taur event.a ie better thm t 0
• 

I 
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the maa• , or cme of th'e particles in the foregoing reaction can 

be determined b7 'Q8ina the measured r&Dge of t.be dark prong, the range; 

energy relation ( 1 
) , the ·maaeea of the other three particlea , and the 

ooneervation of enerl)' md m0m8ntum. 

- + A. The I Mu• tram the ~ Mae e. 

We earried through the.~ proc8dure and determined the K- mue 

tor the. two event.e (~ 1 aDd KJiu) vbere the dark pr~ng is interpreted 
~ . 

u a · [ particle. 

. We ~ the toil.oving mueea for the ~ +a· value of ~-+· 2327 . t 3 tr~el 2 ) 
- .·. ·. ( ·: ) . . (4 ) 

,:;;.$-1£ mue or M"'lr! t'!2 •. 7 t .3 11ei' imd a proton 1IJU8 of Mp • 938.73 .Mev. 

Sinee we were unable t.o determine U the hyperon. reached their total 

potential range before decaying {.due to their large dip) ithe r masses 

detendned by · thia anaq.sia are to· be considered u lower lim1 te to the . 

K -... 

If the ~ron in· event Kt.nn decayed in flight the renl.t. voul..d 

be more eonsistant. The total moderation time of the hyperons in tbeee . 
· .. u · . · ~ .. · · _.n ( 5) 

two events ie 5 .S x 10 . · ~. aDd since the '- lUetime is 9 t 2 x loaR. ·. 
I 

- . 
If 1M apply the eame procedure. to the two . [ events and uae a L. 

. ~-- 4- . ·- ·. 
maaa eqv.al. to the [ maae and ·a 1f · mua· equal to the·!\ mass- n obtain 

.. . [ 

valu.a of the 1- aaa ·, on the baais of the aullmed equality of the c;. ·-
~ Z+maaaea. this interpretati,on appeare unlikely ae will be diecua.d .• 

- + . 
. ~ .. -- B. [ and. ~ Maasee trom ~- Aaauined I- MaiN 

We carried through the ·above procedure ua1ng a value of ~e I- mus 
o! 1- . ( 6) . . . . . 

equal to the 1: m&88 ~- 965.7 t .7 me and determined n.luee for the. 
- . t ·~ . 

~ and L hyperon muses.· !vente o- and· K. __ 
2 

,.tel.d the ~ hyperon 
rrt::l fiR 

. ~ 

masa,whereu events~ and ~-yield u:ppez• limite for the .£ mue. 

. -~: ~- .... 1·~~ . /'.' ~ 

· ... s ·. ".~?~. -~~? ~ .• .~ ·. ~ 
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· . It ie not. pouible to obt&Ul. an aocuraw GDC'Q ~t.ioo 

ot the pion in tbNe particular col~De&J' enrnte. If the pl.oft ecergy 

,..... kDrMl 1Jl· addition to the ra:ngo or t.h& dark P."'JJ8 (Jvparcm) a 

. - . clot.arm1MtJ.o:n o£ both · t.bo K and. to'poi'Qft mauee coulci be mado uain& 
. . ~ -

an1¥ t1lio --.as (pian' am protoD) in the r • n .. ~ • 1i ~ N&Ot.ions. 

· Since anQ- the· rango o£ t.be dark prong ie known, ,. ll8l8t U8f3 ~ 

"1111!!8 aDd oc tlien det.eral1n8 .the !ovrth mutt 1D the foregoing reaction. 

All i.n8peGt1on of Table II ·rena1e that. i.f tbe 1"" _. 1• oqual t.o the . . . . 

. • - ~ • ·~ ' -t . 
'1::' -.. a £ - r mua di.f'forenee o.r ~ l.h- 6 m exJ.ate, and the ~ ..., 

e + 
~·on thie basis ie ~ 2325t 3 a , 11him is eqwal. to the r .... 

e . t-

det.ermin8d .. .frozl the range 0: tbe proton from th1 'L dee&\Y at reat. 
~ . . 

~ 1a evidence for the ~ in event 0T~ 1 to _have decqed at rest., 
- ~ . 

1D tdbiab ease tho· f -'i mua dir!crcnce is tbcm equal to ll.• 6 m • Thea . e - ~ . . ... 
'i. - ~ ,... ditterenoo 1"88Ult.s !'rom utdng the same ·!: -.. iD thue . 

-
tr:1f:t' evmtts. am tho .r.n that the ~ lt.rpel·on prongs . (lAliob r.:&UJt haw 

. + a:::-: 
co. to l"etJt) poyr..uea a aharter ~ than tho £ ~ in· fMmt_ 1r ~ 1 • 

1'h1a de~t1on 'lf tb8 ~:. ~ t- ll'lSBS d.ii.f~ 111 1 6'\fJ"G.S ti ve to an 

0'4Ct knaltledge of tbe r:- BUll and o! the . etopping pouer of thQ emul.aton. 

Thia in~tion contc:irma t.o th~ K- particle aa the charge conjugate 
. . . 

or tht3 lt particle, and there ie no theoretical re&80I1 tar the --
- . + 

equi.Talrmce Ot tho r ' ed [ hyperons. 
' .. . -

'l'he alternati-ve ~Uon ot two K manes aD.1 the 9quali~ 
. - ~ . 

of the . ~ and ~ bJ'par"on ~ is UD.li.kely 1 ai.nce tMn would then 

:be tt.ro dittcrent K .. partJ..clu, cme r" which reacts rorm.ne ~ 
aDd tb~ otbllr tC" pm"t1cl.B Which react& .tondng ~ ~ ~rcma. 'fhia. 

iaterpretatJ.<m al.~ ~with our ·data vou1c.t DO\ ooatana 

.. ---··--·------. ------. ~ ... ' 

• •• ' • ~ > 
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Table II 
- + x·,! 1 -.1 ~~·.tram the Reutlont 

~ -
.,:-. •. B - z -. T T 

Identitq aJ Cue A CUe B 
llu'k 

Evant Praas 

~DC~ .. 
~l ~p.-.... 

ua1ng !\:1" ~ ~.s t .7 .., 
~+..4..__ ~:- .. -

o- z-+ ~ 966 t 6 . ~ 232$ * u "1'i z 1 
'·,, ·" 

11m z:.+, ( ~) ~ 93S * S ~ 2.3$5. 4 ~ ( 23SS t 4) 
· .. 

. .... 
,_<··. 
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to the K. anci K+ as charge conjugate particlee and would be a 

violation of eharee independence. 

The possibility "t.hat tho ehort range ~ prongs in the 

eolinoar events are due to the K- absorption by a proton in tho 
. . - - t . 

nucleus which undergoes the reaction K 4- f> -1> ~ -: l\. is unlikely. 

The chance colineari ty of the pion and hyperon from such a reaction 

is small, and furthenoore, the ra.IlGe of tho ~ h,yporon would be .., 
even shorter than the observed range unless the 2: ass were 

+ 
aign:Uicantly 1~ than the ~ maaa. 

Addendum 

SinCI:3 the first rtaport of· this type of event and its interpre~tion 

as the K- absorption hy hydrogm1 :l.n the emulsion at the Pisa Conferance 
( 7 ) . • . . 

in 1955 several a1~1tional events havo been found and O~~er evidP.nC~ 
- 4 ( ) 

pJ;-esented to, eetabllsh a "2:.- ~ masa c.iff(llrence. !{0sselet 8 · and 

Steinberger ( 9 ) have independent t~s o.f events llhich ~eld a 'L 

mass creator than the ~ -t mass. F'ry ( 10 ) has reported two colinear 

, events (the ran~es are given in .figure l a.nd 2 ~ where they are callod 

· Wis l and \-lis 2). One eyent ;rives ris!') to a heavy prong which emit" a. 
. ~· . . 

proto.."l of ....... 1660 ~at the em of its ra."l:.;e ·( ~decay at rest) (Gvent 
/ ~ 

. . . . ~~· 

Wia 2) and another event in wh:tch the dar~: prong onds without tho 

.formation of a visible secondary or tnteraction (t-iis 1) eonsitit.ent 
-

with a ~ giving rise to a zero prortr: star. We he.vo also reccmtly 

observoo ,a colinear event in which the dark pro~ emits· a proton of 

1660~ ( decQ\Y at rest) 8 Berk 1. Tiehr:> 11 (unpublished) 

has observed 

.. 
.. -----·-----·-----:--
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· an ~nt where the dark prong has a range or about 700 jt, 1 . giving riao to 

a visible absorption tlt&r at the end of 1 te range ldhich ie strong evidenco -
for the identti'ication of tho 'dark prong as a ~ particle, and lSnde strong 

... 
support to the interpretation of the dark prongs as ~ particles in 

the colinear (M3!ltl!l Where the dark : prone ends vi thm1t the f o:nr.at.i<>n o!' 

a visible absorption star. 
' . 

The88 event.s will ~ described in mora detail in a forthcoming· 

publication. . .... 

The prellm.i.nar,y results for all tho Berkeley, M. I. T. and H.arvard . 

events area 

M- · • 965 + 2 m 
X - e 

' M - .• 2342 + 2 M · z ., e ,1£ M - • M . • 965'. 7 + . • .5 m·_ K . + .. -~ 

.r 

( 6) 

· and M ~- .. M z- -t • 1L .+ 2 rn
0

a the mass difference is ins.,ensitiV'e to the 

emulaion density &00 to the -exact value of the L .. mass. 
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o£ this 110rk. Tho ·author would like. to thank Mrs. c. TOcbe, 
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