
Lawrence Berkeley National Laboratory
Recent Work

Title
REVIEW OF RECENT WORK ON K- MESON INTERACTIONS

Permalink
https://escholarship.org/uc/item/0tk2b5w8

Author
Stevenson, M.L.

Publication Date
1964-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0tk2b5w8
https://escholarship.org
http://www.cdlib.org/


UCRL-11493 

University of California 

Ernest 0. 
Radiation 

lawrence 
Laboratory 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Division, Ext. 5545 

REVIEW OF RECENT WORK ON K- MESON INTERACTIONS 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



j'· 

. . 
"-

. 
; •. ~ 

'' 

', 

•.• 1 

' ·,,, , .. ',.,. 

F_ar··Goriference .an·a Proceedings of 
PartiCle- Physics University of Colorado 
_July. 3, :1964 

· .. 
-. 

'' 

-. 

. UNIVERSITY OF CALIFORNIA 

. Lawrence Radiation Laboratory 
Berkeley1 Caiifornia 

AEC Contract.No. W_.740S~eng-48 

. ~· 

. ... ,··. 

-:;.,_, .•, 
..... 

. . :·.· 

I I 

'.•· , . 

!. 

·-· ':'>' 
.,..; 

.UCRL .. 11493 . ~. ' ,, 

· •. · 

' ~-. 

~'!,. ·'' ', 

~.' 

1',·, 

'/ 

- i 

·,r' 
;.-

'I. 
!:' r 4 

.... 
_./. 

·' 
.... ·.·· 

REVIEW OF RECENT WORK ON K- MESON. INTERACTIONS ., 

M. L. Stevenson ~ ·' 

June 241 1964 
.•,'. 

1-, 

. ·~ 
._,; 

...... 

,. .. · .. ,. L '·• 

. , 
~- . " 

.: .. ·'' . . , . ~. 

'/C: .}<. 

'' ' : ~-
. ~· ·' 

• '· 'f'! 

., . ' 

-. 
. ·. ~ 

! • 

.-...... 

. ": '.A·. 

"·'>" 

' 

.. ,· 

·,·, 

--~ 

'. ~:"1 .•: .. /' ·t 

'·' 

·, 

,,_ 
.::. 

',.,·· .. 

.. . ~ 

I • 

".·· -_. 

,'·'. 

· •. ~ . '. ~.. . . 

'o' ' . .i-·.;·,-.• 
.. I "'~-

.... , . 

. ~- , ....... { .-..: 

. ,I 

·' 

.... ~ ·.-:. ·1 ._; 

~ .;'\..· 

;.,., . 

;·,·. '.• 

(;'.: 
: ~ ' 

,..... t_·: 

. ~-

' ~-· 

~~.I_(:·~>. 
, ~ 
J· 

'o ' i·~· 
.-_ 

'! ~· . 

• > 
,:_z 
I ·r ·, 

>-.... ; ~, 

) .,,, ,, 
,·,,. 
~".· -,' 

··.f 
·• 

• I, 

:. -~. 

·.:;· 

-" 

' ~ I .. , 
.f 

!' ~ 

.·;:-

:f ~ 

J 
; ;· 

'·\ 

.. r 
.. : ·~ 

·, ~ 

_, . 

·,_ 



.... 
'·. 

· ... 

; ·~ 

-1- UGRL-11493 

. REVIEW OF REGENT WORK ON K- MESON INTERACTIONS 
·,· 

; ' 
' ~ . 

M. L. Stevenson 

,_ .. 

. 1 

·.Lawrence Radiation Laboratory 
:University of California 

Berkeley, 1 .• California 

. June· 24, 1964 

I. Introduction 

! ' 

In recent years, ten major bubble chamber expos'+res have been made 

to beams of K- mesons from 0.3 to 5.0 BeV/c. Table I summarizes these · 

· ~ exposures in terms of the number of events that would be produced for each 

... ,_. 

millibarn of cross section. {This summary does not include "stopping K-rr (1 
I 

runs.). Counter and spark chambe.r experiments have contributed mainly to' 

total and elastic scattering cross section measurementso Table II summarizes 

these runs. 

The production of new meson and baryon: resonances remains the most 

' . exciting part of the K- -interaction study. In Section II are summarized the 
l 

most recent discoveries. 

The main purpose of this review is to summarize what is known about 
'· 

the production characteristics of the many outgoing "two-b~dy" channels in the 

K- -p system. Section III contains this summary • 

A summary of the references for 'each of.the reactions 'is found in 

Section VIA. ., 
',;; .· .· 

.. 

I t,· 



.. · ~-

:.: ~ ~t:: .. :• '·. : Events :~;::.~:.·•.:r.·. . . ... ,. . · ... ~-~.:_._ ~,··_.1: ..• .·_··,·.· .... ·· .. • .· ... ·._: __ ·-.:,~~-·-·.·.:_··.·~.·-~:.; G ro ul~ in:o 1 v:: J 
;energy . t> ,~'!:?, "''· -~ <., •. . _•;·•: 

---~'--""" .. ·,~.J'i~ (Bev_r: :::F(app:ox)'~-~ .. ;;;; Chamber·~- _Lab. };'Date'i·:L;/ analysis· . , .. " 

:.:}~-~-~tL?· 3-0.~. · ~" ;.~1 •. 49-1.69 ~· ~-500 ::· :: :;"· ~·15 in.·:Hz:\·LRL · : '1 959<}~- ;.· LRL. ·i ·;{·::: .• ?,·, 
·: \·.- 0.6-0.8:,- :1.60 . ..;1.69 :_.100 ··~· :~15 in~ .Dz :··:'LRL_.~,~1959 ~~:~.-.

7

~.-UCLA '<::..~.+. :··~-< :' . <f· ~,;_,.1~::·~ 
':~~·-:"-'·::·.~~··" .. ··" ·.~•'•:•, ·~\, ~·:i:?" ,,·· ' .. ;"·.·;• .·· .. :'ct-:.>· ,,' 

0 
,,_.1.:: ... .,. • ,•;,·--.<~ '.:~/~; ," •>~~:\'~p ~ .. ·. -'.,:: .~ ,• .-.~~ ',~".;:.,,<$>":·>;~~-<"~.\~;" 

, l • ' 0. ~5-,1.15 , 1. 7i -1.86: 4~~~ .> 1~(?7~·Zi_· ~::" =~, ;.•.ttti["£;~ :~:(:·; :· t:t~~~y~,WlSCO~~;~,~;~~tf 
:1.80: ·:('. J40

1 
)·!";(~. . in. Hz :.;:;1:-~l:J· i96Z: ,,._, LRL; . . - ,._,7 ~,1,_" :"}:<· 

'. l. 

• ~ • ?! ·,· 

.. · 
' .. 

·-... 

' '~: .. '1.Z 

; ' 1.3· 

'.:.. .. 
:1. 8· 

:'i"1.9' 

Z.45· 

Z.55 

• .Z.64 ' 
·,, z 64. ~ 

. . .. . ·;: 

Z.70 ' 
.;._ 

·1. 93 ,, .. , .• ~::: - .•.•. ···, .·· 

7

: ::· :r .,.,, .. ~ ··. ··~:~:·~iniri~i.cLR~;~~~:1;~ 
-~::1.98··_(:.'::>:: ... : 8oo- in H 
. ·: .. -~;·; -~-~- ~·- ~ ,'('~ . __;. . ·_. ~ 

z.oz .'·:·,,•~'!: 5100• in. Hz; ; 
LRL >.·= . 
·LRL:~··.:it. 

-·~ . 
z~oz 1000 in. Dz LRL' 

·-·:.;. 
z.oT 680 7.Z in. Hz . ,._<.:f; .. ..,,: LR.t; 

Z.1·1 .· 107 0. 7 2 in. Hz : ~ -,; , · < LRL ;:·, , . " _. . 

·,:
1 Z.15' 

.:·.2..19 

. Z.4t' 

,'.2.45 

1500 .~:-' \.·7..Z in. Hz ,_,.. ... v_·... .-:.. 'UCJ.:.A<;;" ·'· · -' V: 
,t ·- ~ .\ . . '· ,.r • ,:·_-l . ·~: ~ ·{: . . ,. ~ ·.: ·t_- ', . ~- :.·i <~,.'.' .-·~- ! . . .... ·"".; J· ~- ~ 

"',72 in~· Hz,·:.: . :. ·•:':..,-''·UCLA.,.~:· .::·~·:. ~-·;,T•, 
•., ~ • o<t-. ~ 

1.000 

.. · ....... m~ ~~·· ,_ ~~ ;:: =~ · · ~:~ ~~;~3 ~6~~~: ~:: · ;_:, ·f :_. ~- ;;,t?f~ 
2.48: .. :. :6300,'\ 7Zin.~Dz_ . ,·,.;:LRL ' ·::•:.;;;:\~{' 
~z.~o· .· .... >.54oo:. );;72 iri •• Hz :·~ .. LRI.. · :.):•:: Univ •. ·nlinois; LRL· •. :·:;:J 

... _,· .p.:.o.3 · . 1·.43-1.~~":.'·1oo <":-<:?'~_-'3.0-in.<Dz ·.·:·:BNL .". ).9~4·<~_,,~-Univ~ Illinois ,1 • •• :• ., 

· .. : .o. 7~1·~;;,;(£;\1.65~.~-';!~ ',)ioo_•·\_:~,{30 in, Hz' BNL. , , ·. Univ, Maryland(,;:, , r. 
·_.· ~" . . ,':·~-: . .. ·:: , ·:.,. r' . __ .· _• / ;• :;;:tNaval:Res._ Lab. •~ ... ~ l .• 

. :·:_~.', .. ·~-:~--.· •. ·:',.,·.:.···.···:····_ .. ::_:·.··.z····_·_ ._:···-,0.· •. -'··.-.··:·-~.·:··_: •. ·.:_:_:.~.:,···,·_;:~: •.. ,_ .•.• _:~~--,·-.·.·.··_·.~.::·_:_' ..• \_ •• ·.:_;·
1

··:.••_z_ •. -. ~~·_._~.:_~.~.'- :{,:: ZOO' ; ;,,£:;:,::.:~?~: Hz !;t-IL , ~ 9621:::, ~~:· S~::~~:~ L; .' > •ji} 
· · .· .. · •. :. 2. Z4 : ·· . · . ·. 'z. 34 : :,:: '~o~~ ·~J,i~f;;~·i,l~J4~··~·j,N·~ ! 96~ ~: i£:;: :~1i:· ;;:::~:~o:~d::. ~ft:.;: · · 
:·.: ·, 5.0··:::-fY,;i~:-:.;3-.Z4 '.. ~000 ·.:;;_~t( .. ~l 80 :l.n•" .. Hz 'HBNL.' ·~ ... ~ ~963.'~;;::.:',BNL , '. ~ . ··t :;; 
\ ~< .'·v < ·," .... ~t-~:.;::~;:.~~; ,.· .: _. _.-~·:~ < ,·' ~~--~·:';.~·:_.''>?~~.~-"~f~~~'~\:•L ;~;~ .... · '_.:',•,:>,. ~·: • .~:-'"; "',·.'·'(~~~<' .. ·,".-~~·\.~~··;f.... ..-~·· ... _. ,. '• '•:' ::--· ~ .~ .. .-·.:\( 
I ' •. >,· ,_:1. 4 7 ,.:;'·· .. :~}·;,:';::12~_0 1.~ . .':/)J,::: .. z op ;; . :'. ~:!:i:. ; ~ 0 em, Hz ,· ';;~GER~ -~~ 1 .9~.3 ..,''• L} Zeeman Lab (Am st e ~dam).~ '; 

. ·~:· -·-·; ... ~.- .. "'~t;-·\:.s·.:~;;..' ~ . ':··.· ";-·;;.~"'-- · .. -'·<:.·:- ... i-·~-:';-s .. "t·;~..: ... "' ·'·· ··" .. #, ....... _._:- .... -~-~~ . • .... ·:· ;---.. ,. • -. ". • • . .. •· _-_ .·- •• 

':~:i.-. A'>.· "·1..r·. ·."' ··.·. ··,.···· •< -~;.;_.,>,··-;,,, ;•,;'•::<;.'· ·~;·f ;~;- .; · ~' _,,; i 'Ecole Polytechnique Sacla) 
'. ,_ :.;-~' . ~ 

! -f. '·;. .... : "·:~ ,·~ .. ,. . .·_, .. _: 

'v ,'.,, .. 
. . ·~, '·.' 
:• :~, '., ~ ~, r• •<I• ~ ".) ' . _,., ~- ·"' 
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}- Univ. Oxford; 
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II.· The Production of New Resonant States 

.. 

,. .. • .... i 

'•. 
. ~ ; ' 

• ~ n • < 

_:.,. .. ' ~ . ,. : 

. . . 

· Although this is not intended to be a review of all the resonant states, . 
. ~;· -~. ·~ r- ..... 

. . (i> _.·· ·· .:· a summary of the properties of known particles and resonant states from the · 
...... ·· 

. '· 

. ~· ~~ ' :. ' 

... ' 

Sl: review paper of Rosenfeld, and others* has been included intthe ·Appendix for 

ready reference. Discussed in this section are the discoveries of the past 

-,. 
··;: _.;·_~· ... 

. .> 6 months •. 

.•l . ' 
... (: ' . .A •. n- Hyperon . • .. ~ '· 

• f. il . The predictions of SU 3 
1• 2 for the exist~nce. of .a hyperon, 

.. 
... ·,, 

stable to 
' ": . 

~. ' . 
·~· ·st~ong decay, of strangeness -3 and mass :::::'1676 MeV, prompted the 

.... -.;~ . t· .. · ·~. ··~: . 
Brookhaven (BNL) and CERN groups to make extensive exposures at 5.0 and . 

. ''·· 

~ ....... ·::: . 3 •. 5 BeV / c respectively.· The resuits are now well known. 3 
The BNL group, 

,_ 
.• ·• ' f. 

-'~' 

-:,.... -~ .', 

! 

.•. 

; _.· 

·.·.: 
- ~-

· >: benefitin~ f'rom h~gher production energy and the new 80-inch hydrogen chal'?Tber, 
-. . . . . . ', 

,, 
'· 

~ . t 
found two remarkable events. The first was an example of the reaction ~ 

.' +' . .,, 
K- +p- 0- + K: + K 0 , .(2.1) 

followed by the decay 
·y. 

A;..·p+,.-. 

'. (. i. 
(2.2) 

(2. 3) 

(2.4), 

Furthermore,· ~ot ori.e but both of the ,.o y rays converted! The mass of this 
.. ~t· 

· n-" event was 1680:1:9 MeV~ 
' . . 4 . 
The second event .was in s.ome respects more unusual than the fir.st 

. . 
one. lt was an example of Reaction (2.1), with the n- decaying with low Q 

· .. 
. value· (65 MeV), 

. . ~ . 

• :!": .. 

* Arthur H. Rosenfeld, Angela Barbaro-Galtieri, . Walter H. Barkas, P. L .. 

B~stien, .Janos Kirz, and M~tts. Roes, . Data on Elementary Particles a'nd 

~eson~nf States (UCRL-8030 Part~l June 1964 edition) to be' published in Rev. 
. , 

·.'. ( . . · Mod. Phys~ ~ Oct. 1964. \ 
' -......... -.:·~· _.,... . ... . .. ' . 



'i,J 

.j;.·~ '·:· 4 -~ 
• ; . ' i :~ ' ~ ~~~ -' ~- ' ..... 

,~"i-:0.• ~I .·,::-·""'· ~j •' _:,• 

The. CEro:· Freon c_hamber. grou;5:··af:· ~~4.:BeV /~ and .. t~~ ·C·E~ .Hz. 

group 41 .(BrLtish~·~bllab~ratto·~ .grou~):at . 
1 

~-~,~: ... :;·.::\,. ~ ~-~ • . . 1 r ... ~1'., - '~ ·. {,t :;- ~ J.• 

. ·~~~r;egative: result and give 3 Jib per ,ri~deon as ari . .ipper limit to t:q.¢· cross 
' ~ ' • '\ • • 'r "' ~ . I •' ' ' ' . "' . < ' ' • ' 

. . ., . '6 '·. , .. ·. 
Eisenberg. rep.brted ·on a 

is.2:fJ.b. 

- ,..,:: . 

·_r,:?~t~/.:.~} .. , ,,.-· ~- As e~~~.~;as 1954, 

:·.~· ·'· ·-.~.emulsion that could be an 
<'t t;_:'"~ :;!-. 

~~. . 
exampl~ cif'y~t··~nci~he:t''mocie. of decay of:t~e. . . 

l·.: :tL: ... .. With an eve;l'16wer Q value, 
' < - f 

>iJ;'~f;~ .. ·:· · .. :: > :: .• 0- -. E; f K-.:: ;., :;' . i 

;···f··-i·~··Y> ·Eiseilberg. state'd at the 1964 Was:hirtgton.APS ~~eting ~~~~'-for~hi·~·~~ode of: 
•. . . ' " . -· . . . 

.. ·--. .; .... ~ . . ~ ·"\ ' : 

\ _,_, 

. . decay,· the ·mas·s.would be 1·68 __ 9_+_. :
2
10 .~e_y: .. -:~:·:·.·::. Ji .~.: ~ .. ,_ ... " ··t ~-. " :~; 

--~..:.. : '-. l~ • .- J ,' _-: •• ~ ,,. .,::· ':.-

,.-l,··.·'. f'~ ' • • • ~. ·~-~ ~"- :;: !.--· '-IJ~· ... " ~ t' 

····~( .·· ' '· 674.3 v ·£ d·,··, ... ~ ... '" ·.r 
,

1 

::(;ji< , . ' It w~tild O:ppear,ihowev;r, that th,e mass 1 ,"' _Me o ~he s~con 1 "'' f<.·:j~\;;;j; 
, , ;ti·: , .' BN L · event with i,t S s ;.,ail .i r_;o ;;..)o Ul~} ~'; o~t, ~~ s po ~ s i bility~ be c au s ~ the •uin :, f:'J-: ; , .f 
--i -:;•;:. ~,<th~~ ~o ·a~~. K~ .. ?:,~~~>~es)~ .. }6~y:: .. ~·~y~··.,s.~n;~·~1'~. ~.~Y. :'·(>: .. 4·- s-~~~~a~,d d_e~~a_t~o?~s);:·~~~<~:<~>f:~{ 

r t• 'l ~ •· · •,:t ~· ';--.~ "'': : .; :·-:. ·~ ""~:~~~ ' ·,~ ' . it- • ~ ·t ·' ~ ... :.· ... • '::.-.. ._·.·. · .. ~- .: :.· '.'_. , ~. • •. · './ · f~~~~-~-,-~i!\ -~-:-~·1~---, 
7.·-.. heavier thari·this· event. Iri',any~.event ):he _Eisenberg _·particle .. S~lll rematns'to-·be.;; ''., .. i' :-\ t. ~ 

:::4·;'{; :~pl~i:~:·ioi Hyper~~i~·-~·}'1~~~::~~·,_,';;:,:.~ , :. , .• ·. , . , : . . :. . '· .. ;,•,~}~f2:1~tili,fl;i' 
. ~---~:·~,-·.I::,:_~_: __ :,:·:·~.-· ... ~.:_z; .'.· .. ···._'.·' F·r7om .the_:_Law_ renee.· Raciiad.on''Laboratory;(LRL) ·2.6 . .: and 2.7 -BeV/c.i .~ l~~,~~:::·y:·~:~~..:- L . 

. • ·. --. J ... ·• ·: .. · .. ·· •. . •. < ._···:/ .. <>.·:·,~·:,.. ~.:· .·· ·· .,~::: t;.·~··· -· .. ·· · ... :';:,~::~':.7:~:~~·~:-s·: .. :«:; 
· ~: _r):;!' / J.r. expos'ure·s . "has come evidence·· for .the production of an·S :.:=;.~2 ~}rperon~ of '·. · i, ~~:1 ~ ~,:.; .·:._;;: :~-:. l'··. 
i;·~.=r~,-;.-::; ·. - ; . . :~'j; ·.:.'t· . ·. c' . • ... ·:· ·:. ~:. ~~ ··: ·;::', .• '·.:· .''·<::~~::~>:}:.-_;h<. h" 
~ .<i,:;,: .\_,~,mass· :;;: ·:1800. M.ev.:. · Pr'elimi:rl~~~~~viden'~e. \vas also :presented l;>y .Hals~einslid·,; ,, ; · 

, .;::;};; : ~~ ·~{. 5 ,{~he Li~' ~;~\lP 'fi~~; ih'~ Jidth -~£ t~~. reso;,an~;;·~~ ;~':· ;~ i<i 0 .· ~eV hi }j,i ::'" . · > , 

. ' '.; . :: • ':'th~; p ~0 d~ct.~~n' r e a~ti~d ... ,. ~\'} '*:~r.~~f-:>~~; ~ :' <"; .·~i. ~; ;\;,~., h . ' ' ;py ,;: .. ~,, r : 

. I·, :·{·:~;-u~zf~J/2 '::.J ':·:_ . . . · , . z,J--.~~~iV·:;~. ;:> :~ . , -·:-~.~i:t;[;;_;~~: ::. , · . ~,.. .. . . . ·. .. · ; : · 



.,. ..... ·~ ..... ~ .................... ,,...,_ ~ ""'"". 
·, 

:. li 
. ~_I ~. • '·. ,•· 

' ~: ' 
·· .. , 

·~ '' .. ·-7- · .. ~ : ··'. ·. "; .... UCRL-11493 ,, ... · .. + . . . ·, ··,.: •: .. 
. ·.'r. 

.,, 

.< .. 
(2.8} ·. 1 

,.r ,···. 

~ :'-~ :-:-'·?',~.; :the decay mode~ are 

,~ ~~;,:: ;::_F'\:·i : .. · ._.; •· . 
·_.,.-. ! !- ·.·.(~t .... ~ . 

• > ~ .. ,.., ... : • 

. , 

. l ' .. •. 

. ·:.· 
. . * . ;..., :=: (1530} + ' ~:. 

•' '' .. '' 
(2. 9} . :• . 

.. ,·or· 
. * . ..·· .. 
. -::4 {1810} -+· A + R • 

:.• 

.;: 

{ 

. (2.10) 

· ' Even with a limited n~ber of ~vents the. LRL gro,up concludes that for the 

. ·, ,; · · ·: .. ~* (1810), .isospi~ T = 1/2 is .. highly favored ~ver isospi~ T ': 3/Z. The 'cross:·.:.,. 
'. ·''t_.·,.... ' - ' . . '- . 

: 1 il.j.' ~ 

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

. ·'.,; 
• ~-)>- •• 

· section is 15 J.Lb • 
: / .; .j :..:· • 

~:· .. ( ·., . ' .... 
,-v·' 

.... , .. 
i'lj} '. . ~ '.' ' 

~<,c.~:-: 
.·.!l' 

xb <96o) Me.son 

8 . 
The Syracuse-BNL group reported evidence for a:. new meson 

. -~- ' '. ~ . -~ 
... ·. •. ~- ' ~ ""· 

~ .. ~· ': " . ' '~ 

·. ·, .. 

': ., . .._. 

·resonance produced at 2. 3 BeV/ c in the reaction. 
• • .· ..... 

· K- + p - · A + neutrals~ _(2. _11) 

. \ 
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Production Characteristics ·olK .. ,;,Meson Interactions-·· '· 
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exCitement of _dis.coveringariq identifying .the 
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". ~ ~: < ·i' .. . . ~<.- ·:. "t' . ~ ..,_' . ~ - .... 

.<·~~:,_ .. :production characteristics-are often. overlooked.:· It is.the purpose 
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rest masses of the K- and proton, 
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respectively, and· 
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; ·. -It is conventional to present the production angular distributions as 
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s is the total rner.gy in the center-of-mass system •. 
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.. In describing "two-bodyn production processes it has b-ecome 'fashionable" 
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to speak of exchange mec~anisms in. the s, t, ··and u· channels.· .. The :following. 
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I . ... The momentum dependence ofthe:totatcross section for.chatge- .·.,r:_";·;·:·;-'.-::;: . 

I
I '· .~'j,}· ' rchange scattering is shown in Figs.' i and { 'Th~ (momentum-transfer) 2• :' :: :; • :·.· :• . ' . 

·:·.-.:~.:, '. ··.:.fiependence of the differential cross :sectioP. is ~hown in Fig. _4~ : " ; 

,. :.-.: .:
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~<-:. . The new information sho~ in this 'distribution comes from the LRL ·-·; 
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in, the "peak regio~" of {BeY /c~ finds ;evidence for .ds1
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iriterference~' ·At higher mom.enta (:1.4 to 1.·7. BeV I c),· exp~nsio~s in Legendre. 
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polynomials up to 7th order are required to fit 'the· data.· 
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. '· ': · ~ · It is interesting to note how the very pronounced peak at large momentum · ' 
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/:\.. tran~fer at ·:::: 1'-BeVIc has diminished and ~as been replaced by a more diffra'~~ion.;. _ 

· ·-:; · like peak at 2 BeV I c. ·This latter phenomenon will be discussed by Marshci.n; 
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·(. ,:~ ;:. ~ . playing a dominant role in Y 1 production. It is interesting:~o note th~t on~ of~.',_ ,'\, 
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: ;:>-., -:· \ the few exchange. mechanisms these two reactions have in c'bmmon .is the .. . . ' . ' . r ~-: ; ~,._, , . , .· . . . . * . . . . ~ -~ . . , ·. . . 
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· ">>~:,~.;~,:;'.'~:process plays _an important role~ · Th~,-exchail.g_e. ~fa J?.ucieo,n (neutro~) in Y~ : :-.~: ·}> ·:··· .. · 
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:,";;}~~·:.::~.;.,~<;same topology asK.,. f•p::-.... y.. (1385·):;,+ ~~ a reactipn that seems'to·domiriaYe""'''.'.\ ··.~)::::-;~,~$.''J.;,:'~ 
~.~;·.~.>:l;~!:;"';.~~f£;.~~ ~ ~~. . "~ ' .~ ~;;"'~-.~~ 1 "·i~ ·. :.h'~ .. '!·.:~~~~!'.,. · ',~ ' .. ~.~~{" :~·-_.·: ~ 'll, '~f.\~'· ~ .. ~ '•.~~~.·.:: ,; ,;r.·'r~-.~·~.;'/;~~:~·'{.[t'~/"''":"\:;~ ·t~:} 
·: ~:_;\)~~~:i··:;:\~ ;i:th~: A.':;/ -ir: final· state~_,~ .. Fig~~({ 2 o' '~·uiri~a:~iz·e·~. ·.~hat': is.' kilo~ 'oi ·thb 'tot~l · ~~~·s ~·1~<~~,·:.\:1_~-~~·<':Tf:; t 
~~_.:\u~·1·f"::~>:·:· ·. · • . · :· ·: · .. . · ·:.. · J •. > .... :.~ .. . : ·.:j' <. ·,;·;·. ·: ,, · . ..· '·· ... -.> : ... ~ :·:,:: .. ·::_;l ... ~ .. • ·:;·::~'':.';>· .... : . --·· · · )\. :· .. :·;:,::·.;., ~::1, ::,; :.,~~;,,~::\.::; __ f,. r; 

f ':f •. ~~::·;t,;~:;{.:~-section.-: .. ., Little is reported. ori. the 'production'- angular· dist~butions. ·.• ;::··;_··~::" '11' .: •1"' J~_.,:."; -_·;,_ ·~;,,,~i-1:{-'i 

ti:~}~I~f¥.~~,,, , ·. ·. '" .. , . ?:.~f{f-~t~ .: , .·[~tSf!1;:i;~f~\0!·~~f~Wt!f~I¥:~;.:~f: ·~~~fft~f~fff;'~.~ 
· ·, ;·:~-.:<:·:,: · · · This. is ·a: reaction that has _mtngued us · · for some hme~. ··It lS readtly{:•\;· .~·~';t( ';'t:; 

... ·:::;:~>~':.·,·~·-··.·:~ " .' .. ·-i>J '·· .• . .':.:~."-~:_,., •. · •. '\• .·.:· .. '-' ::'''' .. · .. ~:.·~>.t·&~{?·lt:f 
~·.ri~ .. ·{:.; .. identifiable, ·a pure. T -.O.finai state,· with a 'vector meson· wh:ose ·decay can be·;~: .~':t:;;:~.f~·~:T~;·; 

;: );·~:: ,·.: · · . . ... · . · · · · · ,, "'' :; :~<" -~ :., .,. · · · · , .. ·:·· _;· ::;. · ·'- · : · /· '::_:·:;,,·~;}£\~~\dni~:· ·mj 
·;,._;·';~·.:.>:correlated with va~ious ~uitable 'dlre~'ii~ns ·in the:·prod~ction.-proce~~ and With."'.:,·;,',. : ., '.( 1 

,, ·' , ·;~he A: ~pin: ·.;A. pr.l~,;,inar/~ni[y.;. :"'£ t~~'id~~~i d •• li.~;;~~~~·~ix. ~a• 'ct:uS ij:/if'!' : {~ 
. shown that K and K 'exchange in the . t chamiel 'aJone cannot exp~ail'l: the. exist'en.ce 

··.:') 

· .. 

•, 
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" 'normalized, and are presented only to show the 11'
0 peak near (0.135 BeV) I . I ::; ' 

· .. .,·:·~?E· :~·".the 11 peak near (0.55 BeV)2, and.the "oo- neutral" pe.ak at (0. 79 BeV)i •· . . :·.~·{ i.~: 
.:.;:>,.::::A·. The position of. (Mxo .... 0~959) 2 occurs at the very'en4 of the 1~7-.BeV/c '•.'· ., .'··.,<:.:: 

'$·,·~., .. ,:{~-')~.:. - '! .. • · ... "·. 

~ ·· _: .Y:; :\; distribution.· 'The (MM) resolution function increases by a factor of 4 fi·om' ' 
• ·: .• : : , ~~, ~t .·~ • ..; .. _1 r:: ~ ·. . ·.. ·. -. . . . .. .. . :· - . t • .. . 

~. -:·."'':·A low .mo~entum transfer to high momentum transfer. This makes the identification 
~ '. ' ' -~ . . . . ' . . . 

·. ·of the A + '11' 0 final state difficult -~ea;·:(-t) . . • 
· · ·· max However, it appears that.. ~· . :; ·. : 

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

the're is not much "background contaminatio~ir in this region', so that the 

. ·;··vJ '''·'difficulties are ~inimized. '· ¥. • ,,· :·, .! .• i. 

: ;>'.:;·'.f: :\ ... . If there is a ~egge recurrence o; the y~ (1385),. it', like th~ Y~,(140S).':~ :~ ·-:~ 

' ' ~ ' . 

'· ·. . ~- ~ 

. ; . 

~· . . ' 

.··. 

'·· 

... 

.•'_'l '. 

. . . . .. · .·' .· 1/2 . ' .. ·' ·' 
.,, .r,O." • 

·should have a mass qf s .:::: 2 BeV.- We have looked for an enhancement in.' . ,: .· · · · .. ·· < 

the pure T = 1 ·:(K- + p- A+ -~ 0 )total cross seCtion ~t s~/Z = 2 BeV '::/. :. 
' .. 

~ •• t f t. L .~· ~ 
·t,,. (o~ PK~ :::: 1.5 BeV/c). Figure 24 shows that if such a recurrence exists 

... 

l\ \'' ·: :: ·~;·: >' 
Figure 25 displays the (momentum-··: '·:f. · 

~ . . . ~ . . ' .·· . ~·' . ~ ' .~ ··~. 
·it is not evident in.the total cross section. 

·, . 

. transfer)2 distribution of A'11'
0 as a function of incident lab momentum •. · He~e ;~· 

·· again we plot. as solid lines the positions * of th~ K pole in the "t· channel at 

., " t ::: MK *2 and of the proton pole . ' . 

. . ' . . 2 .· 
in the u channel at u = M • ,p _," -~- ' ,· 

' .. 
, .. 
. , 

•. 

- •-,· 
r) o 

.;.\ . ,._ -~ '. :·\ 

;.• ... 

The A polarization~ though rather poorly known be~ause of limited ." ~>·;_, :.·:t;; 

. statistics,. is sukmarized in Fig." 26. 
. ·_. \ 

.. 
·' 

. ,• ... .. ' ·;·~~ . 

~ -~ ' 
. ·. ~ . 

. . 
·' . •'" 

'·· .. ·l-

~ . .... · . .-~ . . 

rot.· We have made our first attempt to understand the rnoderate-ene~gy . '.· 
.· i' . ---~· ,. 

~- . . . ;:- ~ ; 

. ! · . .,. 
.·ti, 

'iv ·, • 

-: .. 
K--p interaction (i.e~·, 0.6 BeV/c < PK lab <.f.7 .B_eV/c) by-~ttempting t?fit .. 

- '. . . . . '. . l' ... 
·.:the differentia'! cross section and the A polarization ~than exchange model. ~ ... ;·~ ·. ·: 1i ~ ''!'I ~· . I' 

·'. 
•• i • 

.. • 
-~ : 

~ ~- . ·Our approa~l;l is .similar to those ofoth~~s~~~67 ~~h~:·ha.Ve ;t~diecl th~ "assoCiated·~:., ... :·:·. : 
-.. ~ ; .•. v c .. -, ... ~- :...~-.. ~ •• •• ·• - ...,_ ..... • ., ..._..,., •• ...,_ ' .; 

:. ~-
·' --- ,( -·~ ( -~: p~oduction11 reaction 'II'- + p - A + K 0 •. ·. : ·: ·. 

' . . ' . ' ~ . . :· . . ' . :· ·, . ·,'. 
-.:: .. -- .... 

. ~. • • t ' - ~ ; 

-; •. , . , .•. >. ,, ·.· · The' following diagrams summarize the B,orn :~r.ms tha·t arise from ~~e 
··t:,_·_ :·' _.· ... : ...•. ~ . ~~-··- ·•.•· .• -_ ~~·- _·:: .. ' .. 

·.; ._ .. :. 
• • ""'· ~ •• h 

.. t; ', .. <·.exchanged particles.in the s, t,t and u channels~:;'-. . ::;, 
.-~ .. .. -:· ;, ... ·.- '~ .. , • ,. 1' ~ . ., l ...... ~ -: '•' ~ .. - .· ,.· ";~ ........ · '·' _.,., .: . • ·• .. ·~···'- · .. ·- ... ' 

~ ·, { :· .. ~ -:: __ t_; . ~ ·:.: .. ~ ~~ ':? )~ ~- ·: .. 
:';':.". ': \_ ~ ;,~ .~ ,.; : ...,.: .·i. , .~ ·.~ : ... •- ·.'., -~-" -~~ 

_., . ' -~.., 

:· ' ;' • •; '~ (~ ' ";J.;'· .·<,.. ,:, '·~ • I . f -~ :•~ • 

·_ ~:t-~ .. _.:-: . . -': . " .... , '!. ~ ~-. ./: ·, 

~-,- \ '.··'. " 
' '· . . ' ~· =· ~. l . 

. : 

. ' .:., .· 

-. ·. -- .... __ '·· _____ ..... _____ ~-
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,.· ., . ' .. 
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~ .. · 
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.P312 (166o), 

, n 51 2(1765), 

'"' · · UCRL-1.1493 
',•: ... ·,' 

"'• · ... ,. 
·- J, • . • 

. ; ~. . - . 

. . ·. '" \ 
••• c' 

" . ' .. 
. .-. . 

..... 
'· 

F 512(1920) ·(possible .1:: recurrence}, 

:F7 1 2 (2030) (possible Y 1 (1385) recurrence) • 

-. ' ' 

...... .,. >~·,., 

. •.. ' ·. ~j • 

~ ~- . .' .. ' : ' 

. .. '· .. 

~: '· 

-;, ... 

. ~- .. ~- >. 
-:. The widths of the 1660 and 1765 were fixed at their experimental values.·, 

. . . ~ 

. ~ : 

. ' 

•' 

. ' 
''li _( 

. . .• ~' 

. i 

~ .· ... 

_f.· 
~ •I • . -· ... 

. . ~ 
·:. 

,l ,/ .. 

. :, 

1.' i 

.. ' 

'.f . ' ' . . . '. ·. . . * . 
_Eleven parameters in all were used, one for ~-exc-hange, one for Y 1 (1385)~~ 

* , two for-K-, one for the proton, one for_ the P~l2 (1660) resonance, one for 

D 51 2 ( 17 6 5),, two for F 51 2 ( 1920), and two for F 71 2 (2030). 

Figures· 27, is, and 29 show/. how one particular solution fits the. 

. , data ove:: the· region 0.62 BeV I~ to 1. 7 0 BeV I c. At this sfage no claim is mad.~ ... · 

..,_ ·_ .. ·that the model and reality have anything to do witheach other. This type of 

. analysis is. premature because the quantum num.bers of the Y 1 ( 1660} and : ' 
,· 
·t '> 

· .. 
·.Y(1765) are not known yet, and it seems very' doubtftil that this sort of analysis;·_ . ~- ' ' 

.. t 

could be used td determine them •... Furthermore, it is our belief that a more .· .. ~ , .... 

sophisticated model is required, one that takes into account the strong. 't. 

. absorption that must occur for small impact parameters or_Iarge momentum'' . 
. ' ·.' ... · , . 70 . ' .. ' '. ' .... :.·• 
transfer. . Perhaps an approach similar to Ross and Shaw and Gottfried and_ . 

·Jackson
7
'
1 

willhelp improve the fit toth~ data once theY1_(1660) and'Y(i765) 
• -~ ·• • . • .~ : ;··- .• _. 1. -.· -:-': ' • ~···-' ,, •• ~ ·', '.:·.\.-'.; ·._,:, ., • 

quantum numbers. are known. · · 
;.,.; . ·>. 

.... -· ~i .... _ '·~~~. 

-:-.. ~::.,:: ... _ ~-~~ - : .. 
' t 

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

· .. N. · Other "Two-Body" Processes 
. I ' 

. ··-, 1 

..... _ _.. 

, ··_Lack of time has prev:ented us.·fr~m discussing othe'r tw~-body • 
.·, 

'· '. ~- ~~\: ·. . . 
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"doubl'e. resonance'' 

. -: ,'' 

'-.~- ., -~.' . J' 

publish~ble' foriri' as yet/ and hence .are not pre'sented h~re~-
. ' . ,: ' ' . . ' ·': .· '; . . ~ . i:l·: ·:·: :. ' .< ! 

·· .IV. ··.ConClusion~: 
• • .t •. 

. , 7 ~ ·-'" 

-. •" ~~-· ,, 
. . ·; . -..:. · .... 

I~ :,. , ·'._ • 

"~~:· · ·.·. ·.The manner in which most··~£ the two.:.bo.dy production proces~es ~is·~ 
::;... . ' ' . . . ' -., . : . :. . '. · .... -~ ; . . . ' ' . . . : ,. ' . <J t l.;,' 
'·;,):.,·,~:·from threshold, ·rea.ch a rnaxim~rn-yalue, and ~teadily' fall suggests that .· ,-,: .. ;;~ 

co';::~·'.-·,,;~; • • ·,' • • • < • '< • • • '•:•.; '•' .·: ':·> ,,•. ·.·;,,,,: .. ~•:: •• : • ·: '> • < '," :, • :.• .. ,':',>'·:,;, ,,:)F-
< ···:·-/c :·,;:: competition among the many -~hanne'i~-play~ a''major .rolejn the production_;_(.,;.;;.;:.:· 1';i {' 

"process.. Models ,that. do··~o~ .ta~ethi·~· into ·,a~-66u~~·.a~:~, H~~ly::t~ £an:~:. To·/ :~·r,.\~~~~_.;:~-~:.:·.~_:;!::~_·f·: 
' ..:. . ~~ _., -~ .. ~ .. ~ ., . '·; ~- ~.·' ·~· .... ~- ... ~-" "· ·.~-"' 

...... " . ~· 

,., 

<(i~-~';·, :_···~-·· .•...•. ·: ' . . ,.,i~ te r~.· .. oi,·r;;~a;.;~:··.: : .:· : •. :··' .. : :.; '· .,, ·~'::: ;;b~~.~J~~~. 
more realistic, pi_Cture'.o£ the' nucleo.n as the high-energy ' ,. ~r:·: ,p,,~·; .. -~·;-\ ,. 
·.~.:~ .. ~·- ... ,_,. .· .··. _<.-~.: ... ···., · .. ·-~,. .. :>· . ···. _-. ;:.~.-_>:·;:if}:::c~~---::_·':f .. :: .. ;. 

s.~e~ 'it ·is as a 'peripheral annular .ring .plus· a ·central disk.> ln.the perip}lera~ ~, .. :;.,;.::·:~:.:: ,L · 
-' .. ·' :'/. . _,. '~- ; ·,. " • .. ·· ,-., .• :, _',. : .. , '~->-sc>. · .r .. - ,,._:-;·, .· ·. ·:; . :.:- ~ ?~;;t:).·,-t~;~::~.?z;;·.:·~;~:.:~ 

exchanges·_Jxi'the.' t channels·. dominate ·and give .rise to: the 'peakingJ -_;.,r :;.:,J···Y":'.(_,:;,t; .• ·J:~-:r 
·· · · · · . · _.,,. ··· >:: · ... · · -- ·.. ; _,:. . ·?;,:·:: _ .-:. . . .; .< :·. . :: -·.·: -: ; : _:. , -. · /~;.:,;.·_, -~;-- I;~;Jc~;;f,':~~n~:·~ 

·. '. ·Wh~t g'oe's ·on in the':ceritral disk might be treated :· ''- )..:~:>,.~ { :. 
,"''>(7t ~· ';;:,_( • " . ' • ·- ' <'}.,~-•, ~ \,.: ·~'":.·,~- •, ' ·c, . • ·.,. •• " ··,:·,' ' ·, ·-~ •. :.;~~_."l_1;_;,7,~~:.:,~>.·.·.,~,,:_.~:·>~1.t4.~.:~·: ... . . ;· ~· ~.'r. ~ ~\··· . . . . . . . .- . - - -- ,. . -'1- . 

. ·-· .• -,.r;. ,;_,;by a statlstlcal ~odel, much as has. bee~ gone,irt'antiproto:n.:..p;-oton annihilation:.:··-.-~ :;:\':'.~J~:~. 

; .•.• ~~ :· /Whateve~ the ~odOi is,. ~ne ex~~---r~m~n. t~.l·~~~n_.4'.:_:_:s_.··.:e .... e .. ,~~~-·,c,.le~;~~-,.·: · ~v~nt_ .. _s~-'-~f .. a-.. ~.; ·:- __ ,_i;_:.·.:.~_l.'i .. f.~_f,::_··.·:i.}_.~.~.i'! 
!,'~;;.~\;<<, .. ', .. : . . · . . . . ., . ..,- . . . . ., . ., - .· '0 

. ~~--··.-.~ . .' given."two•pody" process .az,.e becoming rarer.·' .Those that are most iriterestin:g·:·--,)~~.':' ;.J.) 
<:~t:·~. :,;;''_ ; . ~; ... . . '' . " .. : ,-;":. . :< ' ' <: .·.~:< : /•·;' : .. ·. ' ' .. . ,. . .;~. ..',; ·.~·- ~ .. ·}: ·~\;(\:; 

; ·;·,:· ;;- ._:;,'usual_ly involve p~_7ticles with,high mas~ and· quite often. high~ spin •. A complete :_,· ,: z: ,;·7~}·;~-
~~-~1-:,;-:r ,~ .. :· .. ~- .··. . ..... > .·· .. ··" ;,:·. , · .. · .... ;,· .. · ..... ,.. .. , ._· .' -::.·· -~· · .. ,<::.·.(~· .. ,.:-:>~,:~:.\ .. 

_;,:~:·, .. _'.}i.nalysi~ inv~lv~.s :the,.de.cay C:<:>_rrela!ioti ;riat.r~~~ -~~Jf?e. :zr.iatrix ·~le!llents·. ~equire:.:~-.,_:, 1, ;;~. _.:},:· 

;,..··.,·~·;.\··~;--~···.~: .• (~:.- .... ~~.c ... : •. _.,:.-~·<.· :•,\~·· ·• .... ~ . .,.-'l~ • .'~ --~~·····~·, ;~·:.~··:~~ .... , >~:·;:."~·'' • ·:~~-~- .. ·· . ..... ,..(, ~ ~.r:~" .. ~- ·. \,'·~<-{':}~' ;·r-\~~:; ···:_-~.-.• 
'· , ., large·-numbers: of"evEmts for .their ·deterinination.'1~: I£ the')3tudy .of the ·-production '•. ::· 1 _ •·: ~· r :.';'.)~~ · .. ·> <.: :.: :·:;.'.:. ~,{.;:::~r~:.,:-~~- i.:. 'J:~.: .. ;<·.;;;·:·<~?(_;·,:·:: :··"~f.; :--:/~·;J:o::~~~-~7;~·.> ::;:,~:~~:)':·>:'/;;.;, -:;.'~';.~ ::: '·'" . ~1~~:;:~:)--::r~r:•-··~/,·, 
·:,; •. ·;.c me¢hanisms is to;be pursu~d seri9-us1y,: the_n::the, bubble c~ambe~ 'exposures'':.:r'< . ' ~ .. ·· 

~·::~:,~. . .f/·) . .• . . . .. . . ... -·~t~~~t~:~il~)ft~···""· ,· .. : D· .. : 



\ 

,) ,. ' ( 
. ~:I < .·; ~i\ 

-~--~ .. 

' ...... 

t•,_ .. . ' 
' 
~· 

,. ·•' 

UCRL-11493 

must be made much larger than they h~ve been and the data-processing systems. 

·' 
-.:increased in sp~ed by at least an order of magnitude. . Meanwhile, as was 

stated in the introduction, the mo'st exciting thing now is the discoveryand .. ' ' . ' ' .. 
.-. ,, ·,identification of new resonant states~ The filling in of the Mendel~ev tab.le 

-of elementary particles is more· interesting than the chemistry at the mom~nt. 
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..... 
• 

, ... 
•'' 

1/l(1/~+) · .. 1189.41 
. : •·. ~. ±0.14 

' ·-~ .. 

o.788x10··1o ·1.415 
±.Ol7 . ·. · 

p1T 0 51.0±2.4% 116.13 189.03 
n1T+ . 49.0±l,4"/o 110.l6 .185,06. ;.,; >c 

-'-----,-,;---'--'-'--:-~F~o.!.r~o::!.!t:!ch!:!:e~r-d~ec~ays ee'e TableS Decay~-·· :' .· ·" ·· .F . >±• .. ·~- : ·. ·- .,. '·119l.4 . .. <1.0X10" 14 1.42z· Ay ./100% '77.0 74.5 . . ::·:'-·'{.· 

~----;._-'-~-~-----"------------~---------~" " .( -~_ .. t: .. 
.. _: .. ·:. -••.. Y1 .. s1:9a70~.e038~t'-4) ~·.41.·40·:: -- . ,, . 

~ n1r• . 100o/o . . 116.'94 191;73 \:~ 
; ·: >.' ·. ---'·--,.-~.--"-.. _±_0.;_';_1;.;9;.__ . .;.__.· ·-:-· --'----"'--:-:::---:----..:;;F...:oc.:r_;.ot.::.;h.:;.e::.;r:....o:d:.:e:.:c:.:a:.Ly..:s...::.s e.:.e.:.·;.;· T::.;a;;.b::.;l:.:e;_· :.:S;.;D::...:.e:.:c.::ca.J..y __ 
··.;,, .:=:• 1/Z(1/z+) 1314.3 3.o6x1o-1o 1.n1. A1r0 . . 100% . . 76.9 150.1 

~ .. 
·--.,::, 

'o: 

1 
· ·u.~ , _} 6.5 .:.· . . _,.: ""~:-~-!-~_l_e_;_i.:..;z:-.·-·~---·-F:-o-r_o_th_e_r_d:-e-c~a-'y-s_s_e_e_T~· a._b_·_le_s_D..:..-e-c __ a_y_-' 

13l0.8 . -:1·?. 1;74x1o-10 1.745· Arr" · : 100"/o '65.8. 
±O.l . - ±·.o5 Ae·v (3.0±1.7)10-3 zci4.9 

Xscale=1.3. :, n"" <5><10"3 · l14.7 

1675 
±3 

·.· .. : :S:tr 
AK 

? 
?· 

il1 
. 66 
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Table S Decay 

An Appendix to Table S for particles with many decay modes 

Partial Rate Q p or Pnax 
mode (MeV) (MeV c) _ 

K:i:: f-.L±V 63.1±. 5o/o ..0 388.1 235.6 
,rt1TO 21. 5±.4o/o . 219.2 205.2 ..... 
1T±1T+1T- 5. 5±.1 o/o " 7 5.0 125.5 
,rt1T01TO 1. 7±.1o/o 

Q) 
...... 84.2 133.0 nl 

1TOf-.L±V 3.4±.2o/o 0 \ 253.1 215.2 
{I) 

-~ 

1Toe±v 4.8±.2o/o X 358.3 228.4 
n-±1T-fe±v (4.3±.9)1o-s- 214.1 203.5 
n-±1T±e-Tv <0.1x1o-s · .• ., 

214._1 203.5 

~+ P1Tu (51. 0±2. 4 )o/o 116.1 189.0 
n1T+ (49. 0±2.4.{% 185.1 110.3 
n1T+'V· -o.4x1o- 110.3 185.1 
.1\.e+v _ -o.2x1o-4 7 3.5 71.7 
P'V -3x1o-3 251.1 224.6 
nf-.L+·v <2.3x1o-4 144.2 202.4 
ne+v · <1.ox1o· 4 2~9.3 223.6 

~-. n1T - 100o/o 117.9 192.7 
n1T-"{ -o.1x1o-4 117.9 192.7. 
nf-.1.-v (0.66±0.14}10~3 151.9 209.3 
ne-v (1.4±0. 3} 10-3 257.0 229.8. 
Ae-v ( 0 0 7 5± 0. 2 8) 1 0-4 . 81.2: 78.9 

'MfO A1To - 100% 76.9 150.1 . ..... 
p1T - <0. 4o/o 249.4 309.3 
p~-v <0.4% 388.5 332.0 

I ~+e-v <0. 3o/o 137.4 130.7 
~-e+v <0.25o/o 129.7 123.8 

A •. H. Rosenfeld, A. Barbaro-Galtieri, W. H .. Barkas, 
P. L':' Bastien, J. Kirz, M; Roos 
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·1 ~·- -.-. 

. '·' .... ~. l 

. ,. 

Beam 
.,.p(MeV) 

-or 
kp(MeV) 

1935 'll'p 

3265 'll'p 

............ 

: r:r.··~-1:-~:-::-::-).'· .. 
·.·r :·-2a ... - -·. -

1
·. 

LcL_,_: __ ~~.: .. ~.:.:~.J ... 

1518 
:1; 10 

1688 2.85 

Zi90 -zoo ~.8o 

1/i N 2700 ~too 7.29 

wN 
N1t<r 

... 80 

-so 

440 
301 

610 
471 

., 
454 
408 

5n 
538 

.. .,.N -3o 1112 888 
Ak 577 710 

11~ large 1213 1115 
trN -6 · -1622 1182 

_N.;;:..f::..z <_t_z_3_8 >:.__.1;...9""'8-"_P:..._!3/=z=(=3=/=z +~~--6.:;6;-~,..:1!~31~::_-·...:.:..-:-1-2_5;..;_1_. 5_a ____ "N-~-1_o_o_. :..._~1"'"6o __ z3;._3_:,' ~ •. 

N;/z(1920) 1347 trp 3/2(7/2+) 6~!· 19Z4 - 170 3.70 

3/2(11/2+) 'A~II 
.......... 

*. . N 3/z(2360) 2350 "P 

* . y 0 (1405) 

Y~(1815) 

0(1/2 ) Ao. -
<0 Kp 0(1/z.-) 1\.13 

Kp 395 ·_ 0(3/2-) 
(MeV/c) ,___.... 

1040 Kp 0(5/2.+) -
~ 

Ay 

II' 
1\.0. 

2360 .-zoo 5. 57 

. 1115.4 1.24 

1405 . 50 1. 97 

1518.9 
:1:1. 5 

1815 .' 

16 2..3.1 . 
:1:2 

- 70 3.29 

34 

trN ...;10. 

See tableS 

100 
. < 1 

l;, 55±7 
RN 29±4 
Atrtr 16±2. 

1282 

722. 
430 . ~ 

988 

- 76 151 
10 69 

190 266 ·1 
. 87 ' 243 1\ 
124 251 '. \ 

RN 80 . 875 : €i64 
\ . ~ .. 
I' ~· ' 

l;.,. <10 '486 504 
1\.'trtr <15 420 515 
1\.11 ? 151 344 

. ~ ~ 
. ..... . ; ~.. ~ .. '( 

:;.<.:· 

·.,.,_.A·. 

.· .·, 
. 1··. 

===-----~----~~=======~~=--=======================~==~~-----M----~----a-~· I 

<0 Kp 1(1/2+) Zo. +1189.4 . See tableS "~:.i_ _ . ; ·~. '. i ,_____.. -1197.1 

\. 
/, ~ 

-- ._· I 
z 

Y~(t385) 

_· --1·.-.:-. Y~(1660) ., 

. I -

Y~(1765) 

<0 Kp 1 3/2.+) 
- ....,....____, 

715Kp 1( .... 

- l; 

1192.4 

1382. 1 
:1:,9 --:1:2. 

- Xscale=1.5 xscale=2.4 

1660 
±10 

--1765 
±10 

44 2. 76 
:1:5_ 

60 3.12 
±10' 

KN. 
·l;, 

Atr 
l;,, 

i'I.11'1T 

96±4 
4:1:4 

-5 
-31 

. -21 
-'-27 
-16 

127 - 205 
55 . 124 

720 564 
328 . 383 
405 439 
188 321 
265 389 

RN 60 825 632 
II." . 510 517 
l;, }- Not yet re so 1 Ire-d· 

Only rec-ently resolved from. Yb(1815) Atrtr · from YQ(18:i5) - · , -
. --j=_,...~=:~=~====b;====1~/-=z (,;1,;/;;;,2~+;;,;) .;;;;.::.:;o.;,;;,;;;;;;._=1="3bb2;;;1;,;;,;;,:,.,==---1-. 7~5~=,;,S.;,e;;e~' t:.,a_b-1e .. _;;;;s~;;..;~,;;,;;;;,;==== · - '·- ·- -

.,____...... - 1314·.· '1.73. . • .. 
;. 

=:"'(1530) 

=:"'(1810) .. 

1/2(3/2+) 
~ 
p wave 

1/Z.(. 

"" : . . 

1~29:1 .. 7.5 2.34 
±1.0 ±i. 7 

1810- . --7.0 3.27 . 
±20' 

-, _ .... 

·~too 

--:45 
-45 
<10'
<10 

73 

141 
197 

. 354 
iZ.7 

148 

ZZ.5 
386 
406- -
307-

.. 

·-

., •• 1': ,._ 
.-.- .. i- . 

-1 .. 

·.·_; { ," ·: __ ';.'.I 
.,_:_· t'" 

-" - •. 
1675 

:1:3 
Z.81 . See table S · ~. · .. 
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r=~~~L-1 149~ -· 
Mesons 

Important decays 

r M2. Partial Mass 
(MeV) 

I(JPG)CA . Symb . 
,__. = estab, (MeV) (BeV2.) modes 

548.7 O(O-+jc+A
:1:0,5 

<10 0.301 See tableS 

782..8 . 0(1--Jc-A
:t:O.s .__._...... 

9.4 
:1:1.7 

0.613. 'lt+tt-tr 0 

X scale= 1.8 

959 
:1:2. 

<12. 0.92.0 

Conceivably strongly decaying 
1 (JP+jc- or electromagnetic 
decay of G=-1 meson 

\ 1T+1f-

neutral(tt0y) 
tr+.TI•y 
e+e-

+ -

Frac~ 

t\on 
~. 
€ • 

Ito 
<1 
i 1:1:1 
3,2.:1:1 
<0.3 
<0.5 

large 
<2.0 
<30 
< 3 
< 3 
? 

Q 
(MeV) 

369 
504 
648 
504 
782. 
572. 

131 
680 
540 
400 
12.1 
680 

p or 
Pmax 
(MeVi'c) 

32.7 
366 
380 
366 
391 
377 

' 2.32. 
4"5'9 
42.7 
372. 
189 
459 

K 1K 1 -1000 May be just large RK scattering length, see listings of data cards. 

~ 1019.s 0(1-·Jc-A+ 1) 0 3.1 1.040 K1Kz. 41:1:6 2.3 109 
:1:0.3 y :1:0,6 K-~'K- 59:1:6 32. 12.6 

xscale = 1.? Tltr <8 740 490 

Suppressed by A= H approximation {:g+3tt <10 117 188 
885 501 

.£ 12.53 O(Z++jc+A+ TJII 100 1.571 TITI large 974 61i 
:1:2.0 

Q :1:2.5 41! 8:1:6 695 547 
RK ? 2.65 386 

KKtr 1410 -,;1(o·+,1++, ... )C+A- TJ 60 K*R large 2.5 12.6 
...... KRtt small 2.83 42.1 

I£ we guess 1=0, then G=+i' Ztr ? 1131 691 
Could be Peierls mechanism RK ? 42.2. 503 

31! ? 1 670 

tt* 139.6 1(o--)c~A- TIP See table S 
tro 135.0 

p 763 1(1-+Jc,;A+ 1Ty 106 0.582. Ztr 100 483 355 
·•:1:4 1----j :1:5 41! small 2.04 2.4i 

A1 1090 ""1(0--)cnA- 11' 12.5 f:1T -100 188 2.51 
:1:? ...... .... ? :1:2.5 KK <5 G- forbidden for 

May be just large p11 scattering length odd l if 1=1 
Onlr recentlr seearated from A2.; could be Peierls mechanism 

IB 12.15 1 ( 1 ++, z. •)C;;_;\+ 1To 12.2. 1.476 W1T -too 2.93 335 
:1:18 1-4 lof 1-4 :1:17 1T1T <30 !forbidden for e1e1 J! 

xscale = 1.-9 RK <10 Gforbidden for EMnl 
41T <50 657 52.5 

A2. 1310 1(z.+·J<;iA? trll 80 
kK 

-70 408 418 
Q 

-30:1:7 816 562. 
Only recently separated from A1(1090) 1)1T seen 62.2. 5Z9 

K:l: _493.8 1/2.(0-) A- Kp 0,2.44 See ·tableS / 
Ko 498.0 ,_____. 
kappa 725 Seen weakly in occasional experiments 

K* 891 1/2.(1-)A + Ky 50 0.794 K1T -too 2.58 2.88 
:1:1 .___._... ':1:2. K1T1T <0.2. 118 2.15 

xscale= 1. 3 . K 1T -<0.2. 2.7 82. 

Kc 12.15 _,3/2.(1 +)A- K 60 1.476 ~g1T strong· -30 <0 
:1:15 ,___. ? ? :1:10 ? 184 2.53 

Could be Peierls mechanism 

H. Rosenfeld, A, Barbaro-Galtieri; w. H, Barkas, P. 'L. Bastien, J. Kir:r., M, Roos 

II.-
\-' 

' 

UCRL-8030 - Part I. June'1964 .. 
)· 

MUB-3409 

.. 

·'· 

... 

··:, 
: ~ . ~ /{_ : 

-. 

. .. 



. , i ·~ 
' l ~ .. 

·,,' .;t. 
~ \ f <l 
• • ~ D 1 



··,·. 

.... 
. ·. 

.. 
l 

. . 
':••" 

~- ' ,/" . . -~ ~. 

" ; ...... 
'' .. · > ,. :..Gd.- ~UCRL-11493 

,. 
::;::

0 
· + K 0 angular _distribution. '. 

·.~ .. "' . : 
... ·~.:.-~if .• ' ·. •, ·• • ·' ~ 

; .,. '. \, 

-Ref. 38 • 
:, ' 

.. ~_:f 1 

F .. ''9 . lg~ ; __ • K-_'+ p- :a:* (1530) +K total cross section.··.'. ·· 

. :Refs~ 37, 39-41, 43. 
. ·, ... ·' .. ' ·. "* ' ' 

: Fig •.. -10. _ K + p- Y 1 (1385) + 
. -\ .· ."' __ :,. 

. -, 
,r· total cross section. 

. -.~ '·., ... : 

. . • ~. 

. : ~ . '·. 

<:""- . . t'· . . ·' 'f;. ;_ 
·' ' <t.~ . , . 

' -~ ' ,.· .. 

' .. 
• ,_4 • ~' 

(_.-·· 

·J. ~~-- ;~!>- .: ~ 
·._ ... ,_._;. 

'· 
~- '~

-' ' -1 . 

~- ~- ~ .. 
i:..l!' 

--~Refs •.. 41, 45-51. 
.... ~~ ... 

11.' 

'_1.225, 1.37 5, 

.I 

'~---
•• t 

'·:: ·, 
... '' 

•.· 

. ;.} . 

'· ~. -·. 
• • ' '. • . • f ; ~ , " . • -. 

angular distribution (not normalized)• 
-~~ 

1.525, 1.67 5 BeV / c, · Huwe, 
.• 

Ref. 47; 
~ ?~"'.'' .. 

r . • . I·~. \ '.• ~- '~-· ." ~· • 

1.4.50 BeV/ c, Cooper et al. , Ref. 45; · · .. · 

1.07 BeY/c# Wohl, Refs. 22 and 33 •. 
. ' . ~-

. .; 
•.; 

·' 

.· .. ; 
• .. 

~-.. 

t_" 

,li ·' - Y~-(1385)' + 1r + angular distribution. ~ig. 12~ I. •• . ~ J.. :" .. , 

.·' 

': 

· .. , 
:-

,. 
. ~ ". 
i 

.. . : 
Refs. same as for Fig. 11 •. 

:i: -
Fig. 13. K- + p- :I:. + 11"+ total cross sections. 

', 
,·,·\·. .· Refs. 23, 36, 41, '46, 48, 52-54. 

. + ·Fig: 14. K- + p - :I: + 1r angular distribution:· ., 

··""'. 3.5. BeV/c, Blair et al., Ref.'" 41; 

'' 3.0 BeV/c, Gel~ema et al., Ref. 46; 
I :• -~. · .. -~· 

>" .·.,l'"' 

.•. · ., 1.47 BeV /c, ··cooper et al., Ref. 53; 
~. ·, < • 

·., .. · 

!·' !'' 

,, 1.15 BeV / c, Gt:aziario ap.d Woj<;:icki, Ref. '25. ,: 

'·See also AppendixA7. 
·-.)· + . ., 

. · .:.: .. _Fig. 15. · K- + p - :I:- + .11" angular distribution.' 
i -~ .,. 

···· . Refs. same as for Fig. · 14~' . ."-." ·. . "; 
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' · ... ~· .. 

Refs. 39, 46, 49, 55-57.· 

· •. : . .''1-

~- ' ._ e- 0.75Xa(K-p -. K0 1r-p)' Wojcicki UCRL-1113~ 
. ~ ~ 
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I" •.. ·· 
. ' -~' 

.. X: .. 0.40Xa (K-p 
,.· 

.;-;.o· .... -p). G 1 1 .1'1. .. e sema eta •· 
;._··· 

· ... : .. . -o ... ' .. .. 
0 .. 0.30Xa (K. 11"-p)l·. . · ... 1_ l·m· l't.-· .-. . · ower . Berta~za et' al~, 

'. ~· ·l::. -'Alston et al. '··, 
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. ' i(O 1r-p) Gelsema. et al. 
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_H~ .;.;. 

~ ; .. ),:.:~·-·JFig~· 28. dcr/dO and PA of K-,+ p~ A + '11'
0 from 1.09 to f.32 BeV/c, 'compared._;.· ..... 

·~i~i?:~~:·:/::~ '.·;.with the simple exchange ino~el. The differential cross section (in tJ.b/ sr} 
. •,. 

I• 

' . ~-· , . ... 
;",}~j~;: ;,; : .-. · :::::p;::i:: t~e:~::~ portion o£ ~ach figure, the ~ polarization in the 
·. ·:_:', .•. ·"·· 'Fi'g. 29." do/dO and PA of K~ + p,- A + '11'~ from 1.43 td·f. 70 BeV/ c~ compared_ 

. r. ~ ··" with ~he simple exchange:model. The diffe.rential cross section (in' JJ.b/ sr) 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






