
Lawrence Berkeley National Laboratory
Recent Work

Title
SIGMA SPIN AND PARITY CONSERVATION IN K- + p-&gt;E++ n-

Permalink
https://escholarship.org/uc/item/2vj9t4j1

Authors
Leitner, Jack
Hordin, Paul
Rosenfeld, Arthur H.
et al.

Publication Date
1959-06-24

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

https://escholarship.org/uc/item/2vj9t4j1
https://escholarship.org/uc/item/2vj9t4j1#author
https://escholarship.org
http://www.cdlib.org/


i 

• 

UNIVERSITY OF 

CALIFORNIA 

Crmst0£awrt;nee 

~adiation 

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. Dioision, Ext. 5545 

BERKELEY. CALIFORNIA 

UCRL 8842 

CY 2 



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. 



For put.:;,., Pbyo. Rev. Let~ernJ 

UNlVERS!'fY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkcley11 Califot"nia 

Contract No. W-7~05-eng-~8 

SIGMA SPIN AND PARITY CONSERVATION 
.. + .. 

iNK +p-2: +n 

Jack Lei'~norc Paul 'NordiDtt> J~r., e Arthur H., Rooenfold0 

Frank T. Solmitzo and Rober'r: D. Tripp 

Juno Zt!., 1959 

~ ~ ~. l ""· t • ' ... ... .... ...... 



-2.·· 

SlOMA SPIN AND PARITY CONSERVATION 
.. + - * INK +p--eo I: +1T 

t 
Jack Leitner.,' Paul Nordin0 Jr., Arthur H. Roaenfeldo 

Frank To Solmitzc and Robert D. Tripp 

Lawrence Radiation Laboratory 
Univeroity of California 

Berl(.eley., California 

June Z4c 1959 

Day., Snow() end Sucher have recently ohown that when K- meeono 

come. to reot in liquid hydro gena they are captured from o orbits. 1 Such o -otatc 

capture leado to 1;-decay angular diotdbutionfl that are unique functiono of the 

:E opin. On the baoio of an a.nalyoie of 145 E+ hypGrono produced inK"' aboorp

tioDG Z we find very otrong evidence for a spin .. l/Z oigma. We aloo report a 

check on the hypotheoio of parity conDe:rvation in the reaction K- + p- . E+ + w • .. 

. + 
The oample considered here conoiotcad of 8Z "Eo n events 

(i .. e. o 
+ 0 + + + E -9 w + p) and 63 "E+ " evonto (i.e .. , 1; - w + n)Q 95% of which 

came from K .. aboorption at resto In oi'de:r to eliminate biaoeo .and avoid con

fuoing va.riouo poooible ~eactiono~> only E+ evento longer than 0. 9 mm ware 

. + 
accepted in the analyzed oamploo Poooible confuoion of the event typao z0 Gmd 

+ :E + o whet1''9 the decay eecon~a&-y ie too ohort to provide a reliable ionization 

ostimatoo io eliminated by oubmitting the event to a. full kinematic analyoio. 

Evonto in which the l';+ and prima2i'y ,. .. were clearly noncollinear were dio .. 

carde~ oince in theoa caooo the K definitely interacted in flight. 

0
Supported in part by the U. S. Atomic Energy Commiecion and Office of 

Scientific Reaeai"cb- U. S. Air Fol"ce. 
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The observed center-of-mauo artgulc.;.;o dintributiont folded th:.•ough 

90°~~ fo:rr all l;+ decay-piono io ohown in Fig. 1. Xn order to determine the E 

spin from thio dietributiono certain aosumpU.ons muet be made, since the 

moot gene·ral form of the l:-decay angular distribution containc undetermined 

parar ... leters. 3 II we aosume that the K meoon hao zero opin 4 and io captured 

£rom an o-ota.tee~ the maximum component of angular momentum that the ~ 

can have along ito direction of flight io 1/2. Furtherp if the 1.; hao opin greater 

than A/2o thic leado to a.n alignment of ito opino J$ perpendicular to ita direction 

of m~tion. The decay angular diotribution~ f 1(9)11 io thuo unique for a given 

value of J. 5 

The crucial aosumpUon of o-otate capture haa recently been invea~

igated by Day$ Snowt and Sucher. 1 They conaider hydll'ogen atomD in an excited 

state with large quanturn number11 nc colliding with protons in liquid hydrogen. 

They point out that the Stai'k effect oerveo to oocilla.te the kaon wave function 

between ne and n-. otateo. Since the capture probability from no otates ic 

large compared to the radiative tran:oition probability from all 1 . otateo of the 

n level, kaono presumably do not caocade to the 2.p level11 but rather are captl!rod 

directly from £J-otateo. Quantitatively, Da7 et al. eotimate that about 99~. of 

all Knp aboorptiono occurs from a-states. Vv e~ therefore, feel that the 

aooump~ion of o-state capture_ is well grounded. 6 

With theoe aooumptiono, 1 the folded diotributiono f J( t coo 9 I) become 

fl/2. = 1, £3; 2 = 1/2(1 + 3coo2B). The f.ormo for higher opin values are given by 

Adair. 3 For practical purpooee~ aince the oboerved diatribution is quite 

iaotropic:- we have a1lalyzed the data in te1·mo of the normalized function,. F: 

(1) 
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moreover io over 20 otandard dev\~.tionEJ fron1 the expected value o.f 3 :lor 

spin 3/2. Thio constitutes the etron.geot evidence to date that the oigma. 

spin ia 1/ z. 8 

Next, we describe a oearcb. for evidence of parity nonconservation 

. - -t ... + 
in the reaction K + p - I: + 1T , uoing th~ ~O decay mode ao an analyzer~ 

Parity conoervation in strong, otrange-particle .. producing reactions has been 

carefully checked only for the reaction -rr- + p ... 1\. + K0,. observed in the 

aooociated-production e:perimentm of Crawford et a.l. 9 The queotion of parity 

conservation in other otrongo otra.nge particle pi"odueing interactlono iD otill 

unoettled and io a mubject of much theoretical intereot. 10 

To. detect parity violationc we look for a nouze!l'o average value of 

a poeudoocalar variable., - namely0 the componont of the :E opin in the direction 

of ito momentum. Because tho 2; apin io 1/Zo the angulall diotribution of the 

I: decay products in the ~ rest fl'ame can be written in the form 

1 + G P :E COO Go 

where e io the decay-asymmetry para l:lleter and P ~ io the componenZ of 

polarization along the axio from which 8 ia n1eaou.red~ 

The analyzing propertieo of the r.0+ mode have been demonotrated 

by Cool et al .. !l They find e 0 ~ 0. 7:2:0.3 •. lt followoo the~ that for 2,;+ of 
1T 

polari~ation PEo we ohould oboei"ve an aoymmeti'y ~ (0. 7 :t: .3) PE- in the 

1T
0 angular diotribution. Thia in turn would indicate come degree of parity 

nonc::onservation in the reaction - + -K + p- E + 1To 

The Ol:pcrimemal angular diotribuUon io ohown in Figa Z~ There 

io no atntictically oignificant aoymmetry.. Using the expreooion 
N 

( ""0P~ = ~ .~ • coo ot"' JJ , 



+ + for the I:+ decay mode. Thuo by av.alyzinu Ol.'.t' ~+ e\o·onto in the oz.mc w~y 

ac we have treated the '£0\ we should find(~ w+PI;) clomo to zexroo We have 

done thio and find (e'lf+PI:)= .. oo03=f=O.l2o which is indeed iootropic ··.::1~ 

constitutes indirect evidence againot hidden biaooo. 

Rofercnceo 

1. Dayo Snow, and Sucher-o Phyo. Re;r. Lett. ,!o 61 (1959). 

2.. Alvarezo Bradner., Rooenfeld., Solmit&, and TrippQ Nuovo cimentor. Ser .. i Oe 

~D 102.0 (!956). 

3.. R. K. Ad~ire Phymo Rev. !.2.2,c 1540 (! 955). 

4., The evidence that tho 1<- opin iD ::.ndoed Oe elthough indiredo io quiCo otr.o:~3~ 

For a zrather comple~e c:wr.!u.a~~on of thio evidence oee F.. Eiole:.· c:: cl. 

(reference 8) .. 

So S .. Triemano Phyo. Rov .. l0:\ 0 !Zl(J (! 956) .. -
6o Before the woFlt of Dt'..7 ct al .. 0 a.nalyoio of ou?. data could only giv12 mucli. 

wealter ovidence for a oigmn opin o1' 4/Z.. Thls tc z~portod in Leitn:;~·,:

Nordill¢ Ror!lcn.felde Solmits, l".i;;.rl. T:.·~·PPe Al!tgw.e.r Diot!'i~rtto:;:'l..:) L.1 ;;;;+ 

Do(;a.yo UC.RL-87 37 ,, .Mcy 4 959. 

7.. Parity nonconoeJA"VC'.tion f.n the I: decay door. nG~ complicate the dioh~l:uti:..:u. 

9. 

C:: .. 

if it io folded P.bnu& 90 do8() bGcau.Ja then all odd powei'O of cou6 v•m:·_.!lo 

Fox.- dGtailo of thio argwne1<:~0 ooe No Snmioo0 Pt"op0l"~ioo o! A 0, e0 

Pl"odu.ced by 1 .. 3-.Bcv orr .. (thoaio}~ Nevto Rcpa~ No~ 3Zt l"ar::.t.~:'l.r)." 

1957 (unpubliobed) .. 
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Fig. 1. Folded angular diot:dbution of all I:+ decays (1~5 evcnte). 

Fig. z. Ansular dio~ribution of pions + 0 from l: - p + tr (83 event a). 
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