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Some discussion is given of the possible real and, charge paritr 
, . 

degeneracies' of Kmesons. An explicit ,'model is used to i~ustrate, the 

stiperselection 'rule, which forbids the K meson to be a mixture of 
.' 

int.r1nsic parit1 states and at the same time conserve parity in decay. 

'The discus,sioni~ extended to 'charge parity;' the ~, 92 scheme 'appears 

, ,t~, b~ more than an 8ltercise in polarization phenomena and to involve a 
'. . ' 

,,' ,0 -0 
radically new basic assumptio~namel.y, that the ,9 and, 6 are 

degenerate ~tates. 
. 0'. ' 

,The ~ is compared with the 92 as a long-lived 
, .. 

K m:eson, and a method of experimental distinction is described. 

* ~his work was 'perfo~ed under the auspices of the U.S. Atomic Energy 
, ' . 

COnmiission. 

** Permanent address: ' Purdue University, Lafayette, Indiana. 
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The well-known difficulty in reconciling 9- and ~- meson decay' 

,1\ characteristics has led to thesuggestion
l 

that there are two pa~~eles of 

f '1 identical spin and identical mass, except for 'emall perturbations, ,but of 

/" ,opposit'e intriin~ic parity. The same applies to all particles with odd 
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strangeness. Th'is suggestion has genera.lli been coupled with the cascade: 
2, 

model, which suffers several points of disagreement with experiment. One 

might,accordingly consider an alternative model, in which the K is a 

s~e particle ~th fixed i~trins1c parity that is neither +1 nor -1 

but a mixture of the two. The equal masses and lifetimes and fixed abundance 

ratio for e and 1: modes would then be automatic J but decay into pions 

would violate conservation of parity. ,These two possible alternatives are 

, discus sed in terms of a' concrete model for mixed parity states. 

The discussion of real parity can be transferred directly 'to the 

"charge pa~ity" of the KO 
", where the fundamental assumption of the 91 , 

92 ,scheme appears to be that of complete degeneracy. between the eO and ~ 9 . 

This assumption is not easy to reconci,le with the general notion of strangenem, 

but presumably can be tested only by experiment. The chief point of present 

interest is that the St, 92 scheme is more than an elementar,y exercise 

.in polarization phenomena, and that its experimental verification would be 

of fundamental significance for the principles governing heavy particles. 

.1 T. D. Lee and C. 'N'.Yang, f>hys. Rev .~, ~90 (1956). 

2 T. D. Lee and J. Orear, Phys. Rev. !QQ, 933 (1955). 
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. 0 
Preliminary data suggest that the K exists as a real parity 

-doublet or charge parity doublet bUt not both. The characteristics of the 
o _ - . 

long-lived 't and 92 are therefore compared and found to b8 very 

similar; the strongest distinction seems to be that the regeneration process 
o 

in nuclear matter is accompanied by 1\ production when 9
2 
-~}~-, but 

by no associated V particles when ,;<> ---+ eO. 

1. Particles of mixed intrinsic parity 

This section concerns a particular model of the general discussion 

byWlck, Wightman, -and Wigner.
3 

Suppose a set of ferm1onsl\_ , 2::., 2: 1 

••• l 
- . 

which can be connected bypion emission and absorption; for simplicity, they 

-are all taken to have spint. The intrinsic 'parity of ~ cannpt 'be 

specified absolutely but only as "the same" or "opposite" relative to 1\, and 

likewise for anY other p~ir from this set. To determine this ~elatlve parity, 

a measuring operation is neeessary:;- for the sake of a cortc~ete iDiage this -

may be taken as pion emission. Energy conservation plays no role here 'and 

isi:gnoredj all transitions can be regal'ded as virtual. F~r.l\, ~ 
.- ". " the . -

parities the same (oPPOsiteX~trix elem.entM(lU for pion emission ~th 

momentum k corresponds to a p:-wave.(s-wave) pion ()j~gher partial waves 
- "'" 

occur upon relaxing the restriction to spins i, but no new features are 

added to the lirgtilnent). Thus .to measure the relative parity of A and 

~. , we perform an experiment to show the ~ dependence -of M(!). 

To write an explicit-expression for M, define two· int~insic parity 
. . . 

functions '1'+ and tf~',.,: for .f'e~ons, and let ¢+, ¢_ be the(p, 's} 

pion wave functions of indi~ated absolute -par~ty. The corresponding 'matrix . 

elements are 

3 
Wick, Wightman, and Wigner, .Phys. Rev. 88, 101 (1952). 
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(fq' .¢ , 'fJp) - M .(!) 8 , 
+ - T ... pq 

(1) 

<fq ¢- :, lJ'p >: - M (k) [ 1- Spq] , - M1'I 
i 

wh~j.~ p,·;·.q - +, -,. and. the . 8 - !'unctions insure conservation of 
'·:;1 
pe,r,.ty •. Total ailgu1ar momentum 1s of course also conserved, but the 

. 1, . 
, 'I' . .. . ! 

co~espondin8 indices ~ supp~essed. Now int~uce a new basis for the 
'J : 

tez:ton int.rinsic parities ,using instead of '1'+' Y' _ the functiOns 
\ .;" 
t', , 
,.,' 

"j 
~ , 

- cd (3+ + p~- , 
.1'1112 -
OJ '. I 2 

I/'¥/ i-
t' .' 

- fO 'If++o(* ~_' 

, (31 2 
- 1 

, (2) 

'Hart. 'fl' and , \f2 are orthogonal and nO~lizedlt ,'f+. and .'1' _ are. 
. . . '.~~ 
Sinre the basis tor, the termion parity ,fUnctions cannot~e any observable 

.,idif\erence, Rei~tlons (1) must hold without change tor, p,' q = .1, 2. This 
, l' 

is·true it 

t t. . 

l 
" ,~ 
~I 

j. 

'2 
. cj ,~ ~ 2 =' 1 

Re f ~ . P it ~ = 0 

, 

,1\ 

'l'hethree conditions· of Eq. (2) and Eq. (3) reduce the basts transformation 

def~ned by of an~'~i.~ ,from a tour-parameter to a one-parameter group: 
~. ,Jjril . . 

theJrPossible types. dt, 'tfltrinsi~termion parities can be expressed in terms 

of;} sing~e pha,se angle. 
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Consider two classes of fermions with different parity bases: ~he 

. N with basis 'ft' 1f _ and the _ A.With Msla . tfJl ,4'2 .(0{ , P *:0). 

Then whichever basis is used for. the fermion parities,ariy proces·s like 

., '~~~~ot conserve parity; for this is equivalent to 

'/t--t(1\ + N) , 

where the left-hand side is a parity' eigenfunction and th~ right-hand side 

'cannot be. On the oth.er hand, if one writes down matrix elements for 

Eq. (4&) in the most elementary way, ·they are nonvanishing. Take for 

example 

, ; 

, 

then 

. . 3,4,5 
. In order to maintain parity conservation, a "superselection rule" must 

be invoked to preclude writing any ~ch matriX elements. If fermions with 
. . 

different parity bases existed in the absence of such asuperselection rule, . .'.. . . 

the fermions on either basis could undergo parity-violating transitions, 
, . I . 

such as 1\--t1l + N --t 1\, where /\ and f\. have opposite parities. 
" 

The combination of the right side of Eq. (4b) ,is suggestive for K 

particles. If we regard the K as a virtual (N '-A) combination, then 

4 E. P. Wigner, Nuovo cimento' 2, 517 (1956). 

5 S. Watanabe, unpublished. 
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the above assignment Of parities for ~1 and 1\ would yield parity functions 

of the' character, 2 -l ('f'+ T- i V' ). for the K. It would clearly be possible 

to produce such mixed-parity particles in pairs with complete conservation 

of parity: 

(6) 

The subsequent decay of an isolatedK into pions would then' involve an 

essential nonconservation of parity, a~ in Eq. (4a). One has 'therefore an 

interesting association of possibilities: parity conservation in V-decays 

implies a parity doublet 1 scheme with intrinsic parities .,.. and - for. 

the decaying e, 
" . 6 

" particles; nonconservation of J13,rity in V decay 

implies that the K may be a parity singlet but with ullknown basis (cy, j8 ). 

Under nonconservation of parity it is possible in 'principle to 

determine the parity ratio ' Of / f3 and the coupling, con,stant ratio g/ g I 

between parity-conserving and -nonconserving~rts of the interaction, 

provided one knows the exact form of all the matrix elements involved, 
, 

and M~ (!U. Under this scheme each parity basis, could provide a 

different V-particle categor,y; these are hence'nondenumerably infinite in 

number. There is no experimental evidence for such V -partlcle categories, 

although their pair ,production is not inhibited, as noted above. 

Finally, in the parity doublet model the complete ,degeneracy of e 

a~d" t with respect to strong interactions means th,at for all such 

interactions an arbitrary parity basis (2) can be used. The situation 1s 

6 
T. D. Lee and C. N • Yang, Brookhaven ReportBNIr-28l9, July 1 c:? 56. 
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qtli te analogous to that of polarized light, which can be anal.y'zed in1;.o 

orthogonal components on an arbitrary basis- chosen ,for convenience. 

Whatever basis is used for strong interactions, it must be analyzed into 

e and or components when parity-conserving decay processes· a.re considered. 

The discussion of real parity for K particles can be carried over 

directly to the "charge parity" (eigenvalue undercharge conjugation' C) of'" 

the neutral K. Here again two situations are possible:· a,~harge parity 

doubiet whose members ~ and .92 decay independently with con~ervation . 
, , 

, ' , . 0' ' 
of C} or a charge parity singlet of arbitrary basis--y.', the 9 -which" 

must violate C conserv~tion in d~caying. An o~iginal motivation for. the' 

7 
scheme was the postulate that, C should in fact be conserved'in ' 

neutral particle decays; Le., that all 'neutral particles can be repr,esented 

as' eigenfunctions of C. This postUlate entails a further ~nd more fundamental 

assumption, which should be made explicit; namely, that ~ and Q
2 

or 

o 0' 
equivalently e and e are degenerate stat'es. This situation' differs 

somewhat from that for real parity: the e and ~ are completely.,' 

degenerate with respect to strong interactions, arid we could suppase them 

to.be produced as 2 -:'~ (9 '*' i,) or any other convenient .form. '(2). In 

o ;;:0 _ 2-1 (a·l~ i9
2

) contrast to this J the e J Q ~. differ' vastly in strong 

interactions such as production, and are hence anything but d~generate. In 

the absence of such degenerae,y the mathematical combinations 

7 
M. Gall-Mann and A. Pais, Phys. Rev. 97, 1387 (1955). 
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'J -'. -
have no physicalsigniflcance. The nondegeneracy of eO and eO is'a 

,j , 

teat~~e of the strangeness concept that has been so successful for 
;': . , " 

" i~telr~ting oUter aspect.s ,of V particles iit would seem to require a 

more:;laborate argumantthan has been given to show how the elJ 92 J; 

sChe&e can be consistent with,strangeness., 

I ' ,The two cases of degeneracy and nondegeneracy can be, discussed 

in tfrms of appropriate analogies. The degenerate case is analogous to 

P,ola.ized' light,S while the nondegenerateanalogy is with radioactive decay 
'f . " 

of alnuclens.one can with perfect realiSm imagine the initial wave function 

to ~ of the form '1'0 = 2 -i ('f 1 + tp 2) , where the components 'fl 

. and!,tf'.~ are orthogonal. Furthermore, '1'1 contributes ElXcluslvel¥ 

by - ~,~ decay to one tinal state I f 2 by ,p. decay to another • In 

9~1ti~ :'of this appar:e~ ind'ependence the system decays w1tha single mean 

l' ,-1 -l~ 
'llre!.,~. = (1:1, _ T 't'2) , where L'l and., 1'2 are the partial 

.. ,-

.'l!lean~live5. After decay the (1, 2) components are no longer in the original 
;it , 

, .tt . 
rat" ,of ,1:1 but in, ,·t~~~; branching. ratio i:' 2': "t'l. The difference from the 

pOl~fiZed light case) i~~hat tf'~' and, '1'2 are ,not ~hemselves nuclear 
, : It _: ' ~\. 

eigehtunctions nor is any arbitrary eo,mbination <q lJ'1 -..,- (J ,tf 2) 
" 

whe~e.. O{-:::f= :t-p., The choice between these two analogies obviously, cannot 

be argu~d in terms oft-he analogies themselves but must be decided: by 
,,;1 extnrnal criteria. '. 

,8 r. Paie and o. Piccioni " Phys. Rev. 100, 1487 (1955). 
~ 

,I 
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The analogy with radioactive decay suggests that the change of 

strangeness in the ~eak V dabay is irrelevant t~ the question ofdeganeracy -
of aO, aO. Two f~i~~ar parameters that serve to distinguish nondegenerate 

states are 'energy and charge, and both of those change for the nucleus itself 

in radioactive decay. 

, 

R'eceht observations9 sugge'at that only half of the KO particles 

'produced 'in ;'1/"'-+ p collisions decay with the short haif life ,(~ ~0-;t0 sac) 

" associated )ith ,0 -7 2 'if. This implies e~ther a real parity doubletlO 
• ,I .. 

o ' 0, ' " ' (a., ?:); or charge parity doublet (al ) a2), but not both., ,The 
;, " " .,. 10 

absence, of j'a cascade connection for the eT
, 1: ' doublet makes this , 

appear als~ a likelY assumption for the eO, 
, ..,. 

Unlike thea , ~o 
u case, 

. , 

there is rio isotopic spin argument for a significant lifetime difference 

between '7:''''' ~nd. 1:0 dec~ys into 371 (see Appendix). The half life 

for, ',~o /\deCay without the' dominant 1""-+ -r,") mode would th~s beo'! 

order l¢;f to 10-8 sec, and might include a substantial fraction of decay 

:' 'no' , -modes like 7 ~tr -:+ e~ -T..,) • 

9' ,~ 
BUdde, :Chretien, Leitner, Sandoe, Schwartz; and Steinberger, Nevis 

Report R-135 (1956). 

10 ' ;, 
The charged K mesons can be i.nterpreted as a parity doublet without 

casca~e\connection, provided that the apparent equality of a~; Ir~ 
, ' 

lifetimes is accepted as accidental. A cascade connection is inconsistent 

with ,the: failure to obServe any fast-decaying ("" 10-
10 

sec) , K+ • mesonS 
, . 

in emulsion, cloud chamber, or bubble chamber observations. Since the 
+..f: " , 

6 , 1::' ,\ are equally produced and decay with the same half life, 
; + + +.of. 

nUclear scattering would induce 9 --} 1: and?:: ·~e to an equal , 
, + 

-extent ~d cause no net change in the composition of a K beam~ 

11 Block, ~arthJ and Blevins, Phys. Rev'. !QQ, 959 (1955). 



.- -_ .... ~.~_ ~--.- "-·r -~ ... _. _ _ ·r .. -- ... .,..-••. -.---~--.- -_ .... - .......... ----,. -_ ...... ,._- •..•. __ .• ', 

UCRL-3522 

-10-

The would behave in many ways like the a 2' and it ~ould be 

of interest to decide experimentally between them. 
o 

Like the 92 , the 'Z"(=f 

cannot decay into two pions, has along lifetime, and may be converted into 

a rapidly decaying eO (91) by nuclear scattering. Of course the 1"0 can 

decay irito three pions, while the e2 cannot (if and only if its spin is 0+); 

however, 7!' ~ 311 may not compete strongly- with other possible 7:? 

deoay modes,whioh are shared b,y the 92, 

The olearest distinction between the o 1:" and a2 occurs in the 

production of auxiliary V particles in the conversion from long-lived to 

short-lived components. The regeneration of 91 from 92 by nuclear 

encoUnters in matterS must be accompanied b,y the average production in the 
. . 0 

same matter ot 2 1\0 (or E) pa.rticles per regenerated ~ ._~i· '1"0--1'9 
. 0 

conversion no variation of strangeness is involved, and no 1\ production 

is associated with the conversion. Of course the ~o beam must be produced 

at an energy below the 1:'0 threshold, since this contamination would 

produce ~ , though not in the 2/1 ratio. 

It is fortunate that the to, 92 distinction is subject to immediate 

axpertmental test, since the a priori arguments all rest on new assumptions. 

~y observation indicates the long-lived KO to be a 'to, relatively little 

violence will be done to previous principles: parity can be conserved in -V decay and the aO and eO are nondegenerate because ofa difference in 

strangeness. Evidence for the 62 instead of the 'to would suggest 

abandoning both of these no·tions and woul.d require correspondingly more 

careful re-examination of basic principles. 

The author expresses his thanks "tor helpful discussion to many people 

at the University of California Radiation Laboratory, in particular Drs. 

Luis W. Alvarez, Wendell G. Holladay, and Maurice Neuman. 
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APPENDIX 

The decay process e ~ 2'Y has strong restrictions' resUlting ,from 

the Bose statistics' of the final state. '. For' the decay 1" --t 3f( one 

expects such restrictions to be ~e8.ker, because of the greater complexity 

possible for the final state. This expectation is borne out in the explicit 

computation below. 

To illustrate the type of argument used, we review the situation for 

e --t217'. The final state can have T = 0, 1, 2, and the symmetry on charge 

T 
exchange is PT = (-1) • The symmetry- on space exchange of the two pions 'tS 

J 
PL = (-1) , where J is the spin of the e. The requirement PLPT =+ 1 

means that 

',J + T = even. (Al) 

Thus final state's with T = 1 correspond to· J = 1-, ~" 
.' ' 

5 , ' ... If 

we further assume ,that the e has T = i and decays under the selection 
" . . 

rule ~ T = t,~, the tinal' state T = 2 is excluded. 
, . 

Also, in the decay 

of a e-t- t~e net, charge of the final state excludes T:: O. Thus if 

J = (event, only the eO can decay in accord 'with (Al); the observed slow 
~ . . 

decay of the charged 6 must b~ attributed to the expected ~i1ght failure 

of isotopic spin. If J = '(oddf" neutral and charged de~a.Ys are both allowed 

by (Al); the observed lifetime difference must then be interpreted 'by special 

2·, 0 ..10 12 
mechanisms. The observation that e decays into 2/1 indicates' the 

. 1-
assignment J = (even) .' 

In'a three-particle system the exchange of two particles can leave 

the wave function unchanged (5), multiply it by -1 (A), ,or transform it· 

12 
Osher, Moyer and Parker, Bull. Am. Phys. Soc. 1, 185 (1956);' 
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. .!j 
acc~~ng to a two-d1mensi,ona;, ~~'Presentation. of th~ permutation' group (D). 

. \ 1 '. .... ' 
The ',yarious isotopic spin functions of3 pions are seen by direct construction 

" .~ . .' ., 
toJl~ve thefoll,ow1ng symmetries under' PT: 

,i " . . ~ .':t, 

T o 
A 8 D 

' .. 2 

D s 
(A2) 

-~, 

- The.~space wave func't.iona must be conf!trueted entirely f~ the vector~13 
-'j . 

ii" :1' .- (r ~' r')' • 
" .1WII"'3 . -2· ' 

(A3) 
, 

f 
whiq~ transform as D under exchange. Using the methods. of Reference 13, , . 

we ian construct from (A3) scalars or various Symmetries ~ 
% 
f. 
! y. 
! 

I 
j 

, . (8) 

(D) 

~! 
. Fro4! these scalars 'fbli~, ,others with higher povers of ' q . and r, but 

(A4) 

."(o,i '. .; • 

always reproducing the propertyot '(14) ·thatonlY the symmetries Sand 
'" . 

D . are present. All scalar~ have + parity •. 

. " 
,', 

For basic vectors we have 

i' (r- q)' 

'-" 
j' . i. r x q , 
. - ""'" 

(D) 

(A) 
(A5) 

1
"1 ". -..'.... ' 

wit \; ~espect1ve parities -and -t-. These maybe multiplied by any number 
l! 

13 \1 Verde, Helv. Phys. Acta 22, '339' (1949). f -
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of scalars (A4). Using the rules for direct products of different 

Gy.mmetri~s, we have the general classifications 

. vectors 

pseudovectors 

(5,. A, D) 

(A, . D) •. 

, 
(A6) 

and pseudotensors from. (ot, ,9) and '! x ~ (onl.;r pseudoscalars vanish 

automatically). With inclusion"of scalar factor~ (A4), thes.ymmetries on 

exchange are those obtained from. 0 x 0 x ••• and .A x 0 x D x •.• 

namely,(S, A, D) in all cases. These are hence no general symmetry 

restrictions on three-pion decay wh-en J > 2. 

. , 

The total symmetry on exchange comes from combining Eq. (A2) with 

(M) and (A5) according to the rules D x D"= 5T A+D~ . S x D = A x D = D, 

etc. With inclusion of intz:insic parity (-1) for the 1{'. meson, the only' 
I 

. cases outside?f .J = 0+ that do not alloW' PLPT = ... 1 (that is, total 

symmetry S) for the final three-pion state are 

J = 0-., T - 0 , 

(A7) 
J _. r+ , T = 3 

. With :the same isotopic spin selection rules for tA. T as fora. decay, 
" ' 

only the first case in (A7) is of any concern; arid it: 'cannotcause any 
. . ': . 

. -+ . 0 
order-of-magnitude difference in 7:. and "'(decay rates. Even if 

J. = 0-, both charged and uncharged 1: will decay into . T = 1 states at 

respective "rates in the ratio 271. The conclUsive" a.bsence of a . to with 

:lifetime on the or~er of 10-7 to 10-8 sec would be further evidence that 

the ?: and a are not -independent. 
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o 
'The decay mode ~ ----'1 3fT ----t 6?( may be of lnteres,t as a possible 

" ' ,,' 14-16 ' 
source for the large electronic showers observed in cosmic rays. Because 

the 3rt'o must be totally. ~ymm~trlc (S) upon isotopi'c spin exchange, this 

particular mOde of decay has, some special inhibitions: the final states 

ca~ haveorui T ,=1 (or T ='.3, which.1ll5 ,Presumably excluded by selection 

rules on the decay process); and if J =11- this decay mode, is entirely 

forbidden'. 

14 "" " '-: ' . 
, 'Schein,;,Haskin, :and Glasser, Phys. Rev. 22" 855 (1954). 

15 ,DeBenedetti et a1., 'Nuovo cimento g, '954 (1954). 
, , 

'16 
'M. Koshiba and K. F., Kap1on, Phys. Rev. 100, 327 (1955). 


