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If all parity-conserving reactions conserve strangeness, the title 

question is meaningless. The parity of the K 0 . rt!'lative to the vacuum 

is; in that case, unmeasurable in principle. U on the, other hand, as 
, I 

R. Spitzer suggests1• 2), there is a sequence of parity~conserving . 
. ·reactions 

(1) 
< 

that involve only gamma rays and an external field, F, the question be• 

comes meaningful. 

U present, .sequence (1) carries K 0 into 'R.0 , competes with the weak 

R0 
- 'R.0 transition, and contributes a term depending on the external field t~ 

... : n . . . 
the measured K 1° -K2° mass difference. In particular, if we start with a 

pure K 0 state at time t = 0, at time t the fraction of 'R.0 present· is 

t ' ' 
P(K0 ;t) =4 [exp( -y 1 t) + exp (-y2t) • Z exp( ·yt) cos wt], 

where y 1 and y2 are the inverse lifetimes of the K1 and Kz• · y=(y 1+y2)/2, 
> 

and w is the K1~ • K 2 ° mass difference in appropriate unit~. 
I . ' 1.• 

·u a Spitzer-type· .reaction occurs, w .is not cons~t but depends .· 

linearly on the external magnetic field as follows, if the effect is ~mall: 

* ' ' 
Work sponsored by the U. S. Atomic Energy Commission. 

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

t Present address: 32-101, M.ssachusetts Institute of'Technology, 

· Cambri~ge, Mass., U. S. A. 

·.J 

/ 

-, .... 

· ... ·• ,. 

• f, 

•••• 1 •• 

.. ··:. 
•' ·: .. 

·.·.,.. 



~ 

UCRL-11507 

Where K is a unit vecto.r in the direction o£ the original K0 ' trajectory,. • -
and · E and H are the external electric and magnetic fields. 

-·1. 

In bubble chambers, neutral kaons are commonly produced in 

secondary reactions and emitted at different angles relative to an ex-· / 

ternal magnetic field. Therefore since K • H is different for each ob• -
served event, we. suggest that the proposed depend_ence of the K1° -K.f 
!llass difference, w, on K • H be investigated, particularly in those 

- . . -
experiments that have already been performed. An appropriate calcula-. . 

tion for these purposes is given in the Appendix. 

The pseudoscalar character of the K • H and E • H terms determines -. 
' (if .the reaction occurs) that the relative intrinsic parity c;>! K0 and 'R0 is 

negative. If we assume space inversion to be a local transformation, then 

the product of the intrinsic parity of a spin-zero particle and that of its 

antiparticle is +1: 

The experimental conclusion that . 
- ___ :_..... 

':·.; .... .,·.·i 

would imply then that the intrinsic parity o! the K0 is imaginary: . \ 

TJ ( K0 
) X 't. (K0 ) = 1 = -11 ( K0

) X TJ ( K0 ) 
. ' 

~· ... 

. . ,,-i.· . 

The intrinsic parities of the A. and :& must·also be imaginary, ·in ·· 

this case, relaU~e to that o£ a nucle.on of appropriate cb~rge to achieve 
,;' 

\:. consistency with experiment.· If we start with imaginary parities for the · 

K,A, and I:, it follows that parity-conserving reactions o£ pions •nd nucleons .•· ·· 

must produce such particles in pairs. Further, decay of such a· particle into. • ·· .· . 
: '· .. ~ 

states of pions and nucleons alone .cannot conserve pari~y. -·.· . .. _ ... - ... 
·, , .. 

. ' ~ ~ -

it 

if: pi 
~- . I : 

' :·. 
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From this point of view, then: 

1. ConservatioJ;l of strangeness in ~ssociated production reactions. 

is explained b~ parity conservation alone. 

· 2. Failures of strangeness conservation by, odd numbers in parity­

conserving reactions, are forbidden by parity conservation alone. 

···f' 

3. 
. . . ' .,. 

Conversely, failure of parity conservation in the·decay, for example, · 

of a K meson into 1T mesons is attributed to the imaginary parity of the 

former and the real parity of the latter, and is thus almost a tautology 

under these assumptions. 
•, I, 

4. The nonoccurrence of reactions having even strangeness change~ 

remains unexplained (e. g., 11'- + p- 1::+ + K). 

Apart from the experimental and statistical difficulties in determining· ·" 

if a significant result not attributable to fiuctuations has bee~ found, there · 

are two other complications. 

First, there may be a real K • H dependence that does not have the - . 

implications of the one postulated by Spitzer. The essential feature is the 

absence of scalar terms like K • E. Whatever the parity-conserving mech- · 
. - ' 

anism, the presence of pseudoscalar and absence of• scalar terms lead to the 

_, same conclusion. If a K • H dependence is found, the absence of a K • E term - - . ~ ... 

should be cheeked separately. 

Second, the coefficient· a. 1 contains a complicated kinematic dependence 
2 2 ,• . ,· . ' > 

on p , p' and p p' whose form has not yet been calculated, where the un-

primed variable x:efers;,to the K0 and the primed, to the 1<0 • Specifically, .. : ·' 

the matrix element for process (1) is proportional to 2) 

.. " 

Since we examine only. K01 s emitted in the forward direction, only the first , ,. 

term on the right survives. The complicated kinematic dependence mentioned ' 

.... ·. 

!· 
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above is contained in c2, and ! is a un1t v~ctor in the direction p ~ p'. 
. , . 

. The strength of the COll.pling associated with reaction (1.) might be poorly 
. . 

estimated from a 1 because of this radical averaging'· over kinematic 

quantities. 

' . . ' . . . 

APPENDIX: .. cALCULATION OF DEPENDEN9E OF K1° ~ Kz0 MASS 

DIFFERENCE ON EXTERNAL MAGNETIC FIELD BY USING 

THE MAXIMUM·L1KELIHOOD METHOD 
. . 3 

We perform the calculation using the MINFUN computer program ) 

as. specialized to the particular calculation given be~ow. (The calculations 

are programmed in Fortran IV language and will 'be made available on · 

request). 
·~ 

Assume that the probability that a . 'R0 will undergo a detectable 

identifying reaction in the proper time interval t,· t + dt .is >.. (t)dt. Then 

an unbiased likelihood function for a given event is proportional to 

Ti 

·;·. 

,,, ... 

I • 

. ' 

.t'i = P (~~o ; t 1> I /0 P CK0 • t) Mt)dt, . . ~ . 

. where t1 is the proper time at which the 'R0 i8 detected, and T i is the 

latest proper time at which the K 0 could have been detected. ~ · 

· I£ >.. (t) is independent of time (assume that the . .R 0 momentum is 

. I 
constant), the likelihood functions l i will achieve maxima for the same , .. 

values of o. 0 , o.1' and o.2 , independent of >... Thus we can ignore >.. and 

work with 

.... . . .· .. :. •· 

We then have . .. 
.. -·. -. ~/ _-

; ' ·-~ ·. :.-

. ~- . 

,·. . . . . . . ·. ' ~-- . .• . ' 

;,··· 
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where 

N1 = exp( -y 1 t1) +. exp( ·Yz t1) -z ,~:~p( -yt1) cos w1 t1 •. 

' ' ' . ' z . z ' 
D1 .c: (1-exp ( ·_'V 1 T 1)] /y 1 + [ 1. - exp (•Yz T1)] /'Vz- ZGtf(y + w1 ), · 

. I 

and 

0 1 = y + (w1 sin wi Ti • y cos wiT 1) exp ( -yT i). 
/ . 

The total likelihood function is 1. = ~ 11• The fun~ti~n we treat is f=-Z logJ., 

whicq. has .a minimum where 1. has a maximum (enabling us to use MINEUN. •.. ,. 
' ' z . . 

_a program that seeks function minima) and corresponds to the x parameter. 

:t()r calculating such minima,· the derivatives of f are needed: 

· ... ', .... 

and 

with 
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