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CP INVARIANCE THOUGH = FEUTRAL KAONS *
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ABSTRACT
Neutral K-decay date and CP invariance are completely competible
but lead to the concluasion that K0 and EO are not conjugate. . This in
turn implies the existence of four rescnant stastes L,5, and their CF
conjugates Lc SC However, there are only two particles,in the sense that
the S matrix has a single pole at ML —i." and snother single pole at
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It is widely believed that neutral K-decay pheonomenon establishes
violetion of CP invariance. Many initial modelal) proposed to preserve
CP were all shown inconsistent with cne or other of the featurés_of the neutral
K-decayz). However, an importart point has been missed in all these
discussions. Although no experiment substantiates 1%, one invarisbly assumes
KO tc be the CP conjugate of KD

We find that if CF dinvariance is insisted upon then the mein message
of the entire neutral X decay is not an inconsistency but that -KU is not
the CP conjJugate of KO' The entire date analysed in terms of the very
parameters (interference parameter 1, overlsp parsmeter £s Ccharge
asymmetry &, relative phase between KO interference pa.ttem end KD
interference pa.ttern, regeneration) used conventionally can be adnptedw

with only chenges in English prose adhering to strict CP ,invariance.

That the resonant stetes L and S cannot be (P eigenstates has been
the common feature of all CP preserving models. That it leads to K, K
not being CP conjugstesof each other is also very clear from the date; and
ene wonders why it has not been so pronoumnced. However, it opens up the

* guesticn of definition of antiparticle in a subspace where all the usuesl guaptwum

oumbers like charge, baryon number, lepton nmumber etc. are zero,

To produce the CP con)ugate Kg of K, unambiguously, cne should

‘use the CP conjugate of & whole reacticn that produces a Kﬂ‘ For example,

the CP conjugate of the associated production of E and KO by a proton
must be the assooisted production of T and Ko by an antiproton. In this
pair of reactions the neutral keons must be CP conjugatesof each other.

The basic erperimenta) that is supposed to heve establighed CP

violation obtains & set of data showing that the ¥ 1 decay interference '
pettern arising from K. is out of phase relative to one ariming from fo

0
This we interpret as & clea.r demcnstration of K. not being the CP conjugate

of I(O i,e. I{ ¥ 1(0 It becomes imperativg to make the same experiment.
vith the atfrerence that K, is replaced by K as cbtained viaa CP
conjugate reaction using an antiproton beam. An absence of phase change in the
{r'7") decey pattern of Ko relative to that of K, will re-eltlbliuh cP
invarisnce in owr literature, One mey alsc look at the 11 7 decay of the
neutrsl K-beam emerging from e definite CP state protonium. CP invariance -
predicts mo A decey from the CP = -1 state, while from (P = +1 state it
prediets en interference pa.ttern that 1s in phase with that of KD and not

with that of Kn




The question about four states Ko,ﬁo,l(g and ig- when -there are only two
in the conventional treatment, ¢an be embaressing. Hewever, these states can
be experimentally diastinguished by their decay patterns. Even than one would
be very unhappy to throw away the SU(3) octet of mesons. Fortunetely,
one can understand these four states in the context of an § matrix with only
s~ 3e
one can say that there are only two particles but four states.

two simple poles, one &t m - %I‘L and the other at m_ -~ =T and hence

The conventionel parametrization can be adopted in tolo with only e
difference in interpretation. The neutral kacns l(o and KD are superposition

states of particles L and S, each characterized by its mass and lifetime,

LK) =% E\L;M) + \S;M)] , )

m Jreed _ -
‘Kn>:m [—\L,wt>+\8,wi>1 . (2}

ot |t = 2Re £ (3)
4t

The particle states L and S, contrary to convention, are not CP
eigenstates. This naturally means that K. and K are not CP conjugates

0 0
of each other if (1) and (2) are valid. The definition of the interference
parameter 1 remains the same. The expression for n in terms of £ and

isotopic spin finael state amplitudes also remains valid in the ususl
approximastion,

g+ & (v i e-2¢ (1-2wy" "

KN L8/ (14 w) * e Tiozef (1-24)"
Simitarly the expression for charge Vasy'mmetry parsmeter & remeirns unchanged.
Thus the wderstanding of the time dependence of the decay of KG or of fo
is achieved through the conventionel parameter but in a CP preserving

context.

The crucial point in underatanding regeneration is that irrespective of
the inlitial beam being KO or ED the state incident on the regenerstor is
one and the same, namely L (since 8 component would have decayed}.  Any
(P preserving hypothesis with KO a CP conjugste of I_(o will not achieve
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this, However, with the presemt interpretation of (1),(2) and (3} the
understanding of regeneration, with ell its details, is on the same level as

that with conventicnal CP violmtion hypothesis.

We present an S-matrix parametrization of the K-decay phencmenon.
This is not essential to our contenticn that the entire existing phencmenciogical
enalysis can be adopted en masse with CP invariance. Rowever, S-matrix
parametrization goes deeper, is cleser to a possible theory, clears up the
relation between four states and two particles, and gives & satisfaction that
it can be done.

We use the notation, but not the interpretation,of Durend and Mc?oyh).

Consider an S matrix with two overlapping fesonance's. The Erelt-
Wigner representation is ‘

g .
| S}k(E) = :B:}k' 1 by % "ok R %"__._h“k

E-E, e-g @

where Ly .
= - 4
és me-3 PR §L= m-50 -
The demands of unitarity are

.y
BB -4

. - . . (6)
Bks = % E;L:E“ ('{"'3 s %L) %L + (hs ) kS) % ?
s b ;
. (7)
Bh =i (4 !
2 EL*- Es ( (Y 'e“s) ﬂs_ * (‘k‘- ’%L) %L ’

Contrary to what is oftean implied or even stated expiicitly, CP
invariance does not require a resonance to be necessarily s CP eigenstate,
It only insists that the S matrix does nct comnect states of opposite CP.
This we shall guarantee by the simple device that the eigenstates of the
above S matrix will be, by definition, alsoc CP eigenstates.

Since the resonences L and S are not CP eigenstates, with &
CP preserving theory, they canncl decay intoc & CP eigenstate, This
indicates that the quantum numbers included in the lebelling (J or k) of
the Breit-Wigner representetion {5) mey not include CP. In fact, cne can
meke a stronger statement and say that they will not include CP if B is

non-disgonal. — which is the case we are {nterested in.
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A Brelt-Wigner basls vector in the Hilbert space will be denoted by
le,E; 7 80 that the Smatrix of Eq. (5) is given by

(b LE Wi\ by Esmp = S-}kif-) S(e-e') 8)

'
We define vectors hL and hs

them to project out single resonances from the 5 matrix. We cen then define

oﬂhogonal to hs and hL respectively end use

resonant states:

\\:'; owk> - K . l*
% n/ 21 ‘e \bi'E sewt) Sik(EmLk

-~ _t f . *
—-;‘—,Z S&\b,g;mﬂg. - %ﬁ"’u 8
[ i % . Ltk ' (3
& E-§,
.. ' *
wa Cod) = L SAE b, Esout) 8.0 (6)
1550 = 7 2 Peloprint) et
& - ‘
-1 . % . —’1, ) *
= E_fd&‘b&,EseM.){Bik_tf‘s 5 sk } (10)
s ik E-§, sk -
In these states the purely scattering components arising from the
B term quickly diffuses out in a time seale much shorter than £ or i .
Ik TL I‘s
Hence 1f one hes isolated a system that has persisted as & coherent entity for

durations of the order aof rl then the corresponding state vector is
L,S

obtained by draopping the :Bjk term in the sbove Egs. (9) and (10).

These rescnant particle state vectors I1; out> s IS; outy with
sharp resonance approximetion normalization

(hsob Lyt = (8o | ion> =1 (1)

are given by ! -

| [ : A
'M - ._L— _.é_E—-- . '
Wsor) gﬁ_gL % \b},z,mmq

P
{12}
. ~
Sinty = 1T (L 7 \bEse0 T
E, 4

2w E

"
P

A ~ ¥
T VRS N T %S&J%,%f%s#. a3

-

The overlap in these states (again in sherp rescnance epproximation) is
given by:

{14)

which can now be comnected to the parameter g of  Egs, (1) ana (2)
through Eq. (3). .
The full-time develcpment of these state vectors, namely
giit |L; eut > end giiic 1s; out », represents at any later instant t
the amplitude for the unsteble particle still surviving along with the coherent
emplitude for the decay fragments. The survival ampl:l.tuda; is given by
-1t . -4 ELt A
e lyew) =-idamr e z[da \bS’E?““O%L'} a.(E)
Y48, .
3 -
“(15)

and by
ANE . -1 A -
o sy =-iNaTT e Zxdﬁ\bg,ﬁ;mmsi uE) |

(16}

where alf) is e wide-support smocth function of E ensbling the state to be
normalized, :

Since (P dinvarisnce is good, the CP eigenstates cen diagomalize
the 8 matrix, ' :

18
. 24
@3 B e\ Dy LE ) = SLE-E) S;ke’ k ,  an

Where ~ i '
Plio; ey - ¢ DL E i) -

We have thus introduced two bases: The Breit-Wigner basis and the CP
diagonal basis, The former is the meximal enalyticity basis which marks cut
through the simple pole in energy the persistent coherent entity thet separates
out as ap unstable particle, The P diagensal basls provides a simple
construction of the decay channels, We cen introduce, with profit, yet
another basis, in fact yeit another Breit-Wigner basis, the (F conjugate
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basis, lhg, B;2% ) of the original Breit-Wiger basis,
) m N ¢ s
f = w
(C‘Pl\b‘a,-f_,oui/ = \b} ’E;ou‘c> -
The S mwatrix is invarlant under this besis transformation. ‘There exist

CP conjugste rescnances LC and Sc which utilize the same poles at EL and

ES of the S-metrix but are distinet from L and S and yet are in the same
Hilvert space:

Cepl L) = 1y 5 ©R{Si =8N -
In view of the equalities. ’ “

(B: ,E mﬁ\ v ',out> = {y ,F_;ou‘\-.\\..;ou"-> y

i

it

<b§ JE ;mt\S”;out) (bl;E;out)-S;eut> ,'

one obtains, from [12),
(o, s atfifany = [ 1 Q€
CLENE 22 N

<b-},E;mﬁ\sa;out> = |'s 4 %C

MOE-E Ty (28)
where A - c® ~
%Li_ % E ]}k W o
A
= fe’d & ‘ - )
%3}( % E ,E : © (19)

and
<b*".£;°ut \[c¥d U’w£t‘°¢> = §(E-E') [C?]ik © o)

As remarked sbove, the gtates for the decay chsnnels must be
constructed from the ID‘1 »E; out » basis. The Breit-Wigner basie is not
appropriate for this purpoze. Conseguently £ and SS dc not glve directly
the amplitudes for decsy rates, Since the properties of the decay fragments
must be| time localized much sharper than T,
by extended smooth energy integrations over ]]J_1 »Biout 7. A complete get of

the decey states are constructed

-1-
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such states will be denoted by 1D;; out? . The amplitudes for the decey rate
into the channel 3 with CP = ¢, is now obtained from (15) and (16),

J
A(L—»i): <‘.Da--,m’c\\_;mh>ns.=_i,4arq_ W’Li , |
. : {21)
‘A(S-—‘tﬁ): {D. ;ou{\is;w\:>m‘ - -1 lﬂ'ﬁ'f; WS} ’
80 that the interferemce peremeter i1s glven by
w .
__LL (22)

and for the Bell-Steinberger relation (1L) we can replace § - W pince

A%
LTW = q\_% - (23)

WooW, .
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