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Abstracts If KS L is a K resonance decaying into K the short-,
B AT LA RS ,

5,1 {
long- lived kaon) and a neutral system s° of pions, one can isolate

the C~even and C~odd, crossed channel contributions to KN-+»K*N by
using the reactions KLN-+ K;’ﬁQwhether s is a C-eigenstate, or a
mixture of C-even and C-odd states., Applications to the production

of K;QO and the Q-meson are discussed, and simple numerical predictions
made for QS,L production. Q-production data indicate approximate
t-channel helicity conservation for the w and P' exchanges at vertices
involving a spin change, in similarity to the belief for the Pomeron.

QS L production data can give information also on Q-decays.
y
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1, INTRODUCTION

#
Dynamical information on the reaction * KN— X N can be

LN interactions by considering the modes (1)

and {2) of this reaction

obtained 1’Q)in K

KLN -)[ Kt‘ (pions):] N (1)
%t ¥
- [ k (pions)+.] N (2)

*
where the subsystem k decays as

k = K (pions) ' Ks(pions) 1 KL(pions) . (2a,b,c)

From this, the difference of the differential cross-sections ¢
0 *o =0 n¥o
o(K°N = X °N) - o(R°N = K °N) (3a)
isolates the interference between the crossed-channel C-even and C-odd
contributions. The corresponding sum

o(K°N = K °N) + o(E°N—» 2°N) (3b)

provides an incoherent sum of the two crossed=channel contributions.

Similar (complementary) information is obtained from
+ ¥4 + - *a
o(K'N—> K "N} I o(K"N—=> K "N). (%)

This procedure still does not separate the C-even from the C-odd

¥*
contribution, Our proposal is to study the modes

* * o
K N » KN , K= KSS (5a)

* We discuss mainly the nen-charge exchange modes.
*

*
We are thankful to Professor P,K. Kabir for suggesting to us that KS I

* ’
production is important for the dynamics of KN— K N, and for

encouragement,
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¥ x o
and K N>KN, K —» KS" ; (5b)

the channels (5a) and (5b) isolate, respectively, the C-odd (even) and
C-even (odd) crossed-channel contributions when the neutral system s of
pions is a C-even (odd) eigenstate., The separation of these two crossed-
channel contributions is possible, using the medes (5), also when s® is
not a C-eigenstate. The modes (5), therefore, complement the information
obtained from combinations like (3) and (4). Data on the modes (5) would
be useful for a future amplitude analysis of the reaction KN—a-K*N.
After demonsirating the above C-o0dd, C-even separation, we consider
applications to K;90 and Q production, and make simple predictions for
QS,L production using KLp-+-KSu+n-p data 22 Available data are for the

2)

*
0 production 12 and the mode (2,2b) for Q-production

89
QS production requires the Ksn+n“ system to have the characteristics of

mode (1) for K

+
the Q, without forming the resonating subsystems (Ksn-); QS" Ksp0 is one
*
890’

suitable mode. For K the decay modes invelved are noKS and ﬂoKL.

THE C-SEPARATION

Assume, temporarily, CP-invariance for x° decaysj then, the initial

state (omitting the proton feor simplicity)IKL)= | K°5-1E%> results in

p 1oy 3] BMO - fedgtogroy , LX) gt (6)

. 0 *o =0 =¥o .
where f and T are, respectively, the K p-s+ K 'p and K'p—> K "p amplitudes,
* + = *o0
suppressing spin indices. For K = Kn decay, the K'm decays (from K )
- ¥
can be physically distinguished from K nt decays (from K 0) and determine
|f] and | f ] respectively; however, interference effects arise in the K%n®
= * o %
and E°n° modes. If CJX °% = | K °>, the noKS and nOKL modes are produced
by the amplitudes %(f—?) and %(f+?) respectively. The argument of this
3)

paragraph is essentially from ref,

e e —- _- - -
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While | £} and | ] can be determined by the channels (1) ana (2)
or {assuming charge-symmetry) by Ktn—+ K*:n, the relative phases
(see Eq. (16) for example) of the corresponding f and T amplitudes
(implied By a knowledge of ftf) cannot be so determined; hence the
usefulness of the channels (5). The combinations(f+f)have definite
charge-conjugation. Polarisation and K* decay density-matrix data help
to separate the various helicity amplitudes.

As for ordinary regeneration KLp—a KSp 4} the above C-geparation
does not 5)require CP-invariance for neutral kaon decays; this is because
with only CPT-invariance, the C-eigenstates KR+KK and KK-KK correspond to
K K. -K.K. and K_XK_-K_K._ respectively, apart from overall factors. With

L'L 7878 LS 8L
*
only CPT-invariance, (6) gets replaced by (retaining K decays invelving

neutral kaons only)
7 [oy 200 fulrgd ]+ 2o | mr+ Bl 9
1 1

+
¥ - * -
where f = %(ftTIf) are the C-even and C-odd amplitudes; CIK 0>>=Y]IK*° $

the amplitude f (and similarly, ) now refers to K*O production where

K*o—) KOSO, s° =Z [aiP(i}+ ﬁng], the system s® ig a mixture (with

coefficients o, an; f%) of the C-even (Pz) and C-odd (Mz) pionic components.
The C-separation follows from (7) which holds for both ?}=+1 and -1.

When S° is a C-eigenstate, the statement immediately following (5) results

*
890 °
*
able (e.g., Q%> K°w, K°2°x®), the production rates  for KLPO and KM’

from (7). For K s® is just n°. If P° and M° are physically distinguish-

2
components in (7) give If+| , while those for KLMo and KSPD give
2 +
- *®X
If l , assuming o and ? to be known (from K decays, for example). The
third case is when P® and M° are not different; for Q— K0ﬂ+ﬂ—, the ﬂ+ﬂ-

may be isovector (Mo) or isoscalar (Po). To illustrate the C-separation in

such cases, we consider KLP'—PQP s Q= K(nn); taking o and P to be known.+

* One can easily get Iog/ﬁlz also therefrom.

+ Possible determination of a and ﬁ is discussed later.
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+ - + -
The amplitudes for the modes-KSﬁ-n+ and KLu-n+ are, from (7),

A(Ksﬂiﬁ:) = af” i§f+ , (8a)
A(KLﬁ:n:) = ffsf" (8b)

which gives, symbolically, the production cross-sections ¢ as
2 [|af'|2 + [ﬁf+|2 ]
2 ['af+,2 + \Pf’lzJ

o) + o) (2, D)2, 111D
o(tg) - o(q) (o) -] B £17 - 11717

—~—
o
s

—

o(QS)E G(Ksn"'n—) + o(KSn-n+)

(9b)

n

-

o(QL) = o(KLn+n-) + o(KLn"u+)

(9¢)

. 2
Given |« | and | @[ y R gives ‘f-/f+‘ $ using d(QS) or c(QL) gives ]f”\
. 2 -2
and \f I separately, Q.E.D, One may determine \f | + |f |° needed in R
also from the separate data on Qo and ﬁo channels, and combine it with
d(Q ) or O(Q ) to get the needed C- separatlon.

3, K (890) PRODUCTION

Since pion is the dominant unnatural parity Regge pole in KN - K890 '
the present analyses (see, for example,6)) cannot uniquely determine the
other unnatural parity exchanges (isovectors of 0dd-C, and isoscalars) which
are usually neglected, The C-separation from K;,L production would be
obviously useful here. For natural parity exchanges also, the C-separation
would be useful. The guestion of the fast energy dependence 7)of the
Ktp<n>K*:p cross~-sections would be usefully illumined by knowing the
energy-dependence of separately the C-odd (even) contributions from K:(K;)
production.

Unlike KLp-+ Ksp 4), model-independent predictions for the phases of

*

KS I production are difficult because now, the optical theorem is not
T

applicable and, in general, more helicity amplitudes contribute, We
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*
illustrate the qualitative expectation for forward K890 production, For

#
KS production, p-exchange>> w-exchange +, in contrast to KLp-a»KSp where
the w dominates 4). The reason now is that the relevant s-channel amplitude

2

p; at the meson vertex, the w/p coupling ratio is 1 for an ideal vector

(ol 4~1-L ) involves nucleon helicity flip, and is stronger 8) for the
) 3 y P

nonet, Similarly, A2 exchange should dominate over P'., In fact, the P',w
and Pomeron contributions may be rather small because they seem 8) to
conserve s-channel helicity at the nucleon vertex.

Q-PRODUCTION

The main decay mode of interest here is Q°— K°(nn). It is believed 9)

*
that there is no evidence for Q decay modes other than ﬂngo and Kp. The

# .
K i mode implies both the K°P® and the K°M° typess the Kopo is purely k°n°
type. Even if there be no other decay modes (like KDELO), the parameters
*
o and 6 of (7) are unknown because the strength of the K n and Ep modes is

9)

not established . The amplitude @ can be determined, through isospin,

from the Ki(n:no) modes because both M® and (7" n°) here are isovectors.
The amplitudes o and ﬁ can be determined, by charge symmetry, from
Qt-+ K-(n+n—) decays. In general, one needs detailed decay distributions
in the various angles to deduce a and ﬁ. In fact, one may determine (q/p )
from QS,L production data; see point (D) below.

Our simple predictions for QS,L production are an average over the
laboratory momentum interval 4 — 12 GeV/c because they are based on

2)

similarly averaged K p —» Ksﬂ+ﬂ-p data 7,

(A) Density Matrix - Because t-channel states of nonzero Q-helicity are

weakly produced 2), we retain only the dominant t-channel amplitudes

0 0 = =0 )
K d . i
%OO,Lj:é (E°’p— Q' p) an %oo,-ii-j:w;—_ (K°p— Q@ p). Amplitudes of a definite

charge-conjugation other than i are then small. This is interesting
044

+ An s-channel helicity conserving absorption would not alter this

statement made for pure Regge-poles,
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information, for Ceeven and C-odd exchanges separately, on the helicity

structure at the meson vertex in this diffractive process. Since, in general,
- . L ; F T

the amplitudes for QS,L production are combinations like (Olg, -+ F)% ),

see (7), the results 2)

t
@t ~ 1 Re PI: ~ 0, P1,1 >0 (10)

0 2

for Q° and §° production should hold also for Qg ;, Production over the
L]
same (s,t) range.

Only natural parity effective t-channel contributions are henceforth
needed because unnatural parity exchanges populate states of only * nonzero
*

Q-helicity. In the forward direction , the only contributions 3}20 1 are
+ 2

dominated 8) by the isoscalars (P!'+Pomeron) and wj; the above evidence for
t-channel helicity conservation is then mainly for isoscalars. Because of
the absence 2) of a turnover in the near-forward differential cross-sections
- 4 ¥*

i may be rather small,
%, 372
To that extent, since the isovectors (p and AQ) are not negligible 8) as

for Qo and Qo production, the amplitudes %}

compared to the isoscalars in these (t-channel nucleon-flip) amplitudes, the
above indication for approximate t-channel helicity conservation for iso-
scalar exchanges holds for the whole t-range over which the amplitudes for

2)

The statement for w and P' exchanges is interesting., At vertices in-

nonzero Q-helicity are found small.

volving no spin change, they are believed to conserve s-channel helicity,s)
like the Pomeron., The indication now is that also at vertices involving a
spin change, they behave like the Pomeron 10) -~ i,e., conserve t-channel
helicity. More accurate and complete data are, however, needed to establish
this firmly; the argument is especially weak for the w because of its

comparatively small contribution, Eqs. (14,15b).

* In general, it holds for pure Regge-poles; but in the forward direction
where we shall mainly use it, it holds also in the presence of s-channel
helicity conserving absorption.

¥ There, t- and s-channel helicity conservation are equivalent,

+*¥ This can be checked by baryon polarisation data,
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(B) The C-Separation and Relative Phase of the Forward (t':o) Amplitudes

for (K% ~» Q%) and (R°p - §°p) - The only independent amplitudes for

t = -t
forward production are F= and F = . Using particle
%’oo,Jz..li %QO’J?:JE

symbols for isospin and charge-conjugation, and keeping all decay modes,

F(K° -+ Q°p) = £% + w + p + A, (11a)
F(E°p - §°p) =7]Q(f0 -+ A)) (11b)
P =%(F—Y’QF‘) Swtp (11c)
F -3 (F ) P = £ 4 A, (114)

1. From ref. 2), nermalising ]F|2 = o{Q),

ClQ°>:)')Q !Q°>, Y]Q =+ 1 or

one gets

\Im(ww)\c: 1512 -1 P17 e(@)-0(@) (12a)

| F| 5 Jo(Q) |41,
= 0,17 Jf_z.g £ 0.8 mb,GeV™2) (12b)

where o(Q)= %'%‘ (k% = Q°p) and o(Q)= ;j% (8% = 0°p). This gives

|1 (wip)]% = (0.11 £ 0,02) mb/ GeV® . (12¢)
With an intercept % for the p and w trajectories *,

Re (w+p) = Im (wsp) . (13)
This gives
e 1%= b + 0% = (0.23 ¥ 0,05) mb, GeV™2 (1%)
\F+|22| . A2|2 =% (IFIQ +|F|2 ) - IF'I2 (15a)

2
Since the w dominates 8) the p for the relevant (nucleon nonflip)
amplitude, the p/w coupling ratio being 1 at the meson vertex for an ideal

vector nonet, Eq. (13) uses mainly c%u(o):;1/2 . This, and (13), are very

analogous 4) to KLp ...;.KSP.
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= (5.0 £ 1.1) mb. Gev™? (15b)

where o(Q) and o(§) from 2) have been used,
So, the C-separation is available in Eqs. (14) and (15b), This, in
fact, implies that the dominant amplitudes F and P are consistent with

being relatively real; their relative phase ¢ is given by
1 =12 =2 -
Coad) = KY]Q (|F +YJQFI - l F - YpFl )/IFF| (16a)
%7Q (0.94 2 0,29) (16b)

using G(Q) and U(Q) from 2), and Eqgs. (14,15b).

(C) Forward Ktp—a-QS P Phases of the Amplitudes; the differential cross-
- : ]

section‘*ﬁé&'; Energy-Dependence - For definiteness, we consider

Qo—+ Ko(n+n_) with amplitudes « and F}for the n'n_ system to be isoscalar *
+ +
(Po) and isovector (Mo) respectively. Denoting F~ by f and detecting (as

assumed hereafter throughout) charges symmetrically, Eqs. (9a,b) give

da
:H:T (KLp-) QS,LP)' In general, the unknown parameters o and ﬁ may be

9)

*
comparable; it is the case if the supposedly dominant mode “K890 is the

only one, Since ,f+,%3:25 ]ful2 from Eqs. (14,15b), both Qg and Q produc-

+

tion should be determined mainly by lf+|2 for comparable values of « andfg

2)

Because of the known energy-dependence of the integrated cross-sections

for Qo and QO production, the Pomeron seems dominant over P! and A2 ex-
2
+I 3+ the phase of f* is predominantly imaginary., The energy
=1

dependence of f is~ S 2 and its phase given by Eq. {13). Thus, for

changes in If

lalzsl P, s the energy-dependence of both QS and QL production would be

rather flat; and the phase predominantly imaginary. For illustration, take

ol = |ﬁ|  Bqs. (9a,b) give
3"19::' (Kpp = Qg 1p) = 2lo)® (JF12 + 1 F717) (17a)

2

o~ (10.542.3) |a|? wh, Gev™ (17b)

* This implies, of course, the K°(x°n°) mode also.




, (17b) is comparable to the measured

=] -

using Eqs. (14,15b); for la12 =
o(Q) = (3.9% 0.8) mb. GeV™2,

On the other hand, if the wtn” system in Q°-+ Ko(ﬂ+n-) is over-
whelminglf C-even (|a[2>5 |P|) or C-odd (5!a|<<|p]), one can get the 'F‘|2
contribution from Q-S or QL production respectively: With %‘% = A E’.Bt )
the value (14) gives an integrated cross-section of la|2 orl p,g times
(46ﬂ:10)f&b for B = 10 GeV'2, using the B value 4) for the similar reaction
}%}’_’KSP' This value for the "charge-conjugation exchangg" cross-section is
similar to that (nujﬂrdﬂ expected 2) for charge or hypercharge exchange Q-

production reactions in the momentum range 5-10 GeV/c.

(D) Relative Strength o/f of the C-even and C-odd nn Components in'Qqe

*
Ko(ﬂn) and Posgible Determination of the Branching Ratio Q— (nngo/Kp) -

Together with Kop-+ Qop and Rop-e-ﬁop data, Egs. (8) can be used to get
information on o and @ in various ways., We only mention the determination
ofl a/fq[ from Eq. (9¢) in the easier experiment of detecting nn ch:rges
symmetrically: Since for forward QS,L production, the amplitudes lf'| of
Eq. (9¢) are given by Egs. {14,15b), knowing R gives' a/'F |.

Because nonzero ¢« arises from only the ﬂK* decay mode and because a
given a from this mode implies a definite contribution to p from this mode,
the above determination of a/Fg would help to determine (two possible values
for) the branching ratio (Q - ﬂKf/Q-+ Kp), assuming ﬂK* and Kp to be the

9)

only decay modes, for a/(ﬁ real,

I am thankful to A.D. Brody, J. Froyland, M, Jacob, P.K. Kabir, G. Kramer,
H, Pilkuhn, C. Michael and S.M., Roy for useful commentsj and to H. Joos
and E, Lohrmann for the hospitality shown to me at DESY, I am indebted to
G, Eramer for a very useful suggestion,
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