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1. Introduction

The high statistics datal) for K+p*K+W—A++ at 13 GeV/c afford the
;ppor;;nity of studying K*(890) and K#(1420) resomance production. For
each resonance we use the observed K 7~ angular distributions
to determine the t structure of‘the K*A production ampiitude&

Although a comgiete description of K+p+K*A++'réquires twice as many
amplitudes™ as one of KN-K*N, the dominance of m exchange at small ¢t
allows us to simplify the problem, and to perform amplitude analyses
in much the same way as for KN*K*N?’4’5) In order to perform reliable
amplitude analyses, we find that it is crucial to include the lower Km
partial waves under the K* resonances, Having obtained the amplitudes,
we then describe their t structure in terms of a simple model

based on 7, B, p and A2 exchange, together with non-evasive or 'cut!'
contributions. Tﬁis economical model is able to describé all features
of the data in both the K*(890) and the K*(1420) mass regioms., Conse-
quently we can study the production mechanisms as a function of the
pfoduced Kr mass.

Besides their intrinsic interest, a kﬁowledge of the (Km)A production
mechanisms 1s important for the determination of Kr partial waves by
extrapolation to thé_n exchange pole. In particular, we can investigate
whether the advantage of using the non-vanishing, non-flip 7 exchange in
the KpKmA reaction (as compared to Kp*Kmn) is offset by the relatively

large values of [t that occur with increasing Kr mass.

minl
The plan of the paper is as follows. §2 and §3 are devoted to
K*(890)A and K*(1420)A production respectively. 1In each section, the

discussion proceeds from the less- to the more-model-dependent results.

For example, for K*(890)A production we present first, in §2.1, the

<L

'See, for example, ref. 2.



amplituée bounds that follow directly from the positivity of the Kr
density matrix. We then describe, in §2.2, an amplitude analysis of the
Kr angl@ilar distribution based on the minimum number of assumptioné{ and
finally, in §2.3, we use an exchange model to generate the amplitude

structure. OQur summary and conclusions are contained in §4.

2. R*(890) production

In the mass region 0‘87<MKW<O‘92 GeV, the K+p+(K+n-)A++ reaction
can be described by S and P wave Kr spin states only. It is convenient to
discuss the Km angular distribution in terms of the quantitiest SO,PO,P_
and P_, where So and Po describe helicity zero Km production and, to
leading order in energy, PiE(PA=1tPA=-1)//§-describe helicity one produc-
tion by naturﬁl and unnatural parity exchange respectively. Since, in

D

this experiment ’, there is no information on baryon polarisation,

each of the above amplitudes is an incoherent sum of four independent

amplitudes, that is

L1221 ik f? ' D

where (A,N)E(ZXA,ZAN)=(3+), (1+), (3-) and (1-). The degree of (spin)

coherence, Elo, between Po and P_, for example, is defined by
. i
= - o* _ 10
PPy = Poy Pan T Fpp [BolIE_L e : (2)

4,N

. . > > >
where 05g1p51, with analogous expressions for SO.POx and SO.P_*. Before

expressing the observables in terms of amplitudes, we note that in the

T . .
These ‘amplitudes may be regarded as vectors in the space spanned by

the baryon helicity eigenstates.



K*(890) resonance region, § , the phase of the Kr P wave, varies rapidly
° P

with M while 8g is virtually independent of Kr mass. The GL are

related to the I=§,-% phase shifts by

.o 1
: id
. 1 L . . L :

§ = arg [_s:.n‘GL e + ; sin GL e j (3
To allow for the different mass dependences of the S and P wave amplitudes
we average the observable amplitude combinations over the K* mass
bin assuming that 6p3=0 and that Gpl is given by a Breit-Wigner resonance

— -1 .
form [M(X*) = 0.893 GeV, I'(K*) = 0. 05 GeV, R = 5 GeV ~ as in ref. 5,]

and that 55 and the production mechanisms are independent of \{(rr The

observable moments of the Km angular distribution can then be written as:

g =S8 ]éolz + <sin26p> (IPOIZ + IP.,.IZ + iP-lz)

. 2 2
U(Doo‘pll) = <51n25p>DPol - ;(]P+[ + IP_[Z)]

[l

<sin’s > ([2,[2-[2_|?) (4)

Q

l . &
Re o, =/§ <51n26p>[P0[ |P_| 10 08 914

Q

Re p__ = lsol IPOI £, <sin<sp cos (a+e_ )>

Q

1 .
Re == |8 ||P <siné_ cos(A+8 >
where < >indicates an average over the K* mass bin. For convenience, we
> have written the phases, qbis, associated with the S~P interference terms
L

E:f; eq.(2)] as ¢iS=A+eis where AESS—GP.



From eqs. (4) we see that the observables depend only upon the four
amplitude magnitudes ISOI, IPO], [P+[, IP_[ and the three 'amplitude

“ B Y
coherence factors'

10 = £10 ©°s %19

<C_ > = £ <siné_ cos(A+8 )> (5
os os p os

<C, > = £1s <51n6p cos(A+elS)>

The (P_, P_) coherence factor satisfies [Clolsl, whereas the mass-

averaged S-P coherences, <Cis>’ are bounded by #0.787 (see appendix).

2.1 Bounds on the X*(890) amplitudes
| ) 6 . : .
From the positivity constraints ) on the Kp density matrix, we
can calculate, using eqs. (4), the range of values allowed for the

magnitudes of S P, and Pt and for C <C S>and <COS>, The

o? 10° 71
procedure, which includes the averaging over the K* mass bin, is
outlined in the appendix and the bounds are shown in Fig. 1 in both the
t and s channel reference frames.

We see that Po'is by far the largest contribution to the cross
section at small t. This dominance of P, can be attributed to the
T exchange contribution to the t channel amplitude Pli (in the notation
of eq. (1)). However, by -t0.3 GeVz, Pi have magnitudes comparable
to that of P_ and forilarge -t (>0.4 GeVz), P, is the‘largest.amplitude.
Moreover, P, do not appear to vanish at t'Et—tmin=O. This requires the
presence of a contribution which is not (evasive) pole exchange. Such a
‘cut' contribution is expecté&é?o be present in the s channel net helicity
A=1 A=1 !

non-£flip amplitudes P, and Pl— . It is not possible to disentangle a2

e s . . o
"cut! contribution to the other non-flip amplitude, Py, from the large



m exchange contribution. Finally, the bounds on C,. imply that the t-

10

channel Pl: amplitude must be non-zero to produce the required coherence

of P- with the dominant 7 exchange amplitude.

2.2 K+p+K*(890) AtT amplitude analysis
To proceed further we mgke-the reasonable assumption that the

dominant 7 exchange amplitudes are coherent

> 1A > )
§y =g e B | o ®
That 1is Eos=l and G°S=O, which in turn implies ilo=gls:£ and ¢lo=-elsz¢,

The six observables of eqs. (4) are then given in terms of seven unknowns
ol’ [Pil, &, ¢ and A. Apart from the (PO,P_)'coherence parameter,
£, these equations are identical to those used to analyse the o angular
distribution observed in the reactioﬂ w-p+{ﬂ-w+)n in the p mass region.g)
There, the non-evasive contribution to P_ and the 7 exchange contribution
both occur in s channel baryon flip amplitudes and it is-reasonable to
assume that Efl. For Kp>(Km)A this is not the case and, in fact, from the
discussion in the previous section, we expect &0 as £'-0. |

To perform an amplitude decomposition we must‘therefore make an
additional assumpti&ﬁ. At the 7 exchange pole, t=u2, eq. (6) is exactly
true%, and A and Yg are given in terms of Kg phase shifts. However, in
the physical region, t<tmin’ modifications can occur. For the amplitude
analysié we assume that Aéﬁs-ép is known and independent of t, but leave
Y, as g free parametér at each t value. The value that we use for 65 is
that fouﬁd in the amplitude extrapolation described in §2.3. This value

- 5)

5s=46°, which agrees with that obtained™ in the amplitude analysis of

13 GeV/e K-p+(K-W+)n datalo)

3
3
S

in the same mass region, corresponds to

<C >=0,55, With

os =-10° in eq. (3), this value oflcSS implies 6i=39o.

e

'The amplitudes are also exactly coherent at t'=0,



The six remaining unknowns can now be determined from the
observables at each value of t' and the results in the t channel
(s ch;;nel) are shown in Fig. 2a (Fig. 2b). We see that the t channel
(s channel) ClO and <Cls> are negative (positive) and ;uch that <Cls>/010§
<COS> which implies that ¢&1800t00) and EN—Cld (+Clo). The values found
for Y, can be extrapolated to the w exchange pole. The extrapolated
value is in good agreement with that obtained from the Kr phases, indica-
ting that the analysis is consistent.

We note that the t and s channel amplitudes of Fig; 2a and b, respec-
tively, are obtained under slightly different assumptions and are
therefore not exactly related by crossing. The assumption that ios=l in
the s channel leads to some (SO,PO) incoherence in the t channel, and
vice versa. In practice this difference is negligible except at the
largest few t values considered.

To investigate the sensitivity of the results to\the input value of
GS,'werepeatedthe analysis assumiﬁg Gsl=35° and és3=-100 (68= 420,
<C°S>=O.50). This caused Yq to increase by about 107 and <Cls> to
deérease by about 107, while the P wave quantities were virtually
unaffected, with the exception of IP+[ at small |t].

From Fig. 2 we see, besides the dominant = exchaAge in Po, the non-
evasive contributions to Pt' The coherence, lClO], increases rapidly
away from t'=0 and we see that PO and P_ are almost coherentf for
0.1<-t<0.2 GeVZ. Another interesting feature is the rapid decrease

of ]P+[ to a minimum at -tQ.1 GeVZ, before it increases to exceed |P_|

and IPOI at large [tl.

to . . . . .
. 'This 1s related to the observation in ref. 11 that {Re plo[ for K#p+K*(890)A++

reaches its maximum allowed value in this t interval.



+ ++ . .
2.3 K p = K*(890)A preduction mechanisms

We now focus our attention on the question of whether the t structure
of ﬁhe‘K+p > K*(89O)A++ amplitudes can be simply described in éerms of pro-
duction mechanisms expecged to be important. For this reaction we have to
consider 7w, B, p-;nd A2 Regge ﬁqle exchanges. We assume 7B and Ay-p
exchange degeneracy (EXD) and that the w7~B exchange contributes only to the
t-channel non-flip amplitudes, Si+ and Pli. This model for the exchanges,
along with simple t channel non-evasive or 'cut' contributions, provides
a good description3) of 4 GeV/c data4) for»the line-reversed K n - K*p and
K-p + K*n reactions, and of the K-p + K*n data at 13 GeV/cS). For the
K+p - K*(89O)A++ reaction, we find that these simple poie exchanges,
together with s channel non-evasive 'cut' contributions to P,, are a
good description of all features of the data. The cuts, when crossed
from the s to the t channel, automatically generate the observed (PO,P_)
coherence and they also destructively interfere with A,—p exchange
ieéding to the dip in |P+I at -t'0.1 GevZ,

. % . .
We therefore parametrize the n-B exchange contribution by

(t)po _ K ' N
Pl G i (7

where K is a kinematic factor:L2 K—[z +mw) Qj[zm —mV) ‘ﬁl and G = g

b<t-“ ) is chosen to be real in accord with 7-B exchange degeneracy.

The 'cuts' are taken to contribute to the s-channel net non-flip

amplitudes Pg =1 and P% =1 and so we write
2
b, (t-u®)
1
(S)P3+ = Gyge 3
2
b, (t=u%)
e oy et | C®

ES

In the t dependent analyses, we relate t to t' using an effective tmln

of -0.0l4 and -0.051 GeV> for the K*(890) and K*(1420) respectively.



When crossed to the s chamnnel, the m-B exchange of eq. (7) contributes
to all the unmnatural parity amplitudes and, in conjunction with the cuts
of eqs. (8), leads to a (PO,P_) coherence, £, which increases as./-t'
for small t'.
. - : ’ : 13)
Motivated by the success of the Stodolsky-Sakurai model~’ for o
exchange, we assume that A,-p exchange contributes to the t channel ampli-

tudes in the form:

2
b, (t=u™)
(Bt _ = (1) _ ' A
P3+ = v¥3 Pl_ = -t GYA e
(B)+ _ (©),+ _
Po_=.'B, =0 _ . (9

N

where we have taken Ya to be real, in accord with Az—p exchange degeneracy.
The relative reaiity of v, and the cuts of eqs. (8) is ;esponsible for the
dip structure in [P+]-

To allow for the S wave under the K*(890), we assume, as in the
preceding section, that the (pure m-B exchange) S and Po s channel
amplitudes are coherent, that is

2
- ebs(t-u ) b3 Jeos % | ‘ 0
) s )

where X is the crossing angle.relating the s and t channel K* decay frames.

‘ T, .
The crossing factor, cos X, is introduced so that v, is related directly to
K7 partial waves 1 3
T 1 i<Ss 3 18
y. = |sind~ e + 4 sin 67 e S l//g (1)
s s s
This minimal exchange model provides an excellent description of all

features of the data. Moreover, as can be seen from the curves on Fig. 2,

the t dependence of the amplitudes is in good agreement with the results of



the t—independent amplitude analysis. The table lists the values of the
parameters obtained by fitting to the Kr moments (including error correla
. T2 . . .

tions) for -t'<0.4 GeV~, We note that the non-evasive contributions of
eqs. (8) interfere destructively with the 7-B pole contributions to these -
s channel amplitudes, as would be expected for absorptive corrections to
m=3 pole exchange.

Since only the Krm angular distribution observables are available
it is inappropriate to include other possible exchange contributions or to
consider refinements to the model. For instance, the P wave amplitudes
. , . ' . + Lt
nave been chosen to be relatively real, as required by EXD for K p =+ K*A
relaxing this constraint and introducing some degree of phase inco-.
- herence would not change the essential features of the description, and
would only introduce a degree of arbitrariness into the parametrization.
e ) . L e '
However, 1f the joint K*A  decay angular distribution were observed, more
detailed features could be explored. For instance, see refs. 2 and 14

' . . . . . . + ++ ++
where the joint decay distribution is used to study the m p—>pA (wd )

N e

amplitudes at 3.7 and 7.1 GeV/c respectively'.

3. K#*(1420) production

To describe the reaction K+p - (K+w-)A++ in the K*(1420) mass region,

1'36<Mkn<l'48 GeV, we have to consider S, P and D wave Kr spin states.

* :
(Sq» o By Dy DpLs Dy))

. . +
There are therefore nine 'amplitude vectors
to determine from the 15 measurable moments of the Km angular distribution

(<Yi> with Jg4, 0sM<D).

'The S wave 7T contributions under the p have not been studied in these

analyses.

T+ . . - . . L. X .
' 'The notation is that of §2; Lk+ describe spin L, helicity X Krm production

by natural (+) and unnatural (-) parity exchange.
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In principle, we could proceed as we did in the K*(890) region and

first use the positivity constraints on the Kr density ﬁatrix to find

the aTlowed range of values of the amplitude magnitudes, and of the
coherence factors [Be(fi.fj*)/[Li[[le:]between the various pairs of
unnatural (natural) parity exchange amplitﬁdes. Unfortunately, when
considering these constraints on the K*(1420) amplitudes,it is crucial

to ihclude the lower Krm partigl waves. With S, P and D wave Kr production
we have to consider 9 magnitudes and 18 coherence factors, and the
congtraints are very involved and not very illuminating. Given that the

P wave under the K*(1420) isvsmall, it might appear that we could consider
'the constraints imposed by the even J moments on the S and D wave Kr
amplitudes. However, these would be misleading because lPon certainly

cannot be neglected in comparison to | 2 with A=1 or 2.

Dysl

+ ++ ] ;
3.1 K p - K*(1420)A amplitude analysis

In order to determine the t dependence of the K*(1420) production
amplitudes, we proceed as we did in the K*(890) region. We assume that

the dominant 7 exchange amplitudes are coherent, that is

S oy s
O-YSe' (o]
iA
P =y e PJ (12)

o P o

. . . . . o>
Since 7 exchange occurs in the non-flip amplitude component-of LO, these

relations are exact at t=tmin as well as at t=u2, and should therefore
be a good approximation at small t',.

-

i . X 2
The relative magnitudes and phases, Ygr ¥ AS and AP, at t=u- can

p’
be determined by extrapolation from the physical region t'<0 to the 7

exchange pole. Proceeding as we did in the K*(890) region, we perform

an amplitude analysis at each t' assuming that As and Ap are known but
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leaving Y and Yp as free parameters. We tzke AS=56O and Ap=85O which

are the values found in the amplitude extrapolation described in §3.2.

-

Before presenting the amplitude analysis it is useful to indicate
which moments of the Krn angula; distribution are primarily responsible
for the wvarious amplitude.determinations. The even J moments are
observed to be much lar?er than the odd J‘momenfs; this requires small
P wave Krw product?on under the K*(1420). If, initially, we omit the P

wave amplitudes, the even J moments determine So’ Do’ D1+ and D2+. If, further,

we consider only the even J moments with MS2 and neglect D,,, the amplitude
determination is very similar to the K*(890) analysis. These moments

determine [So[’ lDol» IDIEI’ g and ¢ where

B,_.D% = g|p_|[p,_| ™ (13)

I1f we now include the odd J moments and the P wave amplitudes, the
moments <Yi> and <Y§> are mainly responsible for the determination of PO

relative to S, and D_. 1In practice the amplitude determination is more
2 12

involved than this simplified discussion implies, since [Poy

D4

at small t.
From the above discussion it is clear that we cannot extract the

finer details of amplitude structure, such as P_, from the data in the

K*{1420) mass region. Rather than neglect P, altogether, we include

their contributions using the relations
> 1A
e

Pt = Yp

P Bli/@ ’ (14)

which are expected from absorptive corrections to m-3B exchange. We also

(D,_). Moreover, we found that

/

assume D, (DZ—) is coherent with Dy

l—
leaving the phase ¢, of eq. (13), free did not significantly improve the

description. We therefore set ¢=0 (180°) in the s channel (t channel)
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amplitude analysis. A reliable determination of ¢ would rquire even
higher statistics data.

The results of the amplitude analysis are shown in Fig. 3. We
see that there is a large S wave contribution under the K*(1420). The
magnitudes .of So; Po’ DO and Dl; are reasonébly well determined, but
we note that So and Do'are strongly correlated. On the other hand,

since the (Kw) observables do not contain any interference terms

between)thesetamplitudes and D, , we find that D is poorly determined

1 1+

at small t. We note that the <Do’ Dl_) coherence, g, has structure very
similar to that of (Py»P_) in the K*(890) region (cf,|Clo] of Fig. 2).

Also non-evasive or 'cut' contributions to D,, are evident from Fig. 3

t

1+

although D,  does not appear to exhibit the dip found for P in the

1+
K*(890) mass region. The variation of the 'cut'/w pole ratio in going
from the K*(890) to K*(1420) mass region is complicated -in this reaction

by toin effects and cannot be immediately deduced from Fig. 3. This

variation is studied below.

3.2 Production Mechanisms for K+p - K*(M?.O)A++

As in the X*(890) mass region, we determine the structure of the

K#(1420) amplitudes by fitting diréctly to the data for -t'<0.3 GeV2

using an amplitude parametrization based on the production mechanisms.

For the D wave-gmplitudes we use the parametrization of eqs. (7-9) with

-

P replaced by D, with the modification described below. This parametri-
zation leads to non~zero contributions to the D2+ amplitudes and, in

particular, we find 7~B pole contributions to (S)D§: and <S)D%: which
3

grow as (-t')2 and which become too large to agree with the data. This
suggests that absorptive corrections should also be included for these

. 4 : . -
amplitudes. Rather than introducing further parameters, we relate these

(s)DA=l

absorptive contributions to those for , cf eq. (8), using
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() h=2 _ T (el

s

MKv

15).

where “the factor Y-t'/MKw is expected in an absorbed m exchange picture
To allow for the large S wave contribution under the K*(1420), we
assume that it is pure  T-B exchange and given by (cf. éq. (7
2, .
bs(t ) i e

(e _ 7 s
S1, =Yg e e G ;7:; . | (15)

The small P-wave contribution, on the other hand, is parametrized by
ia

3, - e © B, (16)
with P, given by eq. (14).

The values of the parameters listed in the table were obtained by
least squares fits to the data in the K*(1420) mass regiqn for ~t'<0.3 GeVZ.
They provide a good description of the data and the resultant aﬁplitudes
compare well with those obtained in the t independent amalysis of §3.1,
as can be seen from Fig, 3.

One important result that emerges from the fits is that the n-B
exchange contribution to K*(1420) production is strongly correlated to
that for the large S wave background under the resocnance. | In particular,
although AS is well determined, we find a strong correlation between the
values of G,'yg and bs. This correlation.arises.because the_extfapolation
from the physical region to the T exchange pole is over an interval
AenQ .07 GeV2 in the K¥(1420) region. Equally acceptable descriptions of
the data are obtained for values of Yz throughout the range O.81<Yz<1.10,
with corresponding ranges for G and b, of 1.36>G>1.14 and 1.3<04<3.3 GeV-Z.
These all give very similar descriptions of the S, and DO amplitudes in the
physical fegion, as indeed they must as these are the best determined

amplitudes, but lead to significantly different predictions at the w exchange

pole. .
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It is interesting to see whether the M, dependence of the A,-p and
cut contributions to XN + Kna is similar to that found in the KN - KaN
M;eaéézons. From the table, we see that the ratio of A,~p tO 7B exchange
'at ~£=0.3 Gev2 is only half as large in the K*(1420)a region as it is for
K*(890)A. This mass dependen;e agrees well with that found in the i*n Feac—
tionss), although the size of the Ay~ coupling is not very well deter-
mined in the K*(1420) region in either case.

In order to compare the strength of the 'cuts' in the K*(890) and

K*(1420) regions it is useful to compare them with the expectations of the

Williams model7). That is, in the s—channel evasive amplitudes, L;:l and
L;:l we make the replacement
tf t' X 77
7. T2 * Gy (17)

g N -t

where Cp may be regarded as an absorptive correction to the T exchange

contribution t'/uz—t.‘ The Williams model takes CW=1. In the K*(890)

region, we find at -t=.056 GeV® that G=1.0 in P)  and C=1.9 in P .
1

3+

value. These numbers are very similar to those found for the KN - K*N -

In the K*(1420) region, we find C=0.4 (0.7) im DL_ (D) at the same t

reactions, namely Cy=l.1 (0.6) in the K*(890) (K*(1420)) regions. That
is, in'KwA production, as well as in the Ksn and mmn reactionss’ls’l°)
there is a marked decrease of the 'cut' effect with increasing dimeson

mass.

4, Summary and Conclusions

We have studied the structure of the K*(890) and K*(1420) precduction
amplitudes using the moments of the Kn angular distribution observed in

+ -+ . :

the reaction K+P + K7 A at 13 GeV/c. Although it might appear that such
an axalysis‘can only be performed if thejoint ¥K*A decay distribution is
available, we have shown that, for this = exchange dominated reaction, a

reasonable amplitude determination can be achieved even when the A decay

is not observed.
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For the determination of K* production amplitudes we found that iti
is crucial to include amplitudes describing the production of the lower
Kr spfh states. In the K*(890) mass region this is illustrated by
the amplitude bounds (Fig. 1) which follow directly from the positivity
of the density matrix. WhereaS'[PO[ is well-determined by the data, we
see thét']P+] and the coherence factors are sensitive to the S wave
under the X*(890). Moreover in the K*(1420) region we found that the S and
P wave amplitudes, So and Po’ are at least as important as those describing
non-zero héiicity K*(1420) production (namely Dli and DZi)'

We summarize our results on the K*¥(890) and K*(1420) amplitude
structure and production mecbanisms with reference to Figs; 2 and 3. In
the forwérd direction we see that ﬁhe K* resonances are produced dominantly
in the helicity zero state, as expected from the presenﬁe of the nearby
T exchange pole. This implies that the K+p + KxA*TH helicity amplitude,

o

Ll+’ dominates near t'=o. We also see evidence for non-evasive helicity

one K* production, which implies the presence of production amplitudes

L§+ and/or L%_ at t'=0. 1In addition we see that the (Ll—’ Lo) coherence
increases rapidly from zero at t'=o such that LO and Ll- have a large
degree of coherence by =-t'0.1 GeVz. We find that 7 exchange and s channel

non-evasive contributions give a natural explanation of the observed t
strucﬁure of the coherence. Furthermore the dip at -t'~0.1 GeV2 in the
natural parity excha§ge contribution can be described by destructive

interference between Az—p exchange and these non-evasive contributions.

The natural parity exchange amplitude, D, , describing K*(1420) production

1+
does not show this structure, although it is less well determined due, to
a large extent,to appreciable S and P wave Kr production in the K#(1420)

mass region. These lower partial wave amplitudes are, respectively, some

907% and 207 of the helicity zero K¥(1420) production amplitude, Do‘
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A comparison of the K*(890) and K*(1420) amplitudes allows a study of
the Kf mass dependence of the exchange mechanisms for K+P -+ (Kn)A++. As
for Xp= (Xm)n and 7p ~+ (7m)n, we find that the absorptive corrections
(and also Ay=p exchange) decrease relative to 7 exchange wi;h increasing
mass.

Fiﬁally, we compare the K7 partial waves found in the K* resonance

5)

++ . . .
regions by analysing K+p + (Kg)A  data, with those obtained”™ using

13 GeV/e X p -~ (Kmn datalo). The results, obtained by extrapolating the

7 exchange amplitude contributions to t=u2, are in reasonable agreement
(compare the values of 6i; Yg’ As’ Yp and Ap in the table with those of

ref, 5). As compared to Kp +’(Kw)n, the reaction Xp - (Km)A has\ the
advantage.that m  exchange occurs in noﬁ—flip amplitudes. However, in

the K%(1420) méss region we find that the Km partial waQes are better-
determined using K p > (Km)n data. The advaﬁtage of the non-flip 7w exchange
contributions to Kp + (Kw)A is more than offset by the larger value of t

min

(t in=—o'051 Gev? for K+p - K*(l420)A++ at 13 GeV/e) which gives rise to a

jrd

much larger extrapolation interval than for K p - K*(1420)n.
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Appendix Amplitude bounds in the K¥*(890) region
S .., 6) . . - . 1
Positivity 1mposes constraints on the Krm density matrix elements

or, alternatively, bounds on the amplitude magnitudes, ILAI, and the
coherence factoré, Cij‘ defined in egqs. (5): In principle, the
problem can be separated into two parts, that is, the natural and
unnatural parity exchange parts of the density matrix are block diagonal,
However, in the case of a Supe:position of two (or more) spin states, -
the data do not permit such a separation into natural and unnatural
parity sectors. Furthermore, in the K*(899) mass region, the problem
is complicated by the fact that the P wave amplitudes are rapidly vary-
.ing functions Qf KT mass while the S wave is virtually independent of
M. . In egs. (4) and (5) this M, dependence is explicitly exhibited.
Before conéidering the positivity constraints we note that,

because of the mass averaging, the S-P coherences <Cos> and <C, > are

1s

unlike Clo’ not bounded by tl. To see this we write, for instance,

<Cos> of eq. (3) as

/

<C__>=1¢ <sin§_ cos(§ -6+ 8 )>
os os D s p os

= ag cosd Z ac
os

where a is given by

1

2
a= [<sin sp>2 + <sing coss >2]° = 0.787

and, analagously, <Cls>=a Cls' The positivity constraints apply to the

matrix constructed from the [LAI and these Cij’ which satisfy !Cijfsl.

It is convenient to discuss the bounds in three stages. First we

have the bounds on the amplitude magnitudes, that is, ]LKIZBO, where LA =

Sg» ?,» P_ or P_. From the first three of eqs.(4), we can express

O' Q
s %, 12,]?% and |p_|2

o and the observables. The

. [
in terms of, say, IPO{
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magnitude bounds for P, P_ and Po all brovide lower bounds on IPOl while

the bound on [SO[ gives an upper bound on !PO . In the small t' region

(-t' <2 GeVZ), we find that the lower bound for IPOIgenerally corresponds
to |P+I=O.

The second type of bound comes from the Schwarz inequalities for the

. I
unnatural parity amplitudes, that is Re (Li.Lj*) s |L. | < 1.

l[.[le, or |C

ij
By using eqs. (4), we can express the Cij in terms of observables and

N
IPOIh. The bound on C ields a lower bound for [PO] while those for

107
C,q and Cy give both upper and lower limits. For -t'>.12 GeVZ, we find
that ]Clof.sl provides the tightest lower bound on [Pol while for virtually
the entire t raﬁge the»best upper bound comes from [Coslsl.

The third category of bound comes from the requirement that the
determinant of.the unnatural parity sectof of the density matrix be positive,.

In terms of the Cij’ this can be written as

c 2+c 2+c 2—ZC

10 os - 1ls os Cls C

<

10 L

which can be easily derived using the cosine addition theorem. After
expressing the Cij's in terms of IPOIZ and the observables, this becomes
a cubic in }Polz, and, in practice, generates an upper and a lower bound
on [PO!Z. We find that, in general, these bounds are slightly more

restrictive-than those of the first two categories.
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The values of the parameters obtained by fitting to K+p + KT778%" data
in the K*(890) and'K*(l420) mass regions using the parametrizations described

in §2.3 and §3.2 respectively,

'KX(890) | K#*(1420)
g 1.43 1.26
b : -1.2 0.2
'Y3 "'5‘5 _3.0
b3 -1.1 -1.9
Yy -9.5 _5.1%)
'bl 1.4 0.6 .
6.
Ta. >7 >
by 4.4 -
1__.0 T
GS 39 Y 1.03
Parameters bs =6.4 As =560
describin
ToiRE b, =2.3
the lower
X7 wavées 'p =0.21
A =86°
P

a) Ia the K¥#(1420) fits we have imposed the constraint that Yl/Y3 equal

its value in the K*(890) fits.
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Fizure Captions

[£Y ]
(¥
aQ

The bounds for the K+p > kma*T amplitudes in the K*(890)
mass region, obtained from the positivity of the Kr density
matrix. The quantities are defined by eqs. (4) and (5), and

. The S-P coherence factors are averaged over the

YS=ISOl/IPO

K* mass bin and are therefore bounded by #0.787 (see the

. appendix). Figs. a) and b) correspond to using the t and s

channel frames to describe the Kr angular distribution. The
bounds on ]P+] are the same in both channels,

The 13 GeV/c K+p‘+ (KW)A++ amplitudes obtained by analysing the
Kr angular distribution in the X*(890) mass region, The points
are the Fesults of the amplitude analysis described in §2.2, and
the curves correspond to the fit, described in §2.3, to data with

-t'<0.4 GeVz.

The 13 GeV/c K+p - (KTr)A++ amplitudes obtained by analysing the
Kr anguler distribution in the K*(1420) mass region. The points
are the results of the amplitude analysis déscribed in §3.1, and
the curves’correspond to the fit, described in'§3.2, to data with

-£1<0.3 GeVZ. )
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