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SUMMARY

Experimental results for the reactions Kp-Y; * (1385) 7 *
and a few other reactions in the few GeV energy region are discussed.
Qualitative arguments are given in favour of an interpretation of
certain non-peripheral features in terms of isobar diagrams, Sub-
sequently the reaction KbépK*TBBB) is analysed in a more rigorous
approach based on the assumption that,at large momentum trans-
fers at least, K" production through an intermediate isobar is |
dominant. This analysis is based on well~established conservation
laws, without making use of dynamical assumptions. As a result
it is shown that the data at 1. 5 GeV/, incident momentum are con-
éistent with the one isobar hypothesis applied in the backward hemi-
sphere of the overall cm-system.; for.isobar épih'g and positive
parity, The amplitudes for disintegration of the intermediate iso-
bar into the final state are approximafely determined, up to some

ambiguities in phase,







ISOBAR DIAGRAMS AND INELASTIC RESONANCE PRODUCTION

1. INTRODUCTION

In the few GeV energy region the salient features observed in
K#p and 7 *p reactions, yielding final states containing one or more
resonances, are as has been noted by many authors: a marked
tendency for formation of quasi two body final states: preference
for small momentum transfers; significant structure in the resonance
disintegration angular distribution, The third feature is compatible
with disintegration of the resonance as a free particle,

Similar features have been observed in NN reactions and in pion
photoproduction from nucleons. Although the peripheral modell)
in suitable adaptations, meets with considerable success in account-
ing for these featuresz), attention is drawn to the fact that in the
phenomenological analysis of photoproduction of pions from nucleons
in the energy region of the higher nucleon isobars, besides one meson
exchange diagrams isobar diagrams turned out to be necessaryB),

Then one might a fortiori expect that such diagrams can play a dis-
tinet role in K*N and 7*N reactions too, since here the coupling
between the incident meson and the intermediate isobars is in general
stronger than in photoproduction reactions. i

In this article mainly Kp reactions will be considered in view of
examining whether known experimental data contain evidence for iso-
bar diagram contributions,

As concerns the peripheral model, it has been noticed in particular
that the third feature, mentioned above, allows one to specify to some
extent the appropriate model: the spin density matrix of the resonance
can be determined partially, and from this knowledge e, g, the ratio
of pseudoscalar meson exchange to vector meson exchange amplitudes
follows4). The application of resulting models for predicting the
resonance production angular distributions yielded some discrepancy
with the ohserved distributions, in particular at and above 3 GeV, the
last ones showing stronger forward peaking. This difficulty has been

removed by taking into account absorptive effecis, due to competing
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channels5). Since this modification of the peripheral model does not
change the predicted resonance spin density matrix inz'crucial
way, satisfactory agreement both with the observed reslonance pro-
duction angular distribution and its disintegration characteristics
could be obtained, A different formulation of this modification in
terms of the K-matrix, imposing the unitarity condition on the S-
matrix, which reduces the Born terms in low partial waves, is due
to DIETZ and PILKUHN®),

Meanwhile, it is realized that even these refined peripheral
- models do not account for the observed features at all momentum
transfers in certain reactions, nor are they applicable to all re-
actions possibleje, g, in K"p collisions, Also if three or more par-
ticle final states {(non-resonant background), are somehow taken into
account explicitly, such as in Dietz and Pilkuhn's model, where a
statistical treatment is applied to such states, this difficulty remains,
It ig the purpose of this article to draw attention to a few such non-
peripheral features in K’i) reactions, and to consider the possibility of
relating these features to isobar diagrams. In Section 2 this will
be done in a rather qualitative way, whereas in Section 3 a more
detailed study follows of the reaction K‘f)—%pK*’ (888). Also here the
K™ production angular distribution and its disintegration angular
distribution will be predicted, and comparison with experimental

data will be made,
2. SOME EMPIRICAL REMARKS ON Kf) REACTIONS

The major part of this section is devoted to the reactions
Kp-Y, 7 atl5GeV/, incident momentum (Lab). At the end of
the section some other reactions will briefly be considered,

Not all phenomena observed in the Yl* production reactions
have been interpreted in a satisfactory way'?)o In part,large statistical
uncertainties in‘the measured production angular distribution, Y1
disintegration angular distribution, A polarisation etc. obscure the

true structure, Nevertheless some typicalnomperipheral features



are well established experimentally, These features will be discussed

below,

The notation K to indicate the unit vector along the 3 momentum
of particle A in the overall rest system, is adopted, Sometimes 2
will be taken in another reference frame, which will then be stated
explicitly,

The experiments) shows some backward peaking of Yl* , which
is roughly equal for the two charge states. Since one meson exchange
cannot contribute to Yl*_ production, this ié no argument in favour
of important peripheral production of Yl*" . Actually a much more
pronounced forward peaking of the Yl* 's is observed. This effect
is most important for Y;*" ; for both charge states inclusion of
negative fourth order terms in ( '“'f’l* ) is necessary for the fit to the
production angular distribution . No peripheral model, with reason-
able choices of form factors, —reproduces this struéturel). From the
density distribution in the Dalitz plot one estimates that 5 per cent
of the events in the resonance mags bands correspond to non-resonant
final statesg). The background arnplitude. appears to be too small to
account for the observed deviation of the producﬁon angular distribution
from predicted forms in a peripheral model,

A second indication for the presence of a non-peripheral production
mechanism comes from what might be called the p%(Yl* ) anomaly,
The Yl* sg:in alignment along the direction of motion of .the incident
K-meson, K- seen in a Yl* rest system, _Which direction is taken as
a z-axis in that rest system, is specified by p%(Yl* ), measuring the
population of J, =+ 3 Yl* spin states, It is assumed that Y;* (1385)
has spin % . The experiment reveals that p%(Yfk) is significantly
smaller than one for Yl* production angles, such that [ (K:Yl* )] = 0,85,
More precisely one has p%(Yl*Jr )=0,4+0.1, respectively p:_l;(Yl*' Y
0.6540.10 for I(ﬁ."ﬁ}l* )l‘g 0.85, The same orders of magnitude are
found when less collimated Y,*'s are also considered, (Statistics
prevented consideration of more collinated Yl* 's : for l(ﬁ‘.’%fﬁf)f? _
0.96 one is left with 14 Y;** 's and with 20 Y,*" 's,) The anomaly
consists of a discrepancy with the expectation p-,l:(Yf* je:1: for

t (I{':‘Yl* )[z_ 0, 85 if peripheral producfion were dominant. The exchanged
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K* would leave invariant the z-component of the baryon spin., Again
the effect appears to be too large to be due to interference with the
background amplitude. If the non-resonant Ar* system would have
angular momentum with exclusively Jz=+3, which would be the most
favourable case for such an explanation, ‘the background amplitude,
necessary besides one meson exchange amplitude still amounts to

40 per cent or more. The argument is further supported by the fact
that the observed Y1=E= disi'ntegration angular distribution in the polar
angle of A, taken in the Y{* rest systefn, does not show any deviation
from symmetry. Finally the argument is not invaliditated by some

7)

indications ' in the observed Yl* disintegration angular distribution

in the azimuthal angle and in the distribution of the A polarization,

as a function of the polar angle of. f&, for disturbing interference
effects, since these distributions refer to quantities that éntirely depend
on interference between different amplitudes and are much more sen-
sitive to disturbing interference effects.

The measured values of p3(Y;*) necessarily require orbital
angular momenta £= 2 of the Y;¥ 7 system to be important, once
final state interactions are neglectedg). The well-known argument
that at production angles € and 7-0 quasi two-body final states with
26£1 have J,= t3 for the baryon, yields this lower boﬁnd. The
result is consistent with the occurrence of fourth order terms in the
Yl* production angular distribution.

On account of the pro‘perties of the Y,* production angular dis-
tribution and the alignment of the Yl* spin, discussedabove, one
infers that a non-peripheral production mechanism is indeed active,
rather than assuming dominant peripheral production, and putting
the blame farthe p3(Y1¥) anomaly on the account of final state inter-
actions7). In fact a natural interpretation follows immediately if
isobar diagrams are introduced. Just as in the phenomenological
analysis of photo production reactionss), one may think of uncrossed
and crossed Born diagrams, indicated in Figs.l.a and 1.b resgectively "
These diagrams represent the simplest possible non-peripheral

mechanism,




The uncrossed Born diagram, in which the intermediate isobar

may have isospin 0 or 1, leads to identical contributions to the Yl*i
production angular distributions, which moreover are symmetric
in (K7 gff) The observed distributions contain considerable sym-

. . ., W (cosB) -W(-cosb)
et ts, £ = »
meiric parts, Introducing the function R(cos@) W (cosB) PW(-cosD)

where cos@ = (K'.'fl* ) and W stands for the best fit to the observed

)

distribution °, one has for the two charge states of Y;* that have

!

been considered in the experiment:

cosé | 0.25 0.50 | o0.75 | 1
R(Y;**) | 0.45 0. 50 0,37 | 0.12
R(Y**) | o0.19 0. 31 0.38 | 0.45

These values illustrate that in W(Y,*+ ) as well as in YV(YI*') the
symmetric paris are more important than the antisymmetric parts,
the last ones not being negligible on the other hand. If this is taken
as a plausibility argument to assume that the uncrossed diagram
effectively confributes. at the same time a diagram of different type
is needed to account for the asymmetry in W(Yl*i). The fact that
everywhere on 0<cosfs 1 R(Yl*_i ) 1is positive implies that such

a diagram favours forward Y1* productidn, This immediately leads
to the crossed diagram as a plausible candidate,If is then interesting
to notice, that in the Y;* 7 * channel the intermediate isobar N*
can have isospin 3 or .g , but that in the Y;** 7~ channel only isospin
-% is allowed in the crossed diagram. One may conjecture that the
different behaviour of R(Yl* ) for the itwo charge states, and in
particular the more pronounced forward peaking of Yl*‘ , are directly
related to this difference in possible crossed diagrams., Of course
also interference between several diagrams can be different for the
two Y;* charge states.

As concerns the uncrossed diagram, it has to be required that
the spin of the intermediate isobar, called J(Y*), satisfies the con-
dition J(Y*).z g in order to allow for the fourth order terms in W(Yl’c= ).
For J (Y¥) = 'rir and even respectively odd parity of the intermediate

isobar one then disposes of p-and f-wave Yl* production amplitudes,
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respectively d- and g-wave amplitudes, for the uncrossed diagram,
‘This combined with presence of crossed diagrams, which leads to
Yi*r states without a limitation on allowed £-values, seems to be
sufficient to account for the observed low values of px (Yi¥*+), dis-
cussed before, A comparable example, where a sole uncrossed
diagram with p- and f-wave amplitudes. yields an amount of spin
alignment which is less than half the value predicted on the basis - -
of one pseudoscalar meson exchange, for production angles near
0 or #, will be treated in Section 3.
It need hardly be emphasized that the tentative interpretation
of the salient features observed for the process considered above,
based on an isobar-peripheral model rather than a beripheral model, is pre-
liminary, Neither the available data, nor the arguments used in
their interpretation, lead to conclusive results at present., The
type of analysis to be performed in a somewhat more quantitative
approach, is well known, An example is a recent study of some
associated production reactions at comparable energies, in which
both isobar diagrams and one meson exchange diagrams are taken

10)

into account explicitly Here a few general remarks on the
appropriate isobar-peripheral model are made only.

In order to obtain a manageable model one is tempted to restrict
oneself to the nearest singularities of the production amplitude,
The total CM energy being ~ 2 GeV, this leads to identifying ten-
tatively the intermediate isobar in Fig.l.awith YD"= (1815). This iso-
bar probably possesses spin and parity JP = g+ 11). Also Yl*' (1765)
might contribute, with J¥ =3 . Study of the reaction K kY, 7 will
enable one to determine the relative weights of the two diagrams,
In Figl.b one is led to identify N* with N respectively Ng* (1238)
as plausible candidates, Adjustable parameters in the isgbar model
are effective coupling constant products and partial widths., Results
for these parameters will be important for comparison with pre-
'dictions from symmetry schemes, |

Contributions due to K* exchange cannot. a priori be excluded;

at a higher energy such contributions are known to be dominant, Cf.

remarks below, Finally'as mentioned before, certiain observable
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quantities may be sensitive to the influence of non-resonant final

states,

The model will lead to predictions of the Y,* production dif-
ferential cross-section and the joint final state density matrix, as
functions of energy.

Secondly, the type of useful experimental information will thus
be: production cross-sections, production angular distributions, Y*
disintegration angular distributions in polar and azimuthal angle and
A polarization over the range of incident momenta 1.3 - 1,7 GeV/,
at least, Similar data for the reaction K_n-éYl* n will be of import-
ance, As concerns the Y;* disintegration characteristics, separation
of the Y,* sample according to some intérvals of production angle
corresponding to increasing four-momentum transfer is desirable,
in order to gain better insight into the role of peripheral contributions
presumably present mainly at the smallest momentum transfers, and
of contributions from crossed isobar diagrams, presumably pf‘esent
mainly at the largest momentum transfers occurring in the reaction.

A less ambitious approach consists of selecting reactions for.
which the number of possible contributing diagrams is smaller than
for Iﬁ)-)Yﬁ 7. Evidence for isobar diagrams may then be contained
already in a smaller amount of experimental data, e.g. data for fixed
total energy, and their coniributions may be studied conveniently.

As a first example K}) reactions at 3 G‘reV/c inéidént momentuin
(Lab) may be mentioned, Besides final states which are definitely
produced peripherally, such as nk® ; Z*'n™ ; Ar® ; Ay ; )/,’Hﬂ-
and pK*‘ , also final states are observed, with smaller cross-sections,
in which the baryon moves preferably =~ in forward directions,
Examples are T et ; X*"n;* s oKt oand 2TK*Y 12)_
Uncrossed isobar diagrams seem to be negligible at this momentum,
whereas one meson exchange is excluded, It appears therefore that
these reactions are entir;aly due to crossed isobar diagrams, if the
simplest possible mechanism is again preferred instead of more
complicated ones that might be invented, From this point of view
these reactions are obviously important and worth studying in great

detail both experimentally and theoretically.

-




An a priori more complicated example is provided by reactions
of the type K*p-NK*; N*K or N*K*, Here uncrossed isobar diagrams
are forbidden, if no strangeness +1 isobar exists at least. Data at
1.5 GeV/, incident momentum (Lab) have been analysed in a peripheral

13)

model with form factors To the author's knowledge no attempt
has been made to consider crossed isobar diagrams expi_icitly, in
addition to one meson exchange diagrams. Data at 3GeV/; seem to
be congistent with dominant peripheral production, with absorptive
effects taken into account14). In view of these results and the results
for Kp reactions at this same high momentum, it thus turns out that
at 3GeV /. isobar diagrams probably are not competitive with peri-
pheral diagrams in K*p reactions, Their precisé influence is un-
known. | '

A third example is the reaction K"p—>pK*", where crossed iso-
bar diagrams are fdrbidden. According to the previous remark and
the discussion of the reactions Kp-Y7{ 7, one may expect that K*
production as indicated, at 1.5 GeV/c . provides evidence for the
presence of intermediate isobars Yo (1815) or Y;*(1675), besides
possibly one meson exchange, This process is therefore suitable for
examining more critically than has been done so far, if further
evidence for the "isobar-peripheral'' model can be obtained, in spite
of the limited experimental data available, The following section

deals with this problem,

3 STUDY OF THE REACTION Kp-pK* AT 1.5 GeV/, INCIDENT
MOMENTUM

The experimental results of an investigation of the reaction
Kp-pK*(888) at 1, 5 GeV/, incident momentum (Lab)15’ 16), ag

far as they are relevant for the following analysis, are recalled

here:

(a) The histogram for the K*~ production angular distribution
| in the overall CM system, shown in Fig, 2. Forward K*'pro-
duction is dominant, but in addition a peak in the backward hemi-
sphere is present, Its maximum lies between (I;I"IE #) =-0,6

and = -0, 8,
-8-




It is possiblelﬁ) to consider this distribution W(K*’) as a sum
of a purely peripheral distribution, which is taken identical to the
known distribution W(K**) for the reaction K*p—)pK * at L5 GeV/Q, -
and a remaining symmetric distribution, If statistics will be im- |
proved, this decomposition may turn out to be an ovér— simplification,
In any event,one can assert that experiment suggests that peripherai
diagrams are p_résent, together with an uncrossed isobar diagram,
the respective contributions of which to W(K% -) may add incoherently
approximately, The peak near (IA{“. ﬁ*') =+ 0,7 in the isobar con-
tribution requires this contribution to be at least of the 4th order in

' (12'. I&f""}, so the intermediate isobar has Spin'g or more, Moreover

the isobar diagram dominates in the backward hemisphere,

(b) The K*Tspin density matrix p, as far as determined by the K* dig-
integration angular distribution, Three intervals of four momentum
transfer squared have been considered separately, which intervals
correspond to a partition of the whoie (IE-. IE*') interval into three

equal subintervals, Use is made of a K* rest system, in which the
z-axis lies along I?I“, seen in the K* rest system, while the y-axis is per-
pendicular to the production plane. The system is right-handed, The

following parameters are defined:

A=-2Re, P = Im (ﬁ,o*fo,—:) ; "=Re(’,,_, ; r""Imﬁ_?)

Invariance with respect to reflection through the production plane
requires 4 and o to be zero. The experimental results, integrated
over each one of the three subintervals, are consistent with u=co=0.
Moreover the K* disintegration angular distribution actually can be
fitted satisfactorily with an expression characteristic for spinl of K*,
Hence no indication of disturbing interference is present, The
results for the remaining free parameters, Po, 0" A and v are as

follows:




TABLE 1,

s (K K)s1 | -3s(KK)st | -1s®K)s-3
fo, 0 0,56+ 0, 08 0.16+ 0.11 0.27+ 0,10
A ~0.09+ 0,10 0,04+ 0,13 0.29% 0.12
v -0.02: 0,07 0. 05+ 0,10 -0.20+ 0. 09
15)

As has been noted, ' the apparent difference between the values in
the last column and those in the preceding columns again suggests
that different production mechanisms are present in the backward
respectively forward hemisphere. The simplest possible inter-
pretation is that on the interval -1= (I%: I‘:C*')S -3 péripheral con-
tributions can be neglected altogether. The corresponding data
thus are accessible to an extremely simple approach, in which one
uncrossed isobar diagram is assumed to be present only.

It is pointed out now, that according to this hypothesis the con-
sequences of K™~ production, through an intermediate state of definite
spin and parity can be analysed, on the basis of well-established con-
servation laws, without performing a dynamical analysis in the frame-
work of dispersion theory of perturbation theory, It can thus be veri-
fied in a solid way if the hypothesis is consistent with the mentioned data,
However no prediction of energy dependence can then be made. As
soon as similar data at not too remote K momenta become available
dynamical calculations will be necessary to obtain further evidence con-
cerning the "'one isobar hypothesis', Obviously also in the forward
hemisphere the dynamical approach cannot be avoided,

The first part of the analysis in the backward hemisphere con-
sists of the derivation of the expressions for W(K ™ ") and the matrix
p in terms of the amplitudes for the disintegration Y”c-épK*-. This

derivation may be reviewed here in the helicity representation,
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As a starting point the general expression for the final state

17):

joint spin density matrix is written down

*

23+
6/\K“‘ /\P,xkﬁ )\P —};—_[A—K",/\P_‘.:;(*,)\}, X
Z‘ P L(M H)Yclg (9) d’i’,\'(ﬁp (2)

fiere J is the Y¥ spin, with z-component M; p (Y¥) is the Y*spin
density matrix; T)\k*' )5‘1 are helicity amplitudes, Making use of
axial symmetry around K, which direction defines the z-axis in the
Y* rest system (the orientation of the x- and y-axis need not be

specified for this system), a more convenient expression reads:

X

&K“’)‘P;A’;")‘}’ = Tagrdy D Ao X
3 * : o A" (3)
MZ=:,.{ 6, (y") Q*‘(?,n,/\,)u,é’) + SM()’)Q(?-”»U'. 0

In Eq. (3) the pM(Y*) are the ¥* spin alignment parameters, whereas

(Y= Cumly) = Com-m (Y

The functions Q%*, depending on the polar angle of K called @

as before, are defined as follows:

QE(pMAN, 9) - go i li'H)E) R(rMmANE) Pj“x( 9 @

where P ;s are associated Legendre polynomials, The coefficients

18)

R expressed in terms of 3] symbols 7, are given by:

l - M- A ' of--/\ +/\’)!
ROIMAN D =) () (2€+) Eﬁﬁﬁ

(31 j; f)( ):} -i: -)\£+)\')
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They are a generalization of angular distribution coefficients extens-

19)

ively studied elsewhereé The functions Q* have simple symmetry

properties:
G (am A8 == QY (7,-MAK ) =
+ (~:)’\*X Q¥(y,M~A-N,8) = * ) Qf(;, MAN, e—8)
= Q¥ (pmAXY) ©

For obtaining Eq. (3) use has been made of Eq, (6). Since the inter-
mediate isobar has "Adair spin alignment", p,; =6 Mp and the
initial protons can be assumed to be unpolarised, GM(Y*} = 0, Eq. {3}

simplifies to

- * At ,
e/\k*,AP;A};*')\P —KK*:AP‘];};*,/\;’ Q (},‘;T,/\,A, 3) (7)

This result holds irrespective as to whether parity is conserved
or not., On account of Eq. (6) the joint spin density matrix is hermitian,
Moreover since parity is conserved, which implies that the helicity

amplitudes are not all independent:

Tty = 1 ey o

7 = ply? Sk

it follows from Eqgs. (6), (7) and (8):

6 , I 1= ("I)X-/\ ! [
*)\kf,“AP 3 ")\k*,"/\}, | €)\k*,AP > )\k*"_ AP

-12-
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Finally the K * production angular distribution W and the K* spin
» .
density matrix Pk (8) are obtained from Eq. (7) by taking the full
trace respectively the trace with respect to the profon helicity variable,

of the joint spin density matrix. Adopting the notation:

Q

+

(34008 = Qp 4y 10)
one finds making use of Eq. (8):

W ol [Taf 10, + 2| T Qo

respectively
o (6)
K*
({20 (6)
0" o)

1,0

P,,k_,*[g) =27 Re{_rl,% Tj} o

ITI.%llQu * ]_E,——z’ 103,3 |
2-\-[—0,% lQ:,l

. »*
7 Toet Lot Qg +1s T,

’

il

Il

*
3 Ol,*l 12)

Since pIK*r satisfies a relation similar to Eq. (9), which is usually
formulated as invariance under reflection through the production plane,
and as pK* is hermitian it is sufficient to give the four elements in
Eq. (12) in order to specify the whole matrix oK Tt may be noted
that @ 1,-1identically vanishes on account of Eq, (6).

Before comparison with the mentioned data can be made, ‘some
elementary transformations have to be applied to pX* as it stands
in Eq. {12), First of all p¥* and the experimentally determined matrix

p refer to different reference systems, These two K* rest systems
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are related by the rotation about the common y-axis, which turns
K*into K=, both vectors taken in the K* rest frame. The angle of
rotation @ is é function of 6 . Subseque ntly the matrix obtained

- after applying this rotation. has to be integrated over the chosen
interval of production angles, Finally the resulting matrix has to

be divided by the fotal probability to find a K* at one of the production
angles thus selected, which leads to Tr p = 1.+ Taking the result,

Eq. (C.2) and introducing for convenience the combination of
parameters 1-p, o+ 2v and -2, recalling Eq (1), one deals with

the expressions:

'= Po,o+ 2V = D"z[ II"{FSU +J-l—i,-i‘lzsl3 +
v 27 RC{TLI’ —,_I,-;} 53,-:]
H= Coo =2V =

+2]T;,412{S,,,7 j 297R [Tt ,_z} ”+ a3
+V"77Re[T_JT } a)]
i A =D L=Tl S - Tl s+
+217Re T4 T4} SV *2W7Ref77.-ﬂlf}x
{$ =25 + 2| Toal's) ]

‘The denominator D is given by Eq. (C.1). The integrals S, defined
in appendix B, are further discussed in appendix D. Eq.(13) is
general, i, e, it can be applied to find the pure isobar contributions
10 po,0, A and ¥ as functions of the three independent helicity ampli~
tudes, on any interval of production angles, Moreovér the results
(11) and (13) hold for an arbitrary value -of the isobar spin J.

Next comes the comparison of Eqgs. (11) and (13) .with the men-
tioned data. . 7
I These wansformations are discussed in Appendices AR and C.

~14 -
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To start with,the K production angular distribution, normalized
according to fdcosQW = 1, is considered, From Egs, (4) and
{5) it follows that

I
= O) =
Jlac0 Q= 2RIEMAN
So the choice of normalization is equiValent to:

2

& . | The

on account of Eq. {11). Introducingvthe new parameter

2 ;A
2| T4l 0 o
one concludes that the isobar hypothesis implies a severe restriction
~on W : this distribution deperi"ds on one adjustable real parameter
T only, instead of the three helicity amplitudes, Of course one

disposes,in addition,of a scale factor N, which will be chosen so

. that 1 AgoSGWis equal for the theoretical and observed distributions,

The restriction on possible shapes of W depends on the value of J,

5 _
Of primary interest is the case J =% . In this case computation of

Q. and Qg3 5 leads to the result:

\/\/ N{! + a cos 29 -i-bCos{‘@} with

T-% sT=3 h
A== 177 and b=s | (15)
. T+1 T+

Hence the coefficients a and b are not independent:

4b=5(2~2) . e
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The observed presence of a maximum in W near cosf = - i com-
pletely fixes T on account of Eqgs. {15) and (16}, except for the
statistical uncertainty in thé position of the maximum. A priori _it :
has to be required that the resulting T wvalue should lie between O
and 1, which obviously is the case., Unfortunately T varies rapidly
with the position of the maximum, Fig.2 shows the curves for W
plotted on -1scosf=1, for different choices of T. The curves 1,

2, 3, 4 correspond ;co T = 0,37, 0,28, 0,14 and 0 respectively. A
conservative conclusion is that the isobar hypothesis is compatible

with the observed distribution when
0g | £ 0.3% | (17)

Subsequently the data quoted in Table I are considered, In view
of Eq. (13) the measured parameters p, A and v depend on four real

almost independent parameters, which may be chosen as follows:
2
Tos
% ‘
S = (T,
2y Re { Tt o 1)

?

r=29Re {T,3 T, 4}

the reinaining parameter being T defined by Eq. (14). This time the

't'-_-z

isobar hypothesis imposes restrictions on possible values of

Poo » A and v by virtue of the general consiraints

o0&t <] ¢
s < VLt (1-T)
rl < \T-90-T) +

=-16-




JIn principle knowledge of W, Po,0 A, v is sufficient to determine

r, s, tand T and comparison of the solution with Eqgs. (17) and (18)
provides a consistency criterion for the isobar hypothes'is, Again
the considerable statistical uncertainty in the experimental data may
" allow for some set of solutions, satisfying Egs. (17) and (19). This
actually turns out to be the case, Before discussing- in more detail
the results of the fits to the data, one other general remark may be
made, which concerns the determination of the helicity amplitudes
from solutions for r, s, t and T. As is evident from Eqs. (14) and
(18) these amplitudes are determined by a given solution up to an . .
irrelevant common phase, complex conjugation and the ambiguity
defined by invariance under the simultaneous substitutions

"'TJ- T;.a—)- TJ_ T_}-—J»T’:_i ahd ?]-—:--7{ H.
Hence the parlty of the 1ntermed1ate isobar cannot be determined
from the quoted measured parameters for p and from W, Either
the transverse proton polarization in the final state has to be
measured for this purpose, or some dynamical assumption has {o
be made in addition. Tt can be shown that only the second pos-
sibility applies. At the end of this section a crude centrlfugal barrier
argument will be considered.

The results of the data analysis on the interval -1sScos@ <-3
will be discussed next, Inserting the corresponding numerical values
of the integrals S for J ==‘g into Eq, (13_} and taking the constraints
(17) and (19} into account, the isobar model predicts as possible |

ranges for the values of p, A and v

0.05 & P, £ 0.50

(20)

¥ A general discussion of ambiguities in elastic scattering amphtudes has recently been given by
R. Van WAGENINGEN, Annals of Physics 31, (1965) 148. However in this paper only "unpolarized”
cross-sections have been considered. The ambxguzty found here may be generalized along the same

lines as followed by Van Wageningen.
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Allowing for one standard deviationslhe values in the last column
of Table I are consistent with Eq. (20). Violation of Eq. (20) would
have ruled out the isobar hypothesis; the actual result encourages
further investigation of the acceptable solutions, Fq. (13) defines
the functions (Do’o( st 1) vibstT) and AlrstT),
and one is led to consider the customary quantity

X 2 (Po,o ~ 0.27)2+(0 +azo)‘+(/\- Mz)z

0,10 0.09 o2

constructed from these functions and the measured values, For T
fixed X2 has been minimized taking the constraints (17) and (19) into
account, The resulting best solutions r(T), s(T) and t(T) together
with their X? values are displayed in Fig, 3. This picture shows
that solutions for T30, 10 may be rejected, Then the orders of
magnitude of r and s are reasonably well defined for the optimal
fits, but variations of the order of 0,05 in r and s are compatible.
with X?% 2 on the remaining interval 0,105 T% 0,37. It is interest-
ing to notice that the curve r(T) in Fig, 3 represents the maximal
values of r allowed. So a characteristic property of the optimal
solutions is that Ty 4 and T; .4 have the same phase, In view of
the undeterminancy in r corresponding to - X2%2, it cannot be proved
that the two K™ helicity 1 amplifudes interfere exhaustively, but at
least strong interference is predicted, '
As mentioned in connection with W, it does not seem possible

to interpret data :in the forward hemisphere in terms of one uncrossed
isobar diagram, Therefore application of the analysis just outlined.
to the data present in the second column of Table I, is expected to
yield either inconsistency with Eq. (19) or solutions which are sig-
nificantly different from the ones obtained on -1<cosf=s -3. As a
matter of fact the second alternative prevails. The best solution

in an absolute sense, for 0=T=0. 37, reads: r=-0,0%, ¢= -0, 28,
t=0,25and T = 0,37, Its X? is 0,9, which may be compared with
the absolute minimum X°= 0, 05 for -lscosf<-%, A search for best
simultaneous solutions for -1%cosf=-% and -i<cosf=3 leads to

X > 13 for such fits, everywhere for 0= T= 0, 37,
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It is concluded that, within the limits of the present non-dynamical

approach, the data at the Iargest momentum transfers can be sat-
isfactorily interpreted in terms of K* production through a spin%
intermediate isobari. Energetically Yo* (1815) is the most plausible
candidate for the isobar. At smaller momentum transfers no such
interpretation is possible, which is attributed to competing peripheral
~diagrams, From the fits to the present data, on the interval
-1< cogf =~ 3, the helicity amplitudes, describing the disintegration
Y¥-spK¥, might be determined approximately and up to some ambig-
uities in phases. Higher precision in the data is needed for an accurate
determination of the helicity amplitudeé, which in turn will provide
valuable information concerning the Y*NK* coulﬁling. Moreover
..knowledge of these amplitudes will facilitate the analysis of the data
at smaller momentum transfers, in the framework of an "isobar-
peripheral model. Here some common features of the acceptable
solutions for the helicity amplitudes may be mentioned, without
going into details, Fig, 3 contains almost all the necessary information
for obtaining details. _

For X252 T;,.; is the largest amplitude and Toy and Ty 4
are of the same order of magnitude, The relative phase of Ty .1
and Tj,; is zero or finite and small for P '(Y*) = +, which is suffjcient
to characterize also the solutions for opposite parity, The relatix;e
phase of T, 1 and T; .4 Iis of the order of 607+ 30°

The corresponding £S amplitudes; p;, f3 and Ij f;)r P(Y*) =+,

and d3, g3, di for opposite parity, are readily c>b’cained17 . Being
mainly interested in their magnitudes, it is sufficient to mention

that 1p3| }[fg I > 1f1| respectively I dal >| galz! d:{‘- Some solutions
exist for which | fglz | £,] respectively l _g3|< ] d1| . At each
inequality maximal differences in magnitude are of the order of a

factor 2.5,

FEvidently none of the solutions for P(Y*) =+ ig in clear con-
tradiction with what might be expected on the basis of the centri-
fugal barrier effect. However it is pointed out that in particular
for the optimal solutions one has [ ) [2,- I dll » Whereas always
[ps i) [ fsl . This is a weak indication in favour of P(Y™*)=+, support-

ing the hypothesis Y = Y, (1815).
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Appendix A

The K* rest system to which pK,‘(G‘), Eq. (12), refers has its
z~axis along I%"‘ and its y-axis perpendicular to the production plane,
It is righit-handed, In order to obtain the matrix p partially deter-
mined in the experiment, this reference system is rotated about the
y-axis over an angle © such that the new z-axis points along K',
seen in the K* rest system. The K* production angle 8, cosf =
K-.K™, is defined in the overall cm system. Hence®#6 but ©
is a known function of 8 to be specified in Appendix D, In this
appendix the transformed matrix

PK*(@, 6) = d'(-@) (o‘%) d'(@)

(A.1)

will be given, Using the same convention as Jacob and Wick for

17)

the definition of the d-functions™ '/, one has

* % ¥ . | k*
0K10.6) = 56 +0.5(0) £ 0,5 (0) VA Re, , B)s238
{056 - 10 ~ g5 (9] cos’

eako*(@’ 6)= 2{ 8,5?9) = 65 (6)}0V2 Re (’:f:(f?) 5in2 @
~{ p,ff*{a) - (-’):f:(a)- 2 @":’(9)} cos*®

(A.2)

f’,,f (6,6 = -2{ @";{9)} +
K K K* i,
W, {Pu (0)- 5, (6) - (00‘0 (9)} $th2@

+4 Re 6’5( 9) cos’®

o %
Since pX (8,0) satisfies the same symmetry relations as p  (8), the

four matrix elements given in Eq. (A. 2), completely specify p¥* (©,0).

-20-
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A ppendix B

Experimentally pK* can only be determined integrated over
some finite interval of production angles, Let the integration interval

be a<cosf=B. The ensuing real integrals are defined:

e
Supar =S des® Qi

0 |
» \Sz/\)zx ::.Kf c{cos_Q Q:e)t,z)t' Sth2@

: _ (B.1)
{2)
S‘”lz» = fﬁdcosg QI’LQ‘\‘ 6032@
o

In Eq. {B.1) the pair of indices 2A, 2\' runs throu‘gh the values 1,1;
3,3; 3,1; and 3,-1. The functions Qg . of ¢ have been defined
in Eqs. (4) and (10), Inserting Eq. (12) into Eq. (A. 2) and making use
of the definition (B, 1) the integrated matrix. pK* is obtained in a fqrmA

which gives it dependence on the helicity amplitudes:

{Sllts(z)}+l_r l\{ 3‘- 3(;)

£ 2| Tl {8, 50} +anRe (T T
{53%_33‘}:‘:'\/‘7]!?3{ J_T} 0)

K TS, -5 Tl =S
+1“T>.;'1235f3—27zRem“&_;'}{53,-,-5;,5?}+
SV RAT LT LS, '

z@"g*ﬁ_ivsmrs‘”_-f-mr_f3,3 Ky

R (T T} S +apR{ T T4l s

-1 T T

k*
=T 4
2(Jl,:l.-l Tt

7O
11

3,l

-91~




Again Fq. (B. 2) completely specifies pK¥, The contributing products
of helicity amplitudes are weighted by suitable combinations of

integrals S, These integrals are discussled in Appendix D,

Appendix C
8 B
As should be expected TrpK¥s= fdcos@ Tr pK¥*(0) =fd cosf W
In order to obtain the matrix p with ® Trp=1, studied @ experiment-
ally, p¥ ™ has to be divided by:
2 2 1
D= 2{ 1Tyl +1Tosl} S, + 2|Tial'S
, i

33 (c.1

So finaily one has:
k*
E: ‘—"D (C.2)

where pK* and D as functions of the helicity amplitudes are given

by Egs. (B. 2) respectively (C.1).

AEEendix D

In view of the high momenta of K~ as well as of K™ in the over-
all cm system, the connection between @ and § has to be determined
relativistically, As is well known this is most conveniently achiéved
by application of hyperbolic trigonometry in a triangle the basis of
which has length argtgh v~ ; a side of which has length argtgh v
and of which the angle subtended by these two sides equals 6. The
external angle at the top then is ®, The "cosine' and "'sin'" rules

thus yield:

E—Vé*

cin ® = s:.m@1 . 2 .
| 2-—2€ca_59+ﬁ — Viex Sin @ (D.1)
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where vix is the K* velocity in units of 'c, and B= —, vk
being similarly the K~ velocity, both velocities measured in the
overall ¢m system, For the incident momentum 1, 5 GeV/, one has
Be0.5 and vgxm 0.4l. On the intervals -12cosfs-§ as well as on
-1s cosf = %, but not on % <cosf=s1, the .two quadratic terms in the
denominator in the right;hand side of Eq. (D.1) may be neglected
within 5 per cent accuracy in sin ®. As a consequence one has
within a few per cent accuracy:
4sin @ = § coszh o2
for cos® < :‘_:;‘
The advantage of Eq. (D. 2} with respect to Eq, (D, 1} is that it allows
for a calculation of the integrals S, Eq. (B.1), in an elementary way.
The precigion is sufficient for the purpose of the analysis described
in the text.
Finally the functions Q g, g which figure in the definition of
the integrals S, may be given explicitly for J ='g' and M =3, Egs,
(4) and (5) yield: ‘

Q:,J:'%+%PI+ %Pﬁ‘

Qs,.a: T+ ";Lpz"' %B

Qs = —15V2 { 4D, +3P;}‘ (0. 3)
QJ,-|=—$:(ZVZ{6P22+P;}

One notices that Qy,;,Q,3 and Q,.; are (rational) symmetric functions
of cosfl, whereas Qg,; is (irrational and) odd in cosf. On symmetric
intervals «=-f§, one has Sz = 0 therefore, but all other integrals

S are non-zero in general, Eq. (B. 2) then shows that on symmetric
intervals py,, has to be real, in which case the K* spin density
matrix is real.- In that case the K" disintegration angular distribution
alone, or .equivalently pg,o, A and vy, completely determine p, in the

‘one isobar hypothesis,
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Note added in proof:

It was mentioned in connection with the ambiguities
in the helicity amplitudes that parity of the intermediate isobar
does not follow from p,,, A and ¥ alone, The transverse proton
polarization in the final state does not resolve this ambiguity.

This may be seen as follows:

From Fq. 2 one finds < §,>= -W 1 2Im{Ty Ty . Z} Qi3

y
Hence the substitutions Ty _;- Tl.-*%; Ty 7 - Tl,ii< s

To, 4 - To': and n*-n leave invariant W,p, ,,A, v as well as

< 8y >, Measurement of the transverse proton polarization yields
in principle a sharp test of the "one isobar' hypothesis, since

‘:the dependence of <sy> on @ is predicted completely, and will
still be interesting therefore, It is noticed however, that the best

' *
fits to the data analysed before, imply Im{Tq1 Ti-4 } to be

almost zero or to vanish here,
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FIGURE CAPTIONS

Fig.l.a, Uncrossed isobar diagram for Yl*i production

in K p collisions,

Fig.1l,b. Crossed isobar diagram for Yl’ki production

in K'p collisions,

Fig, 2, Histogram for K* production angular distribution
in the reaction K'p—)pK*', ati, 5 GeV/C incident momentum
(Lab )., Predicted curves showing the agreement in the
backward hemisphere for 0< T s 0, 37.The curves 1 through

4 correspond to'T=0,37; 0,28; 0,14 and 0 respectively.

Pig, 3. The optimal fits to K* spin density matrix parameters
for 0=T=0,37. The values of r(T), s(T) and t(T) are measured
on the left-hand side ordinate axis; those of the corresponding

minimal X2(T) on the right-hand side ordinate axis.
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