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: Abstract* We have made deta11ed f1ts to the reaction K p—> T pK° at

12 GeV/c, using the generahzed Venez1ano model with several dif-
ferent sets of assumptlons : We find that the quality of the f1ts de-
pends to a large degree on the choice of kinematic factors, and we -

. also find that avgood fit can be obtained only by using five adjustable

parameters,v' multiple trajectoriee, and several kinematic factors.

. LwndZin - 1. Introductien

The Bardakci-Ruegg generalization of the Veneziano model has

. ‘many properties thought to be essential for the description of production

processesi"z). It has ddalify, single- and double-Regge limits,
The model's only glaring short-

coming, absence of unitarity4),. has not deterred phenomenologists

. from comparing it direetly with data in a variety of interactions.

P—éters son and T&Srnq’vists)- used a five -point model-to studjr the re-

- - . ' + +
action K p — " A, and 'I‘ornqvist6) the reaction _Tr+p K mA. They

- reported good o&ei'all fits with only one free parameter, albeit many

'assumi)tipns. Chen, Raitio,'Thorhes and Tornqvist7) (hereinafter re-

‘ferred to as CRTT) undertook the study of the reactions

1‘Present address: Argonne National Laboratory, Argonne, Nlinois,

'USA
‘1‘1'

Work done under the auspices.of the U. S. Atomic Energy
Commission.

- related to (1)-- (iii) by is ospm invariance.

- freedom than previous phenomenological models..

A1) K+p - v'+pK°,
(ii) K'p—-pr K9
(iii) ™ p - p K'K°,

which are related.by ci"ossidg, and Bartsch et al.’ ) made a study of

. react‘ion‘ (ii) Ra1t10 ) subsequently studied the reactions

(1v) K n— K°1'r n,
(v) K n-=R%°rn,

'These studies reported that

an adequate f1t to the data in t:he various chan.nels could be obta1ned

' frorn a 81mp1e model with the overall normahzatmn as the only free

parameter. Cross sectlons, as well as the various experimental dis-
tributions available in the three_—particle final state, were fitted with -
no new parameters. - -

In view of the simplifying Iabs sumptions used to elimine,te ai‘bitra'ry
constants, this global success appears impressive. Since the predic- »
tions depend on the ferm assumed for the input trajectory functionsi.o)_,
it may be misleading to cl_aim that CRTT used a one-parameter model,
but they certainly described a vast amount of data with less inherent
In this paper, instea
of a global test, we proposeAto subject the Bardakci—Rueggbmodel to a
ﬁlore detailed comparison with the data of a single reaction in order to
determine what portions of the successes of the model are ihdepen’dent.
of the input. To minimize the dependence on hidden parameters, | we
avoid making ad hoc modifications of the input trajectory function.  We'
do relax some of the approximations made by CRTT..

In sect. 2 we discuss the data. In sect. 3 we discuss the essump-

tions involved in the formulation of the model and the distinction be-

tween the various versions of the model that we test. In sect. 4 we
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give the results, and in sect. 5 we discuss the significance of the fits

and present our conclusions.
- 2. THe data
In this paper, we study the reaction11)
K+p - 1T+pK° .
dur data, 1665 evenfs_, come from 600 000 pief_u:es e;ﬁposed io a radio-
freq_uency-s‘epa‘rate.d K+ beam at 11.9 GeV/c in the SLAC 82-inchb-hy.dro-'
~ gen bubble chember1z). _We‘selected candida{:es for ’this’.reactioﬁ by in-

sisting that the K° > ates decay visibly in a preselected fiducial volume,

sy

‘and that the reaction satisfy the seven-constraiﬁt fit--four constraints
-at production and three at the decay vertex-—witil a confidence level
' greater than 1073, These criteria guaranteed a sample of events quite
free from cootaminaﬁon by other reactions heving the safne topology.
The sample was Vcorrected'for the escape probability of the K°._V
A further correction was made for the bias introduced when the K° de-
. cayed too cloée, to the production vertex, making the event topology
resemble a four;prong. The bias introduced by a failure to recognize -
the topology due to a ver)_r‘sho_rt recoil proton at the production vertex
_wés found to be"negligible for the purpoees of this papker.ax.ld,. conse-
quently, no correction was made.
' The main features of these Vdata are the copi.ous oroduction of the’
.th_r:efe prominent resonaoces K*(890) JP =1, K*(1420') JP‘= 2+;
A(1236) JP; %+, which accounts for some tv?o-third_s of the data. The
.K® and proton‘in the final stete tend to be quite peripheral to the in-
cofning -K+ and proton,: respectively, and the nt more peripheral with
respect to the beaﬁ than the target. In terms of the commonly used
double-Regge models, this would imply a dominant diagram with the

. . : . : +
K° at the beam vertex, the proton at the target vertex, and the v at

-4

an internal vertex. There is evidence to support the assumption that -

the pomeron does not couple to this reaction.
. .
at the K' K® vertex by I-spin conservation.

cross section decreases rapidly with energy,

The pomeron is forbidden
. *
Since the K (890) partial .

we are reasonably cer-

1 '
‘tain’ that the pomeron is not present in the PP channel”); Density

s s * X
matrix fits to the_‘K (890) give evidence that K* production proceeds

mainly through pseudovécto_r exchange, with pseudoscalar exchange

important only at small momentum transfers

3. Formdation of the model

' The Venziano model does not properly treat processes involving

. fermions. Careful analysis of the resonance

-

2

spectrum predicted by the '

model reveals unwanted parity doublets and ghosts So far, methods e

proach

- To remove poles from the real axis, we

'ing spin-related theoretical problems 11m1ts the va11d1ty of thls ap-

insert phenomenological

trajectory funchons directly into the argument of the Bardakci- Ruegg

func'cmn B5 and ignore the problem of ancestor poles. Above threshold

‘the imaginary part of the trajectory function is chosen to be an mterpo- :

lation of the formula

Im a(s = Q!R_eﬂiu . X M . T \
. : ds. ( “res res)’

os o
res 858 es

valid at the resonance poles.

real. In all mstances encountered in this study,

T
The absnece of diffractive dissociation in K"
the parity rule proposed in ref. 13)

- Bty

Below threshold, the traJectory is kept

a linear interpolation

(890) production supports

suggested to remove these problems have not proven fruitfu.114). ’I>gnor-‘ ®
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of Im « was used. The parameterization of the Regge trajectories used

is shdw_n in table I. The data used to determine the parameters for the

.trajectories were obtained from the latest compilation by the Particle

Davta,-“ Gr'ouvp1>5).> Among the minor differences between our traje_ctbries
;Lnd those used by CRTT is.vthat': for Rela(s)] we use the same slope v
above and below thresfxold "mstvevad of using a univve.':_'sa‘l slope of 0.9
(GeV)“_'Z»vlselowlthreshold, . |

We assume that we can write the matrix element in the form

M:Z EKji By (@), A o G2
j=1 =t .

where the index i runs over the twelve distinct orderings of the five

external parficles not related by cyclic or anticyclic permutations. The ‘

function Bg (ai) is a BardakcizRuegg five-point function with arguments
related to,_the_'ti‘ajecfory functions of the gra'phs_vfor the _;i_th ordering1’3).
The factor KIJ is :aﬁ invariant kinémafic-factor,_ ‘andb the index j .
labels the different types of external kinematic £a;tors ernp_l.oYed_" We
do not cOhsiciér terms of nonleading order (satell.ivtes), so we require
that each term in (3.2) has the correct Regge behavio_r and the proper
anguiar momentum for the léading resonance in each channel.

If we assume the absence of exotic resdénances, then we can neglect

.all.v'ofderings which have exotic channels. This leaves only the four

.diagrams shown in fig. 1. If we further assume the relevance of the

Ha.rari-Rosne:16) quérk rulesT), we can eliminatei diagram 1(d), which

co_.rresponds to the nonplanar quark graph.  The elimination of this graph

L * . K
ensures strong exchange degeneracy between the K (890) and K (1420) .

trajectoriesi7). '

- TThe models of ref. 5) use orderings of the external particles which

involve nonplanar Harari-Rosner diagrams. They also omit orderings
which involve double fermion exchange, and this may be related to the

man nf nannlanar aranhea
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The primary input into the model is the trajectory in each. channel. V
In a channel whére ther¢ is more than one possible e.xchvange, we_either .
make a choice based upon intercepts and couplings or we allow térm_s_ ,
with each possible combination of the trajectories. In the pK~ channel

we have to choose between the egchange;degener_at_e I=0 Aa - A, tra-

B
vjecto'iry, which includes the A and the A{1520, JP =3/27), and the ex-
chapge—degenei'ate Y’:_trajectory, contaixﬁng the Y_*(1385; JP = 3/2+)
and the Y (1765, JF = 5/27). In the pr” channel we have a choice Seg
tween the I' = 1/2 exchange—degenerate‘ Na - Ny,,.which__ includes the nu- '

% - . )
cleon and the N (1520, J'P =3/27), ‘and the exchange-degenerate

A-Nﬁ, which includes the I = 3/2 A (1236, * s 3/z+) and the

. ) _
1=1/2 N*(1670, ¥ = 5/27). CRTT made the choice . ‘and N, and

they were supported m this bAy'the results of Bartsch et al. 8),. who in-

'vestigated these options in the reaction Kp->K'n"p under the limita-

tion of one trajectory per channel. In one variation of our model we

.permit both ch and A in the pr_ channel. In the pp channel the possi-

bilities inciude the w, p and the 7. Both CRTT and Bartsch et al. used
vector exchange 1n the pp cilannel although they mentioned the possi-
bility thé,t their dis.c,repancies were d.ue tow eﬁcha_nge. Fits. to the
density> matrix of our reaction in the K'*(890) region show that for
o=t=< 0.0? F(GeV)Z, the'rﬁtio of pséudbscalal‘ exchange to vector ex-
Achan'ge. is large, 'sci we é’lso includéd pion exchange in some vérsions
of 01‘11'»‘ model. Of the vector.exchanges we chose. the w over the p, since
the experimental evidence for K*vprodu;:tion favors the w exchange18).

- The normalization of each 135 term in the sum (3.2) is not in»trinsi»—
cally détefﬁzined, although sigﬁamre arguments can be used to fix

ratios. The requirement of a definite signature A in the p1r+ channel

fixes the ratio of the constants in front of diagrams 1(a) and 1(b) to be
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114, A definite-signature N, trajectory [elirninating the N*(i 520)] in
the pﬁ'_ channel implies the ratio of the coefficients of 1(a) and 1(c) to
be 1:1. Agaln K exchange degeneracy requires that diagram 1(d)
neglected ‘
B 3.4. KINEMATIC FACTORS

.bThe first pole-in the argument of B (-a
curs at @ = 0 in each channel and corresponds to a spin-0 resonance
In order to 1ncorporate fermions and trajectories with their first reso-
nance at L, = 1, 1t is convenient to shift the argument of the Bardakc1-
Ruegg function and to use the kinematic factor K‘ in (3.2) to ensure the
proper asymptotlc behavior and angular momentum structure for the
amp11tude14).

3.2. VECTOR EXCHANGE

- One po_ssih_le form of the kinematic factor was .

under the assumption of dominance of vector Iexchange‘in the»p; channel.

For reference, let us number the particles in the order K+p —>'rr+p K°
2 3 4
and let p + p ~p tp + p be the correspondlng four momenta. The

most general a.x1a1 vector formed from the three meson momenta is

We then consider the k1nemat1c factor

=V(p,) (APh + Coa W) Ul (3.4)

to be the same for each or1entat1on i in (3.2). The‘ epin-averaged dif- -

ferential cross section would then have terms proportmnal to

(Ivi)2 spin average a ,ZB (oz ), {[(M2+M4) - t24] g2

2 2.2
t2C1(M2+M4) E +201E

‘+.c§ [ty - (MZ-M4)2} A;A}. (3.5)

12> "%237 %34 ~%g) oc-

where ‘
- - bV op O
E—pZA—+ep.vpo Py P, P3 Py . (3.6)
MZ and M4 are .the fermion massesﬂ, and 't24 = (p2 - p4)2.' In this case

we have equal fermion masseé, so that (M2 - M4)2 = 0. The factor

(3.4) ensures the correct asymptotic behavior of the amplitude if the

argurnent of the B5 function is (1 ) in boson channels and (3/2 -a) in’
fermion channels. In thls reactmn, however, the N -and the A have
thelr first poles at J = 1/2, and we have to be careful about the exchange

of these traJectones.- Tornqvust ) pomts out that since t24 is small in

_the physical region, it is not bad approximation to replace the entire -

brace in (375)_With

~ C. E“, ‘ (3.7)

" which is equivalent to approximating the factor (3.4) by the simpler

Kkinematic factor (3.6). The form of the complete amplitude used by

"CRTT is then

3/2-A34, 1/2- Mgyr 2-pys 3/2- YSZ)

M1 = E{B (1/2 Ny,

+ B, (1-p24, 3/2-Yyes 1-pgys 1-Kygs 3/2- Agy) | (3.8)
+By (1-pyy 1/2- N, ;0 1-Kyg, 1-p51; 1/2- AM)} ,
where X. i is shorthand for the trajectory functlon a [(p ip ) ]
‘save space we abbrev1ate the three terms in the braces of (3.8) by
BS(A)’ BS(B), and BS(C), respectively. It should be noted that,v as it
is written, (3.8) does not have the correct asymptotic behavior ir;hen
fermion trajectories are exchanged. To get the corr_ect asymptotic.
behavior CRTT made the additional modiﬁcation in (3.8) of
apr 32V, = 105,
 Since the problem of spin has not been solved within the context of

1/;-N23-> 1-N, 3, 1/2-A41—> 1-A

the Veneziano model, it is probably unwise to be too dogmatic about
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the form of the kinematic factor. If we allow axial vector exchange in

the pp- channel we can consider a factor such as

Kp; = (@ ¥ip)Gvsp, + Cov5 TH) U (p,), - (3.9)

where Q" isa vector formed from the meson momenta. Within the .

spirit of the approximations that led to (3.6), it'is consistent to use a
kinematic fac_tbr which is a linear poly_némial in the various channel
invariants. - We therefore_cons_i&ere_d terms such as .-

My = (Sp3 7834+ Sy ¥ 545+ Sg) Byla)

S,5 + S (3.10)

+ 6 5554 F

e Sy3 + S34) B5(B)

.t (S42 +,sz'3' + S5+ S, + S14) B5(C);
which have 'the .adv‘an‘tage' of simplicity but the disadvantage of treating
all‘ channels, both .Bosén aﬁd fermion, equaliy, as well as introdut;:ing
a m]x‘cure of L =0 Wlth the L = 1 in the residue of the first pole in each
chapnel. 'Agai'n,‘ ‘to n_'iake the asymptotic behavior of this amplitude cor-
rect, it.vivs conveni‘_ent. tp uée (1-a) as the argument of a fermion tra-
jectory below thres.hoid.
| 3.3.. PION EXCHANGE

" Since the fits to the déﬁsity matrix of thé-K*(890) as a function of
energy éhow an a_pi:;;'eciable contribution from pseud_oscaiar bexchange
in the pf 'chamiel‘, we anticipate the need for pion exchange in.our fits.
Rough consistency with the Lovelace-Shapiro-Yellin19) formula for the
scattering of four pseudoséalars suggests we include in our amplitude a
term such as- | |

e
*

(-FP15 = A14)B5(A) + (1‘P15‘ - K:3) BS(B) + (1‘P15 - K53)B5‘(C), (3'11)

where agaih the symbol Xij is shorthand for the trajectory function

40~
aX(Sij),vrshown in table 1. The functions BS(A),,B‘5 (B) and B5(>C) are
the Ba1~dakci -Ruegg functions with arguinents ordered according to
fig. 1(a), 1(b) aﬁd 1(c), respectively, except that the pion trajectory
replaces the p trajectory in the pp channel. That is, the argument .

(1 ;'§24) is novs; replaced' by (-wé4). Since ‘B5(A) does not have a pp’

' channel, the first term. is included to ensure the approximate mainte-

nance of proper signature of the att trajectory in'the p1T+v channel. This
signature property is obtained between the first and second terms in

(3.11) if we have the equality among trajectory intercepts with

(3.12)

'aK*(O) -1=a,(0) .
The appropriate values inserted from table 1, eq. (3.12) yieldsl'
-0.7= -0.7, (3.13)

showiﬁg that the eqhality' is épﬁroximately satisfied.
3.4. LISTING OF OUR MODELS

. The first vérsion of the model lis.te.d in table 2 is simﬂar tﬁ that
used b? CRTT,' using only Vectovr.me'sc;n exchange in the pp channel and
the approximate kinem;aticv factor (3.6). .We -also attempted to use the.'
full form of the kinematic factor (3.4), with C1 asb an arbitrary constant
and without shifting the fefmion trajectories below threshold, but this
did not achieve az; improvement over the approximate form (3.8) with
tfajectories shifted, so we do novzt‘pr,esént the de'ta‘ils‘of this fit. The
main proble@ of both th.ese versioﬁs was in the region of the A(1236)
resonance, which is very prominent in our data and nearly dominat.es
the pn'+ mass distribution. Because the A(1236) region is quite near the
edge of phase space, where the factors (3'.5') and (3.7) are quite small, »
these forms of the model gave too few events in the A peak and too many
events in the recurvrenc>es. In the work of CRTT this is partially cir-

cumvented by narrowing the width of the A from the commonly accepted
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.va.lue of 120 MeV to 70 MeV in order to raise the height of the A peak.
Of co‘urse, this did not solve the problem of having too few A events
and too ru'a.ny eveuts“in the high pTI’+ mase~ region. In the data, some
one-third of the events are in the A peak, so that underest1mat1ng this -
' peak by a factor of two represents a serious dlscrepancy, wh1ch gets :

worse w1th increasing ene rgy.

. That the 'rkinematic-'factor (.3.6).pinches phase space can bew_s.ee_n in -

fig. 2. - The dotted line represents the peak obtained by using the CRTT

:lv'ersion of the A trajectory and the kinematic factor (3.6),. whereae the

solid line shows the A regiou given by the B, functiens of (3.10) ob-
bhined by_'us.ing 5 traj'e"ct_'oi'y'with I‘A =120 Mev.. . Beth curves are
-norma_lizeti _t'e ﬂle'height of the ‘A peak. -As..ean.be seen, the Vdottve(‘i
line gives impfoper threshb_ld_ behavior at the left;hand edge of -the
v pea.k due to the pinching by tixe factor (3.6). A similar pinching effect
can be seen in the Kop mass spectruxn, fig; 5(a), where the version"of :
. the model u51ng only-(3.8) underest1ma.tes the high-mass edge of the
) distribution. These features suggested that we allow a miore general

forrn for the kinematic factor than (3.8). In all subsequent versions

we permltted terms of the form (3.10) and the f1ts 1mproved substant1ally

o In order to dlstlngulsh between the various versions. of the model, .
_“wte i_ncluc_le ‘t.he' listing in teble 2. H_e‘re V‘(A)I, V(B) and V(C) are s,.hort-..
hand for the three terms in (3.8); W(A), W(B)and W(C) refer to the
terms in (3.10); and T(A), 7(B) and 7(C) refer to the terms in (3.11).

In ver:s'i_o'n's 1 thr’ough 4 we maintained definite-signature N;z in the
'pr_ channel by keeping the ratio of diagram 1(a) to 1(,c).as‘. 1:4. Since
the N*(iSZO) "cau couple to thie channel as well as the nucleon [not to
_._me'ntion the  A(1236) and N*(1670)] » it is probably not reasonable to

require definite signature. In versions 5 through 8 we break signature

~-12-

by allowing diagram 4(c) to have a different coefficient than 1(a). In
version 7 we investigated the possibility of using the A-NB combinations
in the pm~ channel as well as the N, -'NY. Since the complete situation. [

in this channel can be discussed'adequately only By_ considering the data

.in crossed reactions, we do not present the details of this fit here. .

As shown in table 2, we include versions in which terms of dif-
ferent typesare added either eoﬁerently or incoherenﬂy deﬁen&iug'on the .
d_etailed' etructu're assumed for th_e full spinor aniplitudes--t3.4), (3.9)°
and (3.11). Table 3 gives the values of the coristénts in table 2 deter -
mined by a maximum- 11ke11hood f1tt1ng program, and table 4 gives the -
log likelihood of the different fits. . |

4. Resu’.lts aud disuz‘ssion

Because ‘of the large number of dxstrlbutlons w1th which we com-- - -

" pare our fits, we present d1agrams only for versions. 1 and 8 of the

model. - Versmn 1 is, with a few »r_nmor differences (as pomted out in

- the text), the model of CRTT... Version 8 is parameterized to allow
* 'signature breaking in the pﬂ_ channel, includes a more general form of

--the kinematic part, and has pion exchange.

Figs. 3 through 19 show the various distributions. The real data
are the histograms and the theories are the dots. - We nermalize eech
theory to the total number of events weighted for K°_‘ detection probability
and use this one normalization factor for all the-his,tograms; We feel -
this is a more transparent approach in judging the theory than separately hd
renormalizing the theory te the data in eaeh histogram, which certainly
introduces ae many parameters as there are di_stributious .aud tend_s to .
minimize disagreemente with the data. )

We have chosen to plot the Monte Carlo poiute rather than pre-

senting hand—_dra‘w_n curves through these points to avoid having the -
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K¥(890).

" In fact, the theory predicts as much -signal from th‘é‘i*‘é(ﬁ%ﬁ
A (1236).

high—mas s\gregwn
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reader judge'the fits through our possibly prejudiced eyes. We include

an insert in the figures which displays the Monte Carlo errors to scale.’

From the figures it is obvious that version 1 of the theory gives a’

rather poor fit. H_. Fig. 3(a) shews that it underestimates the amount of

In fig..v4(a) the t}_xeery badly underestimates the amount of -

A(41236) and ptedicts large recurrences that are not present in the data.

F1g 5(a) shows that the K%p spectrum is poorly fltted in the :
The t dlstnbutxons, figs. 6{a), 7(a) and 8(a), turn ‘
of:rei' in the fefward direction and are generally too wide.

I_n version 2 ‘(not shown) the mass distributions improve tremen-

.dously. In this version, the t-distributions do not .dip in the forward

: d1rect10n, but peak mstead The theory overestlmates the number of

events for t- t min = 0.1 GeVz, but fits the rest of the t-distributions well.
By permltnng, signature breaking in the pr  channel, version 8, the
mass spectra fits are further improved. There is virtually no discrep-

#@ncy in the KOnt mass spectrum the 11,:‘1'r+ sipecti'uxn shows almost no

- sign of the recurrences, and the uncancelled wrong-signature daughters

. : *
are hardly visible. The momentum transfer to the X (890) fit is im-

proved over the other versions The motnent;irn transfer to the A(1236)

remams as bad as in version 2 due to the non- sp1n flip character of the

- w terms which create the A(1236).

:The angular distributions in the Jackson frame of the leading poles

" are not a sensitive test of the theory, since they reflect only the angular-

‘momentum structure of the kinematic factor. Particularly, since we

We defme the bin.errors of the Monte Carlo eveats to be the vsquare
root of the sum of the squares of the weights in each bin.

Tlrln figs. 3 through 17, (a) and (b) refer to version 4 and version 8,
respectlvely :

factor is pure L = 1.

‘angles.

-14-
shifted the trajectories in the input to B‘5 (where by B5 we-vrnea.n the
graphs without the kinematic factors) so that the leading poles are -
L =0, there is no B5 daughter structure present. Furthefmore, the
leading poles in the V terms are pure L = 1, siace the € kinematic .

However, since the. klnematlc factor 1n the w

terms is a mlxture of L =1and L =0, we should expect to see, and

do see, a large L=0 contr1but1on to the decay angles of K (890) and

A(1236) in versions 2 and 8 but espec1a11y in version. 2, where the W
terms dominate.. |
The situation is different for the nonleadmg poles, since here the

5 poles are no longer L.=0,. and therefore there is an 1nherent daughtel
structure apart from the possible kinematic term contributions Un-
fortunately, the only large nonlead1ng pole present in our. data is
K (1420), for Whlch the data are meager. In any case, the fits to the
K (1420) decay angles are not impressive in any of the versmns, al-
though it seems to improve in version 8. We note that the rightmost
bin in cos(6) of this resonance is due to the interference of the K#(1420)
with the A(1236). Versions 2 and 8 predict this bin extremely well.
No versiehs of the theory do exceptionally well for the A(123‘6) decay
-Version 1 fails markedly in the cos (8) plots, especially at the
ends where the data do not‘ ge- to zero.. The other versions fare some-. .
what better. In the (%) plots, versien 1 does best, but .still fails at the
end points. . Versions 2 and 8 fail in the A(1236) angles because of the

presence of too much L = 0 component contributed by the kinematic

factor in the W terms.
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Table 2

Matrix elements

Version

Matrix element

1

5 .

I'V(A)+ V(B) + v(c)1?

VA + v(B) + V(C)IZ 4 C, IW(A) + w(B) + W(C)I%

+Cylm(A) + w(B)+ 7(C)I

1(V(A) + V(B) + V(C) + C, (W(A) + W(B) + ﬁn:.

+Cylm(A) + m(B) + m(C)I?

(V(A) + V(B) + V(C) + O»Q:.E + W(B) + W(C)) -

+(C, +iCy) (w(A) + n(B) + m(C)) 12 |
|(v(a) +_.<B.: +Cy V() +C, (W(A) + W(B))+ C; W(C)"
. +C(m(A) +T(B)) + C4 n(cy 1% _
IV(a) + V(B) + o», v(c)? + _oN:.E».V + W(B))

.._. O..w SZOV_N + _O» (m(A) + :AUVV + Omﬂﬁﬂv _N

- 'same as 5 but nm.mwwnm N, by A in pr” channel

1C, (V(A) + V(B)) + V(C) + C, (W(A) + W(B)) + C; W(C)I?

+1C, (v(A) +m(B)) + G, r(C) 12

‘Table 3
Results of fits

Version

2.48x107*e5.2x107°

2.

2.04X40 321.2x107%

3

-2.39X1073£2.6x1073  -1.67x10 %x1.7x1073

1.29¢10 321.4x1073  _2.9ax1073£3.7x10"% 2.39x10 " 221.2x10 ">

4

-6.30X10 2#1.8xX1072  -1.89x10 2#1.2x107> 4.8x10 21.2x1073  -1.54x1073£2.3x1073 -5.95x10 7321, 4x10 73

5

6

1.46x107%41.6x10™> 1,97x1073£1.3x10™3  2.75x10 %1, 62x407> -5.17X10 *21.4x10 7>

3.60%10 " 1x6.0x1072
-9.13X10 " 2£3x10 "2

-2.43x10 " 2x1x4073

7

~1.65X10" 254, 7x10 "2 -4.24X10 2#1.2X107>

3.61X10  3x1x1073

'

3]

o
1

-3.71X40 " 240.02

8

4.88X10 Sx8x10"%

2.02X10" 221x10">

1.64X10"%28x10™%  8.99x10 4xox1074
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Table 4

Log likelihood values

Version Log L.
1 -
2 19709.74
3 . 8817.67
4 9028;71-'
5 - 9665.88
6 }9277.71.'
Bt 9695.62
8 9786.74

.22.

Table 5

Cross sections {mb) (flux factor not'include.d)

4

8
1 3
v - 1.59x10 122.8x10" -
449, ‘
W ; 1.80x10 " 122.8x107> -
50%
VW - . ' 6.29X40%28.5%10"
: ‘ 829
w - 1.97%10 227, 7x107%  1.40X107%1.0x107>
6% - 18%
Total ~ 1.59x10 '22:8x10°3 3.59x10 124.4x1073 24q.1x1073

7.69X10"
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'Figu're Captions
1. ‘T_his shows the four orderingslof the external particles which
do not produce exotic channels and gives the trajectories which can
confribute. At the right of each graph is the Hara;i-Rosner Querk
diagram_ corresponding to.it.

nonplanar and by the HararieRos‘ner rules should not contribute.

Since gréphs (c) and (d) differ only by .the inte_fch'énge (3)«— (AS_)_in _

- * : . . S
" the K channel, the omission of graph (d) ensures strong exchange

Fig.

. The dotted curve is the prediction of the V terms using a PA(1236) :

Fig.

Fig.

. 3(a,b).

% - * .
degeneracy between the K (890) and K (1420).
2. Da'ta. in the A(1236) region.  The solid curve is the predicf_ion.

of the W terms. using a‘A-trajectory with _FA(_1236) = 120 MeV.

= 80 MeV Normahzatlon of the curves is done to the peak of the

data

Inv;ariant mass of K° 1T+ - Version 8 fits mﬁch b_ettef
througheut the region. | -
4(3,,?6_). In;/ari.ant mass of p'i‘r+. Note the strong recurr‘enc‘e_s in
(a) that are almest absent in (b). .
Invariant ma's.s' of K°p

S(a' b} The Iﬁinching effect of the €

: k1nematxc factor can clearly be seen at the high end of the spectrum

in (a).

'

Both versions seem to pred1ct a slight excess of evente at

' low mass.

. 6(a b).

ig. 7(a,b).

The -t [negatlve four -momentum squared in (GeV/c) ]
to K® with respect to the beam.

The -t to pion w1th respect to the beam. In (b), except

 for the bump at 1 GeV/c.z, the fit reproduces the data very well.

For graph (d), the quark diagram is

Fig.

Fig.
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8(a,b). The -t to proton with respect to _fhe target.. In (a) the

€ kinematic factor forces the theory to turn down in the forward . &

direction, creating a large discrepancy with the data. The fit in
(b) is excellent..

. .
9(a,b). The -t'to K (890) with respect to beam. Both versions of

" the theory underestimate the number of K (890) events, but reproduce.

: Fig.

- construction interference of K (1420) with A(1236), mostly in the

" Fig.

. 10(a,b).

. 11(a,b).

. 12 (ai, b).

. 15(a, b).

nor (b) do ﬁvell.-

. 16(a, b).

the general shape. - In {b) the turnover is pof ‘quite _aé pronounced
as 1n (a) due to the.'_"'c'ontribution from i)ion traje_cfory in the for-
ward direction. | .

Cosine-ef the decay angle (cos 6) in the Jackson frame
for K*(890). The structure is a reflectioﬁ of the. ,pn'+ channel.

_The Triern.an-Y.—;ﬁ%f angie, 4;, fo'r_K*(890);

The —tf'i.:,orK*(1420).with respect to beam. . . »
In (b), the

13(a;b). Cos 6 in the Jackson frame for K (1420).

®
;iéhtmost'bin, is‘well.bredicted. The theery in (b) seems to fol-

low the trend of the data exceptvfor‘ the regioh at 0.6. .
14(a, .b). The Trieman-Yang - angle ¢ for K {1420). - In (b) the
predlctlon appears to be quite good _
The -t'to A(1236) with respect to target. ~ Neither (a)
As expected, the theory in (b) does not turn over
in the forward direction. |

-Cos 6 in the Jackson frame for A(1236). The data are

- certainly not pure cosze, so (a) shows 'a; great discrepancy. In'(b)

the theory gives a la.rge.flat component which looks closer to the <

data then in (a).
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"Fig. 17(a,b). The Trieman-Yang angle ¢ in Jackson frame of A(1236).

‘Since version 8 of the theory ‘gives the A(1236) a large L. = 0 com-.
ponent, it washes out the ¢-dependence that is exhibited in version

1.
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(b)

Fig. 1
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