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ABSTRACT \

The quark model applied to .reactions like ‘rr+p - p°A++ requires certain
decay moments for p and A to vanish (so-called class A predictions). These
predictions are found in goodv agreement with the data at 7 GeV/c. If one
assumes in addition that p and A couple to a conserved current as proposed by
Cho and Sakurai, one gets further relations between the production amplitudes
leading to additional constraints for the moments. These replace the usual
so-called class B or C quark model predictions. They are also found to be
in good agreement with experiment. With the assumption of class A type
coupling the S wave background under the p or the K* in K+p - K*0A++ can be
determined. The S-wave cross sections are in good agreement with recent
mr and mK phase shift analyses. The more restrictive assumption ova conserved
current allows the determination of the phase between natural and unnatural

exchange for p -production. This phase is found to be incompatible with the

phase derived from Regge signature factors for m and A2 ekchange.

* "Work supported in part by the U. S. Atomlc Energy Commission,
TOn leave from Max-Planck-Institut fur Physik, Munich,
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I. QUARK MODEL PREDICTIONS AND CONSERVED CURRENT_v
In any analysis of only the cross section and moments from a reaction
like

+ 0 ++ ' : :
-T ™ —=T p ‘ .

one is faced with the difficulty that 20 measurable double decay moments are
not sufficient to determine the 12 complex amplitudes. Therefore additional
assumptions have to be made. To discuss these we write_ the helicity ampli-

tudes H for reaction (1) (r_,r and r -denote the helicities of p, A
rprA,r - - o P A _ ‘ :

and p) in the form

ol w

flm‘
|%

oo -

H ==  {

ToTArT p=1,2

[2I71 | | -
rA> —_4—‘ (Tmr 61 ,1 + Umr61-, 2)" (2)

The least restrictive assumption consists in neglecting the double flip ampli-

tudes m = %+ 2 at the baryon vertex
‘Ui2r=0. o (3)

In principle this already allows.one to perform ah ampiitude analysis,. however
the statistics of available data demahd a more restricted set of amplitudes. In
the additive quark model [1] £ has the mea'ning of the total spin of the H in-
tevract'ingv éuark pair. Since t}ﬁs spin cannot exceed 1, the seve'n‘l =2 'ampli_
tudes. have to vé.nish (usuélly called class A predictions [1]): | |

| U= O o | f (Q)
(Q) is not c}onfi"ned to the quark model [2] . Any theory of basically vector
type interaction vw_ill have this property, fbr example the p -exchange fnodel of
ref. [3]. To get further restrictions we follow an idea of Cho and Sakurai [4].
Suppose one has a simple reaction wp -+ pp with scalar p ‘;and 7. The helicity
amplitudes Tr c‘a‘n be written as | *

T, = €,(r) L | - (3)



L,

In their forfnuiaf:ion of vector doniinance they require:'the‘cur’rgnt jp" to be
conserved.. This meva'ns: _ | | |
| *=pha, +p Fa, (4a)
and .

kHL M=0 ' ' | (4b)
(4b) must hold as an identity as the invariant mass squa.red._k2 ,='m‘2) of the
vector meson varies (p and p' denote the momenta of the incoming particle b
and p). For the é-cha'n'nel helicity (SCH) amplitudes, (4) leads to the relation
(in the limit of large total energy As and fixed momentum transfer t):

k2

(5) means helicity conservation in a frame where one chooses the vector

2 |
- t-m“_ - »
C=p+ — P (6)

in the rest frame of the p as z-axis. The coefficient in front of T on the
r.h.s. of (5) is essentially the angle y between C and the s-channel helicity .
direction p':
_ _t : - o
tgx =2 |— . . . (7)
k : :
As pointed out in ref. [4] evaluation of(4b) as an identity in k2 depends on the
choice (4a) of invariant amplitudes for j*. The choice adopted in ref. [4] re-
flects the empirical rule that vector dominance should be formulated in terms .
of the SCH-amplitudes. The idea of ref. [4] originally developed for the re-
action #N - p N can be generalized [5] to our case of production of a vector
meson and a spin 1-”meson'v' as it occurs in (2). In this letter we state merely
the results of the calculation and refer for details to ref. [5]. One finds that

the condition analogous to (4) requires two relations of thé type (S)Ifor both

the meson and the baryon side (again in the SCH system):r




To4 = N2 tgy Too (CC.1)
= N2 tgy' Too (CC.2)

tg x is given by (7) and y' is the analogous angle between the SCH direction
for the A and the‘vector | . rn'z | |
C=F+—=F e

in the A rest f'rvarne. Assumption (Q) reduces the 12 independerit amplitudes
to 5, iniposing in addition our current conservatioh leads to three independent
amplitudes. It is interesting to compare our conditions (CC) with tlie so-called
quark model Class (B) or (C) pre'dictions‘[i]: Class (B) says that the quark- -
quark interaction is independent of whether the quark is contained in a p or
A. Therefore T should be zi symmetric matrix: ,

| Trifn - Tmr' _ : (9)
Due to i:he different masses of p and A prediction (9). is frame dependent. If
(CC) are true, (9) cannot hold in the SCH system. - However, it turns out, that
crossing the relation (9) into the t-channel he11c1ty system (TCHS) together

with the 'empiricai values of T makes (9) hold nurnerically in a very good

141
approximation in the TCHS. Class (C) requires helicity conservation in some
frame [6] . (CC) state this only for the TOi’n or TmO‘ amplitudes choosing the
[e oi‘ C!' vector as axis for p or A. They are much weaker than Class (C) |
since no assumption about Ti:i:1 is involved. It is well knoxivn that Class (C)
predictions are violated experimentally [7]. We close this section with a
discussion of eerliér proposals to perform a vector mesori' A a"naly‘si's. The
""dipole' model of ref. [8] is essentially the quark model (Q). An a(iditionail
factorization assumption has be.en _made to derive the quark model Class (B)
prediction in the TCH system. Irving [9] imposes (Q) except that he keeps

U01 which is required by some absorption models. Both methods have been
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compared with pA data [7,9] at 3.9vGeV/c. The analysis of ref. [9] suffers
from the.improper' freatment of the S-wave baékgrou'l;ld under the p- T.hé idea
of a conserved cur.rent ‘coupli‘ng for mesons [10] has been applied to the data
[11] . However, this assumes factorization of the meson and baryon part. The
finite cross sectidn‘ found at t = 0 for the natural exchange at t = 0 rules out
any factorizable model (bse'e next section). |
II. COMPARISON WITH THE DATA

In this letter we want to present only the most sensitive tests of our
assumption (CC) and (Q) and refer for a detailed analysis tb ref. [5]. Experi-
mentally there are two pbssible kinds of tests. The first r'equireé the vanishing
of certainllinear combinations of moments. The second requirés equality of‘
phases and involves non-linear relation 'betwele:n mornehts. For example out
of the eleven cons"travi'nts in reaction (1) as surhi'ng (Q), six'turn out éo'bé linear.
Usually these are c‘alled Class A pi‘edictions. Pfesent statistics are too po‘or
for a meaningful tes’f of the non-linear one.sv. The linear. constraints resulting
from (Q) can be understood as follows: Assuming no S-_wa\.re background under
the A, the follox&ing. moment of the A decay distribution vprojects on natural.

exchange:

%(Jr @,) = NS YS(QA) N30 Re Y%(QA) . (10)
T ‘
The z axis can be chosen anywhere in the plane. For cdnvenience we use the
SCH direction th.roughout in this paper. Parity conservation implies only
natural exchange contribution to (10) from the p . Choosing for the p -decay .

moments the normal to the production plane as z-axis only M = 0 moments

can contribute to:

U wn e @) - Re Y@) o (11)
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The vanishing of the M = 1,2 moments <%+r§1>N leads to two constraints. A
. : / 2\ . . ay 0
third follows that (’y +0>N is proportional to <?}+O>N (vm S-wave cannot be

produced by natural exchange) _
2, 4 0
<(g’+ o’ «/T(yl 0>N

n) 2\ _ 4
o M-

(12)

The other three Class A predictions can hold only in the case of vahishing
S-wave under the p which is experimentally not the case. The experimental
morﬁe'nts for (12) are shown in fig. 1a for the reaction 1r+p ~ataatt at 7
GeV /c [12] as function of N-t. The prédiction of (Q) are in excellent agree-
ment with the data. This consists in a very sensitive teé_t, since naturai ex-
change contributes 6n1y 5% of the cross section at small t. Any £ = 2 coupling
in the dominant unnatural exchange would show up by large M # 0 moments in
(12).

To test the more restrictive prediction of (CC) we project out the SCHm=0
component at the A vertex by the moment |

. . v , o : _
©,)= — +2N5 Y. &,). (13)
[yROA g™ 0 A

Assumption (CC.1) relates the r = 0,1 amplitudes TOr By_ a rotation around
x in the plane to a helicity conserving amplitude. Taking C as z-axis for the

meson state in the moment

. L _ - L . .
(Yomic ™ Yo®) - ReYy@c) (14) .
we predict helicity conservation
(Yo 2)c =0 M= 1,2
0 M'C - '
' (15)

VERG a2
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From fig. 1b we see that (15) is again nicely satisfied éxpei’ifnentally. " That
means, that p. cou‘ples to a conserved current as it does in the reaction
T p —» pon .o . (16)

Comparing (7/4_5)1\1 and <7’03>C one sees that at small t unnatural exchange
() dominates, whereas at large t natural e;;change gives the - dominant con-
‘tribution to the cross section. This same feature has also been seen in the
reaction (16). |

Due to the S-wave béckground under the p relation (CC.Z) does not allow
such a simple test.
III. APPLICA TIONS

Assumptions (Q) or (CC) are useful to extract the amplitudes for A re-
éctions. As examples we discussy

(i) A deriirafioh of S-wave cross section.u‘nder the p ASSuming (Q)

(ii) Determination of the relativ¢ phase between the ™ exchange dovminated

amplitude T,, and the natural exchange amplitude

00

1
T++ - ‘2'(T11

+ T1_1) assuming (CC).
With assumption (Q) the moments (14) cannot get any natural exchange con-
tribution. In this case the S-wave cross section can be calculated from the

p -decay moments alone. Therefore the following double moments project on

the S-wave
(Fos’ = <“Jo<9 )( - 7 YeE - J5 Re YZ(Q)> S an

As 'z axis for p we can choose any axis in the plane. Multiplying (17) by the
number of events one gets the S-wave cross section which is displayed for
re,a?ction (1) at 7 GeV/c [12] in fig. 2 as function of the 11'.11' mass integrated
over. Itl =0.4 GeVZ. Absence of any p signal provides agéin a sensitive test

of assumption (Q).. No narrow €-resonance is seen. Near 1 GeV the cross
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sections drops ti'c_) zero giving direct éxperime'ntal féupport for the KK cusp
effect found in recent wm analyses [12-14]. Assuming dominance of m-exchange
we can convert these mm amplitudes into S-wave cross section for reaction (1)
to which we compare our S-wave cross section, The curve represents the
energy dependent analysis of ref. [13]. The solution of ref. [12] and the
(preferred) solution 1.of ref. [14] give very similar results. Above 1 GeV tin
effects cause the deviation between data and thé 'curvevwhich is based on the
assumption tmin = 0. The dashed line represents solution 2.of ref. [14].
Our S;wave cross section cléarly rules this out. The authors of ref. [14]
| already found this solution imcompatible with 1'r011'0 mass spectrum from
T p ~ 100,
The same analysis can be performed for the reaction ‘

| K+p N - (18)
| The tesf of (Q) and (CC) for K*-using the dataat 12 GeVg frorﬁ ref.[15] gives insid.e |
biggér errors the same results as displayed in fig. 1 for reaction (1). Figure 3
shows the Kr S-wave cross section from these data compared with the kphase
shift analysis of réf. [15].. The satisfactory agreementvsupports both the
validity of our model and the analysis of ref. [15]. Due to the higher energy
we encounter no difficulties with trﬁin effects.

In principle (Q) is sufficient for doing an a‘mplitude analysis and thérefore »
_determihing all relative phases. However, this requireshighly.ndn-linear
expressions in the momenta. If one adds the s.tronger éSsumption (CC) the
phase ¢ bet;ween the m-exchange amplitude T00 in the SCH systém and the

naturgl exchange amplitude 'I'-Jr+ isa simple expressionin terms of SCH moments:

cos b= 4NF ('Ime(szA) . Im Yf(ﬂ)) .
| - . (19)

[ 1) @) - (o) 0] 2

7
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where the SCH moments '}0 +(QA) are given by (11) and (13), and

2 [ 2 2 ' '
l72(9) = YO(Q) + —3—Re YZ(Q) . (2}0)
Figure 4 shows the experimental results for ¢ from the 7 GeV /c data of
ref. [12] as function of /-t in the p-region. If TOO and T++ are dominated

by a Regge m and A, exchange a constant ¢ = 45° would be expected. From

2
fig. 4 we conclude that at least one of the amplitudes does not have the simple
Regge signature factor! (presumably TOO)' The data are compatible with

$ = % (ozA (t)-1) inbdicating a Regge A2 interfering with anv elementary 7 ex-
change. Howveve_r, due to absorptive corrections -- if they‘ are present --
almost any phase can be expected. Therefore such a conclusion should be
taken with caution.

IvVv. SUMMARY

The Class (A) predictions of the quark model have blee'ri»fou'nd in very good
agreement with the data on the reaction 1T+p —>-pOA++. The assumption, that p |
couples to a conserved current 5 la Cho-Sakurai, replaces the usual Class (B)
and (C) relation in the quark model. The prediction of this assumption has been
found in exceblle'nt agreement vwith the same data. If_has been’ demonstrated in
two examples, that these assumptions consist in a vvery ﬁs’e_;ful tool for analyzing
A reactions. |
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FIGURE CAPTIONS

Fig. 1(a). Double pA moments | g}N(ﬂ,( i §>N (), (g+ f)N (§) and

/% <%+8>N(¢) for the reaction "n'+p~-* P At a7 GeV /c [12] as function of
N -t. Quantization axis for the p is the normal to the decay plane. At
P p
the A vertex natural exchange has been projected out. The quark model
. o2 - _ ' 2 _ 5 0
predicts (“} +M>N = 0 for M =1,2 and (7+ 0>N = / 3 ({}+ O>N'
. 2 2 2
(b). The double pA mome-nts<;(0 oc(#), ('yo e (4, (% Ve (W) and
/ —Z(?ng(q;;).f‘or the same data as fi.g. 1(a) at function of N -t. The p

- quantization axis is the conserved current direction described in the text.

Fig.

Fig.

S-channel helicity no flip at the A vertex is vprojected out. If couples to

a conserved current, the M = 1,2 moments vanish and (70 (2)>C = %

</3'0'8>C'

. 2. mw S-wave cross section as function of the mm mass integrated over

|t| =0.4 GeV2 (same data as for fig. 1). The solid curve gives the predic-
tion of K-matrix fit of the aﬁalysis of Ochs [13]. The dashed curve repre-

sents solution 2 of Estabrooks et al. [14].

3. Km S-wave cross section from K+_p - K+‘_IT-A++ at 12 GeV/c [15] as
fﬁnction of the Km mass for. 1t|5 0.4.. The curve réprésents the effective
range S-wave sélutioh of ref. [15].

4, Cosine of the phase between natural (T'++') and unnatural (TOO) exchange
amplitude for ﬁ+p - p‘A++_a£ 7 GeV/c [12]. Regge signature factors for
both T and AZ exchange p_redict a constant. The line represents ¢ »as |

—~

suggested by a Regge A, and an elementary m exchange.

2
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