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We discuss the analysis of high energy Ay production data, inclusing comparisons with w and £

production and possible f, - A, interference effects.

The Ag resonance region mass spectrum and
its decay characteristics have been studied in
many experiments. However, the production
mechanisms have received much less attention.
Now that the Ag is seen [1] at higher energies as
a single state with a width of about 100 MeV, we
feel that it is meaningful to discuss the produc-
tion process. The Ag state produced at higher
energies we shall treat as the normal Ag, to be
identified with the SU(3) partner of the f;, f; and
K (1420) and as the exchange degenerate partner
of the p and g. Any narrow destructively inter-
fering dip or splitting seen at lower energy [2]
may then be treated ! as a small perturbation on
the dominant normal Ag production. We shall
summarize some theoretical approaches to high
energy production of Ag in 7N -» AgN. Some spe-
cific predictions from absorbed Regge cut models
and from comparisons with 7N — AgA; 7N~ {,N;
7N — wN, etc., will be presented. We discuss
finally the possibility of observing f, - Ag inter-
ferences in the reactions 7N — KKN and 7N — KKA
at high energy.

Parity exchanged. General arguments [3] give
the following decomposition, valid to O(1/s), into
unnatural (U) and natural (N) parity exchange in
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The nearly maximum destructive interference claim-
ed [2] in 3 and 7 GeV /c A5 production and 3 Gey/c
Ag production requires Ag (normal state) and Ay
(anomaly) amplitudes to be comparable in strength,
coherent in spin structure and precisely related in
phase. If the Ay is produced by lower lying Regge
trajectories, the splitting will go away with increas-
ing energy but it would require additional strong
phase or coherence changes to produce a large split-
ting at 3 and 7 GeV /¢ and none at 17 and 20 GeV /c.
However, it would be relatively easy to arrange a
phase or coherence difference between AE and As
production at 7 GeV/c to explain the lack of splitting
for AE.

terms of the Ag density matrix elements

Ol =Pyy Py PR TPy TPy PY=Pog

PP =Py Py P3Pyt Py
where pjj is measured in any frame with y axis
normal to the production plane [such as the s
channel helicity frame (SHF) or the Gottfried-
Jackson frame (THF)]. Experimentally, for the
37 mode of A decay, the density matrix elements
can only be measured when a complete spin-
parity analysis is performed to select JP = 2+
states from the background. For the KK mode,
the background to the Ag signal is much smaller.
Data suggest [4] P11 ~ P1-1 ~ 0.5 with all other
elements small to a first approximation in the
THF. This indicates a dominance of natural par-
ity exchanges.

Quark model. In the quark model the Ag is an
! =1 qq state so that excitation from a # meson
necessitates adding angular momentum to the
qqd system. Arguments [5] have been given that
this angular momentum to be added will be per-
pendicular to the production plane in the THF.
Then the resulting qq state has only helicity 0 or
1 coming from a quark spin flip in the THF and
$0 pg,; = 0 for all . Data [4] for 77p — A2p con-
firm this suggestion.

Isospin. We shall use f, and p to denote iso-
spin 0 and 1 exchanges for convenience. Then
for the amplitudes,

w'p—aAép=f0+p
+ —_ + - -

TP Azp—fo P
ﬁ_p—*Agn=\/ﬁ2~p.

Experimental cross-section data show [6]
o~ ~ o* ~ 2 d© so that I; = 0 exchanges must be
dominant.

p; Iy Regge poles. To proceed further we shall
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discuss the natural parity exchanges p and f
since they seem to dominate in the data. For the
THF amplitudes, only Ap, =1 contributes if the
quark model argument is valid. Thus pyq =

p1-1 = 0.5 and all other elements are zero. To
discuss the structure of the helicity amplitudes
and eventual absorption corrections we shall,
however, discuss the SHF amplitudes.

Then for exchange of a natural parity Regge
pole X in SHF amplitude FﬁAZ(n), where i and f
are initial and final nuclear helicities and n is
the over-all helicity flip, we will have F© = 0 and

Fl LW =Fl ()= yir ol R(X)

2 YXNN "XrAg

F2 (2) = F2_(2) - ( ) )VXNN XAy R(X)
Fl @) =F! (0) = ( 7)1(,,A R(X)

-t . 3/2
F%_(3) = F%+(1) = ( 2) YXNN X1rA2 RX).

The p and f, couplings to 'nAz can be obtained
from duahty cons1derat10ns in the three reac-
tions 7*n* —atr*, 7trt —1tAS and ntn
— A§A2 The natural parity exchanges in each
case are p and f,; and these must cancel in the
imaginary part since doubly charged mesons are
not observed. Then the 7tA% Regge couplings of
p and f, must be equal, botl% for A(Ag) =1 and
2 separately 7’p1rA TAg The X =1 and 2
vertices may be re%at rom the quark model
argument that they correspond to pure A =1 af-
ter transformation to the THF.

The p and f, SHF couplings to NN are well
known [7] and p dominates the spin flip while £,
dominates the non-flip:
NN~ 7017

++ ++
7NN~ % Y R pNN’

L
7onn = % VNN

A further difference arises from the signa-
ture factors R(fy) = (1+exp (- ira)R and R(p) =
(-1+exp(-iTa)R.

Then the dominant contribution will be the f,
contribution to F(1) since it has a large residue
and a small power of (¢ -£,). The next most im-
portant contributions come from the p in F(1),
F(2) and F(0). The p contribution to the cross-
section should then be much smaller than the £,
contribution although possible contributions
from cuts in F1 +(0) make this somewhat model
dependent. Withp and £, out of phase by 900,
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the cross-section data quoted previously give

|f]2 ~ 3|p|2 for the averaged contributions.

This is quite consistent with our discussion. Also
all pole amplitudes vanish in the forward direc-
tion in agreement with do/d¢ data [4, 8] that

show a forward turn-over.

Regge cut modifications. Since the Pomeron
is assumed to conserve s channel helicity, the
characteristics of absorption corrections are
simpler to discuss in the SHF¥. Thus for p and
fo, no contributions will arise to p, even after
absorpt1on The major change will be to the am-
plitude F1 +(0), which has a factor (£-1,) for a
factorizmg Regge pole, whereas the cut correc-
tion is non-zero at £ = 0. This cut contribution
will have I; = 1. We then predict that at the for-
ward direction the cross- sectlon for Ag produc-
tion is twice as large as for Az production.

Thus the forward d1p in A§ production should be
less sharp than in AZ production.

The effect of such a p cut mF1 (0) on the
density matrix elements should be larger for
A3 production than for A3 production since the
I; = 1 relative contributions are different. When
transformed to the THF, the cut will also enter
the amplitudes with Ap9 = 0 and 2. A measure
of the cut contribution 1s then pyp in the THF
and this is < 0.1 for present A$ production data.
The contribution to P2 and pgg should be small-
er than that to Poo while P10 and Paq receive
contributions from cut-pole interference and
could be more significantly modified.

At = - 0.6 GeV? the p Regge pole amplitudes
vanish while those for f, do not. Thus no dip is
expected in 7¥p — Afp at this value of momentum
transfer while for 7-p — Agn the pole amplitudes
are zero so that a dip is expected in a weak cut
model. For the strong cut or Michigan model,
however, zeros are ant1c1pated [9] in single flip
amplitudes at £ = - 0.6 GeV2 irrespective of the
pole signature. Since we have argued that 7% —

— A%p is dominated by single flip, this would
lead2

to such a dip at - 0.6 GeV2 although present

data [8] give no indication of any such structure.
Fornp— Acz’n, a mixture of amplitudes is ex-
pected and the Michigan model would suggest the
absence of a dip. For this reaction pY do/d#
could be useful for dip hunting since the over-all
non-flip amplitude does not contribute.

Unnatural parity exchanges.The exchange
contributions of  and B mesons seem to be
small experimentally for 7tp— AZp. The 7NN
coupling is known to be small [7]." Furthermore,
n has a low lying trajectory, and so it should be
negligible at higher energies. The B contribution
relative to p can be argued to be similar for w
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production and for A‘Z) production from a duality
discussion of rtr+ — p*p+ and 7trt — B+B+.
Then unnatural parity contributions pg and pU
should be of the same size for w and A(z’ produc-
tion while ~ 25% smaller for A} production which
is dominated by I; = 0 exchange. This would also
explain the claimed [6] difference in the energy
dependence between the neutral and charged Ag
production cross-sections, the latter [6] being
in good agreement with p and f, exchanges.

Another source of unnatural parity exchange
contributions arises from cut modifications to p
and f, as discussed above. We have argued that
these will not contribute to p,, in the SHF. The
energy dependence of such effects should be dif-
ferent from those due to lower lying # and B
contributions.

Comparison with other reactions. For natural
parity exchanges one expects 7N — Ag A to show
similar features to n”p — A9n since the Nap
vertex is flip dominated like the NNp vertex. An-
other reaction with similar exchanges is TN — wN
(and 7N — wA) where p and B are allowed. As
discussed previously, a comparison of unnatural
parity exchange contributions in Ag production
with the contributions (p,, ~ 0.3 at high energies)
found in w production is of interest. Features of
o do/dt should be the same for » production as
for Ag production, however. This quantity for
production seems [10] to show a dip at £~ - 0.6.
Similarly do/d¢ for mN — AgA at 3.7 GeV/c [11]
shows such structure. We would thus expect such
a dip for n~p — A(Z’n.

Another source of comparison is the reaction
7N — fyN. Here 7 exchange dominates but plf and
plg select out Ay exchange. Since the prAg and
fomAg couplings are equal from EXD arguments
we predict that, for Regge pole exchange,

tan2(} a) o) 57 (b — ton) = pN §7
The modification of F(0) by cuts will perturb
this relation somewhat. A final amusing conse-
quence is that, in the KK decay mode, it is pos-
sible to observe interference between f, and Ag.
The Regge pole exchanges give a 900 phase dif-
ference in production due to the Ay and p signa-
ture factors. Then at a mass between the {; and
Ag resonance peaks where the Breit-Wigner
phases are about 1350 for f, and 45° for Ag, one
may have substantial interference. From duality
diagram arguments the interference will be de-
structive for 7+n — (KK)%p and for 7tp — (KK)Oat+
and constructive for 7 p — (KK)On. Using
pl‘lI do/dm? to select natural parity exchange,
since EXD gives equal f; and Ay couplings to KK
and also equal Ag and p production amplitudes
(apart from signature factors), one will have

(m"p — AJ).
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equal strength amplitudes and full coherence in
the Ay - f, interference. Note that p,, do/dm?
should, however, separate out almost pure f,
production proceeding by 7 exchange.

Conclusion. Present data on the production of
the normal Ay can be understood naturally with
p and f, exchange where f, exchange is dominant.
We have discussed the helicity amplitude struc-
ture of the exchange contributions and presented
expectations for density matrix elements and
differential cross-section structure. Comparisons
with other reactions were presented and £, - Ag
interference was discussed.

The most useful data to further such analyses
would be measurements of do/d¢ and density ma-
trix elements as functions of ¢ inclusing the im-
portant regions ¢ ~ #,,;, and ¢ ~ - 0.6 GeV2.
Measurements at widely separated energies (say
10 and 20 GeV/¢) for A:2t and A production with
accurate relative normalization will be most
valuable.

We are pleased to thank Dr. J. Tran Thanh
Van, Dr. P.Weilhammer and Dr. K. Lassila for
useful and interesting discussions.
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