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Observation of a Dip Due to 1=0 J'- Channel Exchange in the Reaction
wW ~A, N at 4.5 and 6 Gev/e*
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In the reaction m p —Az p, we observe a dip in the differential cross section at t =1.2
GeV . Analysis in terms of t-channel contributions from isospin-0 and -1, natural- and
unnatural-parity exchanges suggest that the dip is mainly due to natural-parity, I= 0 ex-
change.
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FIG. 1. (a) K~ K mass spectrum from the reaction
m. p E K p at 4.5 and 6 GeV/c with events in the
A(1520) removed. (b), (c) Decay distributions for the
A2 K K in the Gottfried-Jackson frame. Shaded
areas are for events in the high-t region. Solid points
indicate best fit to the data.

The production of A, can be analyzed in terms
of the isospins (I) and natural (N) parity and un-
natural (U) parity t-channel exchanges. For I= 0,
P (Pomeron) (N), f' (N), and q (U) are allowed,
whereas for I=1, p (N) and B (U) can be ex-
changed [Fig. 1(a) inset]. In this Letter, we pre-
sent the data of 4.5 and 6 GeV/c m p -A, p for

TABLE I. A2 data.
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A., -K,'K. Our analysis from this reaction and
other relevant reactions (v+n-A, p and &'p

A, +p) allows us to separate the contributions
due to I+0 and I=i, and N- and U-parity exchang-
es in the t-channel. A dip is observed at I= 1.2
GeV' and can for example be interpreted as the
nonsense wrong-signature zero (NS|h'SZ) of the f'
trajectory in the context of the Regge-pole model.
In addition to the f' contribution, the B exchange
seems to dominate in the I= 1 and U-parity con-
tr ibution.

The data for this study come from a series of
bubble-chamber exposures (this experiment) with
details presented elsewhere' and other published'
and unpublished experimentss (See Table I). Since
normalizations are important for this analysis,
we have calculated the cross sections in a con-
sistent way for our experiment. The procedure
is to (1) determine A, '- p'w' production cross
sections from the m'm z' modes by using the Uni-
versity of Illinois partial-wave analysis program, 4

(2) obtain the total A, production cross sections
by appropriate corrections from pm to include all
modes, ' and (3) obtain the shapes of the differen-
tial cross sections and density-matrix elements
from the A, '-K,'K' modes, where the normali-
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-K,'K events at 4.5 and 6 GeV/c normalized to
the cross section at 6 GeV/c as shown in Table
I. A forward (t= 0) dip is observed. The distri-
bution in t'= t —t;„ is also shown in the inset of
Fig. 2(a). This forward dip, which has been re-
ported before, ' is associated with the s-channel
spin-flip contribution to the A2 production, and
thus we will not discuss it further. However, we
see another dip at Itl=1.2 GeV' followed by a sec-
ond maximum centered at about 1.8 GeV'. To
understand this structure, we first examine the
Jp= 2' spin density-matrix elements as a func-
tion of t. VVe use a maximum-likelihood fit to the

K, K decay angles in the Gottfried-Jackson
frame. To separate the N- and U-parity contri-
butions, we use the definitions p N

= ( p»+ p, ,)
(P22 p2 - ) and pU F00 (pll pl -1) (p22 P2 2)

thus doN(U&/dt= pN&U~ do/dt. Figure 2(b) displays
the ratio
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as a function of t. R~(t) = 1 (- 1) implies all N-
(U-) parity contribution. It is evident that all val-
ues of R~(t) are greater than 0 for the whole t
range, and approach 1 for the high-t region, in-
dicating that the differential cross section for N-
parity exchange is dominant over that for U-par-
ity exchange, particularly at the high-t region
(It I &1.0 GeV'). Thus the structure in the differ-
ential cross section at the high-t region mainly
comes from the N-parity exchange. Since there
are two possible isospins I=0 (P and f') and I
= 1 (p) in the N-parity contribution, we now pro-
ceed to separate the isospin exchange in the t
channel.

We consider the I, = 0 (a,) and I, =1 (a,) t-chan-
nel amplitudes to describe the A, production:

FIG. 2. (a) do/dt for A& production (corrected for 211

decay modes). Inset shows the same distribution in t'.
(b) Ratios of contributions from ON and OU exchanges.

f(m'p -A, 'p) =-,'a, + (I/&6)a„

f(lI'n -A2 p) = (I/v 2)a„ (2)

I and

zations come from step (2). We use the K,'K'
modes' because of small background in the A, '
region (&20%%uo) as illustrated in Fig. 1(a) for the

K,'K mass spectrum with A(1520)-K p removed 7.
Since our study of the differential cross sections
extends to the high-t region, to check the quality
of the data, we present events with It I & 1.0 GeV
in Fig. 1(a) in the shaded area. A clear A, sig-
nal is seen. Decay angular distributions in cos6I
and C (Gottfried-Jackson frame) in the A, rest
frames are also shown in Figs. 1(b) and 1(c).
Both t regions show slightly different angular dis-
tributions but both are characteristic of a reso-
nance.

In Fig. 2(a) we show the differential cross
section of m p-A, p as obtained from the A,

o.. .= f I a I'dt=2o(w'n-A, 0p),

o,,=.= f I a. I'dt=3[~(~ p-A, p)+o(~ p A p) a(m n-A p)j-,
and the isospin interference term (I, = 0, 1)

2fIte(a, *a,)dt=&6[o(Il p-A, p) -o(II'p-A, 'p)].

We evaluate the above expressions at 6 GeV/c using (1) A, data as described before, (2) A,' data
from Ref. 2, and (3) A, ' data obtained from the normalization from Table I and the shape of the dif-
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ferential cross section from Ref. 3 with the use
of the K,'K' and gm' modes. Figure 3(a) shows
dv(mN-A+). . ./dt and Fig. 3(b) shows do'(mN

-A,N)I =,/dt (all solid points) as the results of
t

the isospin separation. %e note that the I, = 0 con-

tribution is dominant over the I, = 1 contribution,
particularly evident in the high-t region. It is
again interesting to display the ratio
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FIG. 3. (a) Contributions to the A2 production from
ao {solid points) compared with g& in A2 production
(open points). (b) Contributions to the A& production
from 0& (solid points) compared with OU in A2 produc-
tion {open points). (c) Ratios of contributions from go

and 0» exchanges. (d) Interference term between I= 0, 1
ampbtudes in the t-channel exchange.

in Fig. 3(c), and Bz(t') = 1 for the high-f' region,
and there appears very little or no interference
as shown in Fig. 3(d).

To examine further the dominance of I, = 0 and
N-parity exchange to the available t range in this
experiment, we note from Eq. (1) that v(w p
-A, p) =~a, +~cr, since the isospin interference
is negligible. Furthermore a (n p -A, p) = vN+ vU,
and therefore 0&+aU= ~0, + +60'p Thus it is inter-
esting to investigate whether a separation of iso-
spin contributions is equivalent to a separation ofI- and U-parity exchanges (i.e. , 6o„=o, and 4o'u
= v, ). From this experiment, we obtain v, = 603
+111 p,b, 6|YN=666+114 p.b, o, =180+30 p,b, and
40U= 192+40 p,b for all t regions. The agree-
ments between 6aN and op as well as 4vU and 0,
are impressive. This is further illustrated in
differential cross sections, namely, 6doN(n P
-A, P)jdt' compared with do(mN-A, N), ,/dt'
and 4dvU(w p -A, p)/dt' compared with do(mN
-A,N)I, /dt' as shown in Figs. 3(a) and 3(b).'t '
It is evident that not only cross sections but also
differential cross sections are in good agreement
between I, = 0 and N-parity contributions as well
as I, = 1 and U-parity contributions. With the as-
sumption that N- and U-parity amplitudes as well
as I, =0, 1 amplitudes do not interfere, an equal-
ity between 4o U= o, implies that p contribution is
negligible if one can assume that the g exchange
in the A, ' production is small. ' In this case, the
B exchange would dominate the I, = 1 amp'1itude.

Thus our analysis shows that the differential
cross sections for A, ' productions at the moder-
ate-to-high-t region are due to contributions
from the I= 0 and N-parity exchange. This im-
plies that only P and/or f are responsible for
the exchange in this t region [Fig. 1(a) inset]. It
is, however, unlikely for the I' to make impor-
tant contributions in the high-t region, and there-
fore it is natural to ascribe the structure (the dip
at I t I

= 1.2 GeV2) to the f 0 exchange. To further
speculate on f' trajectory, when a degenerate f '-
v trajectory is extended to the —t region, it inter-
sects with n(t) =0 at t= —0.4 GeV' and n(t) = —1
at t= —1.3 GeV'. The zero at t= —0.4 GeV' can
be interpreted as the NB%HZ for ur which has
been observed experimentally by Crennell et al."
in isolation of v exchange from the p production
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from an earlier analysis of this experiment. The
zero at t = —1.3 GeV' may be associated with the
NSWSZ for f ' which has been observed here from
the present analysis.
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We consider the information available about nonelectromagnetic lepton interactions in
experiments which are relatively insensitive to the loop structure of the underlying the-
ory. Further experiments which would clarify the role of exotic interactions are proposed
and discussed.

Recent theoretical and experimental developments have once again focused attention on the question:
What is the precise nature of the interaction between electrons, muons, and hadrons~ Almost all
gauge theories augment the conventional electromagnetic interaction between these particles with ad-
ditional interactions. Furthermore, recent experimental results indicating (a) a nearly constant cross
section in e'e annihilation into hadronsm and (b) deviations from Bjorken scaling in deep inelastic .

muon-hadron scattering' have invited the speculation that exotic (i.e. , nonelectromagnetic) interac-
tions may be coming into play at newly available energies.

In this note we report on a systematic study of the information available about exotic lepton interac-
tions in "tree experiments. " (By "tree experiments" we mean experiments which are insensitive to
the loop structure of the underlying theory. ) We restrict ourselves to energies well below the masses
of all intermediate vector bosons; this permits us to encompass a variety of theoretical proposals in
a compact phenomenological interaction. We determine the consequences of this interaction for (a) atom-
ic spectroscopy, (b) e e annihilation, and (c) deep inelastic lepton-hadron scattering. While our anal-
ysis leads us to tilt towards the view that exotic lepton interactions are unlikely to play a significant
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