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yield at this angle is proportional to B2, while
the yield at 3.5° varies more slowly than B'/2.

To summarize, we have reported the initial
results of a beam survey of photoproduced K,
mesons. Total yields of 1.3x10~% K°/electron
sr for 1.0<pg <5.5 GeV/c were obtained with
E,=5.5 GeV at 3.5° from a one-radiation-length
aluminum target with an extremely clean beam
which appears quite free of neutrons.® If we
associate the peak in our difference spectrum
with the decay of photoproduced ¢ mesons in-
to KgK, we obtain yields which are in agree-
ment with those predicted from previously pub-
lished DESY bubble-chamber results. If we
use the upper limit of 0.46 ub obtained from
the subtracted spectrum, it is possible to ac-
count for 84 % of the yield from the unsubtract-
ed spectrum at £,=5.5 GeV.
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In this note we consider a specific combina-
tion of the differential cross sections for 7%p
~p*p (do,/dt) and 17p ~ p° (do,/dt) which, at
high energy, isolates the contribution of the
w Regge trajectory. Usual Reggeization rules
and Mandelstam analyticity requirements pre-
dict that this combination should exhibit pro-
nounced dips at £~-0.5 (GeV/c)? and / ~0.
Analysis of the existing data at pion incident
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laboratory momentum p,=4 and 8 GeV/c is
found to support these predictions.

To begin with, let 7, denote the amplitudes
for wip -—pip and T, the amplitude for 77p —p%.
Then the following relation, due to the existence

of only two isospin states (I= %, %), is well known:

To=27Y3(T,~T_). (1)

Next, at high energy, consider an analysis of
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T, in terms of ¢-channel Regge-pole exchang-
es. Among the established trajectories only
m, w, A,, and A, can be exchanged (adopting
Ja PI=1*=,4 PG=2%"). If T; denotes the
contribution of the 7 Regge exchange, etc. +--,
one has

Ti—iTﬂ+TwiTA1iTA2. (2)
The difference in the signs is due to the charge-
conjugation quantum number C, which is C=+1
for m, A,, and A, but C=-1 for w (and p). From
(1) and (2) one finds

=1
T P=E(T, 124 1T_12-1T,19). 3)

Clearly, with this relation one can express
the w-exchange contribution in terms of the
linear combination of differential cross sec-
tions?

X(s, t)—@_t do_ _do,

BT TR T (4)

Then a number of observations and predictions
can be made:
(A) Direct determination of the w trajecto-
ry: At high energy X(s,t) can be parametrized
in terms of a,(f) according to
20,(t)-2
X(s,0)=F(0)(s/s)° % 7% (%)
as usual, s, is a fixed constant with dimensions
of mass squared. For two different values
s, and s, one has

2a,(t) -2

M:(ﬁ) , (6)

X(s,1) \s,

which allows a direct determination of a,(?)

at <0 in terms of the experimentally measur-
able X(s,?). The existing data do not allow,

at present, an accurate determination; how-
ever, an w trajectory roughly parallel to the p,

@ (t)=~0.45+0.9¢, ()

which is suggested by well-known arguments
on the universality of slopes of Regge trajec-
tories,? is consistent with an analysis of these
data.® The form (7) is also in accord with a
number of phenomenological analyses of nucle-
on-nucleon elastic scattering and pion photo~
production.

(B) Dip at # ~-0.5 (GeV/c)2. Because of its
spin and parity, the w can couple to the 7p sys-
tem only if the helicity of p is 1; thus, the w-
exchange contribution to 7'y is described by

the following two (parity-conserving) combina-
tions of helicity amplitudes:

F+(s, t)

= i -1
(Slnet) [Flo;%%(s’t) +F_1O;%%(syt)]’ (83.)

F_(s,t)=[cos(%9t)]"2F _1(s,?)

10;%
-—[sin(%@t)]_zF_lo;% _1(s,1). (8b)
Here we use the notation Fy\py\n;)\N;\N.for the
t-channel helicity states; 6; is the scattering
angle in the #-channel center-of-mass system.
Standard rules of Reggeization lead to the fol-
lowing forms?:

—iTa a-1
s

1-
F (s,t)=b a—-.ei——-—<——> ,
+ + sinma \s,

~iTQ a-1
s

F_(s,z)=b_a21—'9———(—> .o

sinta \s,

where o= aw(t) and the functions b, =0, (f) are
smooth in the region® t ~-0.5 (GeV/c)2. The
presence of factors @ and o2 follows from the
fact that the value @ =0 corresponds to a sense-
nonsense transition for F; and to a nonsense-
nonsense transition for ¥ _.* We conclude that
at the value of ¢ for which «(t)=0, both Fy van-
ish and lead to a pronounced dip in X (s, #). From
Eq. (7) we expect the dip to occur at ¢ ~-0.5
(GeV/c)?.

This prediction has been tested at p,=4 GeV/
¢, where sufficient experimental information
is available. OQur analysis, presented in Fig.
1(a), does support the existence of a dip in the
correct place.

Similar predictions hold for the process 7%p
- ptN*+ and 77p ~ p°N*°, where N* is an iso-
bar with 7=3.

Note that, contrary to certain theoretical
predictions, no similar dip is observed in 7*p
- wN*++ at p =3.5 and 8 GeV/c.” One possi-
ble explanation is that, apart from p exchange,
the contribution of the B trajectory (JgPG =1**)
to 7tp — wN**+ is important. Such a B meson,
if established, is also expected to affect the
dip predicted in 77p —wn (Ref. 4); however,
it does not contribute to the processes 7N —pN
and mN — pN*.

(C) Dip near the forward direction. Consid-
er a decomposition of each of the amplitudes
T into the Mandelstam invariants A, (é)(s, ¢)
(for tN—~pN, i=1,2,+-+,6). From Eq. (2) it
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FIG. 1. Variation of X(s,t)=doy/dt +do_/dt—doy/dt
as a function of ¢ (a) at py=4 GeV/c and (b) at py=8
GeV/c. Data taken as in Ref. 3.

is clear that at high energy the sums A, () +A _(9)
receive contributions only from w exchange.
Then it can be shown?® that the requirement that
A.(s, ) be analytic at =0 implies

F_(s,t)Nt”2 (near £=0). (10)

Hence, the contribution of the corresponding
term to |7, 12 or to X(s, ¢) contains a factor
proportional to |£1.°

On the other hand, the contribution of F, to
X(s,t) is multiplied by a factor sin®g; (Ref. 9),
which vanishes for 65=0 (i.e., forward scat-
tering in the s channel). Because m;# mp,
05 =0 corresponds to ¢ =7y,j, <0. However,
at p,=4 GeV/c we find tyyjn = —-5.5X 1072 (GeV/
c)? and at 8 GeV/c, lyyjn=—1.5X1073. We
conclude that as #—#,i,, X(s,?) is expected
to have a dip.
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Now, the existing data at 8 GeV/c can be
used to test this prediction; and our analysis
[Fig. 1(b)] is in agreement with it. The data
analysis at 4 GeV/c [Fig. 1(a)] is also consis-
tent with X (s, #) decreasing near t=0. Howev-
er, at both 8 and 4 GeV/c improved statistics
are clearly desirable.

(D) Implications on the analysis of the cross-
over effect. In certain phenomenological anal-
yses the fact that, at a fixed energy, the dif-
ferential cross sections for pp —pp and pp —pp
cross at t=¢,~-0.15 (GeV/c)? (crossover ef-
fect) is attributed to a sign change of the w
contribution'®; in these analyses all the w res-
idue functions contain factors vanishing at ¢
={,. Then, by means of the factorization the-
orem, one should expect a dip in X(s,t=1),
as well.

Figure 1 gives no evidence for such a dip,
either at 4 or at 8 GeV/c. If our conclusion
is strengthened by further experimental infor-
mation, the aforementioned analysis of the cross-
over will have to be reconsidered.

To conclude, it is desirable that the remarks
and predictions of the present note be tested
by improved experimental data, including al-
so information at higher energy.

Useful discussions with Dr. L. Bertocchi,
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and with Dr. K. Moriyasu are gratefully acknowl-
edged. Two of us (A.P.C. and H.J.L.) are in-
debted to Professor Ph. Meyer and Professor
A. Lagarrigue, respectively, for the hospital-
ity extended to them at Orsay.
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The A, effect has been reported previously
only in the I, =+1 states'™** decaying by p°n*.
In those reactions in which it has been seen
(mainly of the type 7N — 777N above 2.5 BeV/
c¢), it is characteristically associated with
events exhibiting very low four-momentum
transfer from the target to the final-state pro-
ton. In reactions of this type at high momen-
ta, the background contribution of the Deck
effect’® 1 must be considered. In some cas-
es the p%r* mass distribution appears to re-
quire an additional resonance structure near
1080 MeV superposed on the Deck background.
In other situations the Deck effect alone (pos-
sibly requiring both 7 and p exchange'®) seems
adequate to fit the data.

Evidence is presented in this report for the
observation of a p*nT enhancement at 1060+ 15
MeV with a width of 120+ 15 MeV in the reac-
tion K—p - K~n~n*pn® at incident K~ momen-
ta of 4.6 and 5.0 BeV/c. This is interpreted
as the A,° on the basis of mass, width, and
decay modes. Also, the experimentally deter-
mined spin and parity for this effect are con-
sistent with previous investigations of the
charged A,.

Approximately 5800 measured four-prong
events from 60000 frames of K~ interactions
in hydrogen in the Brookhaven National Lab-
oratory 80-inch bubble chamber were processed
to obtain a 1305-event sample for the reaction

K~p—-K-n~mwtpn°.

Kinematic fits to all constrained final states

were tried. Events included in the sample were
required to have an ionization-consistent fit

to this reaction hypothesis with ¥*<5.0. A
5-to-1 x? probability ratio was used to choose
among multiple fits satisfying the above cri-
teria. Remaining ambiguous fits were includ-
ed in the sample; however, comparison with

a sample of unique fits indicates that possible
contamination from incorrectly assigned fits
does not affect the results presented here.
Restrictions on missing mass and beam par-
ticle parameters were also imposed. The con-
tamination from all sources is estimated at
less than 18%." The cross section for this
reaction is 0.7+ 0.1 mb.

In its general features this final state is rather
complicated. There are strong signals for N**+
(15+4%) and K* (22+4%). Also, K*~ (9+3%),
N*+ (1£2%), p~ (5.5+2%), and pt (8+3%)
are evident. The gross 77 ~7° distribution
[Fig. 1(a)] indicates strong w° production (17
+4%), some 1° (3+1.5%), and, of specific in-
terest in this report, an enhancement in the
region of 1060 MeV. This latter effect is not
accounted for by the appropriate 3m phase space.
Possible distortion in the background due to
kinematic reflection of strong resonance pro-
duction in other channels, specifically K~ n*
and prt, has been examined by displaying the
m+r—7° distribution for Monte-Carlo-generat-
ed phase-space events weighted on the exper-
imental K=+ and prt mass distributions. In
the case of the 37 spectrum there is no signif-
icant difference between the weighted and un-
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