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A counter-spark-chamber experiment has been done in the alternating-gradient syn-
chrotron's 23-QeV/c charged hyperon beam to study Y~ production in reactions of Z on
82, Al, Cu, %, and Pb in which the Y* decays into the A -7t final state. +le observe the
Z*(1385) and place upper limits on possible diffractively produced Y* resonances and on
the Coulomb production of the &* (1385).

We have performed an experiment in the nega-
tive hyperon beam at Brookhaven National Lab-
oratory to study the reaction Z +A -A'+ r +
anything. We measure the invariant-mass spec-
trum of the A'n system in this reaction to look
for the production of resonant states of strange-
ness -1 and isospin 1. The mass acceptance of
the apparatus is nearly constant over the mass
range 1.25 m Ao, - 2 GeV/c' and falls linearly
to zero between 2.0 and 2.4 GeV/c'. The nuclear
targets are H„Al, Cu, W, and Pb.

Figure 1 is a plan view of the apparatus. The
hyperon beam, which has been described in de-
tail elsewhere, ' is produced when the slow ex-
tracted proton beam of momentum 30 GeV/c
strikes an aluminum oxide target (not shown in
the figure). The negative hyperons are then
transported through a 3.5-m-long magnetic chan-
nel which contains a threshold Cherenkov counter
whose threshold is set to detect particles of mass
slightly above that of the proton, thereby permit-
ting electronic tagging of the hyperon components
in the beam (Z or " ). Although we are not able
to separate Z 's from " 's, the tagged beam is
essentially pure Z with 1/o contamination of =
and 5% contamination of w . The beam emerges
from the hyperon. channel with a bp/P equal to
10% and passes through a high-pressure spark
chamber. By measuring the position and direc-
tion of each beam particle and knowing the loca-
tion of the hyperon production target we can fur-
ther determine its momentum to an accuracy of
~ 1.5%.

Reaction products emerging from the target
pass through the front cluster of spark chambers
and the first spectrometer magnet. The trigger
for the apparatus demands a tagged beam particle
and the presence of at least two particles in the
final state. This latter requirement is made by
demanding a pulse height greater than 1.6 times
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FIG. &. Plan view of the apparatus.

the mean amplitude from minimum-ionizing par-
ticles in each of two 30-cm-diam circular count-
ers of —,'-in. thickness which are located down-
stream of the first spectrometer magnet. Nor-
mally it is the two charged decay products of the
A' which satisfy this requirement. The momen-
tum and coordinates of the decay proton and pion
from the A' as well as any other charged parti-
cles emerging from the target and passing through
the first magnet are established by the spark
chamber spectrometer system shown in Fig. 1.

An event of interest contains at least three re-
constructed tracks, of which one is positive and
two are negative. Assigning the proton mass to
the positive track and the pion mass to each nega-
tive track, we select events in which one of the
pions, when combined with a proton, satisfactor-
ily reconstructs a A'. We then demand that the
reconstructed A' momentum vector, the momen-
tum vector of the remaining negative track, and
the incident Z trajectory intersect within the
target. All selections are made by applying cuts
to the y' for the hypothesis under consideration.
The principal background consists of the decay-A'+ n which can be separated from the
products of the production reaction Z +A -A

+& + anything because of the unique A'-&" effec-
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FIG. 2. A x vertex position along the beam line with
target full. (a) t ) 0.1—(GeV/c)', (b) —t ( 0.1 (GeV/c)~.
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tive-mass value for this event and the collinear-
ity of the A'm momentum vector with the inci-
dent beam track. Besides providing a background,
the " also serve a useful function in that they
monitor the product of the beam intensity and the
efficiency of the apparatus. By making use of the
known Z /:" ratio, it is possible to calculate ab-
solute cross sections for the production reaction
by making small corrections to the efficiencies
due to the kinematic differences between the pro-
duced Aom system and " decay. These relative
efficiencies are calculated using Monte Carlo
techniques.

Figure 2 is a plot of the distribution of produc-
tion vertices for the hydrogen target data. Events
with production vertices upstream or downstream
of the target region often correspond to a decay
of a " in the beam, and these events are usually
collinear with the incident beam direction. To
avoid a large background subtraction of those "
decays occurring inside the target region, only
those events corresponding to a four-momentum
transfer -]between the incident Z and the out-
going A'v system greater than 0.1 (GeV/c)' were
used in the calculation of the nuclear cross sec-
tion [see Fig. 3(b)].

Figure 3(a) is a A'7( mass distribution for
events with -t less than 0.1 (GeV/c)' summed
over all nuclear targets. The data shown in Fig.
3(a) revea, l no Z*(1385) signal and are a,lmost en-
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FIG. 3. Aow mass spectrum for all targets. (a) jtl
(0.1 (GeV/c); (b)

I tI ) 0.1 (GeV/c)2

tirely associated with beam " decays. These
data [for -t less than 0.1 (GeV/c)'] are in agree-
ment with the results of a previous experiment'
in which the Z*(1385) was also not observed at
values of -t(0.03 (GeV/c)'.

Figure 3(b) is a A'w mass distribution for
events with -t greater than 0.1 (GeV/c)' summed
over all nuclear targets. Apparent at a mass val-
ue of 1.32 GeV/c' are a residual number of =
decays in which presumably a beam " or one of
its decay products scattered in the target, caus-
ing it to be reconstructed with a value of -I; great-
er than 0.1 (GeV/c)', and these events were sub-
tracted from the A'w yield before making the
cross-section calculation. Table I presents the
nuclear cross sections for each target integrated
over all mass values and over -t values between
0.1 and 1.0 (GeV/c)'. The errors quoted with the
cross sections are statistical. The normalization
uncertainty for our cross sections is + 15%, due
primarily to the uncertainty in the value of the
Z /:- ra,tio.

Observed in Fig. 3(b) is the Z*(1385) resonance
with no other resonant states appearing within the
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TABLE I. Nuclear cross sections for total A m yield
from each target.

Target

H2
Al
Cu
W
Pb

Cross section
(mb)

1.6+ 0.2
7.2+ 0.7
7.5+ 0.9

12.9+ 1.6
10.6 + 1.4

Events
per mb

122
85
19
10
11

C
4P
0

hl

O

50

I
' I

'
I

' I ' I I I I I I

0.02 0.04 0.06 0.08 O. IO

(GeV/c)
(b)

TABLE II. Z*(1885) cross sections for each target
in the range 0.1& I & 1.0 (GeV/c—) .

Target
Z;~(1385) cross section per nucleus

(inb)

H2

Al
Cu
W
Pb

0.18~ 0.06
0.5 + 0.2
0.4 ~0.8
0.9 ~0.6
0.6 (90~jf, confidence level)

sensitivity of our experiment. The absence of the
Z*(1385) in the range 0&-f &0.1 (GeV/c)' is sur-
prising when compared with the reaction p+p-b"+missing mass which appears to be medi-
ated by pion exchange and is characterized by a
do/dt which is strongly peaked in the forward di-
rection. '

Table II lists the Z*(1385) production cross
sections for each target nucleus in the range -t
&0.1 (GeV/c)', using the observed branching ratio
for the decay mode Z*(1385)-A'v which is equal
to 88%.

Figure 4(a) is a plot of the hydrogen target data
in the mass range 1.305 m~o, - 1.345 GeV/c'
plotted as a function of -t. The peak which oc-
curs at the origin' is due almost entirely to the
decay of the " beam component and enables us
to establish a precision of + 0.015 (GeV/c )' in our
determination of -t for events having values of
-t -1.0 (GeV/c)'. Figure 4(b) is a plot of the H,
target data in the mass range I.345-mho„-
& 1.605 GeV/c' plotted as a function of -t. Ap-

plying a geometric efficiency correction and then
fitting a form e" to the data of Fig. 4(b), we ob-
tain a value for b equal to 1.8+0.2 (GeV/c) '. We
do not observe any P* resonant state similar to
the N*(1470) which has a broad mass width but is
characterized by a dv/dt distribution which is
sharply peaked in the forward direction. 4 %e
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FIG. 4. Hydrogen target data plotted vs —t. (a) The
mass range 1.805 ~ mAo~- - 1.345 GeV/c' which contains
the " decay events; (b) the mass range 1.345 -mho„-
~ 1.605 GeV/c2. The dashed line represents the data
corrected for geometric acceptance and the solid curve
is a fit to the data of the form e~ 8~

have calculated an upper limit on the product of
the production cross section times branching ra-
tio into the A'~ mode for an S=-1 resonance
similar to the N*(1470) within the mass range
1.345 through 1.605 GeV/c'. Assuming the value
of the slope parameter b for such a resonance to
equal 15 (GeV/c) ' as in the ca,se for the N*(1470)
and observing that 80% of the events associated
with such a resonance would fall within the range
0 -t 0.1 (GeV/c)', we obtain from Table I an
upper limit oR(l'*-A'v ) 82 pb at a 90% con-
fidence level (ff is the branching ratio).

A consequence of SU(3) symmetry is the con-
servation of U spin in electromagnetic transi-
tions. This conservation rule permits the Cou-
lomb (Primakoff) production of the Z*+(1385) by
positively charged Z+ particles in the Coulomb
field of a heavy nucleus but prevents Z* (1385)
Coulomb production on a heavy nucleus by an in-
cident Z beam. Assuming that U spin is violated
in this reaction, we calculate a production cross
section for Z* (1385) on the lead nucleus equal to
about 8 mb in the range 0&-t&0.1 (GeV/c)'. '"
The assumptions involved in this calculation are
that the partial decay width for the reaction
Z* (1385) —Z +y equals the product of the
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fine-structure constant times the width of the
Z* (1385) or 0.26 MeV/c' and that the electric
form factor of the lead nucleus E(t) equals 1 over
the t range of interest [ t-&10 ' (GeV/c)'j. Us-
ing the observed branching ratio of 88% for the
decay mode Z" (1385)-A'v and a 64% branch-
ing ratio for the decay mode A' -p+ &, we es-
timate a yield of 53 events whereas we observe
at most two events from lead in this t range and
in the range of mass values 1.375 m~ ~1.405
GeV/c'. We regard this absence of events as
evidence for U-spin conservation in electromag-
netic transitions and place an upper limit on the
partial decay width F(Z* (1385)- Z +y) (0.024
Me V/c'.
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We report the results of a precise measurement of the A p X'n cross section between
515 and 1065 MeV/c in steps of 10 MeV/c. The statistical errors are less than l~j~, a
major improvement in accuracy over previous work. No evidence is found for the new
I=1 XX resonances at 546 and 602 MeV/c reported recently by Carroll et al.

This Letter presents the results of a counter
experiment designed to measure with high preci-
sion the total cross section for the reaction K p
-K'n in the momentum region from 515 to 1065
MeV/c. The charge-exchange cross section, be-
ing proportional to the sum of the squares of the
differences between the I= I and I= 0 amplitudes

in each partial wave, is generally small and
therefore is sensitive to small changes in either
of them. Thus a precise measurement of the en-
ergy dependence of this cross section is a valu-
able indicator of resonant structure.

The experiment was performed in the low-en-
ergy separated beam' at the Brookhaven National

1003


