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The energy dependence of backward TI+p l
dent z momenta 2.0—6.0 GeV/c '

r TI e astic scatterin h
'

g has been measured for inci-
e c in steps of typically 100 MeV/c.

for both the differential cro t'
e c. Values are presented

cross section extrapolated to 180' and the
peak as a function of momentum. In the s

an t e slope of the backward

Q+ + resonances and evidence for the ~(3230'.
men um. In the s channel we see the effects ofo the established

ative--parity & resonance with mass -2200 M
e or e 3230). Also, the data show the exi

MeV c .
xistence of a neg-

Numerous experiments have measured the an-
gular distributions of backward elastically scat-
tered pions at various energies. S t
studies" o

s. ys ematic
s ies'' of the energy dependence of the back-
ward elastic scattering of neg t'ga ive pions have
been made up to 5.3 GeV/c. Similar studies' '
for positive pions have the added difficulty of
separating the recoil protons from a posit'
beam. In this experiment, a focusing spectrom-
eter separated the forward-going recoil protons
from beam- momentum particles. Scintillation-

n e use, permit-counter hodoscopes could then b d,
ting the high beam intensities required for an
adequate event rate.

A layout of the apparatus at the zero-gradient
synchrotron (ZGS) of Argonne National Labora-
tory is given in Fig. 1. The incident pions were
identified b s '

old Cher
ie y scintillation counters and two th h-
erenkov counters. Positrons in the beam

wo res-

were vetoed by an additional Cherenkov counter
further upstream. The scatterings took 1p ace ill

iqui - y rogen target 2 in. in diameter and
10 in. ion g, and were measured in the vertical
plane. The backward-scattered pions were locat-
ed in both azimuthal y and 1, 0,
by a scintillation-counter hodoscope below the in-
cident beam linline. This hodoscope separated the
pions into six angular bins of 8 from about 141'
to 173 . Similarl y, the forward-going recoil pro-
tons were located by a hodoscope (8, y ) at-
tached to the entrance face of the first quadru-
pole magnet of the spectrometer.

The focu 'ocusing spectrometer separated the recoil
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F[0. l. Experimental layout.

protons from the beam particles and from for-
ward-scattered particles. It consisted of two

y a ipo e magnet.quadrupole magnets separated b d 1

The first quadrupole was set for vertical focus-
ing and the second for horizontal focusing. This
resulted in a horizontal angular acceptance of
+12 mrad and a vertical angular acceptance of
~45 mrad, which yields a solid angle acceptance
of 2.2 msr. The axis of the spectrometer was
raised above the beam line so th ta recoil protons
could be measured at angles up to 5' fr th
beam. The quadrupole magnets imaged the hy-

drogen target onto the momentum hodosco e
P-HOD. ThThe linear magnification was 5.7 in the
vertical plane and 0.17 in the horizo t 1 la

e dipole magnet deflected the particles hori-
zontally to produce, at the momentum hodoscope,
a dispersion of 0.28 cm/% (hP/P). This, com-

ine with the horizontal image size and hodo-

tion of hP/P = 2.5% at 3.0 GeV/c and a spatial
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separation of 3.0 cm between the recoil protons
and the forward scattered or beam particles.

The recoil-proton momentum hodoscope con-
tained ten vertical scintillation counters of 6.3
mm width. Beyond this a threshold Cherenkov
counter C, counted pions and was put in anticoin-
cidence for backward scattering.

The hydrogen target was placed at the center
of a vertically deflecting dipole C magnet. Dur-
ing data taking this magnet was off, but when
energized it was used to sweep the beam verti-
cally to measure the transmissivity of the spec-
trometer as a function of angle.

The length of the spectrometer could be changed
by sliding the target assembly, with counters and
magnet, on rails provided. Such a move was
made only once during the experiment. The ini-
tial position was used for incident momenta from
2.0 to 4.6 GeV/c. The spectrometer was then
lengthened to extend the measurements to 6.0
GeV/c. At this setting several points were mea-
sured at lower energies to check the consistency
of the two geometries. The momentum spread
bPO of the incident beam was typically +,'/o and
in all cases was less than the momentum separa-
tion of the points.

As only counters were used, it was possible to
run at beam intensities as high as 3&10' parti-
cles per ZGS pulse. Approximately 1 day was
spent accumulating data at each beam momentum
(1000 to 13000 events). Forward scattering was
measured concurrently, and served as a continu-
ous, high-rate monitor of the spectrometer sys-
tern.

Conventional logic circuitry identified events
as to angle, coplanarity, and momentum, and
these rates were recorded on scalers. Latches
for the individual counters and their logic com-
binations were set by an event signal. These
were then read into an on-line computer where
checks on the data were made and where the data
were subsequently recorded on magnetic tape.

Background events resulted from accidental
coincidences, inelastic processes, and interac-
tions in other materials than liquid hydrogen.
Accidentals were continuously monitored with
out-of-time coincidence circuits. Most inelastic
events were rejected by the momentum hodoscope
of the spectrometer since their recoil proton mo-
menta were below that for elastic scattering.
Periodic target-empty runs determined the num-
ber of nonhydrogen interactions. The fraction of
events due to all other background processes var-
ied with energy, but typically amounted to 3/z of
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FIG. 2. Differential cross section for ~+p elastic
scattering at 180 . Solid curve, fit to the data includ-
ing the 4(2200) and 6(3230) resonances. The dashed
portions show the effect of omitting these t'wo reso-
nances.

the total.
The geometrical acceptance of the combined

pion and proton hodoscopes was calculated with
a Monte Carlo program taking into account the
incident-beam divergence and other geometrical
factors.

The transmissivity used to obtain cross sec-
tions was evaIuated by a second Monte Carlo cal-
culation and ranged between 95 and 100/g. The
magnet surrounding the target was used to sweep
the beam vertically over the spectrometer aper-
ture. This measurement served as a check on
the latter Monte Carlo program. To measure
the energy dependence of v'P backward scatter-
ing, only the magnet currents were changed.
Therefore, any systematic errors should have a
minimal energy dependence and are estimated to
be + 5%.

The differential cross sections were calculated
from the measurements at each energy for each
of the angular bins mentioned above. As these
bins were at fixed laboratory angle, their u val-
ues varied with energy, but in general the range
covered corresponded to the region of positive u.
Backward m'p scattering is characterized by a
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a negative-parity 4 resonance with a mass of ap-
proximately 2200 Me V/c'.

We wish to thank our former collaborator, Dr.
George Burleson, for his participation in the pre-
paratory phases of this experiment and Dr. David
Carey for the use of his program TURTLE. It is
a pleasure to thank Dr. Bruce Cork and his staff
at the Argonne ZGS for their advice and help
throughout this experiment.

FIG. 3. Energy dependence of the slope of the back-
ward peak in r P elastic scattering.

steep peak dropping from a maximum at 180' to
a minimum at u = —0.15 GeV'. We therefore as-
sumed a simple exponential for the u dependence
of our data, ae'", and extrapolated to 180' to ob-
tain the differential cross sections plotted in Fig.
2. The energy dependence of the slope parameter
b is given in Fig, 3. In this energy range the
slope appears to be increasing slowly with beam
momentum except for the structure evident be-
tween 2.0 and 2.7 GeV/c.

Within the concept of semilocal duality, the
structure observed in the energy dependence of
the m'P differential cross section at 180' seems
to be best interpreted by s-channel resonances
with isospin &. The most prominent feature is
the b, (2420), with the b, (2850) appearing as a
broad shoulder on its high-energy side. The data
were fitted with a model, similar to that of Ma
and Shaw, consisting of Breit-Wigner resonance
amplitudes superimposed on a nonsignatured Reg-
ge background term. The parameters of the I= &

6 resonances used in this fit were taken from
Lasinski et al. ' Interpreting the shoulder cen-
tered at approximately 5. 1 GeV/c as the A(3230),"
we adjusted its parameters to give a good fit to
our data. We thus confirm the existence of the
6(3230) which SU(6) predicts to have spin ~2.

On the low side of the b, (2420) peak, the cross
section drops to a deep minimum at P, =2.1 GeV/c
and then rises toward the A(1950). Attempts to
fit the data with positive-parity 6 z resonances
alone were unsuccessful in this region, the re-
sultant dip being an order of magnitude too shal-
low. The data could only be fitted by introducing
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