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dispersion parameter D appears to follow the
linear dependence on (n,h) which has been re-
marked upon by Wroblewski. '
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~The beam momentum was estimated from main ring

parameters (private communication from B, McDan-
iel) and from magnet measurements in the secondary
beam line. The secondary beam was tuned so as to
transmit the primary proton momentum, and, con-
sequently, we expect essentially no hadronic back-
ground in the beam; from measurement of a sample
of beam tracks we expect no more than a few percent
of off-momentum protons.

2we thank R. Glasser for assisting us in the modif-
ication of the reconstruction program for this exper-
iment.

3See the Particle Data Group report of 0, Benary,
L, B. Price, and G. Alexander, UCRL Report No.
UCRL-20000NN, 1970 (unpublished).

See the report on 200-GeV/c pp reactions of G. Charl-
ton et al. , Phys. Rev. Lett. 29, 515 (1972).

~In particular, our results are consistent with those
obtained in the 20-in. chamber at 200 GeV/c (see Ref.
4), but not with the Echo Lake cosmic-ray data [see
L. W. Jones et a/. , Nucl. Phys. 849, 477 (1972)] .

6A. Wroblewski, to be published.
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The mass spectrum of charged A2 mesons has been measured in the reaction & P-P&
at 4 ReV/&. More than 9700 events per 5-MeV bin have been recorded at the A, + peak.
More than 2600 events per 5-MeV bin have been recorded at the &2 peak. The standard
deviation of the experimental resolution function is 3.9 MeV. The A2+ and 4, mass spec-
tra have shapes compatible with a simple Breit-%'igner resonance on a linear background.

The problem of the possible existence of a
splitting in the A2 meson spectrum is of consid-
erable interest because of the incompatibility of

A, fine structure with the usual quark-model clas-
sificat;ion scheme of hadrons, The first evidence
that the A, might possess a split mass spectrum
came from CERN in 1967.' This missing-mass
experiment studied A, mesons produced near
the Jacobian peak region in w p-A, p at 6 and

7 BeV/c. In 1968 members of this CERN group
again observed the splitting by measuring A, 's
produced near threshold. ' Subsequently, four
experiments measuring A, ' and A, in s'p -A, 'p
near threshold and at 7, 17.2, and 20.3 BeV/c
failed to observe A, fine structure. ' However,
an experiment measuring the A, ' mass spectrum
in w p-A, 'n at 3.16 BeV/c did find evidence for
splitting. ' Although this supposedly schizophre-
nic behavior of the A, might be explained by pe-
culiarities of the dynamics, the results of a re-

cent experiment by Bowen etal. contradict the
original CERN experiment. " We have performed
a high-statistics, high-resolution experiment in

the hopes of contributing to the solution of the A,
puzzle.

In an experiment performed at the Argonne Na-
tional Laboratory zero-gradient synchrotron, we

have studied the mass spectrum of charged A, 's
by measuring the missing-mass recoiling from
the proton in v'p interactions at 4 BeV/c. The
mass resolution has 0 =3.9+0.2 MeV. We have
more than 200000 events of both charges between
1.20 and 1.43 Beg. The t' interval covered is
from —0.12 to —0.72 (BeV/c)2. 7

The experimental layout is shown in Fig. 1.
The beam direction was measured with six mul-
tiwire proportional chambers. The momentum
of each beam particle was determined by propor-
tional chambers located at a momentum-dis-
persed focus of the beam. ' A gas Cherenkov
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FIG. 1. Plan view of the experimental layout.
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counter C was used in the beam to distinguish
pions from heavier particles. The beam struck
a 10-in. -long, 2-in. -diam hydrogen target. The
beam axis was 0.69 in. from the H, target axis
in order to minimize the multiple Coulomb scat-
tering of the recoil proton. A small counter 8,
subtending 7~ 10 ' sr at the H, target, deter-
mined if the beam particle interacted. The final-
state proton momentum and production angle
were measured with a wire-spark-chamber mag-
netic spectrometer consisting of seven wire
spark chambers and a magnet with a 13-ko field.
Time-of-flight information, using scintillation
counters &, and I', distinguished protons from
other final-state particles. ~ The amount of scat-
tering material encountered by the proton, before
its angle was determined, was minimized. The
trigger for the system was C&,&j3I'. An on-line
PDP-15 computer was used to monitor the opera-
tion of the chambers and scintillation counters.
The raw data were stored on magnetic tape for
final analysis on the Indiana University CDC 6600
computer.

Several subsidiary experiments were performed
to check the A, mass resolution.

(1) We studied the w signal in the missing-mass
spectrum of the reaction n p -pX at 1.0 BeV/c
at the beginning and end of the A, run. Promi-
nent pion peaks were observed, with m„' equal
to 0.019 and 0.022 BeV2. The experiment;al
widths had a standard deviation of 0.009 BeV'.
The first of these peaks is shown in Fig. 2(a).
We anticipated that the m peaks would be at
0.0195+0.004 BeV' and would have a width of
0.010 BeV2 ~0

(2) The deuteron signal in a missing-mass
measurement of pp -w'X+ at 1.4 BeV/c is shown
in Fig. 2(b). The deuteron peak is at a mass of
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FIG. 2. (a) The spectrum of the square of the mis-
sing mass in the reaction m p-pX at 1.0 BeV/c.
{b) The missing-mass spectrum in the reaction PP—w X+ at 1.4 BeV/c.

1.879 BeV with an experimental width having
0 =3.1 MeV. This agrees well with our expecta-
tion of a mass 1.8755+0.0055 BeV and 0=3.6
MeV.

(3) Before and after the A, running, the liquid-
hydrogen target was replaced by a production
target consisting of 40 thin, vertical wires. The
reconstructed vertices of the wire-target events,
projected onto a horizontal plane, were compared
with the known absolute position of the wires to
check the resolution of the proton angle measure-
ment.

We also studied the results of target-empty
runs and runs with the proton magnet off. We
performed tests to show that the velocity of sound
along the magnetostrictive wands was constant
and tests to measure the spatial resolution of the
proportional chambers and wire spark cham-
bers. " We continuously monitored the one- and
two-dimensional particle distributions in all
spark and proportional chambers during the ex-
perimental runs. The proton spectrometer arm
was in the same position for all tests and runs.

The results are shown in Fig. 3." Figure 3(a)
sho~s the total A, ' and A, data samples, -0.72(I' (-0.12 BeV/c, while Fig. 3(b) displays the
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TABLE I. Values of p for Breit-Wigner and dipole
fits to the data. The first two columns are for the com-
plete t' bite and correspond to the curves in Fig. 8 (a).
The second two columns are fits to the data in Fig. 8
(b). All fits have 48 degrees of freedom.
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FIG. 3. The missing-mass spectra for & P-P& at
4 BeV/c. The circles and squares represent X+ and

~, respectively. See the text for a discussion of the
smooth curves.

data for - 0.24 (t' (0.12 (BeV/c)'. The mass
resolution for the data in Fig. 3(a) has o = 3.9
MeV, while for Fig. 3(b) the corresponding value

is 4.2 Mev. We note that the mass resolution in

this experiment is significantly better than pre-
vious missing-mass experiments. "

The smooth curves in Fig. 3 represent fits to
the data using a Breit-Wigner with a linear back-
ground (the dashed curves) and a dipole with a
linear background (the continuous curves). " The
theoretical curves were folded with a Gaussian
resolution function. The g' values for the eight
smooth curves are given in Table I. In all cases,
the Breit-Wigner fits are consistent with the data
and the dipole fits are statistically unsatisfactory.
For the ten bins centered about 1.310 BeV, the

confidence levels for the dipole fits are all less
than 10 . We have examined scores of mass

plots having different t' or I; bites, and with dif-
ferent vertex cuts to improve the experimental
mass resolution. In all cases, the data were
consistent with the A, meson having a simple
Breit-Wigner shape. "
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In Befs. 1-5 we arbitrarily include only those A&

experiments which detected more than - 500 A&'s with
a resolution having a standard deviation (10 MeV.
Several experiments that we do not quote do show evi-
dence of A& splitting. For a complete list of A& refer-
ences, see P. Soding et al. , Phys. Lett. 39B, 1 (1972).

At the A& mass, this corresponds to a momentum-
transfer range of —0.18 to —0.78 (BeV/c)'.

The beam-momentum resolution had a full width at
half-maximum of 16 MeV/c. The absolute momentum
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of the beam was determined with each of the two beam
stages from the excitation curves for the dipole mag-
nets. After about 15%%uo of the experiment was complet-
ed it was discovered that two quadrupoles were mis-
aligned. These quadrupoles were adjusted. This
changed the calculated beam momentum for the corre-
sponding stage by 0.5/o. This correction was made to
the early 15% of the data. At 4 BeV/c, the two stages
disagreed in their prediction of the absolute beam mo-
mentum by less than 0.1%, A 0.1/o change in the beam
momentum corresponds to a shift in the A2 mass scale
of approximately 0.8 MeV.

The proton-momentum resolution had a 0 better than
1.1% for all momenta. (For calculating the &2 mass
resolution, a = 1.1/o was used for the momentum resolu-
tion of the recoil proton. ) The time resolution had 0
= 0.4 nsec. The proton path length was - 8,5 m. Thus,
it was trivial to eliminate the 5-10% of events caused
by triggers due to m's, X's, or d's in the proton arm.

In the determination of the absolute beam momen-
tum, the two beam stages disagreed by 1,2% at 1
BeV/c. (The exitation curves are not accurately mea-
sured for all the magnets at this low momentum. }
This corresponds to an uncertainty of the location of
the & peak of 0.007 BeV .

~~The spatial resolution for the proportional chambers,
which had 2-mm wire spacings, had 0 = 0.8 mm. For
the spark chambers, which had 1-mm wire spacings,
o was 0.6 mm.

Figure 8 shows results that are weighted to correct
for the geometric acceptance. The average weight
from 1.275 to 1.355 BeV is 1. The weight varies grad-
ually in this region, changing by about 12% and 82% for
the data in Figs. B(a) and 8(b), respectively.

~3For each event the standard deviation of the resolu-
tion function is calculated. The calculation uses the
information given above in Refs. 8, 9, and 11, and de-
termines the proton multiple Coulomb scattering by the
Rosenfeld formula from Ref. 6. The scattering in the
aluminum wires in the first proton spark chamber is
treated statistically. We include the effects of the off-
diagonal terms in the error matrix. The 0's for the
individual events have a distribution with a full width
at half-maximum of 2,4 MeV and an average value of
8.9 MeV.

The formulas that we used are given in Ref. 5. The
width of the Breit-Wigner resonance was fixed at 95
MeV in these fits. A dipole width of 28 MeV was used.

'The distribution most suggestive of a dipole shape
is an A~ plot with —0.45-t ——0.25 (BeV/c}2 and a
vertex cut which reduces the experimental resolution—for this t range —from 3.5 to 3.4 MeV. The data dis-
carded by the vertex cut have a resolution of 8.8 MeV.
At the &2 peak there are 750 events per 5 MeV. These
data were fitted by the Breit-Wigner and dipole formu-
las. The g values for 48 degrees of freedom were
59.2 and 90.9, respectively. The results were sensi-
tive to the binning.
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We describe an extension of the Michigan g-factor work that permits measurement of
the g -2 precession frequency of free leptons by a resonance technique. Preliminary re-
sults with electrons (accurate to about 100 ppm in the anomaly) indicate that the technique
may be of use in various future experiments.

Recent precision measurements of lepton g-
factor anomalies can be classified as being ei-
ther "precession experiments" or "resonance
experiments, "depending on the technique em-

ployed. ' Precession experiments include mea-
surements of the electron, ' positron, and muon
anomalies. The characteristic feature of these
experiments is a direct observation of the spin
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