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A new high-resolution (+5 MeV) missing-mass spectrometer was used to search for minor
peaks and structure in the N* spectrum with 10~ events per 2-MeV mass bin. All the widths

were found to be narrower than widths obtained from ~p phase-shift analyses. For example,
our result for N*(1512) is I =88 +2 MeV as compared with the "table value" of 105-155 MeV.
No narrow structure greater than 5% of the cross section for the known peaks was observed.

A high-resolution baryon spectrometer' was
used at the Princeton-Pennsylvania accelerator
to measure the missing-mass (MM) spectrum of
protons from the reaction

P, +P2-P3+ MM

in the region from 1.1 to 1.8 GeV at squared four-
momentum transfer - t from 0.11 to 0.44 (GeV/
c)'. The present experiment differs from previ-
ous investigations" of Reaction (1) in two re
spects: (1) The average mass resolution was + 5

MeV. The recoil protons, emitted backwards in
the center-of-mass system, were detected in the
region of the Jacobian peak, 4 where the mass res-
olution was independent, to first order, of the re-
coil momentum; therefore, a precise measure-
ment of only the recoil angle was necessary.
(2) The absence of magnets and wire spark planes
permitted the use of high incident beam intensi-
ties and a large solid angle of acceptance result-
ing in a data rate of 10'/sec and a total of 5 x 10'
events after processing.

The experimental apparatus consisted of a sixty-
element hodoscope and five trigger counters (Fig.
1). A 3.7-GeV/c proton beam of intensity 2 X 10"/
sec was incident on a 2-cm liquid-hydrogen tar-
get. Momentum selection of the recoil protons
was achieved by two aluminum absorbers: a thick
absorber which determined the threshold momen-
tum P, and a thin absorber, used in conjunction
with a veto counter behind it, which determined
the momentum bite AP„ the trigger logic being
C,C2C3C4C5 Recoil momenta were selected in
the range 340 MeV/c &p, &700 MeV/c with typical-
ly 10% dispersion. The spectrometer scanned
continuously the region 25'&83&75' in the labora-
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FIG. 1. Missing-mass spectrometer experimental
setup (not to scale). Each hodoscope element is 2 in.
wide and 4 in. high. The distance from target to last
counter is 16 ft.

tory, the angular bite at one setting being 10'.
The position of an event in the hodoscope together
with the position of the "point" target determined
the recoil angle ~3 to within+ 2.2 mrad. The ho-
doscope information was reduced by a diode ma-
trix to a six-bit binary number and stored in a
pulse heig'ht analyzer which served as a memory.
Since the missing mass was proportional to the
recoil angle, the mass spectra appeared directly
on the analyzer display.

The missing-mass spectra for five recoil mo-
mentaP, are displayed in Fig. 2; the errors
shown are statistical only. Each spectrum at
fixed P, is the normalized sum of several overlap-
ping spectrometer settings at different 83. For
a given p3 the Jacobian peak occurs at a unique
angle and missing mass. ' For P, =400 MeV/c the
Jacobian occurs near a missing mass of 1.25 GeV
and for P, = 700 MeV/c it occurs near 1.65 GeV.
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FIG. 2. Missing-mass spectra from -t = 0.11 to 0.43
(GeVic)'.

While most of the data mere taken in the region of
the Jacobian peak, data mere also taken off the
Jacobian peak, with poorer resolution, in order
to determine the shape of the nonresonant back-
ground. The experimental mass resolution mas
inferred from the shape of the measured elastic
peak. In the region of the Jacobian peak the mass
resolution was + 4 and + 7 MeV for P, = 700 and
400 MeV/c, respectively Below. 400 MeV/c the
angular resolution, and hence also the mass reso-
lution, deteriorated rapidly due to multiple Cou-
lomb scattering.

Referring to Fig. 2, me note the following fea-
tures of the missing-mass spectra: (1) A clear
peak occurs at a mass of 1.23 GeV at all momen-

turn transfers. (2) The peaks at 1.51 and 1.67
GeV are clearly seen at fixed masses only at the
highest three momentum transfers, gati =0.23,
0.33, and 0.43 (GeV/c)'. (3) At the lowest mo-
mentum transfer, gati

= 0.11 (GeV/c)', there is a
dip rather than a peak at 1.51 GeV. However, a
broad peak centered at 1.45 GeV is observed as
well as an enhancement at 1.40 GeV compatible
with the Roper resonances. (4) At the next high-
est momentum transfer, gati =0.15 (GeV/c)', the
broad structure at 1.40 GeV is still present while
the peak previously at 1.45 GeV has either disap-
peared or shifted to a mass of 1.50 GeV, near,
but still 10 MeV below the 1.51-GeV peak. (5) No

other structure is observed. The upper limit of
one standard deviation for the production of new
peaks narrower than 30 MeV is 5% of the cross
section for the known peaks at 1.23, 1.51, and
1.67 GeV which are dominant in the mass region
investigated.

The widths and masses of the various peaks
were extracted from the missing-mass distribu-
tions through a least-squares fitting program.
Before the ram data mere fitted the following cor-
rections were applied: The empty-target signal,
which was about 25% that of the full-target and
contained no discernible structure, mas subtract-
ed from the full target signal; the tail of the elas-
tic peak was extrapolated and subtracted from the
data; and the mass axis was shifted by 1.5% so
that the elastic peak had the correct mass.

A relativistic Breit-Wigner formula with a
mass-dependent width' was used to fit the peaks.
The experimental resolution mas folded into the
Breit-Wigner formula before the fits were made.
The background was accounted for by lm, 2n, and
3~ phase-space functions, all with adjustable am-
plitudes, together with a first-order polynomial
in mass. The g' did not improve significantly
when higher order phase-space functions mere
Used.

Of the three fitted isobars, the best determina-

TABLE I. Comparison of isobar widths and masses obtained in this experiment with those of previous experi-
ments.

Reference
Type of

measurement
Mass
(MeV)

Full width
(MeV)

Mass
(MeV)

Full width
(MeV)

Mass
(MeV)

Full width
(MeV)

This
experiment

Ref. 2
Ref. 6
Ref. 7

pp-p+MM 1227+ 7

pp p+MM 1240+6
gp 7)'+MM 1217+ 8

~p phase shifts 1236+0.6

105~ 7

102 +4
92+ 12

120+ 2

1512+ 2

1508+2
1503+6

1510—1540

88+ 2 1672 +4

92+3 1683+3
105+ 9 1691+4

105 —150 1680 —1692

102+9

110+4
119+9

105-180
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tion of the mass and width was that of the 1.51-
GeV isobar since it lies on a relatively slowly

varying background. The 1.23-GeV isobar lies on

top of the rapidly rising 1m and 2~ nonresonant
background and the 1.67-GeV isobar lies near the
limit of the instrumental acceptance. These fac-
tors introduce uncertainties in fitting the back-
ground under these peaks and hence also in their
masses and widths.

In Table I the results of the present experiment
are compared with the most recent preceding PP
missing-mass experiment, ' a recent rp missing-
mass experiment, ' and the results of mP phase-
shift analyses. ' The three missing-mass experi-
ments are in good agreement, demonstrating that
widths obtained in missing-mass experiments are
narrower than widths obtained from ~P phase-
shift analyses.
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We have measured wide-angle electron-positron pairs from the reaction y+ C C +g+
+g in the invariant-mass region 920&~&1080 MeV/c for incident photon energy 6&4
&7.4 GeV. The photoproduction amplitude of the (3E) meson was found to deviate from pure
imaginary by 25 + 15' corresponding to a ratio of the real to imaginary part of the P-nu-
cleon amplitude of P =- 0.48+00.g. The forward photoproduction cross section [do(y+C

C+Q(P —e+e ))dt]~ owas found -to be 96+14 nb/(GeV/c)2.

We determine the ratio of the real to imaginary
part of the g-nucleon amplitude, p, and the
quantity Ce= [do(y+C -C +Q(Q -ee))/df], 0 by
studying the e'e yields from the reaction

y+C-C+ e'+ e

in the energy region 6.0-7.4 GeV and e'e in-
variant-mass range 920 &m & 1080 Me V/c'. The
motivation for measuring P and C& is as follows:

(1) The phase of the PN scattering amplitude,

or the ratio of the real to the imaginary part of
the amplitude P, has been of considerable theo-
retical interest. On the one hand, since the gN
system does not couple to any of the known high-
lying trajectories other than the Pomeranchukon, '
one will expect the gN amplitude to be purely
imaginary. On the other hand, according to the
quark mode12 the (II)N amplitude is related to the
E 'N, g'lV amplitudes. Using the existing data on
the E'N, m'N amplitudes, various quark models'
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