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The ratio of 7~ to n* off deuterium was measured as a function of incident photon en-
ergy from 600 to 1700 MeV in the forward direction. The ratio shows a broad dip
around a center-of-mass energy of 1700 MeV, resulting presumably from the collective

1

effect of several isospin-z resonances in this energy region. Such a change in the ratio
is reflected in the rapid variation of the isoscalar photoproduction amplitude since we
found the isovector photoproduction amplitude to be a relatively smooth function de-
creasing slowly with increasing incident photon energy.

We have measured the ratio R of the 7~ and 7*
photoproduction cross sections from deuterium,
and the ratio of positive-pion production cross
section of hydrogen to that of deuterium in the
following reactions:

y+d—=1" +n+n,
Y+d—=1"+p+p,
v+p =17 +n.

The ratios were measured in the exact forward
direction as a function of incident gamma-ray en-
ergy ranging between 600 and 1700 MeV, which
corresponds to 1416 and 2017 MeV for the total
energy, W, in the yp center-of-mass system. In
this exact forward direction only one helicity am-
plitude contributes which at these energies is
dominated by the Born-term contribution, so that
the measurement gives directly a fairly accurate
result for the real part of the amplitude at this
angle, and can be understood in terms of simple
phenomenological analysis.

The apparatus used is shown in Fig. 1. A
bremsstrahlung photon beam from the Cornell
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FIG. 1.

University 2-GeV electron synchrotron was di-
rected onto a 7:-in.-long target filled with liquid
deuterium or liquid hydrogen. The pions were
focused and momentum-analyzed by a magnetic
spectrometer whose axis was aligned with the
photon beam. Momentum resolution of the spec-
trometer was set by counters 1L and 1R to be
£1.5%. The total geometrical angular acceptance
was 0.15 msr.

To eliminate electron-positron background we
used a radiation length of lead at the first focus
of the spectrometer and a threshold gas Cheren-
kov counter. Electrons lost energy in the lead
by the bremsstrahlung process and were then
swept out of the spectrometer by the subsequent
magnets. Pions underwent multiple scattering
in this radiator, which changed the absolute ac-
ceptance of the spectrometer. We used the posi
tive-pion photoproduction data from hydrogen to
find the absolute acceptance of the spectrometer.
We were also able to reproduce the absolute ac-
ceptance of the spectrometer by a Monte Carlo
calculation using known 7% data and spectrometer
parameters. Knowledge of the acceptance is not
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Diagram of apparatus.
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necessary for the ratio measurements but was
used to check against systematic errors.
Separation of protons and positrons was done
by measuring time of flight of the particles be-
tween counters 1 and 4. To separate pions from
electrons we used a 20-gap optical shower spark
chamber loaded with 8% radiation lengths of lead.
It was triggered by particles which went through
scintillation counters 1, 2, 2, and 4 but were not
detected by the Cherenkov counter. We then
scanned the spark-chamber pictures for events
which did not shower but went straight through
the chamber. The uncertainty in the scanning
was found to be 3.5%. A correction of about 3%
for differences in 7~ and 7* cross sections in
lead was made. The electron or positron contam-
ination in the pion was estimated to be about 1%.
To ensure that the detected pions came from
the desired reactions, we studied the pion yield
for a constant spectrometer setting by varying
the peak bremsstrahlung energy. We found the
multipion contamination to be between 1.6% at
600 MeV and 8% at 1400 MeV for both 7~ and 7*.
The slight dependence of the spectrometer ac-
ceptance on the particle charge was carefully in-
vestigated by examining the pion beam profile at
the spark chamber for various magnet settings
and counter positions, and was at worst 2%. Ta-
ble I shows the 7~ /7" ratios and corrections.
Figure 2(a) shows R after the above correc-
tions to the data. To obtain the 7~ /7" ratio for a
free nucleon target from our data, it is neces-
sary to correct R for Coulomb interactions in the

final 77 pp state.

In our kinematical region where the momentum
transfer to the nucleons is very low, Baldin’s®
approximation for calculating Coulomb correc-
tion has been used by Schult® to show that it is
valid to use the closure approximation., The dif-
ference between the 7~ /7% ratio from a free nu-
cleon and R was found to be less than 3 %.

The pion production amplitude A can be decom-
posed in isotopic spin space into A, the isosca-
lar part, and Ay, the isovector part. The 7~ /7"
ratio can then be expressed as

do”/dQ |Ag—A,)?

R = aa " A, + A -

In the following discussion one should remember
that the isospin I = 3 final states contribute to A
and 4y, whereas the I =% states contribute only
to A Ve

In the forward direction the Born term domi-
nates the amplitude and, therefore, the real part
of the amplitude is much larger than the imagi-
nary part.® We define the ratio X =ReA ;/ReA
and express it in terms of the observable R as
X =(1-VR)/(1 +VR) since ImA <ReA. Since A is
never more than 15% of A, we neglect |A5|? in
in comparison with |4 y|? and obtain

ReAy =[3(1+R)o,+ "2,
ReAS:XReA V-

Figure 2(b) shows X as a function of photon ener-
gy k and Fig. 3 shows the amplitudes ReA ; and

Table 1. Ratio R=o(y+d—n"pp)/o(y+d—r*nn) as a function of incident photon energy together with various cor-

rections.
¥ + _ ~ Combined
m m - m m - statistical
K ™ beamspot nuclear ™ beamspot nuclear R=9ilﬂi%—ﬁﬂ) and
Y deadtime shift absorption deadtime shift absorption o(yd>m nn)e=oosystematic

(MeV) correction correction correction correction correction correction error(%)
600 1.045 0.981 1.153(+0.016) 1.058 1.019 1.175(%0.019) 1.170.11 9.6
700 1.043 0.983 1.154(£0.016) 1.052 1.014 1.175(£0.019) 1.24%0.13 10.4
800 1.039 0.989 1.156(0.016) 1.047 1.011 1.181(£0.020) 0.85%0.09 10.4
900 1.034 0.992 1.171(+£0.018) 1.032 1.009 1.201(£0.022) 0.78+0.08 9.7

1000 1.030 0.993 1.190(t0.020) 1.027 1.007 1.220(%0.023) 0.64%0.07 11.0

1100 1.026 0.995 1.197(£0.022) 1.026 1.006 1.222(+0.023) 0.56+0.07 12.1

1200 1.021 0.995 1.195(£0.022) 1.020 1.005 1.208(+0.022) 0.78%0.09 1.7

1300 1.021 0.996 1.198(+£0.022) 1.023 1.004 1.199(£0.022) 1.00%0.11 11.1

1400 1.019 0.997 1.198(%0.022) 1.017 1.003 1.202(£0.022) 0.96%0.10 10.2

1550 1.016 0.998 1.212(+0.023) 1.013 1.002 1.207(£0.022) 1.01#0.11 10.9

1700 1.009 0.998 1.213(£0.023) 1.01Q 1.002 1.207(£0.022) 1.09%0.12 1.4
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FIG. 2. (a) Ratio o(y+d —n"pp)/o(y +d ~7n"nn) as a function of incident photon energy. (b) Ratio of ReAy to ReAg

as a function of incident photon energy.

ReA;. The cross section 0, +(0°) was obtained
from Walker’s phenomenological {it® and the val-
ue 0,+(0°) at 1484 MeV was obtained by extrapo-
lating the 0, .(2.5°) measurement of Buschhorn
et al.*

The most striking feature of X is its rapid en-
ergy dependence around W=1.7 GeV. This is
mostly due to ReA s since Red ; decreases slowly
with energy in our energy region. The rapid en-
ergy variation of Red s occurs in the region
where several I = 3 resonances such as D 4(1570),
S,,(1550), P,,(1470), F,5(1690), and D ;(1690) are
located. It is, therefore, remarkable that these
resonances altogether yield no pronounced dips
and peaks in ReA , at 6 =0, which in its general
trend and magnitude follows fairly well a Py ~-iso-
bar approximation in fixed-¢ dispersion relations®
which involves no adjustable parameter. The re-
sult of the calculation is shown as a solid line in
Fig. 3.

It seems to be a fact well established by photo-
production fits in our energy region that the D,
and F,; pion-nucleon resonances contribute only
weakly to the helicity amplitude nonvanishing in
forward direction and more strongly to the oth-
ers for photoproduction reactions off protons.
Figure 3 then shows (excluding the possibility of
cancellation of resonances) that this empirical
fact is not due to an accidental cancelation be-

tween the isovector and isoscalar components
contributing to photoproduction off protons.
There exist some rudimentary theoretical argu-
ments on the basis of internal symmetries, from
which such predictions follow.®

The J =3 resonances contribute with equal
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FIG. 3. ReAyp and ReAj; as a function of photon en-
ergy.
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weight only to those two helicity amplitudes which
do not vanish either in forward or in backward
direction. According to Fig. 3 and again exclud-
ing cancelations, it also follows that the J =% res-
onances contribute weakly to that isovector helic-
ity amplitude which does not vanish in forward
direction. Thus their effect has to be small in
the isovector amplitudes at any angle.

Among the J = 3 resonances, the P,,(1470) reso-
nance attracted particular attention. Because of
pion loss due to multiple scattering in the lead,
our data do not extend to small enough energies
to overlook the whole energy range where the P,,
resonance might appear. From our data we can-
not identify a possible P,, contribution since its
excitation is too weak. We therefore cannot draw
a conclusion whether the excitation of P,, is
stronger for photoproduction off neutrons com-
pared with photoproduction off protons. In this
context it is worthwhile to mention that Berends
and Donnachie also concluded quite recently, on
the basis of data at lower energies,’ that there is
no indication that the photoproduction of P,,(1470)
is favorable on a neutron. Such a rule would hold
in case of an antidecuplet assignment of P,,(1470)®
which at the moment seems out of the question
anyway.

Positive-pion photoproduction off nucleons in
deuterium is suppressed relative to photoproduc-
tion off free nucleons because of the Pauli exclu-
sion principle. It has been shown that o(yd — 7%nn)/
o(yp ~m*n) =1-3S(g), where S(q) is the deuteron
form factor and g is the momentum transfer to
the deuteron. In the forward direction ¢q is very
small and S(g)=1 so that o(yd —n*nn)/olyp —7%n)
=%. Figure 4 gives our measured values for this
ratio as a function of energy.

We wish to thank Dr. Roy L. Schult for calcu-
lating the Coulomb correction. We are grateful
to Professor A. Silverman for the use of his
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shower spark chamber and to Mr. G. Grindham-
mer and Mr. J. Hartmann for helping us collect
data.
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