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Abstract; Differential and total cross sections of the yp—="p and the yd—=’pn reaction were meas-
ured for photon energies between 640 and 1 150 MeV. The data have been compared with SAID

and MAID model calculations. =’ photoproduction on the deuteron shows a strong suppression of

the 2nd resonance which is clearly seen in the yp—="p reaction.
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1 Introduction

Photoproduction of neutral mesons is a good
tool to understand nucleon resonances. Although
the precise measurements of the yp—=’p reaction
have been performed, experimental data of =° pho-
toproduction on the deuteron is very scarce for E,
>800 MeV. The experimental information of the
resonances from the yd reaction is highly desired
for the following reason.

Kuznetsov et al. recently reported a new nar-
row structure at around W=1. 67 GeV in quasifree

]

eta photoproduction on the neutron™. The same
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structure was observed in our preliminary data of

the yd—npn reaction?’,

2 Experiment

The experiments were carried out with a
tagged photon system at the Laboratory of Nuclear
Science( LNS) at Tohoku University. It provided
photons with energies form 0. 58 to 0. 88 GeV for
0.92 GeV electron beam, and from 0. 75 to 1. 15
GeV for 1. 2 GeV electron beam. Typical tagging
rate was about 2X10" photons/s.

Neutral pions produced in the solid hydrogen/
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deuterium target were detected with an electro
magnetic calorimeter SCISSORS II via their yy de-
cay. The SCISSORS II detector consists of 206
pure Csl crystals with plastic scintillators. The ex-
perimental setups were described in detail in Ref.
[3].

The =’ mesons were identified via an invariant
mass analysis. In order to select the quasifree sin-
gle n’photoproduction process, a missing mass a-
nalysis was performed. The missing mass is de-

fined as

M, = /(E,+Myx — (E, + E;))* — (k— (ky +k:))*

(@Y

where (E,, k), (E;, k;) are energy-momentum of
the incident and detected photon, respectively, and
My is nucleon mass. The Yy events were sorted out
into a bin with an angle step Acosf * =0. 1 in the
photon - nucleon center of mass system.

Fig. 1 shows the missing mass spectrum of the
YN—>7="X deduced for 0. 2<Ccosf” <C0. 3 at E, =~
860 MeV on the deuteron target . The peak around
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Fig. 1 Missing mass spectrum of the reaction yYN—>z"X .
— the results of fit to the missing mass spectrum. The func-
tion of the signal (quasifree peak) and the background are

shown as =+ and -=- curves, respectively.

940 MeV corresponds to quasifree single =° photo-
production. The bump at higher mass is considered
to be due to multi pion production process. The
tail of the bump causes background events, main-
ly, for the single n° production process, since the

coherent ©’ photoproduction is negligible above E,

2600 MeV™ . We have estimated the background
by fitting the following function with the data:

SWD = f3 (M) + fraa (M) (2

1 and

where f,, is a logarithmic Gaussian function®
Sieer 18 a Gaussian function. The yield of single
7’ photoproduction was deduced by subtracting the

estimated background yields.

3 Results

The differential cross sections for the single z°
photoproduction on the proton for 640 < E, <<
1 150 MeV are shown in Fig. 2. The present re-
sults are plotted with closed circles and those of
Bonn are plotted with squares. Both data sets are
in good agreement with each other within errors.
In the 2nd resonance region around E, = 800 MeV,
angular distributions show a convex function due to
D,; (1520)resonance.

The total cross section was obtained by sum-
ming up the differential cross section. The differ-
ential cross section at the most forward and back-
ward points (cosf* << —0.9, cos §* >>0.9), where
acceptance of the detection system is almost zero,
were estimated by extrapolation of the measured
cross section. Fig. 3 shows the total cross section
of single =’photoproduction on the proton. The
present data were shown by closed circles in Fig. 3;

[4, 6]

those from Mainz are shown by diamonds and

those of Bonn'" are shown by squares. Our data
The solid and

dashed lines are results of the SAID calculation™® *

slightly larger than the others.

and the unitary isobar model MAIDM ' calcula-
tion, respectively. Both calculations fairly repro-
duce the experimental data. However, the MAID
calculation overestimates the experimental data for
E,<660 MeV and around the 2nd resonance peak.
Ignoring the small discrepancies above E, &1 020
MeV, the SAID results better reproduce the exper-

imental data than MAID calculation.
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Fig. 2 Differential cross sections for yp—>=’p for energies from 0. 6 to 1. 15 GeV. ¢ the present result, 5 from Bonn.

Incident photon energies are in MeV (Bonn values are underneath).

. .
50 - This work the d(y, n’)np reaction. The present results are

o ]?AZ?SZ shown by closed circles. For comparison, Mainz
— A data for E, <C800 MeV are also shown by dia-

monds. Below the 2nd resonance peak, our results

40

433' are in good agreement with the Mainz data.
© 20 Fig. 5 shows the total cross section as a func-
tion of E,. Our data, again, slightly larger than
10 ‘ ‘ those of Mainz for E,<C800 MeV. Nevertheless,

Il
600 700 800 900 1000 1100

they cover the 2nd and the 3rd resonance region
EY/ MeV

completely. The bumps of the 2nd and the 3rd res-
Fig. 3 Total cross section for yp—>=’p. . .
& R onance observed in yd—>=’pn reaction are broader

Fig. 4 shows the differential cross sections of than those in the yp—>=’p reaction.
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Fig. 4 Differential cross sections for single =’ photoproduction from the deuteron.

@ the present result, <> from Mainz.

To understand the shape of the excitation values are about 1. 3 times higher than the meas-
function in Fig. 5, we compared the experimental ured cross section. Above E, 900 MeV, discrep-
data with model calculations which take into ac- ancy between the calculated values and the data be-
count the momentum distribution of the bound nu- comes small.
cleon. In Fig. 5, the data are compared with MAID The triangles in Fig. 5 are the yields deduced
model. The dotted line in Fig. 5 represents calcu- by subtracting the ‘p’ yields from those of yd—
lation of the total cross section of ¥y ‘p’ —=’p, 7’pn. Thus, in a very naive picture, the triangles
where ‘p’ stands for the proton in the deuteron. correspond to the total cross section of the y ‘n’—
The dashed line corresponds to the total cross sec- x’n reaction. As seen, the 2nd resonance peak in
tion of ¥ ‘n”—x"n reaction. The solid line repre- the neutron almost disappear, while the model cal-
sents the sum of ¥ ‘p”’—==’p and ¥ ‘n” —>="n reac- culation still shows a distinct peak structure.

tions. In the 2nd resonance region, the calculated The calculations based on the SAID model are
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shown in Fig. 6. The solid line corresponds to the
vd—=’pn reaction, and dotted line and dashed line
represent ¥ ‘p’—x’p reaction and ¥ ‘n’—>="n reac-
tion, respectively. The calculated values of the yd
—x’pn are, again, much larger than the experi-

mental data for the 2nd resonance region.
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Fig. 5 Total cross section for yd—=’pn.
«+« Model calculation for y ‘*p”’—=>="p, -=- Model calculation for
vy‘n’—>x’n, — sum of ¥y ‘p”’—>x’p and ¥ ‘n”—>x"n. a t the
cross section of the ¥y ‘n”—x’n, which was deduced by sub-
tracting the cross section of the y *p’—=’p from the the meas-

ured Cross secti()n.
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Fig. 6 Total cross section for yd—=’pn.
-+« Model calculation for y ‘p”’—>="p, --- Model calculation for
vy‘n’—>x’n, — sum of y‘p’—>x"p and y ‘n” —>="n. The cal-

culations are based on SAID. The symbols are the same as

Fig. 5.

4 Summary

We have measured differential and total cross
sections of the yp—>=’p and the yd—="pn reaction
for photon energies between 640 and 1 150 MeV.
The cross section of the 2nd resonance region ob-
served in the yd— x’pn reaction is much smaller
than the simple estimation of using the MAID and
SAID models. The deduced total cross section
which corresponds to the ¥ ‘n” —x"p reaction in a
naive picture does not show the clear narrow struc-
ture observed in the vy *n”—un reaction. The sup-
pression of the cross section of single = photopro-
duction in the 2nd resonance peaks are interesting

and still open question.
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