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The present status, recent experimental results and
plans for the near-term future of the Tokyo 1.3 GeV elect-
ron synchrotron are reviewed briefly. In the past two
years, the main experimental activity was around photo-
nuclear reactions on deuteron, helium and other nuclei.
Recently, a new tagged and polarized photon beam channel
has been installed, which is expected to improve substan-
tially the quality of experiments.

1. Introduction

The 1.3 GeV Tokyo electron synchrotron has run stably
for these two years. The circulating beam current has
reached 160 mA at the repetition rate of 21.5 Hz. Until
August 1985, two beam channels were available for the
particle and nuclear physics experiments in the experiment-
al areas calledSl and£. The first one inji was a brems-
strahlung beam cnannel with a typical beam intensity of 10
equivalent quanta per second. The other in/, was the
tagged-photon beam channel in which a photon energy range
of 240 MeV was covered by 24 tagging counters. The result-
ing energy bin of the tagged photon was 10 MeV and the
energy resolution was ± 7 MeV. Since the electron beam
spill from the synchrotron was limited to be 1 msec, the
duty factor was only 2% and the maximum tagged-photon beam
intensity usable for the experiment was around 2X10
photons/s.

Recently a new electron beam channel was installed in
iL which substantially increased the spill time of the
extracted electron beam up to 10 msec [1]. This was
achieved by modulating the field strength of all the
magnets in the beam extraction channel so as to follow
the sinusoidal variation of the magnetic field of the syn-
chrotron. As a result, the intensity of-the tagged-photon
beam is expected to increase up to 2X10 /s, which is
ten times higher than that of the previous tagged-photon
beam. In addition, polarized'photons can be generated by
using a silicon single crystal as a radiator in the photon
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tagging system. A recent layout of the experimental area
is shown in Fig.1. The/, area is now used for the brems-
strahlung beam experiments.
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Fig. 1. Layout of the experimental area at the Tokyo electron
synchrotron.



Although many experiments on single pion photoproduc-
tion on nucleon was done in the past which clarified
electromagnetic properties of the nucleon resonances,
present-day interests at the synchrotron are focussed on
photonuclear reactions [2]. The study of dibaryon
resonances and of two-nucleon correlations it) the nucleus
are some of these topics. Follcwings are the excerpt of
recent experimental results.

2. Recent Experiments on Photonuclear Reactions

2-1 Coherent neutral pion photoproduction on deuteron

spokesmen: S. Kato and T. Miyachi (INS)

A series of experiments to measure differential cross
sections of the reaction tfd -»7t°d has been done with the
bremsstrahlung photon beam. In the phase I experiment
(completed in April 1984), cross sections were measured at
pion cm. angles of 90°, 110°, 120° and 130° in the photon
energy range from 500 MeV to 1000 MeV [3]. These data were
analyzed with a Glauber-model calculation including the
effect of dibaryon resonances. In the phase II experiment
(completed in March 1985), the angular range was extended
up to 156°in the same photon energy range. In these experi-
ments, the recoil deuteron was detected by a magnetic
spectrometer and one of the photons decaying from 7t? was
detected by a lead glass Cherenkov counter. The set up in
the phase II experiment is shown in Fig. 2.

Results of these experiments are shown in Fig. 3. At
large angles, angular distribution of cross sections
becomes flat at photon energies from 0.6 GeV to 0.9 GeV.
These data are further being analyzed with various models
including the effect of dibaryon resonances.
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Fig. 2. Setup for the cross section measurement of the reaction
V+ d-»n?+ d.
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Fig. 3. Angular distribution of cross sections for the reaction
V + d ->7t.°+ d. Results for the phase I experiment are
shown by J and those of the phase II are shown by J .

The phase III experiment is now being done with the
newly-built tagged photon beam, which further extends the
pion c m . angular range up to 180 .

2-2 Photoemission of deuterons from nitrogen

spokesman: K. Ukai (INS)

Momentum spectra of deuterons photoemitted from nitro-
gen were precisely measured at the laboratory angles of 43
and 50°with the bremsstrahlung photon beam at the maximum
energies of 725, 775 and 825 MeV. These lab. angles corres-
ponded to the pion c m . angles of 90° and 75° for the reac-
tion /+"d%ic.°+ d, where "d" is the quasifree deuteron or
correlated two-nucleon system in the nucleus. If, this
quasifree reaction contributes dominantly to the deuteron
photoemission, there should appear the peak in the deutiron
momentum spectrum. The results are shown in Fig.4, where
the photon energy was determined by the photon subtraction
method. In the figure, a broken line is the result of
calculation based on the quasi-free deuteron model where
that deuterons are assumed to be emitted mainly through the
reaction Jf+"d"->^f+ d. A dash-dotted line is the result for
the two-step process, where the first step is dominated by
the single pion photoproduction on a quasifree nucleon
and succeedingly, recoil nucleon picks up its partner to
form deuterons. It is shown that the deuteron spectrum can
be explained by these two processes. To separate contribu-
tion from these processes, forward-angle measurements and
7t°d coincidence experiments are necessary.
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Momentum distribution of deuterons photoemitted from
nitrogen. A broken line shows the calculation based on
the quasi-free deuteron model and a dash-dotted line is
the result for the two-step process. A solid line is the
sum of the above two.

2-3 Angular distribution of differential crosSgSections
for reactions (̂ ,p) and (̂ ,pn) on He and Be

spokesman: S. Homma (INS)

As part of the systematic studies on the photodis-
integration of two-nucleon systems in the light nuclei, the
proton-inclusive spectra and the pn coincidence spectra o
were measured at the proton emission angles of 30° , 60°, 90
and 105°by using a tagged photon beam in the energy range
from 187 MeV to 427 MeV with the photon energy bin of 10
MeV [4,5,6). The setup of the experimental apparatus is
shown in Fig.5. Protons are detected with the magnetic
spectrometer and particles in coincidence with the protons
are measured with the plastic scintillation counter array.

Proton-inclusive spectra for the reaction Hef^ ,p)
are shown in Fig.6, where the spectra consist of two
components, the lower bump is due to the quasifree reaction
f̂ +"N"-^ p+N and the higher peak is due to the photodis-

integration of the quasifree two-nucleon system in the
nucleus, af+"pN"-> p+N. Cross sections for the latter
process are shown in Fig.7, where dotted lines show the
cross sections for the elementary process IT+d-» p+n multi-
plied by a factor of 4.5. Angular dependence of cross
sections are also shown in Fig.8. These results indicate
that the photon energy dependence and the angular
dependence of cross sections of the photodisintegration of
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the quasifree two-nucleon system in He and Be are well
reproduced by those of the deuteron photodisintegration
reaction with a scaling factor of 4.9 and 9.0 for He and
Be, respectively. From the p-n coincidence measure-
ments, the momentum distribution and t^e separation
energies of the two-nucleon system in He and Be were
obtained. Typical results for Be are shown in Fig.9.

Scintillation Counter Hodoscopt

H. G.« Cyllalar

Oaatr Bettlt

\
Thick Clumbrr

I
I MWPC2 '

/ / Palf Ca«m»f

Proton

Mignrt

Fig. 5. Setup for the cross section measurement of the reaction
He(»,pn) with the tagged photon beam.
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Fig. 9. Momentum distribution and separation energy distri-
bution of the pn-system in He measured by the pn-
coincidence experiment at the proton cm. angle tif
60° for Be.

2-4 Study of cumulative effect in photonuclear reactions

spokesman: Y. Murata (INS)

Inclusive proton spectra for the reaction h(8,p) 0
were measured at lab. angles of 30°, 45°, 60°, 90°, 120
and 150° for Al, Cu, Ta targets in the photon energy range
from 307 MeV to 547 MeV by using the tagged photon beam.
Obtained spectra were analyzed in terms of a moving source
(a nuclear f i re ball) model; i t is assumed that protons
are emitted isotropically in the rest frame of the moving
source and their energy dis t r ibutes according to the +
Boltzmann's distr ibution N (T )=A-exp(-T /T ), where T
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is the kinetic
energy of protons,
T_ is the tempera-
ture parameter and
A is the normaliza-
tion parameter. In
addition, in the
fitting of the
proton spectra in
the lab. frame,
velocity of the
source was treated
as a free parameter.
Results for Cu are
shown in Fig.10
together with the
best fit curves.
Obtained parameter
A does not depend
on the incident
photon energy for
all kinds of
targets investigat-
ed. The temperature
parameter T~ varies
from 40 MeV to 50
MeV with the incident
photon energy. From
the velocity of the
moving source and the
incident photon
energy, the number of
nucleons N partici-
pated in the reaction
was estimated to be 3
to 4. The obtained
values of N are
almost independent of
the photon energy for
Al and Cu.

Ey = 407 MeV

-2

100 200 300 400
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Fig.to. Energy spectra of protons emitted
at various angles in the reaction
Cu(V,p). Solid lines are the best-
f i t curves based on the moving
source model.

2-5 Photonuclear spallation reactions in various nuclei

spokesman: S. Shibata (INS)

Radiochemical studies of
ous nuclei such as V,

ton- Iuced-,spallations in
'Y, T 2 7 I , T33Cs,

'Au and 'u3Bi are extensively done with the bremsstrahiung
beam of end-point energies 300 MeV to 1000 MeV. Typical
results for Cu are shown in Fig.11. Formation yields of 24
radioactive nuclides have been measured by the direct
)(* - ray counting on irradiated Cu targets. Cross sections
in the product mass range from 42 to 60 were analyzed in
terms of the empirical formula by Rudstam. Various para-



meters for the photon-induced spallation are compared to
those for the hadron-induced spallation. For example, the
slope parameter of the mass-yield curve is an approximate
measure of the excitation energy transferred from the
incident beam and the smaller slope values corresponds to
larger average energy deposition. Results are shown in
Fig.11, where the slope for photon-induced spallation is
larger than that of hadron-induced spallation. In
addition, energy deposition seems to be saturated at the
incident beam energy over 2 GeV in hadron-induced reactions,
while the saturation occurs for E < 0.6 GeV in photon-
induced reactions. Further detailed studies are in progress.

MAXIMUM BREMSSTRAHLUNG ENERGY IGeVI

KINETIC ENERGY (CaVI

Fig.11. Mass-yield curves for
the photo-spallation on Cu at
the bremsstrahlung end point
energy of 850 MeV.

Fig.12. Slopes of the mass-yield
curve as a function of the
bremsstrahlung end-point energy.
Present results are shown by f.
A solid line is the result for
hadron-induced reactions.

3 . Plans for the Near-Term Future

Extensive studies on a search for dibaryon resonances
and the nucleon correlation in light nuclei are concidered
to be the main topics at the Tokyo electron synchrotron in
a couple of years. To do these experiments more effective-
ly, a magnetic spectrometer with large acceptance, called
TAGX detector, was proposed by K.Maruyama et al.. When
coupled with the new tagged-photon beam with a large duty
factor, the event rate would be increased substantially so
that reaction channels with smaller cross sections can be
explored. In addition, the fact that all the final-state
particles can be measured exclusively enables an unambigu-
ous study of three body final states.

This general purpose detector TAGX is now under const-
ruction by physicists from nine institutions. The 107 cm
cyclotron magnet of our institute was remodeled to get the
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maximum field strength of 0.5 T in the gap width of 60 cm.
In this cylindrical volume of the magnetic field, a pair of
semi-cylindrical drift chambers (CDC) are set surrounding
the target to measure the charged particle tracks. These
CDC's have 800 sensing anode wires which give 12 measurement
points per track. Hit positions along the anode wires are
determined by the charge division method.

Two sets of scintillation counter hodoscopes are
placed in front of and behind the CDC. These hodoscopes
are used for triggering and particle identification.
Geometrical acceptances for various reaction channels are
studied by a Monte Carlo simulation and results showed that
the geometrical detection efficiency of more than 12% is
obtained for the three-body reactions.

Up to now, two experiments making use of the TAGX
detector were approved and are in preparation;

(1) study of two-nucleon systems for the reaction
~H d-* dTCTC, NN7t , and NN7C7C .
spokesman: Y.Sumi (Hiroshima Univ.), scheduled

in 1986.
4

(2) studies on photonuclear processes on He.
spokesmen: C. Rangacharyulu (Saskatchewan) and

S. Kato (INS), scheduled in 1987.

In these experiments, effects of dibaryon resonances are
to be explored in the photon energy region from 250 MeV to
1 GeV. I£ is also interesting to study the photo-excita-
tion of N resonances in the nucleus. Especially,
through the exclusive measurement of three-and four-body
final states, information on the N-A and A -A interactions
is expected to be obtained.

We are grateful to our collaborators Profs. S.^Jomma,
Y.Murata, K.Ukai, K.Yoshida, Drs. K.Maruyama, T.Miyachi and
S.Shibata at the Tokyo synchrotron who provided us valuable
information on recent experimental results.
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