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The laser Compton scattering gamma ray beamline at the synchrotron light facility NewSUBARU supplies
a quasi-monochromatic, polarized, high-energy photon beam. A gamma ray flux of more than 107 photons/s is
generated at a photon energy range of 1 - 73 MeV. Emission distributions of the fast neutrons generated from
different target materials were measured as a function of the polarization angle of the linear polarized gamma-ray
beam using a time-of-flight method with fast plastic scintillators. The neutron distributions were consistent with
a previous theoretical result. The relatively slow neutrons were measured via an activation method. The result
demonstrated the small anisotropy of the slow neutron emission.
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1. Introduction
The NewSUBARU Synchrotron Light Facility [1]

consists of a electron storage ring of GeV-energy electron
and nine beamlines that use the synchrotron radiation. One
of the beamlines (BL01) was constructed as a laser Comp-
ton scattering gamma-ray source. Here, it is possible to
ghenerate gamma-ray energies of 1 - 73 MeV with a flux
of 107 gamma photons/sec [2–6]. This gamma-ray beam
source is generated via collisions between the laser beam
and the relativistic electron beam in the electron storage
ring. In the case of head-on collisions, the scattered pho-
ton energy Eγ is estimated from the relativistic Doppler
shift of the photon energy as

Eγ(θ) =
4ELγ

2

1 + γ2θ2 +
4ELγ

mc2

, (1)

where γ = Ee/mc2 is Lorenz factor of the electron, Ee

is the electron kinetic energy, mc2 is the electron rest en-
ergy, EL is the laser photon energy, 4ELγ/mc2 is the re-
coil effect of the scattered photon to the electron, and θ is
the angle of the scattered photon relative to the electron
beam axis. A typical gamma ray photon energy is calcu-
lated to be 16.9 MeV in the case where an electron energy
of 982 MeV and an Nd:YVO4 laser (with a wavelength of
1.064 µm) is used. The gamma ray photon energy can be
changed by changing the electron energy or the laser pho-
ton energy. One additional excellent feature of this gamma
ray source is its directed beam source with a small diver-
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gence angle. The above Eq. (1) shows that the scattered
photon energy depends on the angle of the scattered pho-
ton. Therefore, a quasi-monochromatic gamma ray beam
can be obtained by inserting a collimator to restrict the an-
gle of the scattered photon. For example, when we use a
collimator with a diameter of 3 mm at a distance of 17 m
from the scattering point, the energy spread of the gamma
ray beam is approximately 3% for an electron energy of
1-GeV.

Over the past few years, this gamma ray beam source
has been used for research in various fields such as nu-
clear transmutation for nuclear waste disposal [7–9], useful
radio-isotope generation [10, 11], nuclear physics studies
[12–16], nuclear astrophysics studies [17], positron gener-
ation and application to non-destructive inspections of ma-
terials [18, 19], and detector tests via a high-energy polar-
ized photon beam [20].

In this paper, we report photo-neutron emission distri-
bution measurements using fast scintillation detectors and
dysprosium (Dy) activation detectors. In a previous paper
[15], we discussed the fact that the emission distribution of
photo-neutrons as a function of gamma ray polarization in-
cludes information concerning the nucleus structure of the
gamma-ray target. Here we measure photonuclear reac-
tions using various targets with linearly polarized gamma-
ray beams. Nearly all nuclei have large photonuclear re-
action cross sections at the photon energies of several tens
of MeV due to the Giant Dipole Resonance (GDR). For
example, the gold nucleus has a more than 500 mb peak
cross section at a gamma-ray energy of 13.5 MeV with a
resonance width of approximately 5 MeV. In this photon
energy region, the primary absorption mechanisms of the
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Fig. 1 The laser Compton gamma ray beamline (BL01) in the NewSUBARU synchrotron light facility. One sixth part of the electron
storage ring is shown. The storage electron bunches rotate in a counter-clockwise manner. Laser beams are injected from the
outside of the shielding tunnel in which the storage ring is installed. The laser photons collide with electrons at the collision points
P1 or P2 and are scattered back to the irradiation hutches 1 and 2.

gamma ray are pair creation and Compton scattering. Both
mechanisms generate prompt gamma rays in the target and
are detected by the scintillation neutron detectors. To dis-
tinguish the neutron from such gamma-ray noise, the time-
of-flight method was used for the fast neutron measure-
ments.

2. Experimental Setup
Figure 1 shows the experimental layout of the BL01

gamma ray beamline at NewSUBARU. The electron stor-
age ring consists of six cells of a double bend achromat
lattice (DBA lattice) with inverse bend magnets [1]. The
laser Compton scattering gamma ray beamline BL01 is lo-
cated downstream of the straight section. The laser beam
is injected from outside the shielding tunnel in which the
electron storage ring is installed. Two collision points, P1
and P2, exist. Collision point P2 is used for the long wave-
length lasers. Short wavelength lasers (Nd lasers:1.064 µm
and 0.532 µm and an Er laser:1.55 µm) use the collision
point P1. The length from P1 to the target position in the
gamma ray irradiation hutch is 24.1 m. A typical gamma
ray beam size is 2 cm in diameter. Figure 2 (a) shows a
gamma ray beam image taken by an imaging plate (Fuji
Film BAS-SR2025). The pixel size of the imaging plate
was 0.05 mm and the image size is 55 mm × 55 mm. This
image was taken several years ago with a gamma ray peak
energy of 1.7 MeV. A vertically polarized CO2 laser was
used for the Compton scattering of the 1-GeV electrons. In
this figure, a circle with a diameter 6 mm is added as a ref-
erence of the collimator size. The gamma-ray band width
with this collimator is approximately 30%. The image was
extended horizontally due to the vertically polarized laser
scattering. The photon scattering is a dipole radiation from
the electron vibrated by the electric field of the incident
photon at the electron rest frame. The emission distribu-

Fig. 2 (a) Polarized gamma ray beam image taken by an imag-
ing plate with a 1.7-MeV gamma ray. (b) and (c) The tar-
get alignment and target irradiation monitor images taken
by an Si-pixel monitor with a 16.7-MeV gamma ray.

tion has a sin2 θ shape. θ is the angle from the dipole vi-
bration axis. This emission distribution was transformed
to the laboratory frame resulting in an elliptical shape with
its long axis perpendicular to the photon polarization di-
rection, as shown in Fig. 2.

The insets of Fig. 2, Figs. 2 (b) and 2 (c) are the tar-
get alignment and target irradiation monitor images taken
by a 14 mm× 14 mm Si-pixel monitor (Advacam MiniPix,
Si:500 µm, 256 × 256 pixels). The upper image shows
a transmitted gamma ray through a 10-mm-diameter 40-
mm-long gold target irradiated by a 16.9-MeV gamma-
ray beam with a 6 mm collimator. The collimated gamma
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beam and gold rod target were well aligned. In this case,
an Nd:YVO4 laser was used.

The setup of the time-of-flight (TOF) neutron mea-
surements was the same as the previous experiment re-
ported in Ref. [5] except that the irradiation hutch was
used. Previous measurements were performed in hutch-1
instead of hutch-2, which was used in the present experi-
ments. Single bunch electrons (Ee = 982 MeV) were used.
In this mode, only one electron bunch with a 60-ps pulse
width (FWHM) circulates in the NewSUBARU electron
storage ring with a 2.5 MHz revolution frequency and the
storage current is limited to 20 mA. The laser (Nd laser,
λ = 1064 nm) was also operated with a 60-ns pulse width
pulse mode and a 25 kHz repetition rate with an average
power of 15 W. The timing between the electrons and the
laser bunch was adjusted for a collision at collision point
P1. The gamma-ray arriving time on the target was pre-
cisely synchronized with the electron bunch of 60 ps, even
thouth the laser pulse width was 60 ns. Then, a divided
synthesizer frequency of 25 kHz was used as a trigger of
the laser and the stop signal of the TAC (time-amplitude-
converter) module. The neutron detector signal was used
as a start trigger of the TAC module. The neutron detector
consists of a fast plastic scintillator and a photo multiplier
tube (time response of approximately 2 ns). The irradiated
target was 10-mm-diameter and 40-mm-long rod. After
aligning the target at the center of the gamma-ray beam,
the collimator was not used. The flight path of the neu-
trons (from the target to the neutron detector) was 1 m. The
data accumulation time was typically 2 h. We measured the
neutron emission intensity distribution as a function of the
gamma-ray polarization angle. Neutron generating target
of 197Au, 107,109Ag and 89Y were tested. All targets used
had natural isotopic abundance nuclei.

Low-energy neutron measurements were made us-
ing an activation method. Figure 3 shows a layout of
the Dy activation foils and the neutron-generating target.
The gamma-ray beam irradiates the central gold target

Fig. 3 The layout of the four Dy activation foils and the neutron-
emitting Au target. The gamma-ray beam irradiates the
target vertically to the page, from back to front.

(10 mmφ × 40 mm), and a photo-neutron is emitted in the
4π direction. The neutrons are thermalized in the moder-
ator polyethylene and are absorbed by four Dy activation
targets (25 mm × 25 mm × 0.25 mm) located in the moder-
ator. Natural Dy foils are used. The natural abundance of
164Dy is 28%. The neutron absorption and decay reaction
of Dy is 164Dy(n)165Dy(β−)165Ho. The half-life of 165Dy is
2.33 h. Therefore, an irradiation time of approximately 4 h
is suitable. After irradiation, activated Dy foils are sand-
wiched with imaging plates to transcribe the decay β− and
γ for approximately 10 h.

3. Results
The emission distribution of neutron from 197Au(γ,

n)196Au reaction measured via the TOF method has shown
relatively large anisotropy in previous experiments [21]. In
the present experiments, we used the Au target as a stan-
dard target to compare to previous results. Our result is
in good agreement with previous results. Therefore, we
consider the new measurement system as being consistent
with the previous one. The neutron emission distribution as
a function of the azimuthal angle refers to the polarization
direction of the gamma ray following In = a + b · cos(2φ).
This function is Agodi’s prediction [22]. Figure 4 shows
the neutron emission distribution from the Y and Ag tar-
gets. The results of the two new targets show similar dis-
tribution dependence. However, the target mass number
dependence of the distribution anisotropy shows a different
trend from before. Previous experiments showed that the
strength of the neutron emission anisotropy was roughly
proportional to the mass number of the nucleus [5] (Fig. 5).
The new date of Y and Ag data are added as circles in
Fig. 5. The results show that the anisotropy depends on
other parameters of the nucleus instead of, or not only on,
the atomic mass number.

Figure 6 shows data of a low-energy neutron mea-
surement via an activation method. The four dark square
images are the transcribed images from the four Dy ac-
tivation foils. Vertically integrated intensity line profiles

Fig. 4 The neutron emission distribution from Y and Ag targets.
The fitting curves have a + b · cos(2φ) distribution.
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Fig. 5 Neutron emission anisotropy dependence on the nucleus
mass number. Anisotropy is indicated by the value of b/a
with a neutron emission distribution of a + b · cos(2φ).

Fig. 6 Transcribed images of dysprosium activation on an imag-
ing plate. Four dark squares are the Dys. Vertically in-
tegrated intensity line profiles are added. The two end
profiles and the central two profiles are data from hori-
zontally and vertically located samples, respectively.

are added. The two end profiles are data from a horizon-
tally located sample and the central two profiles are from
a vertically positioned sample. The right vertical axis in-
dicates the intensity for the integrated line profile. All im-
ages have an intensity of approximately 800 - 1000. These
low-energy data show no or little anisotropy in the neutron
emission. The edge of each line profile have high intensity
peaks. These profiles indicate the thermalized neutrons in
the polyethylene moderator accumulated by the Dy foils.
This means that an optimized design of the moderator is
required to measure the neutron emission anisotropy due
to the reduction of the angular sensitivity by the crosstalk
of neutrons.
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