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• Photonuclear reactions play an important role in the shielding design of

electron accelerators with its energies above a few tens of MeV. Cross
sections for this reaction have been measured until 1950’s, and cross
section data libraries are prepared based on the results and theoretical
research [1,2,3].

• In contrast to the cross section data, there are few examples of
measurements for the energy and angular distribution of neutrons
emitted from the photonuclear reactions.

• Our group developed a method to measure the energy and angular
distribution of emitted neutrons from photonuclear reactions induced
by linearly polarized photon using laser inverse Compton scattering
technique [4].

• We measured the energy and angular distribution of neutrons for six
different target metals: lead, gold, tin, copper, iron, and titanium at six
different laboratory angles [5].

• The results indicate that the neutron energy spectra consist of at least
two components, one distributing in relatively low-energy side showing
emission from equilibrium state, and the other showing strong
dependency on the direction of polarization of the incident photon,
which has a relatively high energy.

• In this paper, we will introduce this experiment, summarize the
characteristics of the results for each target, and discuss future
experimental plans to see features of the spectra clearly.
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• In this paper, experiments on neutron energy spectrum measurements from photoneutron reactions are presented, and the characteristics of the results for each target are discussed 
by deducing energy spectrum of polarization dependent component with referring level scheme of residual nuclei.

• Base of above comparison, several candidates for future experiments are suggested. 
1. Additional data taking for heavy target such as Bi, W, and Ta to see difference observed for Pb and Au. These are quite important nuclei from view of practical application. 
2. Increasing incident photon energy is also interesting to see behavior of Cu, Fe, Ti and the other light nuclei. Because of NewSUBARU operation limit, this may need longer beam time. 
3. The most interesting topic of the experiment is improving energy resolution. This may need longer flight path and shorter detector thickness. Since this causes low neutron yield, at 

least 10 times of photon beam intensity enhancement is required. 

• The details of the experiment, data analysis, and results are described in
detail in references [4,5]. Only outline of the experiment is given here.

• The experiment was carried out at BL01 of the New SUBARU Synchrotron
Radiation Facility in Hyogo, Japan.

• Figure 1 shows a photograph of the detector setup in the experimental
hutch.

• The 16.6 MeV linearly polarized photons generated by inverse Compton
back scattering between 523 nm laser and 976 MeV electron beam are
injected into a target located at the center of the hutch.

• Neutrons produced by photonuclear reactions in the target were
measured with six neutron detectors, five of which were placed on a plane
horizontal to the floor at 30, 60, 90, 120, and 150 degrees with respect to
the beam direction.

• The direction of photon
polarization was horizontal,
thus 90 degrees detector on
horizontal plane faces
direction of polarization.

• The other one was placed
above the target, at 90
degrees with respect to the
beam direction as well as
polarization.

• The neutron energy was
determined by the time-of-
flight method.

• On the left panel, neutron energy spectra are shown for the horizontal 90 degrees (90) which shows the highest yield and the vertical 90 degrees (V90) the lowest among angles. On
the right panel, 90 data subtracted with V90 are shown as a function of Eg-Q-En, where Eg is incident photon energy, Q is Q value of (g,n) reaction and En is neutron energy. The right
panel also includes level scheme [6] of residual nuclei for (n,g) reaction with relatively large abundance target nuclei in same horizontal scale.

• Clear polarization-dependent component 
on its high energy side. 

• The component shows distribution 
similar to that of the level scheme

• The Au target has the similar mass 
number as the Pb target, but has less 
polarization-dependent components. 

• In addition, a large number of 
components corresponding to low 
excitation levels are measured, 
reflecting the dense levels of the 
residual nuclei. 

• Although the tin target has about half 
the mass number of the gold target, the 
amount of polarization-dependent 
components is comparable to that of the 
gold target. 

• The energy distribution of the neutrons 
reflects less number of low-lying levels 
of residual nuclei, same as lead results. 

• Although the mass number is similar to 
that of the copper target, the even 
smaller amount of polarization-
dependent components were obtained 
with reflecting less number of the low 
lying levels of the residual nuclei. 
• The iron is quite preferable nuclei to see 

neutron for each low lying levels because 
of relatively large energy difference 
among them.

• The amount of polarization-dependent 
components is lower than that for the 
previous targets, which is related to the 
lower incident energy and relatively high 
Q value. 
• The excited level structure of the residual 

nuclei corresponds to the neutron energy 
distribution, i.e, number of neutrons 
decreases toward to the ground level.

• The titanium target shows the opposite 
angular dependence to the other
targets. Thus right side panel shows 
V90-90. 

• It is quite interesting to see this
dependence when the incident energy
of photon is increased, i.e, large number
of levels participate to neutron 
emission. To see this, at least 3 MeV 
increasing would be required.


