TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech Research Repository

Od/dodn
Article / Book Information

oo@ao) PAOOOOUODOODODODOODOODOODOOO

oo@a) oood
Author(English) Kazushi Terada
oo@a) OO0:00@0),
oOooooo:0oo0ooa,
OO000:0094720,
O0000:20140 30 260,
ooooo:0o0o0a,
oo00:0000o0,00000,0000,0000,0000
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[0 [0 947201,

Conferred date:2014/3/26,

Degree Type:Course doctor,

Examiner:,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

(8 L3Fe)

Doctoral Program

A=

THESIS SUMMARY

B e HREFIL (s @ 1L -
T 2
Department of ﬁ%*%j:% ﬁ ﬁ Academic Degree Requested Doctor of ( L5 )
SRR - EEEE (1) | -
Student’ s Name SFH AnE] Academic Advisor(main) IR B
fegEE F&) e
Academic Advisor(sub) T

S (FE3C 800 FEFEEE)
Thesis Summary (approx.800 English Words )

The nuclear transmutation of Long-Lived fission Products (LLFPs: "°Se, %zr, ®Tc, 17pd, 1265, 1291, 135Cs, etc) produced
in fission reactors into stable or short-lived nuclides by neutron capture reaction is expected to reduce the impact of nuclear
waste disposal on the environment. Therefore, the neutron capture cross sections of LLFPs are very important for the study
on the nuclear transmutation. On the other hand, some of stable isotopes related to LLFPs are also produced in fission
reactors. Therefore, the capture cross sections of those stable isotopes are also important for the evaluation of the
performance of transmutation systems which do not adopt isotope separation. In the case of *“/Pd, one of important LLFPs,
the stable isotopes of 104105.106.108110p4 are also produced together with ’Pd in fission reactors. Therefore, the capture cross
sections of those stable isotopes are also important for the transmutation study of *°’Pd. From this viewpoint, we measured
the capture cross sections and capture gamma-ray spectra of 10410510610810p4 iy the neutron energy region from 15 to 100
keV and at 550 keV. Furthermore, we measured the capture cross sections of °’Pd in the neutron energy region from the
thermal to several hundred keV. In addition, the theoretical calculation was made by using the CCONE computer code.

The keV-neutron capture cross sections and capture gamma-ray spectra of 104105106108110p4 \yere measured in the energy
region from 15 to 100 keV and at 550 keV by using the 3 MV Pelletron accelerators at the Research Laboratory for Nuclear
Reactors of the Tokyo Institute of Technology. A neutron time-of-flight method (TOF) was utilized with an anti-Compton
Nal(TI) spectrometer and a 1.5 ns pulsed neutron source by the "Li(p,n)’Be reaction. The incident neutron energy spectra
were measured by means of a TOF method with a ®Li-glass detector. The capture gamma rays emitted from each sample were
measured with an anti-Compton Nal(Tl) spectrometer at an angle of 125 degrees with respect to the proton beam direction.
The signals from the spectrometer were recorded event by event as two dimensional data of TOF and Pulse Height (PH). Pd
samples had chemical purities higher than 99.97% and isotopic purities higher than 93%. The capture yields were obtained
by applying a pulse-height weighting technique to the observed net capture gamma-ray pulse-height spectra. The capture
cross sections of 104105106108 110pq \were derived with errors less than 7%, using the standard capture cross sections of %’ Au.
Comparing the previous results with the present results, previous results are larger than the present results by 5-60% in the
region from 15 to 100 keV and at 550 keV. The capture gamma-ray spectra of 104105106108110pq \yere also derived by
unfolding the observed capture gamma-ray pulse-height spectra for the first time.

Measurements of the neutron capture cross sections of °’Pd were carried out at the Materials and Life Science
Experimental Facility (MLF) of the Japan Proton Accelerator Research Complex (J-PARC). Neutrons with a repetition rate
of 25 Hz were produced from the spallation reaction induced by a 3-GeV proton beam impinging on a mercury target of
MLF. The proton beam power on the spallation target was 120 kW. The produced neutrons were moderated in a liquid
hydrogen moderator cooled at 19 K. The sample was placed at the sample position of the downstream experimental area of
the Accurate Neutron-Nucleus Reaction Measurement Instrument (ANNRI). Gamma rays from the sample were detected
with an Nal(TI) spectrometer of ANNRI. The detection angle was 90 degrees with respect to the neutron beam. The TOF and
the pulse width of each event were recorded event-by-event in a list-data format file. The pulse width was converted to the
pulse height using a conversion curve determined from calibration experiments. The neutron capture cross sections of *Pd
were derived by dividing the background-subtracted *°’Pd TOF spectrum by the incident neutron spectrum in the neutron
energy region from the thermal to 400 keV. In the thermal and keV energy region, previous measurements and evaluations of
JENDL-4.0 and ENDF/B-VII.1 are smaller than the present results by about 30%.

Moreover, theoretical calculations were performed by using the CCONE computer code in order to obtain neutron
capture cross sections of Pd isotopes in the wide neutron energy range. The capture cross sections and capture gamma-ray
spectra of 104105106108 110pq \were calculated to reproduce the present experimental results for both the capture cross sections
and capture gamma-ray spectra. The calculated capture cross sections and gamma-ray spectra of 1%41051%6.1%8pq \yere in good
agreement with the present experimental results, although there was discrepancy by about 30% between the calculated and
measured results of *°Pd at 550 keV. Furthermore, the capture cross sections of *“’Pd were calculated referring to the input
parameters for the Pd stable isotopes. The calculated results were smaller than the present experimental results by about 30%.




This discrepancy indicates the difficulty of input parameter determination for 1°’Pd based on the input parameters for the
stable Pd isotopes.

To summarize this study, the capture cross sections and capture gamma-ray spectra of *°’Pd and the stable Pd isotopes
generated in fission reactors were measured with high accuracy. Moreover, reliable cross section data for the stable Pd
isotopes were obtained by theoretical calculations. The present study will contribute to the improvement of the accuracy of
nuclear data library.
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