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Measurement of neutron capture cross sections of Tc-99 at ANNRI of J-PARC MLF

*M. Maloney', T. Katabuchi!, C. Ishizuka!, G. Li', H. Kondo!, J. Han'
Z. Shao!, G. Rovira?, S. Endo?, A. Kimura?, S.Nakamura?
! Laboratory for Zero Carbon Energy, Tokyo Institute of Technology
2 Nuclear Science and Engineering Center, Japan Atomic Energy Agency

The neutron capture cross section of *Tc was measured at the ANNRI beamline in the J-PARC MLF facility.
Prompt y-rays from the capture reactions were measured with a Nal(T1) detector. The time-of-flight method
was employed to determine the incident energy.

Keywords: *Tc, J-PARC, ANNRI, Neutron Capture Cross Section, Time-Of-Flight Method, Long-Lived-
Fission-Products.

1. Introduction

Technetium-99 is a fission product which undergoes B decay with a half-life of 211,100 years. This
long-lived nature, relative abundance of production (approximately 6% of fission events produce *Tc) and
environmental migration poses difficulties for long term waste storage. As such it is a possible candidate for
reducing the amount of LLFPs via nuclear transmutation. The **Tc(n, y)'%°Tc produces '°°Tc which undergoes
B decay to stable '°°Ru with a half-life of 15.46 min. To design systems that could drive these reactions, more
accurate neutron capture cross section data are needed. There are large differences between experimental data
of the neutron capture cross sections, especially in the keV neutron energy range [1]. This motivated us to
perform the present measurement of the neutron capture cross section of *Tc.

2. Experimental Setup
The experiment was carried out at the Accurate Neutron-Nucleus Reaction measurement Instrument
(ANNRI) beamline at the Materials and Life Science Experimental Facility (MLF) at the Japan Proton Accel-
erator Research Complex (J-PARC). A Nal(TI) detector set at a scattering angle of 90 degrees with respect
from the neutron beam axis was used to measure prompt y rays from the neutron capture cross reactions. The
%Tc sample with a total mass of 78 mg was sealed in an aluminum container. The sample was placed at a
neutron flight distance of 27.9 m. Blank, a dummy case and a carbon sample were also measured for the
purposes of background subtraction. The time-of-flight (TOF) method was employed to determine the incident
neutron energy. The incident neutron energy spec-
trum was determined by detecting 478-keV y-rays -
from the '°B(n,ay)’Li reaction placing a boron sam- 10°
ple at the sample position. The anode signal from
the Nal(T1) detector was fed into a data acquisition
system, recording the TOF and pulse height of de- 10°
tected events.

Counts

3. Results 10°
A TOF spectrum for *Tc is shown in

Fig. 1. Resonance peaks of **Tc were successfully

observed. 10— e "G00 eo0 B0 7000 1200
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4. Conclusions

In order to derive the neutron capture
cross section of “Tc, prompt y-rays from
PTe(n,y)!Tc have been measured from thermal to
the keV energy range using the TOF method at
ANNRI of J-PARC MLF. Detailed results and comparison with past measurements will be presented in the
presentation.

Figure 1 TOF spectrum of neutron capture events
for *°Tc

References
[1] G. Noguere et al. Phys. Rev. C, 102, 015807 (2020).
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Neutron total and capture cross-section measurements of "™'Er at ANNRI and resolved

resonance analysis
*Gerard Roviral, A. Kimural, S. Nakamura?, S. Endo?, O. lwamoto?, N. Iwamoto?, T. Katabuchi?,
! Nuclear Science and Engineering Center, Japan Atomic Energy Agency
2 Laboratory for Advanced Nuclear Energy, Tokyo Institute of Technology

The neutron total and capture cross sections of "*Er were measured at the ANNRI beamline of J-PARC. The neutron
capture cross section was determined using Ge and Nal(TI) spectrometers, while the neutron total cross section was
measured with Li-glass detectors. In the present work, the neutron total and capture cross-section results of ™Er are
provided, together with the results of a resonance shape analysis to determine the resonance parameters of low energy
resonances of 66.167Er,

Keywords: J-PARC, ANNRI, "Er, 166.167Er Neutron Total Cross Section, Neutron Capture Cross Section.

1. Introduction

The extension of the nuclear fuel life has always been seen as an effective method to improve the economic
viability of nuclear reactors. Nonetheless, this has always been hampered by the limitation of 2°U 5 wt% due to criticality
concerns[1]. Enrichment of 2®U above the 5 wt% threshold would mean a major reformulation of both reactor criticality
and safety assessments for the present nuclear reactors. The Erbia-credit super high burnup (Er-SHB) fuel is an innovative
configuration that allows for the fuel life to be extended by increasing the enrichment of 23U > 5 wt%, while treating the
fuel as if the enrichment of 2%°U were to be lower than 5 wt%, as in present LWR reactions. Er-SHB is also able to achieve
this while providing several physical improvements (i.e., less downgrade of the flux distribution, improving the intrinsic
reactor safety parameters, better control of the transient power phase) [1], [2]. Nonetheless, for this to be attainable, the
accuracy of the nuclear data for the neutron capture cross section of Erbium needs to be improved. Sensitivity and
uncertainty analyses have remarked the importance of improving the neutron capture cross section data of Erbium isotopes
below 100 eV, with special emphasis on *7Er, since it accounts for about 18% of the total criticality uncertainty[3].
2. Experimental Setup

The present experiments were performed in the Accurate Neutron-Nucleus Reaction Measurement Instrument
(ANNRI) at the Materials and Life Science Facility (MLF) of the Japan Proton Accelerator Research Complex (J-PARC)
using Li-glass detectors to measure the neutron total cross section; Nal(Tl) and Ge spectrometers to determine the neutron
capture cross section, in separate measurements. In order to obtain high statistical accuracy at the neutron energy range
targeted by each spectrometer, five "*Er samples with different conditions were prepared.
3. Cross Section Results

The neutrons capture cross section of "Er was 10
determined from the thermal energy to about 1 keV with the Ge il
spectrometers and from thermal energy to about 500 keV with 10° ‘ JENDL:SBroadened

the Nal(TI) spectrometers using two 0.025-mm-thick sample.
At the same time, the neutron total cross section of "Er was
measured using samples with 0.05, 0.175 and 1 mm in
thickness, from thermal to about 1 keV with the Li-glass
detectors. Moreover, since the neutron capture cross section of
167Er accounts for about 95% of the capture events below 10
eV and there are no resonances of other isotopes, the neutron
capture cross section of **’Er was also derived with corrections
using JENDL-5. 102 .
4. Resolved Resonance Analysis. t* gt 0 Ne;g;n ener”’[zew LA

A resonance shape analysis was performed using the ¥
REFIT in order to derive the resonance parameters for the
166.167Er resonances up to 65 eV. For this, 4 sets of data were
employed: two capture data sets using two 0.025-mm-thick "*Er samples measured with the Ge and Nal(TI) spectrometers,
respectively; and two transmission data sets with "*Er samples with 99.9% purity and thicknesses of 1mm and 0.175 mm.
5. Conclusions

In this study, the results for the ™Er neutron total and capture cross sections measured with Li-glass, Ge and
Nal(Tl) spectrometers are presented and compared. Moreover, the results of a resonance analysis using both capture and
transmission data is also presented.
References
[1] M. Yamasaki, et al., Nucl. Technol., 177, 63-72, (2012).
[2] R. Pergreffi, et al., EPJ Nucl. Sci. Technol., 3, 8, (2017).
[3] A. Guglielmelli, “NEA HPRL.” https://www.oecd-nea.org/dbdata/hprl/hpriview.pl?I1D=539.
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=

Figure 1 Neutron capture cross section results for "Er measured with
the Nal(TI) and Ge spectrometers compared to JENDL-5
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Measurements of double-differential cross sections of the Al(p,xp) reaction for 400 MeV - 3 GeV protons

— (5) Measurements of proton spectrum of the incident of 3-GeV protons—
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Measurement of C Incident Electric Charge Particle Production Double Differential Cross Section

HhRE KR, R o, b RRRE, iR KER 2, Y oS
'JLKR, 2JAEA, 3QST

T BB LT H BRI B e IR FBAGHEERL T Ak SO O By Wrmfg 2 B E L7z, FEBRIL QST @
HIMAC U TITVY, RKmERER SV o B RR G (SSD) & F L—% (GSO(Ce), PWO, CsI(Tl)) %

MWz, KLFloZz, AE-EEZEML p 206 C £ TORERL T ORI 2 MR LTz,

F—0—F: "EMOWERE 1, PHITS2, R AN AIRH 3

(55
i

RFEA A GOERFIIDRARRIZBWTRERERZBROTWD, 77 v 7 =72 L) BEICHE
ZEPSELIFOTE OENIIGRIETH S 77, MIZRT 27T & ORISR L0 R 23 Rk &
. EPHOREE A~ T L2 W EM ST O 2 AR & 2, MR A0 TRV 2 BRLF ik G5
2 — ORI N O skE bz B4 %, IRBARFTERL A — B EriafE (DDX) OGS HE L
INTW5D,

2. EE&

FER TR BT 7B S B O HIMAC B, #78 « PLHIRS =ICTIT o 72, BF24720 100 6 L
<X 180MeV DR NF —TTIRFEA A H AT LI, #—77 > MME natC, 27A1 & 59Co % VN, 15°
~60° OHIFH CREZIT o7, RFESN 3 LD Y FU LM EOBMEICBE L T, EXITL D=3 ¥
—HEORE IPEHETERNE, BZET = U —NITHRHEZ ANIEZTTo T, B OBRHICITSE
WO AE fitigs & LT SSD ., &FIEMo E sz lAirtbElch v o 4 —7 L A a—7 Z2ikE
L AE-E IEIC L » TRIF-OREZEITo 72, T OFIEIZ K > TREFIEIFRBI S 4, 24MeV 25 700MeV FED
DDX ZRET D Z L BNHINKT,

3. #55R

180MeV/u DfR#EA A% 59Co IZAH SE7-FEo> 6Li it DDX & i W
PHITS(QMD+GEM)I” & % i & AT R, WO L HiE=s 3 0. R
A —H O DDX EEHEAE & BRI BV —HE R LTV D,
200~700MeV & TILRIREMEE1F25 Z & KT, 5 57 800MeV LAKE

@ DDX (B L TIFHT 2 3BRED 7 1y MIFLENRN -T2, Th

L E RS ZEB LT NREECH 728 Thd, SHZITLVIAV=X 20 w60 w0 1m0
WX —ZRET 5 AR ORRBLHETH 5, ey

e ol 1sum o

I5deg.

.........

20deg. 107

10
10
iy
'
107
o
10

40deg. x10

DDX [ mb / (sr MeV) |

6ldeg. <10

T.,'.“w,‘,.r,W,A.q,_.m..
b Zaler Sl At

| .
ool oom vy o oo ot (onnl o ool Lol

*Hiroya Sotooka', Yusuke Uozumi!, Tosimasa Furuta', Yuji Yamaguchi? , Yusuke Koba®

'Kyushu Univ., 2JAEA. 3QST.

2024%F BARRFHES - 2F04 -



2F05

2024FRKDAE

SIICEHFSAI1—F UVRERFRBEREN,SD
BMHBHEHFIRLEY—ARI MLOT U I7+—IT 4 U TICK BT
Estimation of energy spectra of light charged particles emitted from
muon-nuclear capture reaction on Si using an unfolding technique
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