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@ High-energy nuclear data (above 20 MeV) related to
accelerator applications including IFMIF:
- deuteron, neutron, and proton-induced reactions

- secondary particle emission

@ Fusion neutronics related to ITER @ JAEA

Status of JENDL was reported by S. Kunieda (JAEA)



High-energy nuclear data related to IFMIF
- Measurement and Theoretical analysis -

Deuteron induced reactions

@ Measurement of thick target neutron yields (TTNY)
and model analysis [Tohoku + Kyushu]

Theoretical analysis of d+Li reactions [Kyushu]

Measurement of d-induced activation cross sections
[JAEA]




Measurements@ Tohoku
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nat] j(d,xn) Ed =40 MeV Thick and thin lithium
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Fe, Ta(d,n) @ 40 MeV
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Comparison with MCNPX; Fe, Ta (@Tohoku)
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TTY [n/MeV/sr/uCl

Analysis of d-TTY data using TALYS
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TTY[n/MeV/sr/uC]

Analysis of d-TTY data using TALYS
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CDCC analysis of d+Li reactions

Application of the CDCC method to deuteron elastic scattering from ©.7Li
T. Ye, Y. Watanabe, K. Ogata, and S. Chiba, PRC 78, 024611 (2008).
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CDCC+Glauber analysis of Li(d,nx) reactions

Schematic view of neutron production
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CDCC+Glauber analysis of *®Ni(d,px) reactions
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@ d-induced Activation Cross-sections
= required for the IFMIF machine activation estimation

D-induced activation cross-sections for the IFMIF accelerator materials
were measured at the AVF synchrotron at JAEA Takasaki.

Ed = 14 to 49 MeV

Table 1. Measured activation cross sections. 30 reactions

“’Al(d.x)*Na, *'Al(d.x)*'Na, *'Al(d.2p)*'Mg, >'V(d.4n)"Cr,
"“Cr(dx)*®V,  "™Cr(d.x)*Mn, *Mn(d,x)>*Mn, "*Fe(d,x)’*Mn,
natFe(d,x)**Mn, "Fe(d,x)>Co, "Fe(d,x)**Co, "Fe(d.x)"'Co,
“Ni(d,x)*¥Co, ™Ni(d,x)"’Co, ™Ni(d,x)*Co, ™Ni(d,x)*Cu,
NG Coy ™0l x)Zn, "Culdx)*Zn, ™Culdx)*"Cu,
natCU(d,X)MCU, “afTa(d,x)”gTa, ‘WTa(d,x)ISOTa, natw(d’X)ISIRe’
“‘“W(d,x)lnge, natW(d,X)183Re, lth(d,X)184R6, “‘“W(d,X)I%Re,
th(d,X)187W, 197AU(d,X)194AU

K. Ochiai et al., Proc. of ND2007, p.1011-1014



@ d-induced Activation Cross-sections
= required for the IFMIF machine activation estimation
T

Measured data were compared with ACSELAM library (by ALICE),
calculations by TALYS (ver.0.64) and PHITS
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High-energy nuclear data related to IFMIF
- Measurement and Benchmarking -

Neutron induced reactions

@ Light-ion production from carbon bombarded by 175 MeV
guasi-monoenergetic neutrons@TSL [Kyushu-Uppsala]

@ (n,xn) DDX @ LANCE, LANL [Kyushu-LANL]




New neutron beam facility @ TSL, Uppsala

Gustaf Warner Cyclotron
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Proton production from Carbon
PHITS calculation with JENDL/HE, Bertini INC, and QMD
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Comparison between Exp. & Cal. (2)

Proton production from Carbon
PHITS calculation with JENDL/HE, Bertini INC, and QMD
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(n, xn) DDX @ LANSCE

I
LANSCE WNR: Spallation neutron source (< 800 MeV)

Kyushu Univ.& LANL
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High-energy nuclear data related to IFMIF
- Measurement and Benchmarking -

Proton iInduced reactions

""W(p,xn) spectra
1014
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—— JAEA/FNS =

Japanese Activities

on Fusion Neutronics

Prepared by C. Konno @ JAEA



Contents
semsmmm JAEA/FNS =

Neutronics experiments for Japanese ITER
test blanket module [JAEA]

Angle-correlated neutron spectrum
measurement for "aZr(n,2n) reaction [Osaka
Univ. + JAEA]

Charged-particle emission DDX
measurement at 14 MeV [Osaka Univ. +
JAEA]

Benchmark tests for nuclear data based on
integral experiments with DT neurons at
JAEA/FNS [JAEA]



—— JAEA/FNS =

Charged-particle emission DDX

measurement at 14 MeV




Features of the spectrometer
e JAEA/FNS =

 Utilizing a pencil DT neutron beam
— Low neutron background outside the beam:
¢=50-70 [n/s/cm?] !
Detectors can be arranged close to samples without any
radiation shield.
As a result, high signal-to-noise ratio is achieved.

 E-AE counter telescope with SSBDs
— Thin AE detector (9.6 um)
o-particle measurement down to 1.0 MeV
(combining coincidence spectrum and anticoincidence
spectrum of AE detector)

 Correction for energy loss in sample materials
K.Kondo et al., Nucl. Instrum. Methods A 568, 723 (2006)



Comparison with evaluated DDX for °Be(n,xa)

d°/dQdE [mb/sr/MeV]

d’s/dQdE [mb/sr/MeV]

= Present expt.
ENDF/B-VII.0
—— JENDL-3.3
—— JEFF-3.1 |
10-1 T T T T T T T T 1
0 2 4 6 8 10 12 14
a-particle energy [MeV]
10° 5
75 deg
10"+
10°
] = Present expt.
ENDF/B-VIL.O
—— JENDL-3.3
—— JEFF-3.1
10_1 T T T T T T T 1
0 2 4 6 8 10 12 14

a-particle energy [MeV]

d’/dQdE [mb/sr/MeV]

d’s/dQdE [mb/sr/MeV]

10° 3

—— JAEA/FNS =

10"+
10°-
] = Present expt.
ENDF/B-VII.O
—— JENDL-3.3
—— JEFF-3.1
10-1 T T T T T T T T T v T T 1
0 2 4 6 8 10 12 14

= Present expt.
ENDF/B-VII.O
—— JENDL-3.3
—— JEFF-3.1

8 10 12 14
a-particle energy [MeV]



Comparison with evaluated data for °F
] AEA/FNS
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m—— JAEA/FNS =

Benchmark tests for nuclear data

based on integral experiments
with DT neurons at JAEA/FNS

Many integral benchmark experiments at JAEA/FNS:

- Simple Benchmark Experiments

Li,O, Beryllium, Graphite, SiC, Vanadium, Iron, SS316, Copper,
Tungsten, etc.

- Time-Of-Flight (TOF) Experiments
Li,O, Li, TiO;, Beryllium, Graphite, Nitrogen, Oxygen, Iron, Lead, etc.



Calculation conditions
semsmmm JAEA/FNS =

1 Code : MCNP4C

 Nuclear data library (ACE file)
- FENDL-2.1
(FENDL/MC-2.1 from IAEA)
- JENDL-3.3
(FSXLIB-J33 from Japanese Nuclear Data Center)
- JEFF-3.1
(MCJEFF3.1 from OECD/NEA Data Bank)
- ENDF/B-VII.O
(Processed with NJOY99.161 at JAEA/FNS)

O Experimental configuration is modeled in detalil.



Angular Neutron Flux [1/sr/m2/Iethargy/source]
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Beryllium (Simple Benchmark Expt.) - (2)
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Beryllium (Simple Benchmark Expt.) - (3)
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Summary

Overview the status of Japanese nuclear data activities
relevant to IFMIT and ITER

1. High-energy nuclear data(above 20 MeV) related to
accelerator applications including IFMIF

- Measurements of deuteron, neutron, and proton-induced reactions
- Model analyses using CDCC, Glauber, and Serber models for d
- Benchmarking of JENDL/HE and high-energy models for n and p

2. Fusion neutronics related to ITER

- Measurements of charged-particle emission DDX for Be and F
at 14 MeV

- Benchmark tests for nuclear data based on integral experiments
with DT neurons (e.g., Be)





