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OECD/NEA Report

FRT—3BRHoNATNNSDH

(2008), NEA/WPEC-26 &Y

“Uncertainty and Target Accuracy Assessment for Innovative
Systems using Recent Covariance Data Evaluations’

FEREFHRFACATLORAFEITKDOLONSD

BT —3%

EIZDOWTOHE

IERZB[EFEIMAREES XA T L DB E DERFEEH :244Cm

- TS0/ | ggrsv—sam Eﬂi/f*f’ E:Efr#

¢1$%¢ﬁi’é _
b A 9 keV 498 keV
24Cm #oHWEE 67 keV ~ 6 MeV 45 2
HH R %Y -
e 183 keV 6 MeV 10 1
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Thermal neutron capture cross section

Exp J, NST, 44,103 (2007) 9.16 = 0.27 b

Eva 1 H\V’iusllduslldU\ngll 1.8 =0.2b
"*% Mughabghab(2006) 2.54 = 0.20b
Fva2  JENDL-3.3 (2002) 2.007 b

F PR AE TR 2 090729 ZEHPT



hit F AT — 2 DB
Fli T -5 DBE

References

0.5-1.35 MeV | 0.5-1.35 MeV

J. NSE, 146, 13

2004 ANL 40 % 15%
JENDL-3.3
2002 JAEA 1.7% 3.4%
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EEBRT SO

2.0 L) L) | L) L) L) L) | L) L) L) L) | L) L) ) ) ] ) ) ) )

1.5

1.0

Cross Section [b]

0.5

0.0

.s

JENDL /AC-2008 /

JENDL 3.3

A Stupegia 1967
Weston 1981
Trofimov 1983

® Buleeva 1988 |
® Esch

10° 2x10° 3x10°
Energy [eV]

4x10° 5x10°
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Uncertainties in Experiments

Realistic Uncertainties = Reported Uncertainties

\

N\

Systematic Uncertainties (Recognized)

Statistical Uncertainty

Y,

N

Systematic Uncertainties (Unrecognized)

/
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Intense radiation background from (n, 7]
radioactive sample: an example o

) 27TNp
T,,=2.2%108yr

1g of 23’Np: 26 MBqg

neutrons m
O (D sample B

@

h‘—l‘_|

\ 233pa & 0.0866  (MeV)
& Ty=27d 0.341 0.341 “°Np
0.312
Y reaction — O X (I) XN XT X & 0300 31
5 X ¢ = 1[b] X 10[n/cm?/s] = 10~18[1/s] l< 7,0
Voey = A X NXTX e, T

— - 1014
A=1n2/ Tp(22X100yr) = 107498/s] - o 3 (lganr

Simplified estimation AL 090729 9
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| Neutron sources
Pulsed neutrons and reactor neutrons

|l Detectors
C.D¢, Nal, 4w detectors, and new scintillators

lll Traditional and New Methods
Activation methods
Inverse reactions, Surrogate reactions, ... (&)

PRI R S 090729 HPT 10
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Accelerator:

Electron beam - (v, n) reaction

~0.3n/GeV
High-energy proton beam Spallation reaction

~ 25n/GeV
Low-energy proton beam 43Sc, “Li, T(p, n) reactions*
Reactor:

—

Thermal reactor
L > High Flux

Fast reactor

* http://www3.tokai-sc.jaea.go.jp/rphpwww/senryo/index2.htm



Pulsed neutron sources used for TOF

Facility Beam Beam power | Beam pulse width
Reference energy n Intensity Pulse per sec

IRMM, GELINA Electron 6 kW 1 ns

ND2007, p.563 100 MeV 800 Hz @12 m
ORNL, ORELA Electron 5 kW 8 ns

ND2007, p.441 180 MeV 1013 n/s 525 Hz @ 40 m
Kyoto, e Linac Electron 1 kW 100 ns

ND2007, p.591 30 MeV 100 Hz @ 10 m
CERN, n-TOF Proton 9 kW 6 ns 4 X 10> n/cm?/s

ND2007, p.537 20 GeV 10 n/s 0.4 Hz @ 185 m
LANL, Lujan Proton 80 kW 135 ns

ND2007, p.415 0.8 GeV 20 Hz @ 20 m
J-PARC, MLF Proton 1 MW ~100 ns ~10° n/cm?/s
(Expected) 3 GeV ~10Y n/s 25 Hz @22 m

PR A 090729 AT L



No. 1 Experimental Hall

3 Accelerator-Driven
L Transmutation Experimental Facillty

MLF, BLO4: NNRI (Neutron Nucleus Reaction Instrument)
First Beam: May 30, 2008

http://j-parc.jp/index-e.html
http://wwwndc.jaea.go.jp/INDC/ND-news/pdf91/No91-04.pdf

PRSI 7 090729 2T
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BL4, MLF&EJ-FARC

Contact persen: ¥, Kivonagilkivanagi@ge eng hokudai.ac i)

¥ Measurement of neutron capture
cross sections needed for the design
of innovative reactors

B The neutron time-of-flight method
enables the measurement in a wide
energy range

# Minor actinides
MWCm, 24%Cm, elc.
#Long lived fission products
127], #Te, *31r, alc.

r "" 4 N
Specification y-ray detectors
® Coupled moderator (liquid H,) To deduce neutron capture cross sections,
® Flight Path: L, = 22 m(4x Ge specfrometer) prompt y-rays after the neutron capture
L, = 28 m(Nal scintillator) reaction are measured with ...
L, = 29 m(Neutron monitor) B High energy-resolution 4r Ge spectrometer
B Neviron Energy: 0.01eV <E_ < 100 keV *Energy resolution: E¥/&»= 1,000
B T,chopper:at 13 m *Detection efficiency: 10-15% at 1 MeV
B Disk chopper: at 15 m g B Fast Nal scintillation detector
N N .

This study was the result of "Study en nuclear data by using a high intensity pulsed neufron source for advanced nuclear system®
entrusted by the Ministry of Education, Culture, Sports, Sclence and Technology of Japan [MEXT).

http://j-parc.jp/MatLife/en/instrumentation/bIO4/BL04.htmI
Hifg PR R 7 090729 ZEE




Nuclear Data Measurements @ J-PARC

244Cm, T,,,=18.1 years
0.6 mg, 1.8 GBg
Beam Power 20kW

i

284CmMAMTOFRANT L

ABFEIL, FRRISFHIBIT DM (2 F—/REHIZE (12
B TR E D OZFEHEE & LT, ALifEE RED FEh L 72
B2 1R TimiR e L R ot - & O e SO R - AP R 7 —
2 DIIFERISE] DR T,

PR A 090729 AT o
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Detectors for Capture

Detectors for Capture in combination
with Pulse Height Weighting Technique

C.D¢ > low neutron sensitivity
Nal > good energy resolution
Ge — high energy resolution, y spectroscopy

Detectors for Capture : 41t type detector

BaF, - high efficiency, highly segmented
BGO - high efficiency
Ge > high energy resolution, y spectroscopy

New scintillators
- LaBr;(Ce), LaCl;(Ce)

PRI R S 090729 HPT e



Detectors for Capture in combination
with Pulse Heigcht Weightin

Ted ic o
LA J L2 B | L%} * A llblbll‘ "Ulbllﬁlllb

achnina
S W

sun IIH“\-

C.Dq - low neutron sensitivity
J.L. Tain (n-TOF):”Accuracy of the pulse height weighting technique for
capture cross-section measurements”, n_TOF Internal Note IFIC-2000-1
A. Borella et al.(IRMM):"The use of C.D, detectors for neutron induced
capture cross-section measurements in the resonance region”, NIM
A577 (2007) 626. > o©,, can be deduced with an uncertainty of 2 %

Nal - good energy resolution =

— low background /

Li(p, n)’Be 10-100 keV
(Ep=1.905MeV) available
at JAEA Tokai

http://www1.bipm.org/cc/CCRI(111)/A
llowed/15/CCRI(I11)03-07.pdf

See also M. Igashira et al.,, ND2007, p.616, p.1299 (Tokyo Tech.)

PR ERS R 2 090729 T L



Detectors for Capture : 4%t type detectors

high efficiency, highly segmented

TAC (n-TOF) ND2007, p.595, p.627
DANCE (LANL) ND2007, p.415, p.491, p.607

BaF, -
BGO -
Ge >

The 8.54 ¢ BGO 16-section
scintillation detector: NIM A517
(2004) 269

Used for 23’Np(n, y): JNST 42
(2005) 135

10000

1000

Counts / channel

100

10

e T er

high efficiency
high energy resolution, y spectroscopy

discrimination levels
= for "B sample Au sample -
S 480keVy-rays | 1og sample ]

)1% f, = Natural y - background E
; it peaks 6.513 MeV
Y (B, "%Au)
1
W -

discrimination levels

ﬁ

Energy (MeV)

7 090729 {" 18



LaBr,(Ce)Z LN =R {E-F R E R A E
AN OA—2 D E i EF
3" X 3" LaBr, (Ce)fR Hi g5 D EHEFF1E 5 ER

28Ti(n, ) RIS ODEIRH > <%
BREANRIRL

B

AR, MAREHBIE (B
R(B) B EMAEDI=HD

=R AT REMSEEEOSRE
AEB M DEFFEIDERRTI ,
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LaBr;(Ce)Zz AL M= Fi T E R A E A

= Al oS A 4s B 2%
AN DI U) B T IF FE

e LaBr,(Ce)
;gggfz SUFL—ay
TR H 2%

IRILX—nBREEDRTERR l

B&
A $oIN
M Zal—iay
AR, BEARE®BIE (EBHARB) ZEBRAEDI=HD
SRPEFREMSMEEOSEEAERMTOREIORRETY,
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High Flux — multiple neutron capture reactions

BINp ; p 0]
T, = 2.14 X 106y No Data !
238Np
T,,=2.117 d | |
mo ), T2=2:3565d
8
Short Half-life! 4
‘ 985 keV
l 278 keV
2‘3'8Pu -
T,,=87.74y L

UG PR AR S 090729 T

Ty, = 2.41 X 10%y
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Counts / Channel

Example: Advantage of reactor neutrons
multiple neutron capture reactions

1000000
239Np 278 keV 1 238Np
i ', decay curve |
100000 ¢ - ]
T,,=2.38 £0.04 days
80 100 12 "{ié"{éé"{éé"ééé"éz'é"z'ia"z'so ,
10000 | M e e
| L WL\JJJJM#UWM.MALL - -
JV Spectrum from the irradiated 23’Np sample K
1000 - .

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Channel Number

0=479=% 24 [b]: 2¥Np(n, y) for thermal neutrons
H. Harada et al., J. Nucl. Sci. Technol., 41 (2004) 1.

FHG PR S 090729 SR
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Prompt y spectroscopy using reactor neutrons

T @
107pg h 4 V.

T
Prompty

Reactor

1 Neutron

20 MW JRR-3 @ JAEA
Thermal & Cold neutron
Guide lines available

— 3 Guide
1 1 MW Kyoto reactor
10% BGO A .
P B Jacn [ v el Will be also available
Stable y LA BGo | & [BGo
http://nscience.jaea.go.jp/ Sample
Half life Previous data JAEA data References
1.3 << 4 b 0,=0.63+0.02 b

93 <
£r | 1.93x10% | ponerance 1952)

(Lower Limit)

JNST, 44, 21 (2007)

1.8%+0.2 b

107 6
Pd| 6.5x10%y |\ shabghab 1981)

6,=9.16%0.27 b
(Lower Limit)

JNST, 44,103 (2007)

See also T. Belgya et al., ND2007, p.631 for 129, } Budapest

J.L. Weil et al., ND2007, p.611 for *°Tc

HHF PR F# S 090729 S
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Pulse Height Weighting & &
47 type detectorz | FHL 1=
DB L&

Prompt y
—
+N l

Absolutely
e _ 0 _ _ ___1_ __a
iInaependent
measurements

Neutron capture cross section of
23’Np for thermal neutrons

Activation
Decay y

\ 4 A 4

= H M\ﬁ/ﬂﬁ’li[ﬁ;\ﬁﬁj’

A‘(l;sglf)s 5, (b) Methods
Harada et al. Activation
_|_ b
(2006) 169=4 a&y
Kat(gg(fg)al' 141.7+5.4 | Activation, y
KObaé%ng) et al. 158+3 Activation, y
Jurovactal | 158%4 | Activation,y
Schu(rlngaeg)e tal. 18512 Activation, o
Tattersall et al. Pile
_|_
(1960) 169=3 Oscillation
Smith et al. Omam ™
+ TOT
(1957) 17022 6gca(CAL)
Broar 35%1:) al. 1727 Activation, o

.~ 090729 ,{J”W
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