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Organization

» KNDC

® Performs the measurement, evaluation, processing and

validation of nuclear data which are requested by the
various fields.

® 1 director, 11 permanent staffs (2 in evaluation, 1 in
theory, 2 in processing and validation, 4 in
measurements and application, 2 in atomic and
molecular data), 1 PhD student, 1 post master’s
researcher and 1 secretary.

® Mission of KAERI/NDC is disseminating outcomes of
International network as well as promoting domestic
nuclear data activities and related applications.



Introduction

[Neutron data and CPND from Korea (coordinated by NDS) ]
The beginning of EXFOR-DB construction from 2009

Domestic
ﬂar ; KAERI/ ‘ IAEA/

% D NDC ¥ NDS

» EXFOR Compilation Progress (since NRDC2013 meeting)

Entries Count Delay (Month)
Entered to EXFOR 3 5.5
Compiled (Prelim.) 1

Reserved
To be reserved 10 4.3

e 4
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EXFOR Compilation

Checking tool: http://www.jcprg.org/exfor/tool

Preliminary draft

ENTRY 30833 20130826
SUBEHNT 38833881 20138826 From: OTSUKA, Nachiko
BIB 12 39
TITLE Measurenent of thermal neutron cross section and Sent: Wednesday, 18 September 2013 14:58
resonance integral for the 170Er{n,g)171Er reaction by To: 'scyang@kaeri.re.kr'
using a gold monitor .
AUTHOR (VU.D.Mguyen, D.K.Pham, T.T.Kim, T.H.Nguyen, G.N.Kim, a.lm RE: Re: Fw: Nguyen Van Do+, J,NIM;‘IB,31|:|,1D,2E|13 [EXFOR 30833]
S.C.¥ang, K.S.Kim, S.G.Shin, M.H.Cho, H.W.Lee)
INSTITUTE (3UN IPH,3KORKNU,3KORPUE)
(3KORKOR) Dongnam Institute of Radiological and HMedical Dear Yang-san.
Science, Busan
EEEE?E?EE ﬁﬂ;:;gfg,;ﬁ;ﬂ;,;,“’ﬁn";;’,g Neutron Facility thanks a lot for the new entry for the Er neutron capture. | am very glad to see that you compiled the necessary infor
INC-SOURCE (PHOTO) Ta(g,n) photonuclear reaction mation in very good shape! We are also happy that Prof. Wan De finally could find our question in his e-mail box.
SAMPLE Hatural Erbium foil
- Size: 18 x 188 mm . . . . . .
- Purity: 99.9% | can see Prof. Van Do described answers in a very kind manner. Your description of ANALYSIS in 30833.003 is also
- Lh%c:zess‘;ﬂg;sﬁ mn‘; O very fine. | still do not understand the role of the In foils very well. Could you just ask him if the final data (Er thermal ¢
- Weight: 8. q, B. . H ;
Hatural Au Foil ross section and resonance integral} depend on the In thermal cross section?
- Siza: 18.8 x 16.8 mm
- Purity: 99.95% General comments:
- Thickness: 8.83 mm - . . o P . . -
- Weight: 0.0489 g, 0.0463 g 1. A general problem we experienced in our previous compilation of a similar experiment is how to compile t

Natural In for the neutron Flux monitoring wo statistical uncertainties (reaction sample and reference sample) because we have only one heading ERR-
- ﬁ;i:t; “;9‘3 ;5;“'“ mm S for statistical uncertainty. Mow we can use the correlation flag U to express the property instead of ERR-

- Thickness: 8.85 mm 5. | added all remaining partial uncertainties from Table 5.
- Weight: 0.6303 g, 0.0396 g, 0.0371 g, 0.0380 g, 2. MONIT can be used only when the monitor value is proportional to the quantity to be determined (DATA).

8.8378 q, B.8379 g R . .
The natural Ho and Au foils were irradiated with and Eq.(2) shows that the thermal Er cross section is proportional to the thermal Au cross section, and we can u

without a Cd cover with a thickness of 0.5 mm. se MONIT for the 2nd subentry. However, the relation is more complicated for the resenance integral becaus
HETHOD (ACTIV) Irradiated for 188 minute . e of Eq.{5). Therefore | modified MOMITT etc. to ASSUMT etc.

{GSPEC) HMeasuring time based on the activity and the

half-1ife of each radiocactive isotope

DETEGTOR  (HPGE) To count gammas of reaction products 1.8 kel Because you have already done a lot of waork, | would hesitate to do all these modifications. and | updated your entry

FWHM at 1332.5 keU peak of 68Co, efficiency of 20% " " P " - . B
relative to MaI{T1) detector for the peak as attached (30833_2013 08 26_NO txt". The other attachment “revision txt” is showing the major corrections dane b

REL-REF (R, .E.Broune+,B,BROWNE , ,2004) W Uersion 2.1 vy me by % character at the 11th column.
STATUS {TABLE) Data from the Table 6
(APRUD) Approved by B.N.Kim (2813-xx-xx) .
HISTORY (20130826C) S.C.Yang Other comments: )
ENDBIB 39 [ Erbium sample size: 10 % 100 mm? 10 x 10 mm?
NOCOMHON B 8
ENDSUBENT u2 8
SUBENT 30833002 20130826 Best regards,
BIB 5 15 MNaohiko
REACTION  (68-ER-178(N,G)68-ER-171,,5SIG)
DECAY-DATA (68-ER-171,7 .516HR,D6,295.90,8.289,
DR_IAR _31_A_G4al)



http://www.jcprg.org/exfor/tool

TarM [

EXFOR Compilation

Criteria: EXFOR entries listed since 2009

1 2
H He
3 4 H hydrogen ¥ poor metals 5 6 7 9 10
Be = alkali metals B nonmetals B C|N IE F | Ne
T 7 m alkali.e:arth metals M noble gases = 7 = = = =
: Mg B transition metals M rare earth metals Al Si P S cl | Ar
19 20 21 > 23 24 25 27 ] 28 29 30 31 32 33 34 35 36
< | CallSc Cr | Mn g Co|Ni |Culzn|Ga|Ge|As| Se|Br |Kr
37 38 Q 43 44 45 4 47 48| 50 52 53 ;
sr|[y .@zTc Ru RhAngSn st | Te ||
55 56 57 T4 74 75 76 77 78 Z 80 81 = -x 84 85 86|
Ba | La || Hf | | W | Re| Os| Ir [Pt |[[Ad| Hg| T Po | At [Rn
87 88 89| 104{ 105 106 107 108 109 110
Ra | Ac |Ung|{Unp|Unh|Uns |UnojUne Unnl
i 58 59 60 61 62 65 | 70 71
Charged particle | ~ 8 o Ng | Pm|sm |. Tb BmHoHErI?rﬁ Yb | Lu
Neutron | 91 92 93 94 95 97 98 99 100] 101 102] 103
ThH| Pa|l U |[Np | Pu|Am|C Bk Cf |Es | Fm| Md| No| Lr
Gamma




COVRES Code

® Evaluates neutron c/s uncertainties in the
resolved resonance region.
» Improved from KERCEN

» adopt transparent formalism (using MLBW or
kernel approximation) based on resonance
parameter uncertainties from the Atlas of Neutron
Resonances.

» Handles scattering radius uncertainty explicitly.
» Produces MF33 instead of MF32.



Error Propagation Equation

® Uncertainty of average cross section

85
<0000 >= <; ;- :
|;r p|r api',r' ]
where IS covariance of resonance
<5P' 5pi'r' >
paramete S,
O SenS|t|V|ty
—Z wherei=y,n
8p|r apw 8pi,r (kernel)

® In COVRES, entire resonance energy region is divided into
smaller regions called bin. Resonance-potential scattering,
scattering-scattering, capture-capture and scattering-capture

and bin-bin correlations are supplied as input.



Sensitivity based on Multilevel Breit-Wigner

® Sensitivity to a resonance parameter

» for capture, scattering and fission

657 _ 1 J-Ez 80'}/(E) dE
or, AE'E| oI, ’
oG, 1 IEZ aan(E)-“dE analytically
= , -—> :
or, AE‘E| or obtained
0o, 1 IEZ 60—f(E)dE, 5. Average cross section in i=y.n f
o, AE‘E| OI the arbitrary bin between E,
and E,
do, by observing variation of average scattering cross section due to

oR' =  deviation of R’ %m' ~ 60, (R'—> R+R")
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Ko HCCR TBM

® A Mission of KAERI/NDC to Ko HCCR TBM
» The neutronics analysis to obtain the optimal design
parameters

» Provision of the most reliable nuclear data
= Recommendation of the evaluated nuclear data from the existing

libraries
= Production of the evaluated nuclear data
HCCR TBM configuration Materials used in the Ko HCCR TBM
Material Element
RAFM Steel* W, Ta, Fe, Cr, Zr, Mn, Mo, Nb, Cu, Ni,

(Structural Material) Co, V, Ti, S, P,Al, O,C, N, B, H
Li,SiO, (Breeder) Co, Fe, Ti, Ca, K, Si, Al, Na, O, Li-6, Li-7

Beryllium _
(Multiplier) Fe, Si, Al, Mg, O, C, Be
csair(;&?t?ated Pb, Zn, Cu, Ni, Co, Fe, Mn, Cr, V, Ti,Ca,

*Reduced Activation Ferritic/Martensitic (RAFM)
Red :Done

“w of HCCR TBM sub-module Remaining: 2016



Fvaluation Procedure

® Code
> EMPIRE-3

» Parallel computing to reduce a computing time due to covariance matrices
and a thousand incident energies

® OMP adjustment
» Tool for optimization of OMP developed by KAERI/NDC
® Models
» Hauser-Feshbach with HRTW
» DEGAS for gamma and PCROSS for others in pre-equilibrium
» Empire specific level densities
» Gamma strength function by plujiko(MLO1)
® Covariance
» EMPIRE-KALMAN used

» Sensitivity matrices by variations of model parameters around optimal
value

» Using uncertainties of measurements if available
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Cross Section (barns)

Cross Section (barns)

Reproductions of a resonance-like structure
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)V

® Preparation of experimental data
» Total (non-elastic), elastic, elastic-angular distributions
= Pseudo total(non-elastic) XS data for computational
efficiency
® Preparation of reference OMP
» Start from RIPL ( global K-D OMP)
» Determine Deformatlons and couple levels if deformed

nucle o SHRLEETN o[ mmamon
F X El ngle Dist.
® Run s TQURNIHER - | IS, T
f e =
FEE,‘qeggE e 108 L E,=6.0 MeV
- — 4 . N = %108
» Eye guide (i 1o AN.DJUMIN - O 2 o
. S Avg. —@-— c ¢ : E, = 35MeV
3 Few pt --------- 2 y o S
» Simulated A § Mamy bt | F ) _
- 3 o [ 2 n = 2.0 Me N
® Optimum OM § M
E,=1.9 MeV
10° M
102 S ——
L L L L 0 30 60 920 120 150 180
0.1 1 10 100 Angle (0)
Incident energy (MeV)



Cross Section

and Uncertainties of W
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Capture cross section
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Facilities in operation

[ » Charged particle (KIRAMS, Gyeong-ju, Jeong-eup) ]

Cross-section measurements using the Stacked-foil Activation Method

Beam Y Ve
ee——)> I

Er CuAl Er CuAl

f

€ KIRAMS (Seoul)

Energy: ~50 MeV
Current: <~100 nA
Projectile: p, d,

4] it H e s
ET JE\.“,‘IIEI.[JIIIT_\ m:!n" N1
Sl .,-v& i
- L] -




Facilities in operation

[ » Neutron (PAL, HANARO, KIRAMS, Jeong-eup, Gyeong-ju)]

Measurement of Thermal (Fast) Neutron Cross-sections by TOF and activation method

» PAL

= Electron accelerator based TOF system

e energy =40~ 70 MeV

e repetition rate = <30 Hz

e pulse width=1 ~ 2 us

e peak beam current = 30 ~ 60 mA
= Target (Ta) + water moderator

" Fission Chamberand ¢ [ ! ::.;..-.'E:;;-'-
Gamma Ion Chamber ™. | ~."" .;“-,‘_.“

> HANARO (BNCT Facility) -
= Thermal neutron - —*—* Pl
= Flux = ~1.19%x10° n/cm?-s (at\;bzl‘- A __-,.~— 1 o el

= Si crystal (fast neutron filter) = j“"'*" . l-.gj;;;',;n;;[;m e

e length =40 cm v s e
e diameter = 20 cm o fa's":.?.‘.'i‘?' i =g S e
= Bi crystal (gamma ray fllter) IR
e length = 15 cm L e
BT . |
e diameter =10 cm . E s



Facilities In operation

[ » Gamma (PAL) ]

Measurement of Photo-fission and Isomeric ratio by activation method

= Electron energy : 40 ~ 70 MeV
= Target : thin W (100 mm X 100 mm X 0.1 mm)

23
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KAERI e-linac-based n-TOF

- Angle between e-beam and collimator is 120° to minimize photon flash

Config A r05 CATPart] E@
NE]E

View Inset Tools Window  Help

1 DSEI+DDS 1.6e+003

collimator
il

1200

Total Dose [microSv/h]
028 4.34e+005 7.53e+011

| B I )Z{r

HES . a0 R e Bel wHensRAsAT6EE 3 248
[

Select an object or a command

- two bendings of e-beam‘ (90°, 909°)

_ difficulty - need new layout !



KAERI e-linac-based n-TOF

line.ConfigAr0s
- oy plane
-y plane
- . plane
e HE Mo-tube
e Cnaria Gngerm)
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Deopthizm
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i <
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Ehearnline.Config.8,r05
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.
J"'ﬂu Mo-tube
T
E Vacuurn Charnber (R=6erm)
J’-ﬁ?. Target Roorn
*’-ﬁt, EBearnline
' collirmator
=30 Mo ment Roorn
s

| Dapthilm

Concrate

K3 Ebeamline Config B.r0S CATPart

-~ sy plane
- yr plane
-~ plane
= Liguid lead
r'MU tube
J‘»— b Vacuum Chamber (R'=6cm)
bt mm—
g wawarIne
530 Collimator
&3t ——
J“') Depthilm
g 1 Dapthizim
Septhism

»; Concrate

<2

e\

Neutrons
(to the collimator)




KAERI e-linac-based n-TOF

T

O Estimate shielding thickness on XY plane | o 3

[3—£]1 Neutron induced gamma dose |

<»—» Gamma dose
= Total dose

- Shielding thickness to meet 0.25uSv/h
- Config.A: 340cm

~260cm

E —
| . ] T L T - T T NI Uy ERpIy R —
. w
- Config.B: 260cm (-80cm) 2
5
2 :
1.6e+003 : : .Be+003 = F
2 : 2 le-04 C H -
: - onfig.B
[
M & dose 23
: : : le-0s 3
1 .05e+003 - N e [ S — [Pl
i ] | . | ! | ! |
0 100 200 300 400
Depth of concrete on x axis (cm)
| ! | ! |
#— Total dose (Config.A)
EDD e . . EERT SDD_ ............. MR G i L e, Total dDSC ‘CO]’[ﬁg,B)
le+05 E -
le+04 |- -
- 5
495 M - A0 5 s SUPRINURY R = - . IO B U‘_‘.
. 3 Q
B
g i
o E
o] E
a = ~340cm -
p 3 s . BT ) 025 ————mm e R o N
-599 ' : -549 . — ‘
-B59 -348 1] 349 639 -699 -348 1] 39 699
Total Dose [microSv/h] Total Dose [microSv/h]
025 4 34e+005 7 A3e+011 025 4 34e+005 T.53e+011 i
. - M. [ - M
| ~260cm E

i . . ! . |
. le-0d
Config.B o 100 200 200 400
Depth of concrete on x axis (cm)



RAON Neutron Science Facilit

53MeV deuteron; (d,n) reaction; white neutrons
88MeV protons; (p,n) reaction; mono—energetic neutrons

TOF Hall
" Linac Post Acc. | Cydotron
He s Y+ RI beam proton
251 200 18.5 70
11 8.3 - 1000
High Flux
TOF (5m) at 30° 400 400 - 70

Target Hall

‘ Neutron Beam Dump
Vacuum Beam Line uTs)

Neutron Beam Line ‘9
at 30° Low Energy i
Thick Target (Be, C) \’ 9¢ High Flux TOF (20m) TP) | Mo . | som
[
@ TOF (5m) 0L N
. Target . |
. I ,.é £ HRus SR, Medicall
. L] | RF Coaler Cyclatren  \IF Target
‘ ) (P, 70 MeV, mA) ;
Thin Target (Li) Neutron Flux Neutron Beam Line RS E“'.ln.cl-rrm.l'llrm Trap Gas Catcher IF Separator '
: Monitor at zero degree (0°) Isb,._i_ 5?5 tem IF yStE L

Clearing Magnet

Proton Beam Dump High Energy Experiments
Nudear Structure/

Symmetry Energy

Colimator




RAON Neutron Science Facilit

= Estimate

-Low energy tails of neutrons

- beam window or filter suggested

-Back-scatterd neutrons

- design change in progress

Collimator radius = 15 cm

] TOF length=5m

—=— without back wall
—— with back wall

Neutron flux [#/sec/cm’]

20m 10m 5m

voov i

[#/sec/cm®]

Neutror flux

Collimator radius = 15 cm

] TOF length =10 m

—=— without back wall
—=— with back wall

eutron flux [#/secicm?]

1
1
1
w
1

fl

=
o

Collimator radius = 15 cm
TOF length=20m

—=— without back wall
—— with back wall

T T T
1E-6 1E5 1E-4 1E3 001 0.1
Neutron energy [MeV]

T T T
1E-3 001 0.1
Neutron energy [MeV]

T T
1E-6 1E-5 1E-4 1E-3 0.01 0.1

Neutron energy [MeV]




RAON Neutron Science Facilit

= Collimator design study
- Concrete, Iron, PE (5% Borated PE)
- Iron: more neutrons with 0.01MeV<E<1MeV
« Iron (fast neutrons) + 5% borated PE (low energy newtrons) suggested
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RAON Neutron Science Facilit

» CsDg design (IRMM collaboration)
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RAON Neutron Science Facilit

= TPC design:
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® EXFOR progress

- Compilation responsibility for domestic experiments
- Since NRDC2013 meeting, EXFOR: 3, Compile: 1

® EXFOR compilation procedure

- Cooperation with NDS
- Checking through JCPRG website

® The contribution of Kyungpook National Univ.

- A unique group of nuclear reaction experiment (81%o)

® Evauation activities

® Facilities in operation and In design
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