Activities for Nuclear Data Measurements
IN Korea

Sapporo Nuclear Data Workshop
Oct. 25- 29, 2010
Hokkaido University, Sapporo
Guinyun Kim

Kyungpook National University




Abstract
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We report the activities by using the pulsed neutron facility in Pohang Accelerator Laboratory,
which consists of an electron linear accelerator, a water-cooled Ta target with a water
moderator, and a 12 m time-of-flight path. It can be possible to measure the neutron total
cross-sections in the neutron energy range from 0.01 eV to few hundreds eV by using the
neutron time-of-flight method. A °LiZnS(Ag) glass scintillator was used as a neutron detector.
We measured neutron total cross-sections for various samples with the time-of-flight method.
We also report the nuclear data production experiments by using the activation methods with
neutron and bremsstrahlung beams from the electron linac. We also report the measurements
of production cross sections of various radioisotopes from the charged particle induced
reactions at MC50 cyclotron of the Korea Institute of Radiological and Medical Sciences.



Activities for Nuclear Data Measurements

e Activities on Nuclear Data Measurements in Korea

= Neutron Total Cross-section measurements at PAL
» Photo-nuclear reactions with Bremsstrahlung beam
= Proton-induced reaction cross-section measurements at KIRAM

e Activities on Nuclear Data Measurements in Abroad

= keV-neutron capture cross-sections at Titech
= Proton-induced reaction cross-section measurement at CYRIC

(Tohoku Univ.)
= Neutron capture cross-section measurements at RPI, USA

 Other Collaborating Institute

" FLNP, Russia

= BARC, India

= VAST, Viet Nam
= CIAE, China
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Activities on Nuclear Data Measurement in Korea

* Neutron Total Cross-section measurements at PAL
* Photo-nuclear reactions with Bremsstrahlung beam at PAL

» Charged ion-induced nuclear reactions at KIRAM



~ Experimental Facility at Pohang Accelerator Laboratory

Pohang Neutron Facility based on
100-MeV e-linac
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1. Neutron Total Cross-section measurements by neutron
TOF method

2. Measurement of Thermal Neutron Cross-sections and
Resonance Integrals by Neutron Activation Method



‘Ea 1. Neutron Total Cross-section measurements by neutron TOF method

Pohang Pulsed Neutron Facility (PNF)
1) Electron Linear Accelerator, 2) Target System
3) TOF Experimental Hall, 4) Data Acquisition System
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€,-.3 Pohang Pulsed Neutron Facility (PNF)

Electron accelerator based Time of Flight system
electron energy = 50 ~ 70 MeV
repetition rate = Below 30Hz
pulse width=1~2 us
peak beam current = 30 ~ 60 mA
TOF flight length = 11.5~12m

Target + water moderator : to produce neutron pulse

Ta plates + cooling system A
8
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5 oo Neutron Spectrum at PNF
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HEF.' Measurement of Neutron Total Cross Section

1. Neutron Energy E in eV corresponding to channel I in TOF

E[eV] = 723x[m] ) L flight path length
L= 1) xW[s] W: channel width

2. Experimental Set up .

N .
(I)O : > " (I)
Neutron &r_nple Detector

3. Neutron Transmission rate

T(Ei): [In(Ei)_InB(Ei)]/MIn

[Out(E,)—Out® (E,)]/ M,

1
o(E;) :—NInT(Ei) N: atomic density

4. Total Cross Section

5. Total Cross Section after Purity Correction
G_MT ZPJGJM j_l X10_6

o: measured total cross section

M- total weight of sample

J
1— § : Pj %1078 M;: weight of impurity sample
]

P; : impurity in ppm



Total cross-section [barn|

Recent Measurement of Neutron Total Cross Section

Muclear Instruments and Methods in Physics Research B 267 (2009) 2351-2356

journal homepage: www.elsevier.com/locate/nimb

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in Physics Research B
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Measurement of neutron total cross-section and resonance parameters of Xxenon

V.R. Skoy®®, T.F. Wang?, G.N. Kim®*, Y.D. Oh ¢, M.H. Cho¥¢, 1.S. Ko ¢, W. Namkung

* Department of Physics, Kyungpook National University, Daegu 702-701, Republic of Korea

b Frank Laboratory of Neutron Physics, Joint hstitute for Nuclear Research, 141980 Dubna, Moscow Region, Russia
* Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Republic of Korea
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Measurement of the total neutron cross-section and
resonance parameters of niobium at the Pohang pulsed neutron facility
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Measurements of neutron total cross-sections and
resonance parameters of erbium at the Pohang Neutron Facility
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2. Measurement of Thermal Neutron Cross-sections and Resonance

EE Integrals by Neutron Activation Method
Expe rl mental Water Moderator ——
Arrangement

30

Water level

Water coolinépipes \Al plate

Foil Size (mm) Weight (g) Thickness (mm) Purity (%)
Au 11 1818 0.1863+£0.0005 0.03 99.95
Au 12 1818 0.188510.0005 0.03 99.95
w1 1818 1.2636+0.0008 0.2 99.95
W2 1818 1.2891+0.0008 0.2 99.95
In1 1818 0.1276+0.0004 0.05 99.99
In2 1818 0.1217+0.0004 0.05 99.99
In3 1818 0.1214+0.0004 0.05 99.99
In4 1818 0.1220+0.0004 0.05 99.99
In5 1818 0.1271+0.0004 0.05 99.99

In6 1818 0.1245+0.0004 0.05 99.99
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Data Analysis
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11 T T T T T
0 200 400 600 800 1000
Gamma ray energy (keV)
Reaction Main resonance Half-life Main y- rays Isotopic abundance
energy [%0]
[eV] Energy [keV] Intensity [%0]
186W(n,y) 18'W 18.8 23.72 h (6) 479.550 (22)* 21.8(7) 28.6 (2)
551.52 (4) 5.08 (17)
618.26(4) 6.28 (21)
685.73 (4)" 27.3 (9)
¥7Au(n,y)*8Au 4.9 2.69517d (21) 411.80205 (17)" 95.58 100
675.8836 (7)  0.084 (3)

* Gamma rays used in calculations




‘Ea Thermal Neutron Cross-sections of the ¥W(n,y)®’W reaction
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Resonance Integrals of the 186\W(n,y)8’W reaction
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Thermal Neutron Cross-sections of the 1°Hf(n,y)*¥MHf and
180Hf(n,y)181Hf reactions
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,'-.’ Resonance Integrals of the 1°Hf(n,y)¥mHf and 18Hf(n,y)¥Hf reactions
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Photo-nuclear reactions with Bremsstrahlung beam at PAL

1. Isomeric Yield Ratio Measurement

2. Photo-fission Reaction (See Naik’s talk)



€,—..; 1. Isomeric Yield Ratio Measurement

Experimental Arrangement

« Electron energy : 2.5 GeV

« Beam current: 2.19 x 10*electron

* Repetition rate : 10 Hz

« Pulse width : 1.0 nsec

« Target: thin W (50 mm X 50 mm X 0.2 mm)

W target Activation foils

2.5-GeV e-beam > [ 385m [Za0om’|
Sample Purity (%) Diameter (inch) Thickness (inch)
Sc 99.81 0.5 0.005
Ti 99.63 0.5 0.004
Fe 99.559 0.5 0.005

Cu 99.96 0.5 0.004




€a Methodology

Isomeric
state dN
target - ==Y, — 4N,
o (P at
nuclei
k A dN,
ground —4— stable =Y, —A,N, +PA, N
state dt

where: N,, N, are the numbers of nuclei for m, g state, A, and A, are the decay constants of these states, and P is the
branching ratio for the decay of metastable to ground state. Y ;;and Y, are the reaction yields .

*The reaction yield, Y;, cap be expressed as

Y. =N, yfa;i(E) ®(E)dE

The reaction cross-section, o;, can be expressed as
SA(l-e*")
0; = e It It it
DNyl (1-e™)(1-e " )e ™ (1-e")

=]
e lIsomeric Ratio: |R:%:|:[Cg Enlm P4, JX AB.C,D, P,
oy [\Co &ly A —n) ABCD, 44,
. 1-g m@° () (T=7) 1-e " A mg)tw _1__ oMk
where: Ava) :1_e—ﬂm(g)T o o) B - Cm(g) =1 Dm(g) =1-e

m(g)
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Stable

Nuclear reaction | Threshold energy | Half-life, | Main y-ray energy, | y-ray intensity,
(MeV) Ty E, (keV) ly (%)
45Sc(y,n)*49Sc 11.32 3.927 h 1157.03 99.9
45S¢(y,n)*mSc 11.60 58.6 h 271.13 86.7
natTi(y,xn1p)*49Sc 41.18 3.927 h 1157.03 99.9
natTi(y,xn1p)**mSc 41.45 58.6 h 271.13 86.7
natEe(y,Xxn5p)*49Sc 114.89 3.927 h 1157.03 99.9
natEe(y,xn5p)**MSc 115.16 58.6 h 271.13 86.7
ntCu(y,xn8p)+49Sc 180.63 3.927 h 1157.03 99.9
ntCu(y,xn8p)**mSc 180.90 58.6 h 271.13 86.7




The experimental
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HEP Isomeric yield ratios of 4m9Sc formed in different targets: Sc, Ti, V,
® Mn, Fe, Co and Cu with bremsstrahlung in the energy range 1-5 GeV
as a function of mass difference, AA.
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Isomeric yield ratios of >>m9Mn formed in different targets

m)

Mn, Fe, Co and Cu with bremsstrahlung in the energy range 1-5 GeV as a
function of mass difference, AA.
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2. Photo-fission Reaction (See H. Naik’s talk)

Muclear Instruments and Methods in Physics Research B 267 (2009) 1891-1898

Contents lists available at ScienceDirect BEAM

|
Nuclear Instruments and Methods in Physics Research B |womows

journal homepage: www.elsevier.com/locate/nimb TS

Product yields for the photo-fission of %°°Bi with 2.5 GeV bremsstrahlung

Haladhara Naik?, Sarbjit Singh“, Annareddy Venkat Raman Reddy®, Vijay Kumar Manchanda*,
Guinyun Kim »*, Kyung Sook Kim P, Man-Woo Lee ®, Srinivasan Ganesan ¢, Devesh Raj
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Eur. Phys. J. A 41, 323-334 (2009)
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Measurement of photo-fission yields and photo-neutron
cross-sections in 2°Bi with 50 and 65 MeV bremsstrahlung
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Mass—yield distributions of fission products from photo-fission
of "*'Pb induced by 50-70 MeV bremsstrahlung

Haladhara Naik « Guinyvun Kim * Ashok Goswami + Sarhjit Singh -
Vijay Kumar Manchanda + Devesh Raj + Srinivasan Ganesan ¢
Young Do Oh - Hee-Seock Lee - Kyvung Sook Kim - Man-Woo Lee -
Moo-Hyvun Cho - In 500 Ko - Won Namkung
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i: e E Table 2 Average mass and FWHM of mass distribution in the
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‘Ea Experimental Set up at MC-50 facility
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€F.’ Sample Holder and Samples

A G i (1 fcué | ;
ST b g ] ' |
! ‘ e | i
Bk

Targets & Monitor samples




AVF Cyclotron in CYRIC

‘Smetcr.

" negative ions
. L
Beam Emittance P SRV Magnet

Measuring device ~ '._ for Beam Time-sharing

7

ECR Iq

E(

FIEKRFER

BHFE—LZBMNRAL AT A ermc:

TOHO¥L
—— UNIVERSITY
#4 40RO |
REE HHERE
— v L |
130MeV, AVF, ) nE
170 KE I HEE bt
oy HEE
e
'_\ .’ i
o 4 4 F:‘—J
alr Ry s
L
HWHE
- ¥ it . v
BT R
E—AMEE E-M.lzmﬂ
. i WA robg -
EEr & - | A e oo T;i]
- L g b i £ E
y; = \’
- Fd
=hEF—
O Cormme Ml 7 BRTSEALEE
SHTE eIy 4:“: L (3D-PET) G: CD?
S EB RGeS e TEHE 8T RUPET (PT-2400W) % SAESPET
ik} (PT-711) ®1-93])
BT FRBE
T A 4 4
"
(L] v
FEFFA U - FEENFA
L L ! | EV Rt i B REEm Y BLO
o 10 20 3om <] e

Deuteron Beam Energy

maximum

This work

65 MeV

40 MeV

Current

S0uA

100nA




‘Ea Calculation of proton beam energy degradation
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gr Gamma-ray spectrometry and Standard Sources

Nuclide Half-life Energy Activity
109¢cq 462.6d 88.0336 keV 123.7 kBq
*'Co 271.79d 122.06065 / 136.47350 keV 53.2 kBq
1¥7cs 30.07y 661.657 keV 370.2 kBq
*Mn 312.1d 834.841 keV 6.9 kBq
80Co 527y 1173.228 / 1332.490 keV 266.3 kBq
22Na 2.6019y 1274.537 keV 219.1 kBq




@ The gamma-ray spectrometry
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Determination of beam flux
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Formula of Cross sections calculations

Reaction Rate

Cross-Sections

R _ 1C

eI, NQ(L—e *Mmye *c(1—e”

R = Reaction rate

L = decay constant, s

C =total counts of gamma-ray peak area
N = number of target atoms, atom

e = peak efficiency

I, = branching ratio of gamma-ray

t., t,, B, = cooling time, measuring time, irradiation time (s)
Q = proton beam current, coulomb.

7% ol

oN |

) =

G = Cross section, cm

N, = atomic density, atom/cm3
| = foil thickness, cm

¢ = beam intensity, p/cm?/sec

| 4

O =

AC

&x 1y x Nd ><t><¢(1—e‘“m)e‘“C (1—6_Mi)
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HER Deduction of Integral Yield
k. o

o(E),

i,

dE x A
]

|, =Proton flux (p/cm2-sec)

N4 = Number density (atoms/cm3)
o(E) = Cross-sections (cm2)

(dE/dx)g = Stopping power (MeV/cm)
dE = E,; -E,,: energy difference

A = Decay constant
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€F.’ Summary and Discussion

» Reported the recent activities on LENP :
» Neutron Cross Section Measurement using Pohang Neutron Facility
- 12 m TOF path length
- New DAQ system based on FADC was developed
- Resonance parameter determination with SAMMY code
- 4t Gamma detector by using 12 BGO crystals for neutron capture cross section
» Neutron Activation measurements with thermal neutrons of PNF

» Photo-nuclear Reaction Measurements with 50-70 MeV and 2.5 GeV
Bremsstrahlung

» Charged particle induced reaction Measurements with MC 50 cyclotron

» Collaboration with Domestic and Foreign Users
- Vietnam, China, India, Poland, Russia, Mongol



4 Gamma detector by using 12 BGO crystals

® Coverage : 98.25% (setupl ), 98.21% (setup2)




€,—.; Data Acquisition System based on FADC

Lyiso po Very Simple
Ta | SR DAQ SYSTEM
target 12 BGO PMTS Q
‘ HSelf Stop
12 11 .
ve I |
W, . — Notice A> DAQ
t——>1 Attenuator | . et —(  NFADCI00 Computer
Iscriminator

2 * 100 MHz 10-bit
8 channel FADC
Modules in VME crate
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