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Abstract
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We reporttheactivitiesby usingthe pulsedneutronfacility in PohangAcceleratol.aboratory,
which consistsof an electron linear accelerator,a watercooled Ta target with a water
moderator,anda 12 m time-of-flight path It can be possibleto measurethe neutrontotal
crosssectionsin the neutronenergyrangefrom 0.01 eV to few hundredseV by usingthe
neutrontime-of-flight method A °LiZnS(Ag) glassscintillatorwasusedasa neutrondetector
We measuredheutrontotal crosssectiongor varioussampleswith the time-of-flight method
We alsoreportthe nucleardataproductionexperimentdy usingthe activationmethodswith
neutronandbremsstrahlungpeamsrom the electronlinac. We alsoreportthe measurements
of production cross sectionsof various radioisotopesfrom the chargedparticle induced
reactionsat MC50 cyclotronof the Korealnstituteof RadiologicalandMedical Sciences
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AActivities on Nuclear Data Measurements in Korea

ANeutron Total Cross-section measurements at PAL
APhoto-nuclear reactions with Bremsstrahlung beam
AProton-induced reaction crosssection measurements at KIRAM

AActivities on Nuclear Data Measurements in Abroad

AkeV-neutron capture crosssections atTitech

AProton-induced reaction crosssection measurement at CYRIC
(Tohoku Univ.)

ANeutron capture crosssection measurements at RPI, USA

AOther Collaborating Institute

AFLNP, Russia
A BARC, India
AVAST, Viet Nam
ACIAE, China
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Activities on Nuclear Data Measurement in Korea

ANeutron Total Cross-sectionmeasurementsat PAL
APhoto-nuclear reactionswith Bremsstrahlungbeamat PAL

AChargedion-induced nuclear reactionsat KIRAM



~ Experimental Facility at Pohang Accelerator Laboratory

Pohang Neutron Facility based on
100-MeV e-linac
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1. Neutron Total Crosssection measurementsby neutron
TOF method

2. Measurement of Thermal Neutron Crosssections and
Resonancdntegrals by Neutron Activation Method



EpP 1. Neutron Total Cross-sectionmeasurementdy 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 syster
electron energy = 50 ~ MeV
repetition rate = Below 30Hz
pulse width =1~ 2s
peak beam current = 30 ~ 6A
TOF flight length = 11.5~12m

Target + water moderator : to produce neutron p
Ta plates + cooling system
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HEF.' Measurement of Neutron Total Cross Section

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

O

& 7233Um o L:flightpath length
Elev] ‘§| TIyswmg 8 Wi channel width

2. Experimental Set up . T

A . »

0, : — U
Neutron A@_mple Detector
3. Neutron Transmission rate
[In(E)- In®(E)]/ M,

57 ouiE) - ou (B )17 M,,

4. Total Cross Section 1
s(E)=- Nln T(E) N: atomic density

5. Total Cross Section after Purity Correction

) 14 -6 S: measured total cross section
s-M; @ PisiM;7°10
]
1- § P;210°
j

M-: total weight of sample

St = 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
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Measurement of neutron total cross-section and resonance parameters of Xxenon
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Measurement of the total neutron crosssection and

resonance parameters ofiobium at the Pohang pulsed neutron facility
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Measurements of reutron total crosssections and
resonance parameters obrbium at the Pohang Neutron Facility
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2. Measurement of Thermal Neutron Crosssections and Resonance
EE Integrals by Neutron Activation Method

Water Moderator

Experimental
Arrangement

Pb bricks

\ 8

30

Water level

Water coolinépnpes \Al plate

Foil Size (mm) Weight (g) Thickness (mm) Purity (%)
Au 11 188 18 0.1863 0.0005 0.03 99.95
Au 12 188 18 0.188% 0.0005 0.03 99.95
w1l 188 18 1.263® 0.0008 0.2 99.95
W 2 188 18 1.2891 0.0008 0.2 99.95
In 1 188 18 0.127& 0.0004 0.05 99.99
In 2 188 18 0.1215 0.0004 0.05 99.99
In 3 188 18 0.1214 0.0004 0.05 99.99
In 4 182 18 0.122® 0.0004 0.05 99.99
In5 188 18 0.1271 0.0004 0.05 99.99

In 6 18218 0.124% 0.0004 0.05 99.99




Data Analysis
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Gamma ray energy (keV)
Reaction Main resonance Half-life Main g rays Isotopic abundance
energy [%0]
[eV] Energy [keV] Intensity [%]
18\/(n,g) 18 W 18.8 23.72h (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)
197Au(n,g)%8Au 4.9 2.69517 d (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'®dW(n,g)8 W reaction
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Resonance Integrals of thé3&W(n,g)*8 W reaction
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Thermal Neutron Cross-sections of thet”°Hf(n, g)*8°™Hf and
180Hf(n, g8 Hf reactions
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F.’ Resonance Integrals of thé*Hf(n, g)8°™Hf and 8Hf(n,g)18Hf reactions
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Photo-nuclear reactions with Bremsstrahlung beam at PAL

1. Isomeric Yield Ratio Measurement

2. Photo-fissionReaction(SeeN a | kl&)s



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

Experimental Arrangement

A Electron energy : 2.5 GeV

A Beam current : 2.18 10“electron

A Repetition rate : 10 Hz

A Pulse width : 1.0 nsec

A Target : thin W (50 mn®@ 50 mmé& 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




Methodology

Isomeric
S tat
- state dN,, Y -/ N
target (P 41) dt

ground —*— stable

state
where:N,,, N, are the numbers of nuclei for m, g statgandl
branching ratio for the decay of metastable to ground stgtand'Y, are the reaction yields .

Arhe reaction yieldy:, can be expressed as

E

gmax

Y, =N, f¥.(E)F (E)dE

|
g =Yy /NG +PIN,,

are the decay constants of these statesPasthe

En
The reaction crossection,s;, can be expressed as
S@1-e’h
Si /t /t; /t,, /1,
FNd,(1-e )1-e7)e " 1-e'™)
pY) ~ 1
1 Isomeric Ratio: |g = Sm - g&o s Enlon P/g & AB:CiDw P/ 8
S; &Cn &lg /4-/1,2 ABC /g'lm@l
where Le cngrn g b e/m(g)ti C. .= /m(g)tW D,y =1- € 'm0
“Ang) _1 o /o € me) — m(g) € m(g)
) m(g)
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HEr Decay scheme antlluclear reactions leading ta*™9Sc isomeric pairs

4amSc

6" 586 h

1 27113
271.1i3 98.8%

0.00
3.927h

449Sc

001%EC
1.04% EC
98.95%EC + B!

o8 Stable

44Ca

Nuclear reaction | Threshold energy Half-life, | Main gray energy,| gray intensity,
(MeV) Ty E,(keV) g (%)
45Sc(g,n)**9Sc 11.32 3.927 h 1157.03 99.9
4SScg,n)4MSc 11.60 58.6 h 271.13 86.7
natTj(g,xn1py4eSc 41.18 3.927 h 1157.03 99.9
naTj(g,xn1pf4mSc 41.45 58.6 h 271.13 86.7
naEe(g,xn5pf49Sc 114.89 3.927 h 1157.03 99.9
nafFe (g, xn5py4mSc 115.16 58.6 h 271.13 86.7
"ACu(g,xn8py49Sc 180.63 3.927 h 1157.03 99.9
naiCu(g,xn8pF+mMSc 180.90 58.6 h 271.13 86.7




The experimental isomeric ratios
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HEP Isomeric yield ratios of44m9Sc formed in different targets: Sc, Ti, V,
® Mn, Fe, Co and Cu with bremsstrahlung in the energy range-b GeV
as a function of mass differenceDA.
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Isomeric yield ratios of "aFe(g,xnp)>*M™9aMn
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Isomeric yield ratios of>2mdvn formed in different targets

Isomeric yield ratios (*™Mn)

Mn, Fe, Co and Cu with bremsstrahlung in the energy range-5 GeV as a
functlon of mass dlfferenceDA
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Fission Yield (%)

(@)

2. Photo-fission Reaction ( see H. Nai k

Muclear Instruments and Methods in Physics Research B 267 (2009) 1891-1898
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Product yields for the photo-fission of %°°Bi with 2.5 GeV bremsstrahlung
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cross-sections in 2°Bi with 50 and 65 MeV bremsstrahlung
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‘Ea Experimental Set up at M&O0 facility
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€a Sample Holder and Samples
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Targets & Monitor samples
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‘Ea Calculation of proton beam energy degradation
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gr  Gammaray spectrometry and Standard Sources

Nuclide Half-life Energy Activity
10%¢cd 462.6d 88.0336 keV 123.7 kBq
*'Co 271.79d 122.06065/ 136.47350 ke 53.2 kBq
181cs 30.07y 661.657 keV 370.2 kBq
5Mn 312.1d 834.841 keV 6.9 kBq
®Co 5.27y 1173.228/ 1332.490 keV 266.3kBq
2Na 2.6019y 1274.53%keV 219.1kBq
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The gammaray spectrometry
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Determination of beam flux
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dep Formula of Cross sections calculations

Reaction Rate Cross-Sections
o C
R = — : RQN
OJNQ@- € Zhye &d(1- e i) 0 =
_ fN |
R = Reaction rate d

& = decay constant;ls

C =total counts of gammay peak area
N = number of target atoms, atom

e = peak efficiency

|, = branching ratio of gamray
t.,
Q

= proton beam current, coulomb.

S = cross section, cth

N4 = atomic density, atom/cn
| = foil thickness, cm

f = beam intensity, p/cffsec

t. &, = cooling time, measuring time, irradiation time (s) !
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Deduction of Integral Yield

E” U ( E3E3a«
)

|, = Proton flux (p/cmzec)
N4 = Number density (atoms/cm3)
U( E) =secono(@n®)

(dE/dx). = Stopping power (MeV/cm)
dE = E -E_; energy difference

> = Decay constant




This work J
E.Daum(1997) 4

— IR Williams(1967) J — 500 - ¢ This work _
= J.N.Barrandon(1975) i = . f;)];um}(lligg .
E © M.Al-Abyad(2009) | E R Wairl(;i:ni(l%;)

N} > M.C.Lagunas-Solar(1979) _ Ny <IN Barrandon(1975)
= - R.LBrodzinski(1971) = 400 . M.AL-Abyad(2009) 7
() ZhaoWenrong(1993) () < M.C.Lagunas-Solar(1979)

e R Michel(1979) 7 = = N.C.Schoen(1979)

8 R Michel(1997) A & 300 ;..Jll,l.r};grgcli?i:ki(l97l) T

2 TALYS ] % . S.Sudar(1994)

- i = ZhaoWenrong(1993)
7 i o S.Takacs(1994) 4

8 . | »n 200 + RMichel(1979)
o %ﬁ ; _ o + RMichel(1980)
Q i%é’@ﬂ ] S < R.Michel(1997)

TR § O 1004

T T v T v T d T Y T v T ¥ 04 s S e e LI B s o
10 15 20 25 30 35 40 45 50 0 10 15 20 25 30 35 40 45
Proton Energy(MeV Proton Energy(MeV)
25 v T v T d T v T 'nat. T v 57! v 110 T T v T T T T
T nat 51
Fe(p,x) Co | 100 "Fe(p,x) Cr ]

®  This work 1 i

— i i 9() - e This work I

S 20 - E.Daum(1997) = J M. Al-Abyad(2009) A
E —— B E.Dalumél 9(917) E 80 - +  LF Barchuk(1987) B -

© M.AI-Abyad(2009) 1 - 1R Williams(1967) )

N’ . N’
= 5. L © NCSchoen(1979) | | = 70-_  RMichel(1979) ]
=) = S.Sudar(1994) o 60 - - R.Michel(1997) i

5 ZhaoWenrong(1993) ',":‘, i TALYS
> R Michel(1979) 9 504 -
L R Michel(1980) 4 D .

N R Michel(1997) 2 40 .
% TALYS % 30 1 |
E 1 E ) el .

. 20 - m@ 7]

@) o=t 1 ¢ 10 ® v ]

T -y Y amﬂ;_ﬁ:ﬁﬁ BT .
T v T v T v T v T v T v T v v T v T v T v T v T v T v T v
0 35 40 10 15 4 50

10 15 20 25 30 200 25 30 35 40
Proton Energy(MeV) Proton Energy(MeV)



m
$U

D
(=]

naty~ ,  Sqya o bt
Fe(p,x) 'Mn
- 50 e This work .
= LR Williams(1967)
E 4 M.C.Lagunas-Solar(1979)
E’ 40 - TALYS 4
=
* p—(
~
@ 304
L
n
% 204
e
R
& 10+
0- T v T T v T v T T T T
15 20 25 30 35 40 45 50
Proton Energv(MeV)

200 —T T T
1 nat 54
1804 Fe(p,x) Mn
1 o This work
_ 160'. E.Daum(1997)
= 140 LF.Barchuk(1987)
= ] LR Williams(1967)
~ 120 M.AL-Abyad(2009)
= ] R I Brodzinski(1971)
.2 1004 R Michel(1979)
"5’ ; + R.Michel(1997)
o 804 ——TALYS
w g
% 60-.
S 40-
b .
O 20-
0_ A
) v L)

—
<

15 20

25
Prot

30 35 40 45 50

on Energy(MeV)

55

60



HER

Measured Cross sections 7
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