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‘Ea Activities on Nuclear Data Measurements

Nuclear Data Measurements using Pohang Neutron Facility

e Neutron Total Cross-section measurements with TOF method
» Measurement of Thermal Neutron Cross-sections and Resonance
Integrals by Neutron Activation Method

e Photo-nuclear reactions with Bremsstrahlung Activation Method

Charged Particle Induced Reaction  Cross-section
Measurements using the Stacked-foil Activation Method



g€r Nuclear Data Measurements using Pohang Neutron Facility
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Pohang Accelerator Laboratory Pohang Neutron Facility based on
100-MeV e-linac
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‘EP 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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€E’ Pohang Pulsed Neutron Facility (PNF)

(1) Electron Linear Accelerator

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
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‘EE (2) Water Moderator for the Water-Cooled Ta-Target

Water Moderator

Ph bricks

Water level

o4l Water level was fixed to 5 cm above the
target surface

Water Level [cm]



=re) 3) Data Acquisition System
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HEE.’ Measurement of Neutron Total Cross Section

1. Neutron Energy E in eV corresponding to channel I in TOF
2 . .
E[eV] :( 72.3x L[m] J L: flight path length

W: channel width

: (I =15) xW[gs]
2. Experimental Set up T
D, : — @
Neutron A@f_nple Detector

3. Neutron Transmission rate

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

[Out(E;) - Out®(E;)]/ M,

4. Total Cross Section 1
o(E)= —NInT(Ei) N: atomic density

5. Total Cross Section after Purity Correction

_ _ o measured total cross section
o—My - PioiM x107° |
. M- : total weight of sample

J
OT = i . .
1— § : Pj %108 M;: weight of impurity sample
J

P; : impurity in ppm



Background Estimation
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Neutron TOF Spectra
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o= Measured Total Cross Sections of Mo and Nb
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Recent Measurement of Neutron Total Cross Section

Nuclear Instruments and Methods in Physics Research B 268 (2010) 106-113

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

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in Physics Research B

Measurements of neutron total cross-sections and resonance parameters
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at the Pohang Neutron Facility
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J Radioanal Nucl Chem (2011) 289:945-952
DOI 10.1007/510967-011-1216-6

Measurements of neutron total cross-sections and resonance -
parameters of niobium using pulsed neutrons generated

by an electron linac

Taofeng Wang « Guinyun Kim « Man-Woo Lee -

Kyung-Sook Kim + Moo-Hyun Cho -
Heung-Sik Kang - Won Namkung
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2. Measurement of Thermal Neutron Cross-sections and Resonance
EE’ Integrals by Neutron Activation Method

Water Moderator

Ph bricks
A2
a] T,
S~ 11—
2 N\ et
= Ta targe
& N
= 1
¢ = —
- X
Water cooling pipes Al plate
e-beam
Foil Size (mm) Weight (g) Thickness (mm) Purity (%)
Au 1l 1818 0.1863+0.0005 0.03 99.95
Au 12 18<18 0.1885+0.0005 0.03 99.95
w1 1818 1.2636+0.0008 0.2 99.95
W2 1818 1.2891+0.0008 0.2 99.95
Inl 18<18 0.1276+0.0004 0.05 99.99
In2 18<18 0.1217%0.0004 0.05 99.99
In3 18<18 0.1214+0.0004 0.05 99.99
In4 18<18 0.1220%0.0004 0.05 99.99
In5 18<18 0.1271+0.0004 0.05 99.99

In6 1818 0.1245+0.0004 0.05 99.99




Data Analysis

Ry — Fy oq R G : = ,
S W wedwed th,AquAu ooond & S
oW 0,Au R = R G e =B B
Au ~ ' Au,Cd'“Au,Cd hw  Gw - £ 28 =2 &7
AT 1000 4 4 E E E % —1'5
R or R = N A(1-€ ") E " “g3%
W (Au) W (Au),Cd 7 (1- iz 1— M \ Aty 1— —lt, < = AT~ I
el (1-e)(1-e e (l-e ) 5 | &
ER '
| .y Ow Oow CRAu o I:Au,Cd Gepi,Au Gth,W f) 10 -
O,W(a)_ o,Au(Of)>< X X X
AuO0,Au CRW - FW,Cd Gth,Au Gepi,W T
1- 1 | 1 1 1
1] 200 400 600 800 1000
Gamma ray energy (keV)
Reaction Main resonance Half-life Main y- rays Isotopic abundance
energy [96]
[eV] Energy [keV] Intensity [%0]
186\W(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)
197Au(n,y)®Au 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 #5W(n,y)'8’W reaction
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ez

Resonance Integrals of the ¥W(n,y)®’W reaction

Resonance integral (barn)
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== Recent Measurement of Thermal Neutron Cross-sections
y and Resonance Integrals

Muclear Instruments and Methods in Physics Research B 269 (2011) 159-166

Contents lists available at ScienceDirect

.

Nuclear Instruments and Methods in Physics Research B

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

Measurement of thermal neutron cross-section and resonance integral
for the '°°Ho(n,y)'°°®Ho reaction using electron linac-based neutron source

Van Do Nguyen?, Duc Khue Pham?, Tien Thanh Kim?, Guinyun Kim ®*, Manwoo Lee®, Kyung Sook Kim?®,
Heung-Sik Kang“, Moo-Hyun Cho ¢, In Soo Ko ¢, Won Namkung ©
*Institute of Fhysics, Viemam Academy of Science and Technology, 10 Dao Tan, Hanoi, Viet Nam

" Department of Physics, Kyungpook National University, Daegu 702-701, Republic of Korea
 Pohang Accelerator Laboratory, Pohang University of Science and Technology, Pohang 790-784, Republic of Korea



‘EaThermal Neutron Cross-sections of the 1%°Ho(n,y)1%®9Ho reaction
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Resonance Integrals of the 15°Ho(n,y)16%9Ho reaction
S g

1400 r 1 - . T T r T T
B Le Sage and Sher [28) ® Ryves and Zieba [20] * Kafala et al. [10]
A Stepheson [27] @ Steinnes'75 [18] O JFF2.2[11] -
'E w THAI-AEC-10 [25] ™ Erdtmann [17] ®  Mughabghab'03 [7]
~ 1200 - Hayodom et al. [24] = Heft [16] #* Holden [8) -
= 4 Scoville and Rogers[23] A AC] *  Yucel et al. [5]
“': Walker [22] = Simonits et al. [15] O ENDF/B-VILO [4]
E @ Sicinnes'72 [21] .  Gryntakis et al. [13] (8 Rajput et al. [3]
=0 1000 - * Van Der Linden [19) <4 De Corte, Simonits[12] @ This work -
0 Weighted average
E :
o
S good -
- O
— : ® o T
1 m ) o : -
(Bt omes eroeed
% 600 v L | | o
“*Ho(n,y) " *Ho | |
400 v 1 : . . , . : .
1965 1975 1985 1995 2005 2015

Year



ez

Experiments with Bremsstrahlung beam at PAL

1. Photo-nuclear Reaction

 Isomeric Yield Ratio Measurement
2. Photo-fission Reaction

e Mass yield distribution

* (y,xn) reaction cross section



€E 1. Isomeric Yield Ratio Measurement

Experimental Arrangement ¢ Electron energy : 50, 60, 70 MeV, 2.5 GeV

"

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

W target Activation foils
I

e-beam — |«

Tungsten Target

Electron Beam Line
0.1mm

»

2.5-GeV e-beam > |

> —>
18 cm I 12 cm

W target Activation foils

385em  [24.0om”




‘EE Experiment for 4mdSc isomeric pairs

« Electronenergy : 2.5 GeV

e Beam current: 2.19 x 10electron

e Repetition rate : 10 Hz

e Pulse width : 1.0 nsec

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

W target Activation foils

2.5-GeV e-beam * [ 385 [Za0em’
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




HERrR Decay scheme and Nuclear reactions leading to “™9Sc isomeric pairs

44mg e

6* 586h
- | 27113
EC120% 27113 988%
2+ 7y
0.00
sose  3927h
6"
32805 .
o 100185
33013 _ 0.01%EC
2> 21442
2656.50 - LO4%EC
4 114943 98.95%EC + '

2283.14 I

1126.08
1157.04 = |
1157.03 3301.2

265641
O-l

00 Stable

“Ca

Nuclear reaction | Threshold energy | Half-life, | Main y-ray energy, | y-ray intensity,
(MeV) Ty E, (keV) ly (%)
45S¢(y,n)449Sc 11.32 3.927 h 1157.03 99.9
45Sc(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,xnlp)*4mSc 41.45 58.6 h 271.13 86.7
natEe(y,xn5p)*49Sc 114.89 3.927 h 1157.03 99.9
natEe(y,xn5p)*4mSc 115.16 58.6 h 271.13 86.7
ntCu(y,xn8p)+49Sc 180.63 3.927 h 1157.03 99.9
tCu(y,xn8p)*4mSc 180.90 58.6 h 271.13 86.7




Isomeric
o state dN,, =Y — 1 N
target P dt

nuclei R ) N,

ground —— staple dt

state

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 .

Ci(l—e’")
el F(1-e " )(1—e " )e ™ (1—e ")
y
where: C is the net counts under the full-energy peak, N, is the number of target nuclei, ¢ is the detector efficiency, 1, is

the intensity of the gamma-ray, A is the decay constant, F is corection factor, t; is the irradiation time, t, is the waiting
time, t_ is the measuring time, zis the pulse width, and T is the cycle period.

=Y, —2,N, +PA,N,,

e ReactionYield: Y =Nygo=

-1
e [someric Ratio: IR :ﬂ:{[cg (Enlm P Jx AnBnCoDy Py
o, Cn &l, 4,-4,) ABCD, A,—4,
. l—e_im(g)r ~Jim(g)(T-7) 1_e_lm(g)ti _ _ﬂ'm(g)tw —-1_ _lm(g)tc
where: /Awg):l_e_we w B”“g’:,l— Cm(g) —e Dy =1-€

m(g)
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The experimental isomeric yield ratios of 44™m9Sc pairs
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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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QFE:P Results of Isomeric Yield Ratio Measurement

52m

"i. Isomeric yield ratios in the photoproduction of “"*Mn from

natural iron using 50-, 60-, 70-MeV, and 2.5-GeV bremsstrahlung
J Radioanal Nucl Chem (2010) 283:683-690

Van Do Nguyen * Duc Khue Pham * Tien Thanh Kim * Md. Shakilur Rahman -

Kyung-500k Kim - Guinyun Kim - Hee-Seock Lee - Moo-Hyun Cho -

In 500 Ko - Won Namkung - Tae-1k Ro
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®» Measurement of isomeric-yield ratios for the '”’Au(y,n)”*™£Au

reactions induced by bremsstrahlung
J Radioanal Nucl Chem (2010) 283:519-525
Md. Shakilur Rahman * Kvung-Sook Kim * Manwoo Lee * Guinyun Kim *
Youngdo Oh - Hee-Seock Lee - Moo-Hyun Cho + In Soo Ko * Won Namkung -
Van Do Nguven * Duc Khue Pham * Tien Thanh Kim * Tae-Ik Ro
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® Measurement of isomeric yield ratios in "*'In and "**Sn with 50, 60, and 70 MeV

bremsstrahlung photons Nuclear Instruments and Methods in Physics Research B 268 (2010) 13-19
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HEPR Isomeric yield ratios in the photoproduction of >2™9Mn from natural iron
® using 50-, 60-, 70-MeV, and 2.5-GeV bremsstrahlung
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Isomeric yield ratios of >2™9Mn formed in different targets: Mn, Fe, Co
HER and Cu with bremsstrahlung in the energy range 1-5 GeV as a function of
mass difference, AA.
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Measurement of isomeric-yield ratios for the °’Au(y,n)®*™9Au
HEP reactions induced by bremsstrahlung
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Measurement of isomeric yield ratios for ®>Nb(y,4n)&®m9INb and
HER "atMo(y,xn1p)?®mIND reactions with 50-, 60-, and 70-MeV bremsstrahlung
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Measurements of isomeric yield ratios in "aIn and "3Sn with
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€F.’ 2. Photo-fission Reaction

Mass—yvield distributions of fission products from photo-fission

of "'Pb induced by 50-70 MeV bremsstrahlung
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The FWHM and the mean mass of the mass-yield
distributions for the photo-fission of "&Pb and 2%Bi
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The flux-weighted average photo-neutron cross-sections for the (y,xn) reactions of
Ee 209Bj with the end point bremsstrahlung energies of 50-70 MeV.
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Experimental Theoretical
[E,, (MeV)] (MeV) 20
50 - 0.00007
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The flux-weighted average photo-neutron cross-sections for the (y,xn) reactions of
Ee 208Ph with the end point bremsstrahlung energies of 50-70 MeV.
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Charged Particle Induced Reaction
Cross-section Measurements using the
Stacked-foil Activation Method



HER Instruments and/or available facilities

« Machine: MC-50 cyclotron

-- Proton and alpha: 45 MeV

-- Deuteron: 25 MeV
 Detector: n-type coaxial ORTEC (PopTop, Gmx20)

HPGe detector
Crystal size: 55.1 mm by 52.2 mm.
Resolution: 1.90 keV at the 1332.50 keV peak of °°Co.
e Data acquisition program:
Gamma Vision 5.0 (EG&G Ortec)
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(Ea Experimental Set up at MC-50 facility
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Projectile (MeV) | Target | Investigated radionuclides Publication
Proton (35 MeV) | "tMo | 9¥MTc, %6mdTc, 9MTc,%59Tc J. Korean Phys. Soc., 48 ( 2006)
821
Proton (35 MeV) | ™Mo | %4MTg, 940Tc, 98mTc, 930 T J. Korean Phys. Soc., 50 ( 2007)
1518
Proton (45 MeV) | "tZn | 66.67Gg, 62.65.69mzn 61Cy NIM B 258 (2007) 313
Proton (45 MEV) nath\lo 99m,969,96m,95m,959,94m,94g,93m,93gTC’ 99,93m|\/|0’ NIM B 262 (2007) 171
96,959 90Ny, 8997y
Proton (45 MeV) | natZr 90.92m.959,96\|y,88.89 7, 86.87m.87mg 88y NIM B 266 (2008) 13
Proton (45 MeV) | natw 181,182m,1829,183,1849,186 R NIM B 266 (2008) 1021
Proton (45 MeV) | mtCd | 107.111m1156Cq, NIM B 266 (2008) 4877
108m,1089,1099,110m,110,1119,113m,114m,115m,116m| n,
104g,1059,106m,110m,1119,113gAg
Proton (45 MeV) | "atAg | 1049.105106mAg 104,107C( NIM B 266 (2008) 5101
Proton (45 MeV) natSn 124,122,120m,118m,117sb’ 117m,113sn’ 114m,111,110|n NIM B 267 (2009) 23
Proton (45 MeV) | natZr 869.87m.87gY, 888997y 90.92mNp ARI 67 (2009) 1341
Proton (45 MeV) | "Ti 48\/, 43.44m,449,46,47.48Gc ARI 67 (2009) 1348
Proton (45 MeV) | "tpd | 105g+m.106mAq 100,101p( 100g+m101m105¢+mRh | NIM B 268 (2010) 2303
Proton (45 MeV) | "N 55,56,57,58m*+gC, 56.57Nj NIM B 269 (2011) 1140
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CEE Formula of Cross sections calculations

Reaction Rate Cross-Sections
AC
R = —Atm \a—Al — At RQN
el,NQ(1—e “M)e “c(1-e ") o =
_ ON |
R = Reaction rate d

L =decay constant, s!

C =total counts of gamma-ray peak area G = Cross section, cm

N = number of target atoms, atom N, = atomic density, atom/cm?
¢ = peak efficiency | = foil thickness, cm

|, = branching ratio of gamma-ray ¢ = beam intensity, p/cm2/sec

t., t, ti;r = cooling time, measuring time, irradiation time (s)
Q = proton beam current, coulomb. l
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€E Summary and Discussion

* Reported the recent activities at Pohang neutron facility :
» Neutron Total Cross Section Measurement
- 12 m TOF path length
- New DAQ system based on FADC was developed
- Resonance parameter determination with SAMMY code
» 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 Cross-section Measurements

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