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Abstract. Thermal neutron capture cross section and resonance integral for the *Sc(n, }/)46Sc reaction were measured
by the activation method using the 97 Au(n, 7/)198Au reaction as a single comparator. The high-purity scandium and
gold samples with and without Cd cover with the thickness of 0.5 mm were irradiated in a pulsed neutron field of the
100 MeV electron linac of the Pohang Accelerator Laboratory (PAL). The induced activities in the activated foils were
measured with a well calibrated HPGe detector. In order to improve the accuracy of the experimental results the effect
of the non-ideal epithermal spectrum was taken in to account by determining the neutron spectrum shape factor (@),
and the corrections for the thermal (Gyy,) and the resonance (Gp;) neutron self-shielding effects, the y-ray attenuation
(Fg) and the y-ray coincidence summing effect were made. The thermal neutron cross-section for the SSe(n, y)46Sc
reaction has been determined to be 6, = 27.6 = 0.8 barn. By assuming the cadmium cut-off energy of 0.55 eV, the
resonance integral for the *Sc(n,y)*0Sc reaction has been determined to be 1, = 12.7 0.7 barn. The present results
are compared with the reference data and discussed.

Keywords: thernal neutron cross-section; resonance integral; 45Sc(n, 7/)46Sc reaction; gold monitor; electron linac;
Cd-ratio method.

I. INTRODUCTION

The thermal neutron capture cross sections and resonance integrals are of great importance
both in fundamental nuclear research and in a various fields of applications [1,2]. Generally, the
neutrons are obtained from the isotopic neutron sources or nuclear reactors with continue neutron
spectrum. In this work we used the pulsed neutrons produced from the Pohang neutron facility
(PNF) based on the 100 MeV electron linac. The thermal neutron capture cross section and res-
onance integral for the ¥*Sc(n,y)*®Sc reaction have been measured by using the '°7 Au(n,y)'*8 Au
reaction as a single comparator. In recent years similar measurements have been carried out at this
neutron facility [3—5]. Scandium is used increasingly in aluminum alloys and the “°Sc radioactive

(©2014 Vietnam Academy of Science and Technology


http://dx.doi.org/10.15625/0868-3166/24/3S2/5049
mailto:ngvando@iop.vast.ac.vn

30 MEASUREMENT OF THERMAL NEUTRON CAPTURE CROSS SECTION AND RESONANCE INTEGRAL ...

isotope is used as a tracing agent in refinery crackers for crude oil [6] as well as in biological and
medical studies [7]. Therefore, the accurate knowledge of the 4SSc(n,}/)4ﬁsc reaction cross section
is helpful in the production of the medically important radioactive isotope. In literature we have
found 12 experimental data [8—19] and 10 evaluation data [20—24] for the thermal neutron capture
cross sections as well as 6 experimental data [9,17,19,25,27] and 9 evaluation data [20-22,24,26]
for the resonance integral of the *>Sc(n,¥)*Sc reaction. The existing experimental data have been
measured before 1985 and the deviations between them are rather large, namely the experimental
thermal neutron capture cross sections are varied from 22+4.4 barn (Seren et al.) to 31.8+1.6 barn
(Harris et al.), with the deviation of 44.54%, and the resonance integrals are varied from 10.7+0.9
barn (Steinnes) to 14.2 barn (Alian et al.), with the deviation of 32.71%, respectively. In this
work, an attempt has been made to provide the new data with the possible highest accuracy. For
this aim, the activation measurement was performed by using the pulsed neutrons produced from
the electron linac in combination with the Cd-ratio method. In addition, the effects of non-ideal
epithermal spectrum, y-ray attenuation, true coincidence summing of cascading 7y-rays, thermal
neutron and resonance neutron self-shielding were taken into account during the experimental
analysis.

II. EXPERIMENTS

High purity natural samarium metallic foils (99.81%) were used as the activation samples.
The Au (99.95%) and In (99.95%) metallic foils were used as the comparator reactions and the
neutron flux monitors, respectively. The diameter of all foil samples is 12.7 mm and the thickness
is 0.127 mm for Sc, 0.03 mm for Au and 0.05 mm for In, respectively.

The pulsed neutrons were produced by bombarding the accelerated electrons into the tan-
talum (Ta) target. The Ta target is composed of ten Ta plates with a diameter of 4.9 cm and an
effective thickness of 7.4 cm. There was a 0.15 cm water gap between Ta plates in order to cool
the target effectively. The housing of the target was made of titanium. The electron beam im-
pinges upon a water-cooled tantalum target and produce bremsstrahlung radiation, which in turn
generates so-called photoneutrons via (y,xn) reactions. The Ta target was set at the center of a
cylindrical water moderator made by an aluminum cylinder with a thickness of 0.5 cm, a diameter
of 30 cm, and a height of 30 cm. The characteristics of the PNF are described elsewhere [28—32].

The photo-neutrons produced in the giant dipole resonance region consist of a large portion
of evaporated neutrons and a small fraction of directly emitted neutrons which dominated at high
energies. The neutrons produced in the Ta target without water moderator have a Maxwellian
energy distribution with a nuclear temperature of 0.45 MeV. The estimated neutron yield per kW
of beam power for electron energies above 50 MeV at the Ta target is about 1.9x10'2n/s [33],
which is consistent with the calculated value based on Swanson’s formula, 1.2x 10! Z0%, where
Z is the atomic number of the target material [35]. The total neutron yield per kW of beam power
was also measured by using the multiple-foil technique and found (2.30+0.28) x 10'2n/s [34]. The
neutron energy spectrum with the water moderator is shifted to lower energy region because of
the effect of moderation by water. To increase the thermal neutrons in this facility, we have used
water to a level of 3-5 cm above the Ta target surface [33]. In this experiment the water level was 5
cm above the target surface. The distributions of neutrons with and without water moderator were
described elsewhere [33, 34].
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In order to measure the thermal neutron cross section and the resonance integral for the
45Sc(n,y)*®Sc reaction by activation method using the ' Au(n,y)'?® Au reaction as a single com-
parator, the natural Sc, Au (with and without a Cd cover of 0.5 mm) and In foils were placed side
by side and irradiated simultaneously. The sample holder was placed on the upper surface of the
water moderator, 11 cm above the surface of the Ta target, and in parallel with the axis of the Ta
target as shown in Fig. 1, where Sc(Cd) and Au(Cd) denote the activation foils covered with a 0.5-
mm thick Cd. The irradiation time was 4 hrs. The nuclear reactions of interest are 45Sc(n,}/)%Sc,
197 Au(n,y) '8 Au, and '3In(n,y)!'®"In. Their decay data together with uncertainties (in parenthe-
sis) are given in Table 1 [36]. The neutron fluxes exposed to Sc and Au samples were extrapolated
from the measured activities of In monitors.
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Fig. 1. Configuration of the pulsed neutron source based on the Ta target and water
moderator and the arrangement of the activation foils. The numbers in this figure refer to
dimension in cm.

Table 1. Nuclear reactions and main decay data [36]

. ) Main gamma - rays Isotopic
Nuclear reaction | Half-life, T; Energy (keV) Intensity (%) | abundance (%)
889.277 99.984 (10)
“3Sc(n,y)*sc 8379d® | 1120.545 99.987(10) 100
411.802 5.58
97 Au(n,y) ®Au | 2.69517d 21) | 75 gey (9)084 3) 100
- , 416.86 27.7(12)
1151n(n,’)/)116 In 54.41 min (17) 1097.3 56.2 (11) 95.7 (2)
1293.545 84.4 (17)
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The induced activities of the activated samples were measured by using a well calibrated
HPGe detector (Canberra GC2018) with a diameter of 59.2 mm and a thickness of 30 mm coupled
to a PC-based multichannel analyzer. The energy resolution of the detector was 1.8 keV full
width at half maximum (FWHM) at the 1332.5-keV peak of ®°Co. The detection efficiency is
20% at 1332.5 keV relative to a 3” diameter x 3” length Nal(T1) detector. The absolute photopeak
efficiencies and total efficiencies of the HPGe detector were calibrated with the standard y-sources.
The details of the measurements and calibrations were described in detail elsewhere [37].

The waiting and counting times were decided based on the half-life of the radioactive iso-
tope and statistics of the y-ray peak of interest. In order to minimize the uncertainties caused by
random coincidence and pile-up effects, we have chosen the appropriate distance from the sam-
ple to the detector. For all measurements, the dead time was kept below 2%. The activity of the
116m1y and 198 Au radioactive isotopes were determined based on the 1293.54 keV (84.4%) and the
411.80 keV (95.58%) y-peaks, respectively. The activity of the “°Sc was determined using two
Y-peaks, the 889.277 keV (99.984%) and 1120.54 keV (99.987%) keV. A typical y-ray spectrum
of the activated scandium foil is shown in Fig. 2. The y-spectra were analyzed using the Canberra
software GENIE 2000.
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Fig. 2. A typical gamma spectrum of the activated Sc foil with t; = 4 hr, t,, = 43 hr, and
ty =1hr

III. DATA ANALYSIS

The theory and method for the determination of the thermal neutron capture cross section
and resonance integral for the (n,y) reactions were described in detail elsewhere [3-5], therefore
only a brief outline is given here.
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II1.1. Determination of the reaction rate

The thermal neutron cross section (6,) of the ¥*Sc(n,y)*¢Sc reaction was measured using
the photo-peak areas of y-rays at 889.277 keV and 1120.545 keV. The reaction rate (R) of the
(n,y) of the activated foils with Cd cover (R, ;) and without Cd cover (R,) were determined as
follows [34]:

B NypsA (1 — e~ Her)

N no€ly(1— ei“)(l — e*’ltf)e*l’w'(l — e*Mv) ’
where N, is the net number of counts under the full-energy peak collected during the measuring
time ., n, is the number of target nuclei, € is the detector efficiency, /; is the intensity of the y-ray,

A is the decay constant, #; is the irradiation time, #,, is the waiting time, 7 is the pulse width, and
tcp 1s the cycle period.

R, or Rycq

(D

II1.2. Determination of thermal neutron capture cross section

The thermal neutron cross-section for the + Sc(n,y)46Sc reaction, 0o s, has been deter-
mined relative to that of the '°7 Au(n,y)'*® Au reaction as follows [38]:
Rse = FsecaRscca  Gnau 84
RAu - FAu,CdRAu,Cd Gth,Sc 8Sc

2

00,5¢ = 00,Au X

where 0 4, is the thermal neutron cross-section of the 197Au(n,}/)198Au reaction, R, and Ry cy
are reaction rates per atom for bare and Cd-covered x (Sc or Au) isotope irradiation, respectively.
The cadmium correction factor, Fy .4 accounts for the difference in count rate for Cd covered and
bare samples, and Gy, is the thermal neutron self-shielding factor for x sample. The Westcott
factor g,, correction for departure from 1 /v cross-section behavior, for the 45Sc(n,}/)46Sc reaction
is 1.0002 [39], and that for the '°7 Au(n,y) '8 Au reaction is 1.0054 [39].

II1.3. Determination of resonance integral

The resonance integral was measured in non-ideal conditions, where the real neutron spec-
trum is represented by the semiempirical form 1/E(!*®) where ¢ is an epithermal neutron spec-
trum shaping factor, which is assumed to be energy independent, the /,(¢) values ought to be used
instead of /,. The conversion of [, to &-dependent term takes the form [40]:

Ip— 0.429g60 0.429g00
(Er)® (2a+1)(Eca)®
where the effective resonance energy, E,(eV), as defined by Ryves [41, 42], is required. The
term (Ip —0.429g0y) represents the reduced resonance integral, i.e. with the 1/v tail subtracted.
The literature values of E, are 5.65 eV for '°7Au [43] and 5130 eV for “*Sc [43], respectively.

The Io(a) for the ¥*Sc(n,y)**Sc reaction was determined relative to that of the 7 Au(n,y)'*8Au
reaction by the following relation [38]:

Ih(a) = (1eV)* 3)

85¢00,5¢ CRau — FAu,Cd Gepi7Au % Gth,Sc
8au00au  CRsc—Fseca  Guau  Gepise

Iosc(@) = Ip au(0X) X ; 4)
where CR, = (R./R c4) are the cadmium ratios, Gy, y and G, , are the thermal and the epithermal
neutron self-shielding factor for x-sample (Sc or Au), respectively. The obtained Iy 5. () value was
converted to Iy 5. by using Eq. (3).
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II1.4. Correction factors

In the determination of the thermal neutron capture reaction cross section and resonance
integral for the *Sc(n,y)*®Sc reaction, a number of correction factors were made.

The epithermal neutron spectrum shape factor, & at the sample irradiation position was de-
termined based on the dual monitor method using the measured Cd ratios for the '°7 Au(n,y)'*8Au
and the 186W(n,}/)187W reactions [4], and it has been found to be 0.067 £ 0.005. The thermal
neutron self-shielding (Gy;,) and epithermal neutron self-shielding (Ge);) factors for the gold and
scandium samples have been calculated [44,45] as G, = 0.992+0.005 and G ,; = 0.990=0.007 for
Sc, and Gy, =0.9904-0.007 and G,; = 0.2994-0.005 for Au, respectively. The attenuation factors
(Fy) were calculated [4] for each y-ray of interest and the obtained values are 0.9988 and 0.9990
for the y-rays of 889.277 keV and 1120.545 keV from *6Sc, as well as 0.994 for the 411.80 keV
y-ray from '8 Au, respectively. The measured activity was corrected to zero attenuation by divid-
ing with factor F,. The 889.277 keV and 1120.545 keV y-rays emitted from 46Sc are in cascading,
therefore the counting loss due to the coincidence summing effect was calculated [46,47]. Ata dis-
tance of 5 cm between the sample and the HPGe detector the multiplicative factors for the 889.277
keV and 1120.545 keV y-peaks are 1.022 and 1.025, respectively. The cadmium correction factor
for the reactions *3Sc(n,y)*¢Sc and '’ Au(n,y)'*® Au are 1.000 and 1.009 [48], respectively. The
main correction factors used for the determination of thermal neutron capture cross-sections and
resonance integrals of the investigated nuclear reactions **Sc(n,y)**Sc and '°’ Au(n,y)'*® Au are
listed in Table 2 [39,43,48].

Table 2. Main correction factors for the calculations of thermal neutron capture cross-
section and resonance integral.

| Nuclear reaction [ E,eV[43] | Qo[43]1] G |  Gepi | Fea[481] g[39] |
©Sc(n,y)*Ssc 5130 043 ]0.992+0.005 [ 0.990+0.007 | 1.000 | 1.0002
P"Au(n,y)**Au [ 5.65 157 ]0.990+0.007 | 0.299+0.005 | 1.009 | 1.0054

IV. RESULTS AND DISCUSSIONS

The present thermal neutron capture cross-section and the resonance integral for the
43Sc(n,y)*®Sc reaction were found to be 6p— 27.6+0.8 barn and Ip= 12.740.7 barn, respectively.
The present results together with reference data are given in Table 3. The main sources of un-
certainties for the thermal neutron capture cross-section measurement are due to the detection
efficiency (2.2%), statistical error (0.5%) and thermal neutron shelf-shielding factor (0.5%). The
main sources of uncertainties for the resonance integral measurement are due to @-shape factor
(3.3%), epithermal neutron self-shielding factor (1.6%), reference resonance integral cross section
of 7Au (1.81%), and cadmium ratio (1.45%). The total uncertainties for the thermal neutron
cross-section and the resonance integral for the 4Sc(n,y)*Sc reaction have been estimated to be
3.1% and 5.6%, respectively.

The present thermal neutron capture cross section for the *3Sc(n,y)**Sc reaction
op = 27.6 £ 0.8 barn is in good agreement within 1o level with the reference data measured
by Mughabghab (1984), Mannhart (1975), Dilg (1974), and Wolf (1960); within 2c level with
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the data measured by Wilson (1967), and Gleason (1975); and within 30 level with the data mea-
sured by Pattenden (1955). The present result disagrees with old data measured by Seren (1947),
Harris (1950), Pomerance (1951), Lyon (1953) by 15.2-20.2%, respectively. The present result is
in agreement with almost evaluated values within 1o level, and within 20 level with the values
evaluated by De Corte (2003) and by Kafala (1997), respectively.

The present resonance integral value I, = 12.7+0.7 barn at the cadmium cut-off energy of
0.55 eV for the 45Sc(n,)/)%Sc reaction is in agreement within 10 level with the data measured by
Harris (1950) and Van der Linden (1972), Gleason (1975), Mughabghab (1984); and within 3¢
level with the data measured by Alian (1973) and by Stainnes (1972), respectively. The present
resonance integral result is in agreement within 1o level with the data evaluated by ENDF/B-VII.1

(2011) and by Atlas (2006); and within 20 level with all other evaluated values.

Table 3. Thermal neutron capture cross sections and resonance integrals for the
43Sc(n,y)*Sc reaction

Year | Authors oo(barn) I (barn) Monitor
2013 | This work 27.6 = 0.8 12.7 £ 0.7 Au
2011 | ENDF/B-VIIL.1 [24] 27.16 12.06 Evaluation
2011 | JEFF3.1.2 [24] 27.15 11.83 Evaluation
2011 | JENDLA4.0 [24] 27.14 11.84 Evaluation
2010 | EAF2010 [24] 27.16 11.84 Evaluation
2010 | ROSFOND2010 [24] 27.15 11.84 Evaluation
2006 | Atlas [24] 27.240.2 12.1 £ 0.5 | Combination
2003 | F. De Corte [23] 263 +0.16 | - Combination
1997 | S.I. Kafala et al. [22] 26.4 +0.2 11.8 0.4 | Combination
1989 | E. De Corte, A. Simonits [21] | 27.2 £0.7 12 4+4.2 Combination
1987 | E. Gryntakis et al. [20] 272 +0.2 11.5+0.5| Combination
1984 | S.F. Mughabghab [19] 272402 12 £ 0.5 Au
1978 | M.Takiue, H.Ighikawwa [18] 234 +04 - Co
1975 | G.Gleason [17] 26 £5 12+ 1.0 Au, Mn
1975 | W.Mannhart [16] 27.07 £0.17 | - Au
1974 | W.Dilg, W.Mannhart [15] 2754 +0.2 |- TOF
1973 | A. Alian et al. [27] - 14.2 Co
1972 | R. Van der Linden et al. [26] - 1341 Combination
1972 | E. Steinnes [25] - 10.7+ 0.9 Au
1967 | W.L.Winlson [14] 26.6 = 0.5 - Co
1960 | G.Wolf [13] 28.3 £0.7 - Au
1955 | N.J.Pattenden [12] 255+1 - TOF
1953 | W.S.Lyon [11] 2334233 |- Mn
1951 | H.Pomerance [10] 23 £ 1.15 - Au
1950 | S.P.Harris et al. [9] 31.8 1.6 12.6 Au
1947 | L.Seren et al. [8] 22+ 44 - Absolute
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V. CONCLUSION

The thermal neutron cross section and the resonance integral for the *>Sc(n,y)*Sc reaction
have been measured by the activation method using the '*7Au(n,y)'*® Au reaction as the single
comparator. The activation was performed with the pulsed neutrons produced from the 100 MeV
electron linac. In order to improve the accuracy of the experimental results the necessary correc-
tions were made. The obtained results for the thermal neutron cross section and the resonance
integral of the 4SSc(n,}/)46$c reaction are 6, = 27.6 & 0.8 barn and I, = 12.7 £0.7 barn, re-
spectively. The present results are closed to the mean values of the existing reference data. The
difference between the present thermal neutron capture cross section and the average value of the
existing reference data is 3.9%, and in case of the resonance integral the difference between the
two values is 4.5%, respectively.

ACKNOWLEDGEMENTS

The authors express their sincere thanks to the Pohang Accelerator Laboratory for the valu-
able support. This work is supported partly by the Vietnam National Foundation for Science and
Technology Development (NAFOSTED) under grant number 103.04-2012.21.

REFERENCES

[1] M. U. Rajput, M. Ahmad, W. Ahmad, Phys. Rev. C68 (2003) 044608.
[2] H.Yiicel, M.G. Budak, M. Karadag, Phys. Rev. C76 (2007) 034610.
[3] N. V. Do, P. D. Khue, K. T. Thanh, N. T. Hien, G. N. Kim, S. C. Yang, K. S. Kim, S.G.Shin, M. H. Cho, M. W.
Lee, Nucl. Instr. Meth. B310 (2013) 10.
[4] N. V. Do, P.D. Khue, K.T. Thanh, G.N. Kim, M.W. Lee, Y. D. Oh, H. S. Lee, M. H. Cho, 1. S. Ko, W. Namkung,
Nucl. Instr. Meth. B269 (2011) 159.
[5] N.V. Do, P.D. Khue, K.T. Thanh, B.V. Loat, Md.S. Rahman, K.S. Kim, G.N. Kim, Y. D. Oh, H. S. Lee, M. H.
Cho, I. S. Ko, W. Namkung, Nucl. Instr. and Meth. B267 (2009) 462.
[6] R.S. Bottrill, Tasmania Geological Survey Record, 2001/07.
[7] L. Moghaddam-Banaem, A. R. Jalilian, M. Pourjavid, A. Bahrami-Samani, M.Mazidi, M. Ghannadi-Maragheh,
Iran J. Nucl. Med., 20 (2012).
[8] L.Seren, H.N. Friedlander, S.H. Turkel, Phys. Rev. 72 (1947) 888. 1
[9] S.P. Harris, C.O. Muehlhause, G.E. Thomas, Phys. Rev. 79 (1950) 11. EXFOR Data!.
[10] H. Pomerance Phys. Rev. 83 (1951) 641. EXFOR Datal.
[11] W.S. Lyon, Phys. Rev. 89 (1953) 1307. EXFOR Datal.
[12] N.J. Pattenden, Proc. Physcial Society (London), Section A, 68 (1955) 104. EXFOR Datal.
[13] G.Wolf, J. Nukleonik, 2 (1960) 255. EXFOR Datal.
[14] W. L. Wilson, Progress report, WASH-1074 April, (1967) 51. EXFOR Data!.
[15] W.Dilg, W.Mannhart, Zeitschrift fuer Physik, 266 (1974) 157.
EXFOR Dataz., available from: http://www.nndc.bnl.gov/exfor/exfor00.htm.
[16] W.Mannhart, Zeitschrift fuer Physik A, 272 (1975) 273. EXFOR Datal.
[17] G. Gleason, Radiochem. Radioanal.Lett. 23 (1975) 317. EXFOR Datal.
[18] M.Takiue, H.Ighikawwa, Nucl. Instr. Meth in Phys. Res. 148 (1978) 157. EXFOR Datal.
[19] S. EMughabghab, Neutron Cross Section, Vol.1. Academic Press, Inc., Sandiego-New York- Boston-London-
Sydny-Tokyo-Toronto, 1984.
[20] E. Gryntakis, D.E. Cullen, G.Mundy. Handbook on Nuclear Activation Data, IAEA Technical Reports Series No.
273, Viena 1987.

! Available from: http://www.nndc.bnl.gov/exfor/exfor.htm


http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm

N. V.DO, P. D. KHUE, K. T. THANH, N. T. HIEN, AND K. GUINYUN 37

[21] F.De Corte, A. Simonits, and A. De Wispelaere, J. Radioanal. Nucl. Chem. 133 (1989) 131.

[22] S.I. Kafala, T. D. MacMahon, S. B. Borzakov, J. Radioanal. Nucl. Chem. 215 (1997) 193.

[23] F. De Corte, J. Radioanal. Nucl. Chem. 257 (2003) 493

[24] B. Pritychenko, S. F. Mughabghab, Neutron Thermal Cross Sections, Westcott Factors, Resonance Integrals,
Maxwellian Averaged Cross Sections and Astrophysical Reaction Rates Calculated from Major Evaluated Data
Libraries, BNL Report, Nuclear Data Sheets 113 (2012) 3120.

[25] E. Steinnes, J. Inorg. Nucl. Chem. 34 (1972) 2699. EXFOR Data.

[26] R. Van Der Linden, F. De Corte, P. Van Den Winkel, J.Hoste, J. Radioanal. Chem. 11 (1972) 133. EXFOR Datal.

[27] A. Alian, H. J. Born, J.I. Kim, J. Radioanal. Chem. 15 (1973) 535. EXFOR Datal.

[28] G.N. Kim, Y.S. Lee, V. Skoy, V. Kovalchuk, M.H. Cho, L.S. Ko, W. Namkung, D. W. Lee, H. D. Kim, S. K. Ko,
S. H. Park, D. S. Kim, T. I. Ro, Y. G. Min, J. Korean Phys. Soc 38 (2001) 14.

[29] G. N. Kim, V. Kovalchuk, Y.S. Lee, V. Skoy, M.H. Cho, L.S. Ko, W. Namkung, D. W. Lee, H. D. Kim, S. K. Ko,
S. H. Park, D. S. Kim, T. I. Ro, Y. G. Min, Nucl. Instr. And Meth. A485 (2002) 458.

[30] V. Skoy, Y.S. Lee, H. Kang, M. H. Cho, I. S. Ko, W. Namkung, G. N. Kim, R. Marchrafi, H. Ahmed, D. Son, J.
Korean Phys. Soc. 41 (2002) 314.

[31] G.N. Kim, H. Ahmed, R. Marchrafi, D. Son, V. Skoy, Y. S. Lee, H. Kang, M. H. Cho, I. S. Ko, W. Namkung, J.
Korean Phys. Soc. 43 (2003) 479.

[32] W. Y. Beak et al., Proceedings of the Workshop on Nuclear Production and Evaluation, in: J. Chang, G. N. Kim
(Eds.), KAERI/GP-130/98, Pohang, Korea, 1998.

[33] K. Devan, A.K.M.M.H. Meaze, G. N. Kim, Y. S. Lee, H. Kang, M. H. Cho, L. S. Ko, W. Namkung, V. D. Nguyen,
D.K. Pham, T. Duc Thiep, P. Van Duan, J. Korean Phys. Soc. 49 (2006) 89.

[34] V. D Nguyen, D. K. Pham, D. T. Tran, V. D. Phung, Y. S. Lee, H. S. Lee, M. H. Cho, I. S. Ko, W. Namkung,
A.K.M.M.H. Meaze, K. Devan, G. N. Kim, J. Korean Phys. Soc 48 (2006) 382.

[35] W. P. Swanson, Health Phys. 35 (1978) 353

[36] NUDAT 2.6: National Nuclear Data Center, Brookhaven National Laboratory.
Available from: http://www.nndc.bnl.gov/nudat2/chartNuc.jsp

[37] V. D Nguyen, D. K Pham, T. T Kim, D. T Tran, V. D Phung, Y. S. Lee, G. N. Kim, Y. D. Oh, H. S. Lee, H. S.
Kang, M. H. Cho, I. S. Ko, W. Namkung, J. Korean Phys. Soc. 50 (2007) 4175.

[38] M. Karadag, H. Yucel, Ann. Nucl. Energy 31 (2004) 1285.

[39] S. F. Mughabghab, Thermal Neutron Capture Cross Sections Resonance Integrals and g-factor, International
Nuclear Data Committee (INDC) (2003). Report No.440.

[40] F. De Corte, K. Sordo-El Hammami, L. Moens, A. Simonits and A. De Wispelaere and J. Hoste, J. Radioanal.
Nucl. Chem. 62 (1981) 209

[41] T. B. Ryves, Metrologia 5 (1969) 119.

[42] T. B. Ryves, E. B. Paul, J. Nucl. Energy 22 (1968) 759.

[43] E. De Corte, A.Simonits, Atom. Data Nucl. Tables 85 (2003) 47.

[44] M. Blaauw, Nucl. Instr. Meth. A356 (1995) 403.

[45] E. Martinho, LF. Goncalves, J. Salgado, Appl. Radiat. Isot. 58 (2003) 371.

[46] K. Debertin and R. G. Heimer, Gamma and X-ray Spectrometry with Semiconductor Detectors, Nort Hollan
Elsevier, New York, 1988.

[47] D. M. Montgomery, G.A. Montgomery, Radiochem. and Nucl. Chem., 193 (1995) 71

[48] F. De Corte, A. Simonits, A. De Wispelaere, J. Radioanal. Nucl. Chem. 133 (1989) 131.

! Available from: http://www.nndc.bnl.gov/exfor/exfor.htm


http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/exfor/exfor.htm
http://www.nndc.bnl.gov/nudat2/chartNuc.jsp
http://www.nndc.bnl.gov/exfor/exfor.htm

	I. INTRODUCTION
	II. EXPERIMENTS
	III. DATA ANALYSIS
	III.1. Determination of the reaction rate
	III.2. Determination of thermal neutron capture cross section
	III.3. Determination of resonance integral
	III.4. Correction factors

	IV. RESULTS AND DISCUSSIONS
	V. CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

