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1. Żė 

1.1 ɅţƟÒũnGV¹ɟ 

ɅţƟÒũtɥȿƟ:ı5ɅţƯĕnBO*Ħ×c®×ǶȳɘjɖibȯĨY¹ɟɥɟ
AhO5gHɅţƯtı5ǻÄɴcr��w.jŗMIa*®ɰȳɘV°MmQgÒ®×
mt*Śɰ*ƕǘóTĨYɥɟAhO5gH¥ºT*Ò®×T8=g¹ɟɥɟVɶjśaH 

�pƵ-131L131IM 

ȘĔã 8.02 ȄV�.�ƯɅųÒũmQgHɅţƟÒũjȥƺTůƧAFOǋȂVeɅţ
ƯŚɰjĮ6Ȃɟɰɇmɟ5ehgH�pƵŜƖ:ĬƎưTůƧBca5?nVe*ĬƎ
ưŠÛTɟ5ehgH 

�pƵ-125L125IM 

ȘĔã 59.4 ȄVs.�qǳőIu¡�ƯɅųÒũmQgHǋȂT¸êɬǜBIɑȭƯĕ
VeVɅţƯTdfŚɰjĮ6ǪƯɲɨƀƯĕŚɰTOɟ5ehgHƲɩư:kTɟ5e
hg?n:ǉ5H 

o��p�-192L192IrM 

ȘĔã 73.8 ȄV�.�ƯIu¡�ƯɅųÒũmQgHɑȭƯĕjǋȂT°ŘǮTɬǜB*
GVƯĕVeVɅţƯTdfŚɰjĮ6ıƯɲɨƀƯĕŚɰTOɟ5ehgH 

�x��p�-99mL99mTcM 

ȘĔã 6ŘÝVu¡�ƯɅųÒũmQgHu¡�ƯL?VÒũmt 140 keVMjčųag
?nTdfǋȂǽǎjǣ\gǔ°ĠőɅţǘƹň·LSingle photon emission computed 
tomography, SPECTMTɟ5gHɚƽagTtȘĔã:Ǘ5Ia*ƔÒmQg 99MoLT1/2 = 66
ŘÝMj�q��.�nB*ȥ´m 99mTc VǡųjĮ6HƞÍV®ɰɟɅţƟÒũVǠm
b 8ØjǤTg¢ǵǮSŒƋƭɛɨjŗMH 

��Ƶ-18L18FM 

ȘĔã 110ȳVɡǳőɅųÒũmQgHɅųAhIɡǳőnǳőnVǌƂɓu¡�Ư 511 
keVjčųag?nTdfǋȂǽǎjǣ\gɡǳőǘƹňƾɇLPositron emission tomography, 
PETMTɟ5gHȘĔã:Ǘ5IaǦñɧɚƽTǯBO8eb*ȥ´ȂVƀā|ox �
 ¡TOƣƠAhg?n:ǉ5H 

 
?Vd6T*ɅţƟÒũjɟ5IŚɰëYƕǘt*amTÔɩAhIŨɇnBOȥ´m

ŢœAhO5gHȁT*ŨŴc»×ɰɇTȝ\*ÛŤ[VȪǕ:ƁS5SR*ɥǱbǉ5H
BVB*ĖłT85Ob*ÛŤVĩSgƣÚVšVĤƈcȪǕĆĔVªT*ƒISɅţƟ
Òũjɟ5IŚɰëYƕǘVďîÎȕ:ǆ=ehO5gHďîǠVbVjßaI®ɰɟÒ
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ũVƝt 100 ũɵjǤTgnbėih(U.S. Department of Energy)*Ę-VƎõT¹CIƱǓ
Vȯ:Ĩ:LO5gH 

 

1.2 ɅţƟÒũVƣƠŨɇnGVćǫ 

ƒB5ɅţƟÒũVɥɟ:ć_LIŁTt*ǑɲƣŋTĤ=OġɨǮSƣƠŨɇjÔɩ
agȡɠ:QgHƣƠŨɇjȝÖčǹagŁTȡɠSƌɃV°MnBO*ƣƠÔɨjśa
ēőÒș¹�.�mQgƣƠǘɔƧLcross sectionM:QgHBVB*ɐg?V�.�tƴ
OVÒũTǌBOtɿLO5S5H_I*�.�:ǇłagƋĳmb*�.�:ę5*�
.�ĊƝ:ȦŰȳmQgSRȦȟ:QgƋĳbQf*ƒB5ŢđTdgčƆ:ȡɠnAh
O5gH 
ƣƠǘɔƧ:ÔɨjȣaVTǌB*ƣƠɲjśaēőÒș¹�.�nBOtĢ5ȢǮm

ȀehgūɲLthick target yield, TTYMjɟ5gHBVBS:e*ƣƠǘɔƧ:ȩȾǮSɲm
QgVTǌB*ƣƠɲtǫç(Otuka and Sándor Takács, 2015):ȱƝǇłagHGVIa*ƣ
ƠɲmȝÖčǹagŁTtɟ5gǫçTǢ¨agȡɠ:QgH 
ƣƠŨɇV°MT*ēőɺjɟ5gɆɇ:QgHēőɺmt*ǠƟőɁÓș¹jɟ5O

ɅţƟÒũjƣƠag?n:m;gIa*99mTcV�q��.�mQg 99MoVƣƠSRT
ɥɟAhO5gHBVB*?V�q��.�VƣƠmĖłɟ5ehO5gďîɟēőɺT
M5Oɖǒ:ƣCO5gHſɢǮSĴŁǮòïȦǃɖǒnBOŧfƈ[ehgd6T(Van 
Noorden, 2013)*Ėł®ɰɟɅţƟÒũƣƠTɟ5ehO5gďîɟVēőɺVǉY:ęY*
ȐɺbBYtČOǧB:ƗaehO5gH_I*ÒȷàƥǀɊŔVIa*ıȌŲp�¡Ȋ
ɯVeǪȌŲp�¡[VȊɯȼĩ:ƗaehO5gH?heV·÷jǺ_TgnēőɺT
dg 99Mo/99mTc �q��.�Vƣŋ{��tĖłV 15 ȒTbSgnėihO5g(Van 
Noorden, 2013)HǈV®ɰɟɅţƟÒũTÞBOb*ēőɺTdgǠƟőɁÓș¹jɟ5g
ƋĳTtƣŋ{��Vƿ¾:ĭTehgH?Vd6SĖƎVe*ēőɺ¥ÏVŨǙjɟ5
I®ɰɟɅţƟÒũVƣƠŨɇVǖņ:íaehO5gH 
G?m*Å-tēőɺ¥ÏVŨǙV°MnBO*¾Ǆàjɟ5IÂǳɭőȅţș¹Td

g®ɰɟɅţƟÒũVƣƠTǟɕB*ĄǷǮSŢđjĮSLO5gH 
Âǳɭőȅţș¹nt*ɡő*űɡőëYm��lɭőǶVǳÂjŗMɭőjȅţag

ēőÒș¹V?nmQgHÂǳɭőȅţș¹mt*ȢǮTƣƠɕǮVĒƵnt«SgĒƵ
jɟ5gIa*»×ȳɧTdLOȢǮĒƵnɕǮĒƵVȳɧ:¿ȎmQgHGVIa*Ǡ
ƟőɁÓș¹Tȝ\*ȝɅţȎVı5®ɰɟɅţƟÒũjȀg?n:m;gH 
Å-t*¹ɟɥɟTtȦŰȳS�.�V°MnBO*o����p�-169L169YbMVƣ

ƠTÞagÒ�.�TǟɕBIH 
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1.3 o����p�-169L169YbM 

169YbtȘĔã 32.02Ȅm*49.8 keVVe 307.7 keVVu¡�ƯLȸú 93 keVMjɅųagÒ
ũmQgH?Vu¡�Ư:ǪƯɲɨ*ıƯɲɨƸɆVƀƯĕŚɰTǯBIr��w.mQ
g?nVe*125I ëY 192Ir jǐǏag?n:¿ȎmQgnĭTehO5g(Lymperopoulou et 
al., 2006)HGhehVÒũVȝÖjȣ 1 TśaH?Vd6T*ȘĔãcɅţƯVr��w
.Ƕ:«SgÒũTM5OďîÎȕjag?nTdf*GhehVÒũ]nTǯBIƀƯ
ĕŚɰjĮ6?n:ãǍm;gH 

ȣ 1 169YbnƀƯĕŚɰTɟ5ehO5g 125IëY 192IrVȝÖ 

Òũ ȘĔã Ʌųɭő Ʌųr��w. 
ȸú 
r��w. 

ƣƠș¹ 

169Yb 32.0 Ȅ s.�qǳő*g 49.8 - 308.7 keV 93 keV 168Yb(n,g)169Yb 
      

125I 59.4 Ȅ s.�qǳő*g 35.5 keV (g), 27.5 keV ë
Y 31.0 keV (ȁƟ XƯ) 

28.5 keV 124Xe(n,g)125Xe 
3125I 

      

192Ir 73.8 Ȅ b*g 130 - 1060 keV (b), 256 - 
672 keV (g) 

350 keV 191Ir(n,g)192Ir 

 
_I*177.21 keVLIg = 22.16%Mn 197.96 keVLIg = 35.8%MVu¡�Ư:čųTǯBO5g?

nVe*169Yb Ȣş�r��¡��m�¡ĜƘōL169Yb-DTPAMTdgȏƻǀ·ɇmVŎɟ
bčǹAhO5g(DeLand et al., 1971)H 
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1.4 169YbVƣƠɆɇ 

ƙ 1-1T 169YbûɉVÒƙȣjśaH 
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Ėł*ďîɟV 169YbVƣƠTtēőɺVȇǠƟőTdg 168Yb[VǠƟőɁÓș¹jɟ

5O5gHBVBS:e*168YbtŜƳǇłȝ 0.123%nùaOƁSY*ıȌǴV 169YbjȀ
gªTtƃţƲTǾ¦ǋȌŲ:ȡɠnSgH_I*ǠƟőìūș¹mtǾĒƵVeVƣƠ
mQgIa*ı5ȝɅţȎjȀgIaTtƃţĝTbǾ¦ǋȌŲ:ȡɠnSgH 
Âǳɭőȅţș¹Tdg 169YbƣƠTt*ȣ2TQ[Iș¹:ĭTehgHG?m*Gh

ehVș¹TÞagÒș¹ǘɔƧ�.�ŧȀŢđTM5O*ƬĮďîVǣĺjĮLIHƬ
ĮďîĊƝ8dYr��w.ț§t*ĴŁēőɴäÞLInternational Atomic Energy Agency; 
IAEAM:ǬòagēőÒș¹Ţđ�.��.� EXFOR(Otuka et al., 2014)TdgčņĈÀjĒ
TŅƠBIH 

ȣ 2 169YbƣƠTÞÿagÂǳɭőȅţș¹ 
ș¹ ƬĮďî [Ċ] r��w.ț§ [MeV] 

169Tm(p,n)169Yb 4 4-50 
169Tm(d,2n)169Yb 3 4-50 
169Tm(a,tn)169Yb 1 43-66 
169Tm(a,4n)169Lu3169Yb 5 37-65 
natEr(a,x)169Yb 4 10-84 
166Er(a,n)169Yb 2 11-17 
167Er(a,2n)169Yb 0 - 
168Er(a,3n)169Yb 0 - 
170Er(a,5n)169Yb 0 - 

GhehVș¹TM5O*ƬĮďînnbTēőÒș¹ɦ、TákYąŌĈÀLTENDL-
2017M(Koning et al., 2019)jśB*ĖƎVɖǒǱj¥º 1.4.1ƫVe 1.4.4ƫTOƇľTŵ\gH 
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1.4.1 169Tm[Vɡőȅţș¹ 
ƬĮďî 4Ċ(Birattari et al., 1973; Spahn et al., 2005; Sonnabend et al., 2011; Tárkányi et al., 2012)T

M5O*ȅţɭőVr��w.TǌagƣƠǘɔƧjƙ 1-2TśBIH?Vd6T*ƣƠ
ǘɔƧjr��w.VÞƝnBOȣa?nm*RVr��w.T85OƣƠǘɔƧ:°Ȝ
Ǒ;5V°ɕmiVgd6TSf*ġɨǮSȅţr��w.VƱǓTÞagè、:¿ȎT
SgH?VƙVeiVgd6T*�.xȧûmt*2Ċ(Birattari et al., 1973; Spahn et al., 2005)
V�.�:Qg:*ǘɔƧt88dG 2ȒV­5:Qf*ƒB5ŢđTdgƤĺ:ȡɠm
QgHTENDL-2017(Koning et al., 2019)t 8 MeVȧû_mtŢđǚnɱ5°ǝjśa:*�.x
¦ǜëYȘǚȯtŢđǚdfbƀAY*15 MeV ¥İtŢđǚdfbǑ;5ǚjśBO5
gH?Vd6SŢđ]nVbhTM5Ot*GhehVŢđTdgĄǷğĹ:Ǒ;Sē²
mQgnĭTehgH 
 

 
ƙ 1-2 169Tm[VɡőȅţTdg 169YbƣƠǘɔƧHƬĮďîn TENDL-
2017VȝÖ 
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1.4.2 169Tm[Vűɡőȅţș¹ 
L2016ȈǴɦ×´ŬŏÃǭTOďî(Saito et al., 2017)M 
Å-Vy�.�:ďîjÎŐBIŘǱm*ƬĮďît 3Ċ(Tárkányi et al., 2007; Hermanne et 

al., 2009, 2016)mQLIH?hetǾCy�.�TdgŢđm*ō»��p�ȴɎLTm2O3M
jm���p�ȔTƏǟAFIbVjȢǮnBOŎɟBO8f*ǘɔƧŌųVŁTtȢǮ
VĢAt°ǫmQgn¼ǫBO5IHBVBS:e*ȢǮVĢ`VȦú°VenĭTeh
g�.�VueM;:ĈÀTĖhO5g?n:iVLIHG?mÅ-Vy�.�mt*d
fƤǴVı5ĢA:ȀehgüǅȔjɟ5IčƆ:ȡɠmQgnĭT*ŢđjŢœBIH 
ƙ 1-3t*ƬĮďî 3ĊnÅ-VŢđĈÀjɦ、ąŌ�.��.�ǚ TENDL-2017(Koning 

et al., 2019)nȝÖBIƙmQgHĀĤ8dY�.x¦ǜtƬĮďîn°ǝagĈÀ:Ȁe
hI:*ǘɔƧtƬĮďîdfbǑ;5ǚnSLIHTENDL-2017bĀĤt°ǝBI:*�
.x¦ǜ:ƁBǪYųIH 

 
ƙ 1-3 169Tm[VűɡőȅţTdg 169YbƣƠǘɔƧHŢđĈÀn TENDL-
2017VȝÖ 
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1.4.3 169Tm[Vm��lɭőȅţș¹ 
ƬĮďît*7Ċ(Sau, Demeyer and Chéry, 1968; Leyden and Murthy, 1988; Singh, Agarwal and Rama 

Rao, 1990; Mohan Rao, Mukherjee and Rao, 1992; Mohan Rao and Chintalapudi, 1994; Kiss et al., 2011; 
Rauscher et al., 2012)QgHBVBS:e*ǂǫɕǮ:ēőÒ���VīǞcǰǋÒƣƠT8
=göɏmQLIIa*LuǾ¦ǋƣƠV�.�TȻLO8f*169YbƣƠV�.�t 1ĊV
`mQgH_I*169YbƣƠ¥ÏV�.�TÞBOb*ę5bBYtr��w.:Ǫ5ɳ¯
V`VǂǫmQgIa*ĻǂǫTdgčƆ:ȡɠmQgH 
ƙ 1-4T*169YbƣƠŢđVƬĮďînɦ、ąŌ�.��.�ǚmQg TENDL-2017nVȝ

ÖjśaH 

 
ƙ 1-4 169Tm[Vm��lɭőȅţTdg 169YbƣƠǘɔƧHƬĮďîn
TENDL-2017VȝÖ 

 
?Vș¹mt 169YbƣƠVǈT*ƔÒmQg 169LuLT1/2 = 34.06 ŘÝMbƣƠAhgHƙ 1-5

T*169LuƣƠŢđVƬĮďîn TENDL-2017nVȝÖjśaH5ĊVŢđĈÀm�.x¦ǜ
t]^°ǝBO5g:*�.xVıA:«SgĈÀnSLO5gH_I*Ţđǚn TENDL-
2017t�.x¦ǜ*ǘɔƧóT«SgĈÀmQgH 
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ƙ 1-5 169Tm[Vm��lɭőȅţTdg 169LuƣƠǘɔƧHƬĮďîn
TENDL-2017VȝÖ 
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1.4.4 natEr[Vm��lɭőȅţș¹ 
ƬĮďît 4 Ċ(Homma et al., 1980; Archenti et al., 1985; Mohan Rao, Mukherjee and Rao, 1992; 

Sonzogni et al., 1992; Király et al., 2008; Kiss et al., 2015)Ǉłag:*ƙ 1-6TśaǩfƬĮďîÝm
V­5:Ǒ;Y*RVǚjƐɟa\;Vȗǘm;S5HGVIa*ƣƠɲjĐƧbg?n
:m;b*ǈVÒș¹TÞag�.�nVȝÖbȃBY*ƒISŢđ�.�TdgčƆ:
ȡɠmQgnĭTehgH 

 
ƙ 1-6 natEr[Vm��lɭőȅţTdg 169YbƣƠǘɔƧHƬĮďîn
TENDL-2017VȝÖ 
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1.5 ɌďîVɕǮ 

ƲƄVe*169YbƣƠTÞagÂǳɭőȅţƣƠÒș¹�.�tɐgȦŰȳmQg?n:
iVLIHGVIa*Âǳɭőȅţș¹Tdg 169Yb ƣƠÒș¹�.�jĄǷǮTǂǫB*
dfƤǴVı5�.�jǂǫag?nmÒ�.�VơȟjƗagH?hTdf*169Ybj®
ɰmɥɟagŁVƣƠŨɇćǫV°ŽnSgŖm*®ɰȳɘ[VįĎjɕǮnagH 
Ɍďîmt*169YbVƣƠǘɔƧjǂǫB*GVƣƠɲjĐƧbgnǾŘT*ȮƣƠȲm

QgȦɠSɅţƟÒũVƣƠTM5Obǣ\gHŬŏÃǭT8=gďîmQLI 169Tm [
VűɡőȅţŢđ(Saito et al., 2017)T¾TO*169Tm8dY natEr[Vm��lɭőȅţŢđj
ȓŏÃǭT85OŢœBIH?hTdf*169YbVƣƠTM5O*ȦŷȲ:ƁSYġɨǮS
Òș¹TÞagǛĐjȀg?n:m;gH
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ɪĞȣ 

ɌȵǠ8dYƙǠmŎɟBIɪĞt¥ºVǩfmQgHLm��l���ŸM 
 
AVF azimuthally varying field 
PET positron emission tomography 
SPECT single photon emission computed tomography 
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2. ŢđɆɇ 

ƣƠǘɔƧǂǫŢđmɟ5ehg°ȚǮSŨɇnBO*Ʌţ»ɇ*ƧƹȔɇ8dYu¡
�ƯȳĠɇV 3M:ð[ehgH?VƄmt?he 3MVŨɇnGheTȖLOŎɟag
äŃc�.�jƅÇagH 

2.1 Ʌţ»ɇLactivation methodM 

�.�jƃţag?nTdfȢǮjɅţ»AF*ƣƠAhIÒũ:ɄËŘTųaɅţƯ
Vɲjǂǫag?nm*ƣƠAhIɅţƟÒũVƣƠǘɔƧjŌųagŨɇmQgHÅ-
VŢđmt*ɄËŘVu¡�Ưjǂǫagu¡�ƯȳĠɇjɟ5O*ƣƠǘɔƧjŌųB
O5gHGhehVɅţƟÒũtɄËŘTĚɛVr��w.jɅųagIa*?Vu¡�
ƯTdfɅţƟÒũjǾǫag?n:¿ȎmQgH 
ƣƠǘɔƧVŌųŞt¥ºVŞVd6TSgH 

! = #$%
&'&$&()()*(1 − ./0(1)./0(3(1 − ./0(4)

 

S8*u¡�ƯVtp¡�Ɲj Tγ*ȢǮēőVɔɑǴjNt*ǔ¦ŘÝQIfVȅţɭő
Ɲj Nb*čųàVčųġɨj εd*u¡�ƯVɅųÔɨj εγ*ǂǫǠVȦÜŘÝɂƢj εt*
ɄËǫƝj λ*ƃţŘÝj tb* ɷéŘÝj tc*ǂǫŘÝj tmnBO5gH 

 

2.2 ƧƹȔɇLstacked foil methodM 

ȢǮnSgȔjȱƝűrIƧƹȔȢǮjɟ5g?nTdf*°ǴV�.�ȅţmȱƝV
r��w.TÞag�.�jȀgŨɇmQgH?htÂǳɭőVr��w.:ȲšǠmĔ
ƜBO5Y?njɥɟBO5gHƧƹȔȢǮt*ŢđVɕǮnSgȢǮȔnȤ½�.�:
ǇłagĪƢɟVȔjűrOīƠagH 
Å-VŢđmt*GhehVȔT8=gr��w.t*ƷŔȎąŌ{.� SRIM(Ziegler, 

Biersack and Ziegler, 2008)jɟ5g?nmŌųB*ȅţr��w.tȞĮŘÝɇLTime of flightM
(Watanabe et al., 2014)TdgǂǫǚjŎɟBO5gH 

șǥġÀ 

ȔjűrO5gIa*ƙ 2-1TśaȔÝVșǥɭőVġÀjĭɮBSYOtSeS5H
șǥɭő:Ǉłagn*ȅţɭőnș¹jæ?BIȢǮǠVɭő:ȞYųB*řVȔ[n
¬LOB_6HĈÀǮT*ș¹:æ?LIƝjÄƀȤ½ag?nTSgHG?m*ɹǆa
gǾ°ĒƵVȔT8=gșǥɭőƝ:ƙ 2-1Vd6TǶB5n¼ǫagn*ȱƝɍǾCȔ
jűrO 2ɍɕ¥İV`jǂǫag?nmșǥɭőVġÀ:ǊKƂAhIn`Sa?n:
m;gHȱƝɍűrg?n:ȃB5ı½SȢǮȔVƋĳt*ȢǮȔntēőȜĲ:Ǒ;Y
«SgĪƢȔjŎɟB*ȢǮȔnGVǧĝVĪƢȔjǾŘTǂǫag?nm*ȢǮȔVș
ǥɭőVġÀtǊKƂAhIƎǎnSgHS8?VƋĳ*ĪƢȔVeVɅţƯbǾŘTǂ
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ǫBO5gIa*ȢǮȔVeVɅţƯnýȺ:MYd6TƸɆVeųgu¡�Ư:«Sg
ĪƢȔjƱZ?nbűɠnSgH 

 
ƙ 2-1 ƧƹȔȢǮT8=gȔÝVșǥɭőVÐȉƙ 

2.3 u¡�ƯȳĠɇLgamma-ray spectrometryM 

ƣƠAhIɅţƟÒũ:ɄËagŁTɅųAhg*ĚɛVr��w.jŗLIu¡�Ư
jčųag?nm*ÒũVǾǫjĮ6HGhehVÒũTĚɛVɅųu¡�Ưr��w.
TM5Ot*ēőÒVɄËTÞag�.�j£LO5g�.��.�(Chu, Ekström and 
Firestone, 1999; International Atomic Energy Agency, 2009; National Nuclear Data Center, 2017)jɟ5O
ŧȀagH 
u¡�ƯVǂǫTt*ÉƦɟ���pqmmQgu¡����sLSEIKO EG&GMjŎɟ

BIH ?V���pqmjɥɟB*Ʌųu¡�Ưjr��w.]nTȳ=Oǂǫag
Lƙ 2-2MH??m*ȁǫVɅųu¡�Ưr��w.Tǟɕag?nm*ÒũVǾǫjĮ
6?n:¿ȎnSgH 
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ƙ 2-2 u¡����sŎɟÆɔɶ 

 
 

2.4 čųà 

čųàtɦ»×ďîź RI �.��lx��.TQgıŷǴz���p�LHyper-pure 
Germanium, HPGeMčųàjŎɟBIHǾŘãTŢœBO5gŢđnVċrĳ5mȱƝV
čųàjŎɟBIHȣ 3TĶÊVŢđmŎɟBIčųàj_nagH 

ȣ 3 ŎɟBIčųà°ɤ 
 čųà �.t. ŎɟŢđ 
det. 1 GMX-25190-P ORTEC Tm+aŢđ 1 
det. 2 GMX30P4-70 ORTEC Tm+aŢđ 2, Er+aŢđ 
det. 3 GEM30P4-70 ORTEC Tm+aŢđ 2, Er+aŢđ 

 
GhehVčųàt*57,60Co, 88Y, 109Cd, 113Sn, 137Cs, 139CeëY 241AmVeƠgĪƢƯĕLEckert 

& Ziegler Isotope Products Inc.MTdfÑǂǫ¦ǜT8=gčųġɨøƯjŌųBO5gH 
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ƙ 2-3 ŎɟBIĪƢƯĕ  

 

2.5 ���.ș¹ 

ĴŁēőɴäÞLIAEAMmt*Ʌţ»ɇjɟ5IƣƠǘɔƧǂǫV�.�r��w.ë
YȔVĢAjĪƢagIaT*5YMVVș¹TM5Oƚžǚ(Hermanne et al., 2018)jŅƠ
BO5gHŦT*27Al, natTi, natCu ǶjȢǮnB*ǦŪɒVMǑ;SɅųÔɨjŗMu¡�Ư
:ǇłagÒũVƣƠș¹:ƱuhO5gHIAEAmt*GVǘɔƧjǂǫag� �qx
�Ƕ:ŢœAh*dfƐɣƟVı5ǚ:ȀehO5gHGVƚžǚnGhehVďîŤ:
ŢœBIŢđĈÀnȝÖag?nm*ĘȺVŢđVƐɣƟ:Ôɀm;gnĭTehO5gH
ƧƹȔɇjɟ5IŢđmt*GVƚžǚnĪƢȔVĈÀjȝÖag?nmr��w.ąŌ
VÔȆjĮSLO5gHƚžǚV�.�t*IAEA VÒ�.�Ȭɗ�.��.�(IAEA - 
Nuclear Data Section)Ve�p¡ .�¿ȎmQgH 
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3. ŢđȂɝ 

Ţđt*ɦ»×ďîźRI�.��lx��.VAVF|ox � ¡jŎɟBIHǾœƪ
t*óǾɥɟœƪmQf*?h_mTǉYVǘɔƧǂǫVŢƨ:QgH¾ǄàëYǂǫƪ
ȟ:ơLO8f*ĶÊǟɕBO5gr��w.ɳ¯mQg 50 MeV _mm��lɭőj¾
ǄBIŢđTǯBO5gH 

  
ƙ 3-1 �.�ļºɫTƪǜAhIȢǮɝàLĸMn AVF|ox � ¡LµM 

 
GhehVŢđƍĊj*ȣ 4TśaH 

ȣ+�(-08%ëY& E2'[Vm��lɭőȅţŢđƍĊ�
Ţđ� Ţœ� ȅţr��w.� �.�ôǴ� ƃţŘÝ�
(-08%#a��(�

�)�
)
(.Ȉ.ĉ� ,(	-�6"9� (.�	-�&1� )�ŘÝ�
)
(0Ȉ)ĉ� ,
	.�6"9� (�-	��&1� (ŘÝ�

& E2'#a� )
(�Ȉ0ĉ� ,
	0�6"9� )

	
�&1� (ŘÝ�
ȣ 4TśBIȅţr��w.ëY�.�ôǴtǂǫǚmQgH�.�ôǴt*ȢǮɝà

:ǳɫąV°ȬjǕLO8f*ǳɫVǔ¦mǂǫag?n:m;gHȀehIǳɫVeȅ
ţɭőƝjąŌag?n:m;gH 
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3.1 169Tm[Vm��lɭőȅţș¹Ţđ 

169Tm[Vm��lɭőȅţș¹Ţđt*ŹÊV 2017ȈVŢđĈÀ:ƬĮďînǑ;Y
«SgĈÀjȀIIa*ǨŕŢđnBO 2019ȈT 2ÊɕVŢđjŢœBIH 

3.1.1 ȢǮ 
169Tm[Vm��lɭőȅţŢđT8=gƧƹȔȢǮt*169TmȔ 1ɍëY 27AlȔ 2ɍj 1

ƶnB*9ƶűrIą 27ɍmīƠBIH2019ȈVŢđmt*2017ȈVŢđnr��w.
jƁBȼTgIaT*27AlȔj 1ɍƬǼTǨ¾BIą 28ɍnBIH?ht*ĶÊȁTűɠ
nSg 30 MeV¥ƈjűǱǮTǂǫagd6SīƠnSLO5gHȢǮTt*ƙ 3-2LĸM
TśaŷǴ99.0%V 169TmüǅȔL28.65 mg/cm2, Goodfellow Co., Ltd., UKMnĪƢɟTŷǴ99.6%
V 27AlüǅȔL1.50 mg/cm2, Nilaco, Corp., JapanMjŎɟBIH169TmȔ*27AlĪƢȔGhehV
ĢAtĿǘƲVȔVšɲnɔƧjǂǫag?nmŌųBIHȢǮV 169Tm üǅȔt*2016
Ȉ 2ĉTŢœBIűɡőȅţŢđmɟ5IbVj 2017Ȉ*2019ȈV 2ÊVŢđT85O
bþfȽBŎɟBIHĪƢȔtŢđ]nTƒB5bVjŎɟBO5gHƙ 3-2TĿǘƲV
25 mmÕ 169TmȔn 8 mmÕTĿǘĝTȜĲjż;ơɸBI 169TmȔëY 27AlȔjśaHơ
ɸĝtĻǴŸȜjÔȆBS:eƙ 3-1mśBIȢǮɝàTūȍBIH 

  
ƙ 3-2 25 mmÕ 169TmȔLĸMn 8 mmÕTĿǘB±ȧ*ơɸBI 169TmȔëY 27AlȔLµM 
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3.1.2 ���.ș¹ 
ǂǫBI�.�TÞag���.�ëYĪƢȔVĢATM5OVÔȆjĮ6Ia*ĪƢ

ȔVeȀehI���.ș¹ǘɔƧVŢđĈÀj IAEAƚžǚnóTƙ 3-3TśaH���
.ș¹t*ȝÖjɝ©TĮ6Ia*ǟɕBO5gȅţr��w.Vț§mǘɔƧVȼ»:
Ǒ;5ș¹jɟ5gV:°ȚǮmQgHG?m*ĶÊt 30 MeV ¥ƈVɳ¯mǘɔƧVȼ
»:Ǒ;5 27Al(a,x)22Naș¹j���.ș¹nBOɟ5IH 

 
ƙ 3-3 169Tm[Vm��lɭőȅţŢđT8=g 27Al(a,x)22Na���.ș¹
ǘɔƧ 

 
?VǘɔƧt*22NaLT1/2 = 2.6027 ȈMVɄËŘTɅųAhgu¡�Ư 1274.53 keVLIγ = 

99.944%Mjǂǫag?nmŌųBIH 
Ţđ 1t*3ȄVɷéŘÝjǜ5IVK*ȦÜŘÝ: 0.3%¥ºVƎǎmǂǫBIHĈÀ

Ve*�.�ôǴjǂǫǚVeə 10%ĔeaɂƢjĮ5*IAEAƚžǚnVɱ5°ǝjȀIH
ɂƢjĮiS=huSeSVLIɦɜt*�.�ƃţŘTüǅǠVǳő:ɅųAhOB_
5*ǳɫąmVǂǫǚ:ŢŁdfbǑ;YSLInĭTehIIamQgH 
Ţđ 2t*2MVčųàmGhehǂǫjĮ5*GVĈÀ: IAEAƚžǚndY°ǝBI

Ia*�.����.�t°ƩɂƢjĮiSVLIHGhehTɟ5IĪƢȔVɷéŘÝ
ëYȦÜŘÝt¥ºVǩfmQgH 

Det2; ɷéŘÝ 6Ȅ*ȦÜŘÝ 0.05%¥ºH 
Det3; ɷéŘÝ 1Ȅ*ȦÜŘÝ 0.4%¥ºH 
ƃţǧĝTtȱƝVǗŪɒÒũ:ǇłB*dfƢÔSǂǫ:ȃBYSgHGVIa*ȁ

T���.ș¹VǂǫTÞBOt*m;gg=ɷéŘÝjǦaTŧLO5gH?hTdf*
ŢđVƐɣƟ:ǕɀAhO5g?njÔȆBIH 
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3.1.3 Ò�.� 
169Tm[V 50 MeVm��lɭőȅţș¹ŢđT85OƣƠAhgGhehVÒũVu¡

�ƯëYÒș¹TȡɠSr��w.LQ ǚMjȣ 5 TśaHu¡�ƯTÞagƌɃt*
NuDat 2.7(National Nuclear Data Center, 2017)*Lund/LBNL Nuclear Data Search(Chu, Ekström and 
Firestone, 1999)ëY Live Chart(International Atomic Energy Agency, 2009)Ve* Q ǚt
QCalc(Pritychenko and Sonzogni, 2003)VeŧȀBIH 
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3.1.4 ğĹƌɃ 
Ţđ 1mVļŮǮSğĹt*12.3-54.9%Vț§nSLIH?ht*ǷąğĹL0.3-49.7%M

ëYȢǮĢL2%M*ȢǮVŷǴL1%M*�.�ôǴL10%M*čųġɨL6%M*u¡�
ƯôǴL< 6%MëYu¡�ƯV�.xV�n��L3%MVĄǷğĹVe 2Ɖ。ȸɆķmŌ
ųBIH 
Ţđ 2mVļŮǮSğĹt*8.7-44.6%Vț§nSLIH?ht*ǷąğĹL0.1-43.8%Më
YȢǮĢL2%M*ȢǮVŷǴL1%M*�.�ôǴL5%M*čųġɨL6%M*u¡�Ưô
ǴL< 6%MëYu¡�ƯV�.xV�n��L3%MVĄǷğĹVe 2Ɖ。ȸɆķmŌųB
IH  
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3.2 natEr[Vm��lɭőȅţș¹Ţđ 

3.2.1 ȢǮ 
ȢǮnBOɟ5Ir��p�LnatErMVŜƳǇłȝtȣ 6TśaǩfmQgH 

ȣ 6 natErVīƠ 
162Er 164Er 166Er 167Er 168Er 170Er 

0.139% 1.601% 33.503% 22.869% 26.978% 14.910% 
°ȚǮT*ȢǮ:°MVǾ¦ǋVeSgƋĳ*°MV�.xjbMƣƠǘɔƧ:Ȁeh

gIa*ƈåVd6SȱƝVǾ¦ǋVeȀehgƣƠǘɔƧVĂt*ȱƝV�.x:űS
gȱŉSĂTSgH 

natEr [Vm��lɭőȅţŢđmt*dfǉYV�.�jȀgIaTƧƹȔȢǮVīƠ
jȣ 7Vd6Tą 32ɍVeƠgȼǁǮSbVTBIHȢǮTt*ƙ 3-4LĸMTśaŷǴ
99%V natErüǅȔL20.06 mg/cm2, Goodfellow Co., Ltd., UKMnĪƢɟTŷǴ 99.6%V natTi üǅȔ
L2.26 mg/cm2, Nilaco Corp., Japan)jŎɟBIHnatErȔëY natTiĪƢȔVĢAt*ĿǘƲVšɲ
ëYɔƧjǂǫag?nmŌųBIHƙ 3-4TĿǘƲV 50 mmÕ natErȔn 8 mmÕTĿǘ
ĝV natErȔëY natTiȔjśaHơɸĝt 3.1.1ƫnǾɞT*ŸȜjĻǴÔȆBS:e*ȢǮ
ɝàTūȍBIH 

ȣ 7 natErn natTiVȢǮīƠ 
 Ȕ  Ȕ 

1 Er 17 Ti 
2 Er 18 Ti 
3 Er 19 Er 
4 Er 20 Er 
5 Ti 21 Er 
6 Ti 22 Ti 
7 Er 23 Ti 
8 Er 24 Er 
9 Er 25 Ti 
10 Er 26 Ti 
11 Ti 27 Er 
12 Ti 28 Ti 
13 Er 29 Ti 
14 Er 30 Er 
15 Er 31 Ti 
16 Er 32 Ti 
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ƙ 3-4 50 mmÕ natErȔLĸMn 8 mmÕTĿǘB±ȧ*ơɸBI natErȔëY natTiȔLµM 
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3.2.2 ���.ș¹ 
169Tm ŢđǾɞ*ǂǫBI�.�TÞag���.�ëYĪƢȔVĢATM5OVÔȆ

jĮ6Ia*ĪƢȔVŢđĈÀj IAEA ƚžǚnóTƙ 3-5 TśaH?VŢđmt*16-50 
MeVVɳ¯mȝÖag?n:m;g natTi(a,x)51Crș¹j���.ș¹nBOɟ5IH 

 
ƙ 3-5  natEr[Vm��lɭőȅţŢđT8=g natTi(α,x)51Cr���.ș¹
ǘɔƧ 

 
?VǘɔƧt*51Cr (T1/2 = 27.7025 Ȅ) VɄËŘTɅųAhgu¡�Ư 320.08 keV (Iγ = 9.910%) 

jǂǫag?nmŌųBIH12 ȄVɷéŘÝjǜ5IVK*ȦÜŘÝ 1.1%¥ºVƎǎm
ǂǫjĮLIHnatErVĢAjğĹț§ȂmɂƢL-1%Mag?nTdf*IAEAƚžǚnVɱ
5°ǝjȀIHĢAmɂƢjĮLIɦɜnBO*t� yT 2%_mV�¡��:ß_h
O5g¿ȎƟ:QgnåŀAhO5g?n:ð[ehgH?VȦŷȲTdgr��w.Ĕ
ƜVȼ»jĢATdfǣơjĮLIH 

 
3.2.3 Ò�.� 

natEr[V50 MeVm��lɭőȅţș¹T85OƣƠAhgGhehVÒũVu¡�Ưë
YQǚjȣ8TśaHu¡�ƯTÞagƌɃt*NuDat 2.7(National Nuclear Data Center, 2017)*
Lund/LBNL Nuclear Data Search(Chu, Ekström and Firestone, 1999)ëY Live Chart(International Atomic 
Energy Agency, 2009)Ve*QǚtQCalc(Pritychenko and Sonzogni, 2003)VeŧȀBIH 
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ȣ 8 natEr[Vm��lɭőȅţș¹T8=gÒ�.�*ƣƠÒũ*ƣƠș¹ëY7ǚ 
ƣƠÒ
ũ 

ȘĔã ɄË�
.�[%] 

Eg [keV] Ig [%] ƣƠș¹ Qǚ 
[MeV] 

169gYb 32.02 Ȅ e (100) 63.12044(3) 43.62(23) 166Er(a,n)169Yb -10.2 
   177.21307(4) 22.28(11) 167Er(a,2n)169Yb -16.6 
   197.95675(4) 35.93 168Er(a,3n)169Yb -24.4 
     170Er(a,5n)169Yb -37.7 
166Yb 56.7 ŘÝ e (100) 82.29(2) 15.552 162Er(a,g)166Yb -2.3 
     164Er(a,2n)166Yb -18.1 
     166Er(a,4n)166Yb -33.2 
     167Er(a,5n)166Yb -39.6 
     168Er(a,6n)166Yb -47.4 
173Tm 8.24 ŘÝ b-(100) 398.9(6) 87.9(9) 170Er(a,p)173Tm -8.7 
170Tm 128.6 Ȅ b-(99.87) 84.25474(8) 2.48(6) 167Er(a,d)170Tm -8.4 
  e (0.13)   168Er(a,d)170Tm -13.9 
     170Er(a,tn)170Tm -20.9 
168Tm 93.1 Ȅ b-(0.01) 184.295(2) 18.15(16) 166Er(a,d)168Tm -14.3 
  e (99.99) 198.251(2) 54.49(16) 167Er(a,t)168Tm -14.5 
   447.515(3) 23.98(11) 168Er(a,tn)168Tm -22.3 
   815.989(5) 50.95(16) 170Er(a,t3n)168Tm -35.5 
167Tm 9.25 Ȅ e (100) 207.801(5) 42(8) 164Er(a,p)167Tm -8.3 
     166Er(a,dn)167Tm -21.2 
     167Er(a,tn)167Tm -21.3 
     168Er(a,t2n)167Tm -29.1 
     170Er(a,t4n)167Tm -42.4 
166gTm 7.70 ŘÝ e (100) 184.405(25) 16.2(10) 164Er(a,d)166Tm -14.8 
   705.333(20) 11.1(7) 166Er(a,tn)166Tm -23.6 
   778.814(15) 19.1(12) 167Er(a,t2n)166Tm -27.6 
   785.904(15) 10.0(6) 168Er(a,t3n)166Tm -37.8 
   1273.540(16) 15.0(9)   
   2052.36(3) 17.4(11)   
165Tm 30.06 ŘÝ e (100) 242.917(7) 35.5(17) 162Er(a,p)165Tm -8.3 
   297.369(6) 12.7(6) 164Er(a,t)165Tm -15.5 
     166Er(a,t2n)165Tm -30.7 
     167Er(a,t3n)165Tm -37.1 
     168Er(a,t4n)165Tm -44.9 
 

3.2.4 ğĹƌɃ 
ļŮǮSğĹt*8.5–29.0%Vț§mQgH?ht*ǷąğĹL0.2–27.7%MëY*ȢǮĢ

L1%M*ȢǮVŷǴL1%M*�.�ôǴL5%M*čųġɨL6%M*u¡�ƯôǴL< 19%M
ëYu¡�ƯV�.xV�n��L3%MVğĹV 2Ɖ。ȸɆķmŌųBIH
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4. ŢđĈÀ 

4.1 169Tm[Vm��lɭőȅţș¹Ţđ 

169YbVǈT*ȮƣƠȲmQg 169,170,171,172LuëY 167,168,170TmVƣƠǘɔƧjÓȀBIH?V
ș¹TÞBOt*ǾCȅţr��w.mŢđj 2ÊŢœBIH?hVeśaǩf*ŹÊV
Ţđmt]nkRVș¹T85O*ƬĮďîdfbtgVTǑ;5ǚjȀIHG?m*Ţ
đVƪǫcŨŸTğf:S5VÔȆbċrOǨŕjŢœBIHGVĈÀ*ƸɆT­5tĐ
ehbǾɞVƑgȫ5jĐFIIa*Å-VĈÀtƢB5bVnĈ、k=IH 
GhehVŢđĈÀjƙ 4-1Veƙ 4-8TśB*Ɲǚ�.�tȣ 9TśaH
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4.1.1 169Yb£¢ 

169Yb�T1/2 = 32.018 Ä�$�Éxf46Ð#ZK¡�±�isomeric state�2��
�èh�a
2�v 1�$ 3Gr��v 2�$ 1Gr·���.�ZK¡�±
ÔX�/#!�Ó �
a
o���/��#�*�qT#£¢µØ¤$d½�±�ZK¡�±#ç¤¶� ��
�/�(��ÖÊP�$�Z 169Lu�T1/2 = 34.06 �a��-#eÜ
¬��/�4.1.3.1¥��
��0�qT�� 4-3�2Þ�/����169Lu #eÜ2��O��qT�Ãá£¢µØ¤�
individual cross section (ind) �2Â��µØ¤#��!$ 177.21 keV�Ig = 22.28%�#8FB§2
Þ���� 4-1 !����� 169Yb #µØ¤2 169Lu #eÜ
c(0�¶�ç¤µØ¤�
cumulative cross section (cum)��eÜ2��O���ind�l!��� 

50.7 MeV(�#qT�$�?�:I·2����$�� ����V�#qT$�¦�
tk,.+²��¶2�.�TENDL-2017$�vqT�Ì\��U�ÎR���/qT� 
���}!��#ÊP!��/ 169Yb#£¢!$ 169Lu#eÜ
²����ß��/��

1���� 
 

 
� 4-1 169Tm(a,x)169YbÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.2 169Yb£¢å 
4.1.1¥�j*�µØ¤2w!����£¢å2�4-2!���ª�È!$ SRIM code2Þ
��50.7 MeV(�£¢å#N���/ physical yield(Otuka and Sándor Takács, 2015)2����� 

 
� 4-2 169Tm(a,x)169YbÊPµØ¤#�vqT!,/£¢å 
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4.1.3 Ñ£¢Ò#£¢ 
169Tm '#4E@3ã�Å�ÊP!����169Yb #­!�WÂ-0�Ñ£¢Ò����

169,170,171,172Lui& 167,168,170Tm
�/��0�0#£¢µØ¤2HQ!��� 
 

4.1.3.1 169Lu£¢ 
4.1.1�gê��º.�169Lu�T1/2 = 34.06 �a�$ 169Yb£¢!�ß Ú^2³	£¢Z�
��/��#��$�Ñ£¢Ò��/ 169Lu�#+##µØ¤!���gê2�	� 

960.62 keV�Ig = 23.4%�#8FB§2Þ������ 169Lu#£¢µØ¤2� 4-3!��� 
V�#�vqT#?�:I·$�¦�tk�Y"N¸�/qT� ��
�?�:I·
!��/µØ¤
¦�tk2200 mb�-500 mb¾À�W/qT� ���TENDL-2017$�
©�#�vqT!°��?�:I·
»�Õ!K /
�V�#�vqT�?�:�#�
²¶
Y"N¸�/qT� ��� 

 

 
  

 
� 4-3 169Tm(a,4n)169LuÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.3.2 170Lu£¢ 
170Lu�T1/2 = 2.012 Ä�#£¢µØ¤2 1280.25 keV�Ig = 8.18%�#8FB§�-����q
T2� 4-4!���èh�a$�v 1�2l! 3Ä¾À��/� 
V�#�vqT$¦�tk�?�:I·$N¸�/
�µØ¤
�,� 400 mb�- 500 

mb K /qT� ���TENDL-2017 $�?�:I·
�v¶!°�»�6=E9�!�
.�µØ¤+¦�tk!°��$²���V�#�v!°��$���qT� ��� 
 

 
� 4-4 169Tm(a,3n)170LuÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.3.3 171Lu£¢ 
171gLu�T1/2 = 8.24 Ä�!$Éxf 79Ð#ZK¡�± 171mLu
¬��/��0$�èh�a

3Ä#a!_©!ÔX�/�~
-0/�*�d½�±��/ 171gLu#ÔX8FB§ 739.78 
keV�Ig = 47.8%�2«¼�/����d½�±�ZK¡�±�-#eÜ
�p�0� 171Lu
#ç¤£¢µØ¤
Â-0/�qT2� 4-5!��� 
�W#6=E9�ËJ
28.0 MeV�-50.7 MeV#�*��#£¢ÊP!b��$?�:
I·27>��/qT$Â-0 ����V�#�vqT$�¦�tk,.+²��¶2
����TENDL-2017$¦�tk 2s(Singh, Agarwal and Rama Rao, 1990; Mohan Rao, Mukherjee and 
Rao, 1992)�n|$N¸�/
�£¢µØ¤$²��¶2���� 

 

 
� 4-5 169Tm(a,2n)171LuÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.3.4 172Lu£¢ 
172gLu�T1/2 = 6.7 Ä�$�Éxf 3.7Ó#ZK¡�±2������ 
-��v 1�2l
!Û 3Ä#èh�a2·���.��#a!ZK¡�±$d½�±!_©!ÔX���~

-0/��#�*�d½�±#8FB§ 1094.66 keV�Ig = 62.5%�2«¼�/����d
½�±�ZK¡�±#ç¤£¢µØ¤
���0/��#qT2� 4-6!��� 
¦�tk!,/��?�:$ 20 MeV¨z!¬��/�*�28.0 MeV�- 50.7 MeV2«
¼���W#�v�$`«�� ����NÕ��6=E9�æM# #)
Â-0��
n|$¦�tk�Y"N¸�/
�®�²��¶� ���TENDL-2017$á��
.#6
=E9�I·$�vqT�N¸�/
�?�:#6=E9�I·$�v¶,.+»� �
��.�?�:I·,.+��6=E9�æM�$µØ¤$�vqT,.+»�¶� �
��/� 
 

 
� 4-6 169Tm(a,n)172LuÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.3.5 167Tm£¢ 
167Tm�T1/2 = 9.25 Ä�$��Z 167Yb�T1/2 = 17.5 Ó�#Éxf
´��*�èh�a#a!
_©!ÔX���/�~
/��
��/��#�*��0-#Z�#�p
ç¤µØ¤
�������/�èh�a$�v 1�2l!Û 3Ä�����(��£¢µØ¤#��
!�Þ�� 207.8 keV�Ig = 41%�#8FB§$�169Lu#ÔX�#8FB§ 207.727 keV�Ig = 
0.390%��� ���/�*�4.1.3.1 ¥�����µØ¤�-eÜÓ2u¤+.��O�
�µØ¤#��2� ����#qT2� 4-7!��� 
V�#�vqT$¦�tk�Y"N¸�/qT� ������ 
-�50.7 MeV(�
#qT��/�*�?�:I·2é1!�/��$�� ����TENDL-2017$©¯¿!
�vqT�Ì\��U²ÎR��� 
 

 
� 4-7 169Tm(a,x)167TmÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.3.6 168Tm£¢ 
168Tm�T1/2 = 93.1 Ä�$Éxf
Ì\¿¹��2016Æ 2r!�����à�Å��v#�
!£¢�0�Ó
_©!$ÔX���-���âå2ÎR�� 1WÙ#�v�-��O�
��2WÙ#�v�$ 2016Æ�à�Å��v#�âÓ!S
� 1WÙ#�âÓ+~ä�/
��� .�{�
²�� ���(	�*���2µÇ����#�*��#£¢ÊP
!b��$�1WÙ#�vqT#)2���µØ¤#��!$�815.99 keV�Ig = 50.95%�#
8FB§2�Þ���qT2� 4-8!��� 

50.7 MeV(�#qT�$?�:I·$y0 ����V�#�vqT$�K /qT2
�����2s#¦�tk(Singh, Agarwal and Rama Rao, 1990; Mohan Rao, Mukherjee and Rao, 1992)
#a!m§2Ï�qT� ���(��TENDL-2017$�vqT�?�:I·�µØ¤l!
©�L	n|2���� 
 

 
� 4-8 169Tm(a,an)168TmÊPµØ¤#qT�¦�tki& TENDL-2017#Ì\ 
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4.1.3.7 170Tm£¢ 
170Tm�T1/2 = 128.6 Ä�$�4.1.3.7 �# 168Tm �ÁÝ!�va]�Ì\���×
¹��

2016 Æ 2 r#�à�Å��v#�âÓ2~ä� �0% - ���#�*{�
²�
��2WÙ#4E@3ã�Å��v�$��2µÇ���84.25 keV�Ig = 2.48%�#8FB§
2Þ������µØ¤2� 4-9!��� 
�#ÊP�$ EXFORC5ACD!¦�tk
¬����Ö�v
�«¼� /�TENDL-

2017$V�#�vqT�Ì\��µØ¤2U�ÎR���/��
1���� 
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4.2 natEr'#4E@3ã�Å�ÊP�v 

169Yb#­!�Ñ£¢Ò��/ 166Ybi& 165,166,167,168,170,173Tm#£¢µØ¤2[Â����0
�0#�vqT2� 4-10�-� 4-17!����¶<�;$Í 10!���
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4.2.1 169YbĂĀ 
169

Yb(�Ħñė 169g
Yb�T1/2 = 32.02 ĺ�&i�"�uZÿñė 169m

Yb�T1/2 = 46 ň��ĔÅ
�3��
�%�1�uZÿñė( 11 ĺ'ų�Õ~'~&�Ħñė&zċ&ŕr�"�
2�o�(�Ħñė$uZÿñė'ŲĄĂĀĚŜĄ6ĸ"	3�đĥ&(��Ħñė&�
�3ŕrÕ';WNĊ 177.21 keV�Ig = 22.28%�6ÉŦ���o�'Ü¢�l6Ĉº���
) TENDL-2017$�&ý 4-10&Ö�� 

Király1'F�B$ TENDL-2017(o�'�l$ĵť'ô3ō	6��35 MeVŊ�&I�
=Yĝ 6Ô ���4�4ĚŜĄ'Ę���Z%3�l$%���ĕ'Ĉº��'F�
B(�.Ę��.Z%3� 
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4.2.2 169Yb'ĂĀů 
169

Yb'ĂĀů6 4.2.1Ć#�-�ĂĀĚŜĄ6£&Èè���čÑĿ( SRIM code6Ŧ	
"�physical yield6 48.9 MeV+#�È���ý 4-11&(Ĉº��#�3 Király1'F�B$
'Ņv6Ö��o�'�-�ĂĀĚŜĄ(�ý 4.2.1#.¡"��0
& Király 1'ĂĀĚ
ŜĄ02.í�	�-�ý 4-11'0
& Király 1'ĂĀů'¡Ą.202.í�	�l$
%��� 
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4.2.3 ŎĂĀŐ'ĂĀ 
�'ńf&�	"�169

Yb'ĕ&ŎĂĀŐ#�3 166
Yb�) 165,166,167,168,170,173

Tm'ĂĀĚŜĄ
6ĸ���'�l6Xg&Ö�� 

 

4.2.3.1 
165

TmĂĀ 
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Tm�T1/2 = 30.06 Õ~�'ĂĀĚŜĄ(�242.92 keV�Ig = 35.5%�';WNĊ6đĥ�3

�$#Èè���2.2Õ~'ų�Õ~'~&�ùu#�3 165
Yb�T1/2 = 9.9 ő�(zċ&ŕr

�"�2�¿qÈè��ĂĀĚŜĄ(�165
Yb$ 165

Tm'ŲĄě#�3�ý 4-12&�l6Ĉ
º���) TENDL-2017 $Ņv��.'6Ö��Király 1'F�B(o�'�l$^Ğ�3
��Homma1'F�B(o�02.í�	ě6$���TENDL-2017( 38 MeVXï'Ű]
#Ü¢�l$Z%3ô3ō	6,��� 
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4.2.3.2 
166

TmĂĀ 

166
Tm(Ń¥�7.70 Õ~'�Ħñė'ĕ&�Ń¥�340 OSň'uZÿñė�ĔÅ�3�

uZÿñė( 11 Õ~'ų�Õ~6ĝ	�¿q'đĥ#(�zċ&ŕr�"	3�+��
ùu#�3 166

Yb�T1/2 = 56.7 Õ~�(�166
Tm 02.Ń¥��ġ	�-�đĥÕ&(ŕrĭ

Ġ'ùu&03e��ÀÅ��ñė#�3��'e�( 4.2.3.7Ć�ý 4-18�&"Èè�4
3ĚŜĄ
1¡Ą.2�Á�`	���Ħñė 166g

Tm'ŕrÕ';WNĊ 778.81 keV�Ig = 

19.1%�
1Èè��ĂĀĚŜĄ6ý 4-13&Ö�� 

�'ńf( EXFORR9KRS&Ĉº���ĔÅ�%
���-�TENDL-2017$'Ņv'
,6ý&Ö���TENDL-2017(o�'Ü¢F�B02.ě�í���ô3ō	.[
�l
$%��� 
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4.2.3.3 
167

TmĂĀ 

167
Tm�T1/2 = 9.25 ĺ�'ĂĀĚŜĄ6 707.80 keV�Ig = 42%�';WNĊ&0�"Èè���

đĥ( 11ĺ'ų�Õ~6ĝ	"ÜÐ���ùu#�3 167
Yb �T1/2 = 17.5 ő�(�'ų�Õ

~'~&zċ&ŕr�"	3�-�167
Tm'ģąĂĀ�4�ő&i�" 167

Yb
1'�Ť�
½��4�ŲĄĂĀĚŜĄ�Èè�4"	3�¿qđĥ&ÉŦ��;WNĊ'�Į� 19%

'¬Á6Ô�"	3�-�¬Á�Ę��%�"	3�Ü¢�l$Ĉº���) TENDL-2017

$'Ņv6ý 4-14&Ö�� 

o�'Ü¢�l(Ĉº��2�'~&�Ċ6Ň	��TENDL-2017(35 MeV+#(Ü¢F
�B$Ů	^Ğ6Ö����35MeVX»(Ü¢F�B02.í�	ě6$��� 
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4.2.3.4 
168

TmĂĀ 

168
Tm�T1/2 = 93.1 ĺ�'ĂĀĚŜĄ(�247ĺ'ų�Õ~''��815.99 keV�Ig = 50.95%�

';WNĊ6đĥ�"Èè����l6Ĉº���) TENDL-2017$�&ý 4-15&Ö�� 

o�'Ü¢F�B( Sonzogni1$0�^Ğ��TENDL-2017(�±6Ã¦�"	3.''�
ě(Ü¢ě6gq3�l$%���Homma1'Ü¢F�B(ô3ō	�o�/Sonzogni1
'Ü¢F�B�) TENDL-2017$
%2Z%3�l$%�"	3� 
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4.2.3.5 
170

TmĂĀ 

170
Tm�T1/2 = 128.6 ĺ�'ĂĀĚŜĄ(�247 ĺ'ų�Õ~6ĝ	�ª& 84.25 keV�Ig = 

2.48%�ŕr;WNĊ6đĥ�3�$#ĸ14��ý 4-16&�'�l$ TENDL-2017'Ņv
6Ö�� 

�'ńf'Ü¢F�B( ENFORF�BM�A&ĔÅ�%	�TENDL-2017(Ü¢F�B0
2.Ĥ	ě6$��� 
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4.2.3.6 
173

TmĂĀ 

173
Tm�T1/2 = 8.24 Õ~�(�2.2Õ~'ų�Õ~''� 398.9 keV�Ig = 87.9%�';WNĊ6

đĥ�3�$#ý 4-17&Ö�ĚŜĄ6ĸ�� 

Ĉº��(o�'Ü¢ě02.Ę�	��I�=Yĝ(^Ğ���TENDL-2017(Ü¢F
�B02.í�	ě6$��� 
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4.2.3.7  
166

YbĂĀ 

166
Yb�T1/2 = 56.7 Õ~�(�82.29 keV�Ig = 15.552%�'ŕrÕ';WNĊ6đĥ�3�$#

ĚŜĄ6ĸ��ų�Õ~6 11 ĺĝ	"đĥ6ÜÐ���o�'Ü¢�l$Ĉº���)
TENDL-2017'Ņv6ý 4-18&Ö�� 

Ĉº�� 2 �$.�o�'Ü¢F�B02.í�	ě6á3�$�5
���^ŗ�
TENDL-2017(Ü¢ě02.Ę�	ě6Ö�"	3� 
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5. ¹Æ 

�4+#º%�"�� 169
Tm *'çŧÍĻÝ�)8TJ7ŬÍĻÝ�nat

Er *'8TJ7
ŬÍĻÝÜ¢�l6Ŧ	"ĂĀů�thick target yield�6Èè��ńf6Ņv�3� 

ĂĀů'^ã#�3 physical yield(Otuka and Takács, 2015)6Èè���l'Ņv6ý 5-1&Ö
�� 
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1��&Đi��24 MeV#ş 5000 kBq/µAh$%3�Ç¹$�
"Tárkáyni1&03 169

Tm*'ŧÍĻÝńf(Tárkányi et al., 2012)'ě$Ņv�3$�13 MeV+
#çŧÍ$ĵť'�±$%3.''�02¼	:HT<�#(ĂĀů�î%�%3�$�
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�'�l
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6. ďx�0)�ŷ 

\ŭŦŖÝÿuã'®Ŕ'^ #�3 169
Yb 'ĂĀ& 	"�mīŬÍĻÝńfÜ¢'

F�B�ŉĒ�"	3��'�-�169
YbĂĀ&��3mīŬÍĻÝńfÜ¢6�ĲĨ&Ü

Ð�"����4+#&�169
Tm *'çŧÍĻÝ�8TJ7ŬÍĻÝ�) nat

Er *'8TJ
7ŬÍĻÝÜ¢6Ũhw��ë AVF?9=UGUW&"ÜÐ���ŖÝhĄĎŁŘ�);
WNĊő¯Ř&"ĂĀĚŜĄ6Èè��� 

µ&�41'Ü¢F�B6£&ĂĀů'^ã#�3 physical yield 6Èè��¿+#ÜÐ
�"�� 3 'Ü¢$ 169

Tm*'ŧÍĻÝńfÜ¢'Ĉº��6Ņv���ĂĀů'Ņv

1�169

Tm*'çŧÍĻÝńf�02Ĥ	:HT<�#Ä.Ė�' 169
Yb6ĂĀ#�3�

$�5
���ĂĀů'}ĩ
1¦Õĩ#(�mīŬÍĻÝńf&03 169
Yb ĂĀ#(�

169
Tm*'çŧÍĻÝ�Ä.°ũ�Ů	$�ŷ!��� 
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