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C"D)EGF�H3I)J3KMLNI)OGP3IQH3R,KSF�F�T4I�U3RWVWX�O�KMY2L?I0F�F	Z�X�[MD)J3R�V*F�EGR�\
] R_^`\�J3I0a	RWOGX�OGF�X �#b�c0dfehgji�k ZWl:T&KhH3R)TW[nmGI0O�lo[nE�X0a�X�O�KGp
OGXqP3R3rsm�P*RtF	R�R�PGVWI0P3F�PGV0[nYsu%X0pv^M\wT3KMO�KGpyx.z4zNE&D0C<{|I)F	T&K
Kt[n},KSJ3I)OGX*rfP*R~m�J3I�a0V4l�mGX��MO&R�L�X0T4R3����VWI)J3R)p&PGO&RWF�PG�*Y
�3�*��� X�EGP3RWJ�[n},KSJ3I)O�KGp�T*I���K�PqV�HGJ3I�U3I�T*X��~R�Pvi�U3R���r
HGJ&KSm&I)L�O&I�KSF�E&T&Ysm&I0OGR�K�LNI)O��*}�I0I'I�UGKSOSKS�Gl�a�O�X)mGI0O�K�I
D�P3R ] R � X�EGP3RWJ*X*r1mGP3R'F	R�R�PGVWI0P3F�PGV0[SI�P�F/[G�%I0O�KMY�^M\wT3KMO�KSK��
C�J3X0Z�R�P&X)�_C<l�F�RW�GE&R ] R�K_UGJS��g �6�� Wk%R�ZWF/[G�sU3X0I0P3F�p2LNI�\
�&X�O�K�a0L�VWT3K�pGOSKGp�J3I�a�R�O�X)O�F�O&R ] R¡RWE�JW[&�%I0OSKGp"OGX¡V4I0J3R)pGP*\
O&RWF�PG�s^M\#J3X0F0H&X)U3X,V4R)a�Z�[G�sU3I0O�OSl��¢pGU*I)JSr3F�VWpGa�X�O�O�l��'F%K�F	\
EGX0��I)O�KGI)LvF�H3I0E�P&J3X�O3[MT4I0V*l��£D�T*I0EGPGJ3RWL?X ] O�KSP&OSl��¡VWX�E3[M\
[nL:O�l��sE&R)T4I0Z�X�O�KS�¢V4Z0T&K�a0K,^`\�KSF�P3RWm�O�KSE�X�HGJ&K£V4O&I)F	I)O�KSK¤V
D�P*[�R�Z0T3X)F�PG�¢HGJ3RWF�PGJ3X)O�F�PGVWX�L�X)F�F�KMV4O&R ] R,R�ZWJ*X)a0�&X4rSF�R�U*I)J4\
�sX)u�I ] R%P3I���IfpGUGJ3X�V%RWF0O&RWV4O&RWLqF�RWF�P3R)p�O�KSK��?¥?RWF0E&R)T3�3E3[
KSL?I0O�OGR¢O3[MT4I0V*l:I=E&R)T4I0Z�X)OSKGp�F	T4[&�sX)P&r1H3R¢L:O&I)O�KSY�X�VWP3R0\
J3RWV�g �6�? 4k�HGJ&KSmSKSO&RW�~^`\#J*X)F0H&X0U&X*r�P*R�RWF	T3X�Z)T*I0O�K�I F�H3I)EGP*\
J3X O3[ST*I0V4l���EGR0T*I�Z�X�O�KM��V¡R�Z)T*X)F�P&K�pGU3I0J&O&R ] R J3I�a�RWOGX�OGF�X
HGJ&KSV4R)UGKSP"E�[�LNI)O��3}QI)O�KSY�VWI)J3R0pGPGO&RWF�P&K"^`\�J3X)F�H&X)U&X¡K�E
F	R�R�PGVWI0P&F�PGV0[nYsu�I)L�[�F/[G��I)O�KSY�KSa	TW[�mGX0I0L?RW��^M\wT3KMO�KSK��
�1K�P*[nX)�GK�p"F¢J*X)F0H&X0U3RWL�VWR�a�Z�[G�sU3I0O�O�l���pGU*I)Jg��b�c�¦�dQe

VQOGX�}�I0L�D0EGF0H3I0J&KSL?I0O�P*I�g§i�kGEGX�E¤J*X)a�F	R�R�PGVWI0P3F�PGV0[SI�PQ[MF�T4R0\
V4K�pGLfr¨V�E&R�P3R�J&l��"U*R)T*��I)O�HGJ3R)p�V4KSP&�*F	p�D ��� I0E�P�C<l�F�RW�*\
E&R ] R�K�UGJ��"©nX�L:L?X�\#K�F�P3RWm�O�KME�HGJ3I�U&F�P&X�V�T*p&I�P"F�R�Z�RW�tL?R0\
O&RWE�J&K�F�P3X0T*T3KSmGI0F0E3[nYªF	I)J3I�ZWJ*p�O3[nY«H3T*X)F�P&KMO�E3[nr�V�E&R�P3R0\
J�[�Y¬P3I0J&L?R�U&K ��� [na�K�I0�V4O&I0UGJ3I0OvL?X)P3I0J&KSO�F�E�KM�_O3[nEGT3K�U
��b�c0®:¯���°�Z�J3X)a/[�Ysu,KGI)F	p HGJ&K�I ] R=J3X0F0H&X)U*IsV4R)a�Z�[G�sU3I0O�OSl:I
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pGUGJ*X���b�c�¦�dQesRWEGX)a�l�VWX�Y,P&F	p£V%R�ESJ�[G�%I0O�KMK'X)P*RWL?RWV,F	I0J3I0Z0\
J3X*r�F�J3I0UGK�E&R�P*RWJ&l���K�a	R�P3RWH �#b�c�dfe�F�R)U3I)J4��KSP3F�p�V�E&R)T3KG\
m&I)F�PGV4IQ *z��È� � r3KnrSVsF�R�R)PGV4I�P&F�PGV*KSK'F�P*I0RWJ&KGI0� C�l�F	RW�GE&R ] R
K|UGJ��ÉrSU3R)T4��O�l_KSF�HGl�PGl�VWX)PG�¢VWR�a�U3I)��F�PGV*KGIsK�F�E�X��%I0OSO&R ] R
F�H3I)EGPGJ3X¤O3[ST*I0V*l��¡E&R)T4I0Z�X)OSKS�n�
Ê<T4p�P3R ] R mGP3R�ZWl�HGJ*p�L�l�L�H*[`P3I0L2[`Z�I�UGK�PG�*F	p"V�P*RWLfr

mGP3R=V4I0J3R)pGP&OGRWF�PG�=^M\#J3X0F0H&X)U3X%pGU3I0J]�#b�c�¦�dfe¤U3I)��F�PGV*K�P3I�T&��\
O&R [nL?I0O��3}%X�I0P&F	p`r1I0F�T3K�D�PGK�pGUGJ*X�OGX��4R�U3pGP&F	p�V�L�X0F�F�KMV)\
O&RWLËF�I0J3I0Z�J*p�O&RWLËR�ZWJ3X)a��3I4r�OGX)U3R�F�J3X�V4O�KSP&��KSa�L?I0J3I)O�O�l:I
V4J3I)LNI)O�O�l:IQa�X�E&RWO�lÌJ3X0F0H&X)U3X%D0P&KM�¤p&U3I)J=U3T4p¢L?X)F�F�KSV*O&R ] R
F	I)J3I�ZWJ*p�O&R ] R�^M\#K�F�P3R�mSO�KSEGXtKÍU3T*p2J*X)UGKGR�X�EGPGKSV*O&R ] R�R�Z0\
J3X)a��&X ��b�c�®:¯nr¢O&IvF	R�U3I0J*�sX�uQI ] RF�I0J3I0ZWJ*X*�ÎÊ<T4pyJ3I�X0T3KG\
a�X��GKMKÌH3I0J&VWR ] R"F�TW[nm�X�pvLNR)��O&R"ZWl:T*R"ZWl�KSF�H3R)T3�*a	RWVWX)PG�
D0E�F�H3I0J&KMLNI)OGP¤H3RQ^M\#J3I�a�R�O�X)O�F�O&RW�'X�EGPGKSV4X��GKSK¢pGU3I0J=F	I0J3I0Z0\
J3X*r`X�OGX0T4R ] KSm�OSl���RWHGl�P4[�g Ï)k¾rnOGR¤F,^`\�KSF�P3RWm�O�KME&RWL�r`KSa ] R0\
P3RWV�T4I)O�O�l�LÐO&I"O�X��GKME&T4R�PGJ3RWO&IWrfX�H3R~u%X0U3p�u�I0�vP3I��GO&R0\
T4R ] KSK�P3I)J3L?R�UGK ��� [`a�K�RWO�O&R ] R¤V4O&I0UGJ3I0O�K�pJ�#b�c)®:¯�V'L?RWO&R0\
E�J&K�F�P&X�T*T�F�I0J3I0Z�J3X*�=Ñ<F	T&K�^`\¾T&KSO�K�p�L?X0T4R¡K�T3K�F	RWV4F�I0L�O&I
[n},KMJ3I0OGX*r?P3R ] R�J3X)a�U3R�Z�R)T4I0I�F0KGT3�3O�l��qD ��� I)EGP�X�EGPGKMVWX�\
�GKSKtpGU3I0J~F�I0J3I0Z�J3X*r�mGI0L�OGX0Z0T&Y,U&X)V*},KS��F�pqV�g Ï)k¾r:L?R0��O&R
H3R)TW[�m�K�PG��rMK�F�H3R)T&�4a	[&p|VWR¤L:O&R ] R=J3X0a%Z�R)T4I0IsF	T3X�ZWl:I%^`\wK�F	\
P3RWm�O�KSESKn�:Ò¨P3R¤H3R�a�V4R0T&K�P¡F,U3RWF�P&X)P3RWm�O&RW��P3R�mSO&RWF�PG�3Y�K�a	\
L?I0J&K�PG�¡a�X�E&RWO"J3X)F�H&X)U&X¢V4R�a	Z�[G�,U3I)O�O&R ] R K�a	RWL?I0J&O&R ] R'F	R0\
F�P3R)p�O�KGp �#b�c dfeS�QC�P3RWJ3RW��RWHGl�P�OGX)U3R£RWF	[nu�I)F�PGV�T*p&PG��r`K�F	\
H3R)T3�*a/[Gp=RWm&I)O���F�T*X0ZWl:IQX�EGPGKSV*O&RWF�PGK|�#b�c)®:¯¡V,R�P&F/[`P&F�P&V*KGI
F	T*I�U3RWV£F	I0J3I0ZWJ3X4�
¥�RWF�E&R)T3�3E3[ËL�lÓO&I~J3X0F0H3R)T*X ] X�I)L�VtOGX)F�P3R)pGu�I0I�V*J3I	\

L?p£PGJ3I0Z�[SI)LNRW�£[`F�P&X�O&RWV4E&RW�¡U3T*p=RWF/[�u�I0F�P&VWT4I)O�KGp¤R�HGl�P3RWV
H3R�^M\�X�EGPGKSVWX��GKMKvp&U3I)Jì�#b�c0dfeSrfHGJ3RWV4I0F�PGK_HGJ*pGL?R�I�KSa�L?I	\
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J3I0O�K�I�F0J3I�UGO&I ] R�V4J3I0L?I0OSK~��K�a�OSKqD0P&KM��p&U3I)J�V�KSa	RWLNI)J4\
O&RWLhF�RWF�P3R)pGOSKSK2V�[`F	T4RWV*KGp��tJ3I0a	RWOGX�OGF0O&R ] R~RWE�JW[G��I)O�KGp
H3RWEGX�O&I�HGJ3I�U&F�P3X�VWT4p&I�P&F	p�VWR�a�L?R)��O�l�L��"¥�R)D�P3RWL�[tZ�l:T&K
HGJ3RWVWI0U*I)O�l�R�HGl�PGl F�UGJ�[ ] KML�KKSa	RWLNI)J3X)L:K��tF���� b�¦����
K�����¦������¢�6�*I0L:lyJ3X0F0H&X)U3X¡D�PGKS��KSa	RWL?I0J3RWV�H3RWEGX)a�X)OSl�OGX
J&K�F��Éi4��Ê<T4p�P3R ] R�mGP3R�ZWlhJ3I�a�RWOGX�OGF�O&R�I|RWE�JW[&�%I0OSKGI pGU3I0J
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Hf, = 5.5 hoursT1/2
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1.1416 MeV
57.55 keV, 0.665 Bq
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93.33 keV
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stable Hf
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–
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+

87
Sr

stable
yield 99.7 %

87
Rb

87m
Sr, = 2.805  hoursT1/2

T1/2 = 4.7  10    years

yield 0.3 %

10

0 0

e-capture

0.3884 MeV

388.4 keV

500.7 keV, 0.128 Bq
–1
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����b�¦ ���%L?R ] T4R�V�T&KGpGPG�"OGX�H3I)J3K�R�U~H3R)T4[nJ3X)F�H&X)U&X|F�RWF�P3R)p3\
O�KGp�z��Nr�O&I�R�Z��*R�U&KMLNR3r�mGP3R�Z�l�pGUGJ*XN����b�����r�HGJ&KSO�X0U3T*I��sX�\
u,KGI¢D�P3RWL�[�RWE�JW[G��I)O�KSY¤r�EGX�E�KSLN\wP3R�R�Z�J3X)a	RWL�RWEGX)a�X�T&K�F0�
ZWlyV¡F�RWF�P3R)pGOSKSK�z��:�! ?R ] U3X'KM��VWR�a�U3I)��F�PGV*KGI£O�X'F�H3I0E�P&J
O3[ST*I0V4l���D�T4I0E�P&J3RWL�X ] OSK�PGO�l���E&R)T4I0Z�X�O�KS�vVWZ)T&K�a�KqD0O&I)J4\
] KSK^`\wT3KSOSKSK2Ï � �§Ï4Ï<E&D0C�Z�l:T*R~Z�l¬X)O�X�T*R ] KMm�O�l�L V�T&KGp3\
O�KSYªUGV0[n�*[�J3RWV4O&I)V4l���pGU3I0JSrQOGX��*R�U*p�u,KS�3F�ptV�RWF�O&RWV4OGR�L
F	RWF�P*R)p�O�KMKnr=D0P*RÌV�T&KGp�O�K�I�LNR)��O&RÌHGJ3I�U&F�P&X�V4KSP&�_F	I0Z�ItV
V4KSU*I£O&I0OGX0Z)T3Y,U&X0I0L?R ] R=R�ZWLNI)OGX'V4KMJ*P*[nX�T&�*OSl�L�K � R�P3RWOGX�\
L�K�L?I��sU*[�p&UGJ3X�L�K�K�H3R)T4I)LÌO3[ST4I)V4l��¡EGR0T*I�Z�X�O�KM�n��Ñ<F	T&K
KSL?I0O�OGR�P3X�E&RW��R�ZWLNI)O KMLNI0I�P¡L?I0F�P3R*r�P3R�F�P&X�O&RWV4KSP&F	p¡VWR�a	\
LNR)��O�l�L L�OGR ] RWF�P4[�H3I0O�m�X0PGl��ÍHGJ3R��3I)F�F�H3RWF	T*I�U3RWVWX)P3I�T3�W\
O&R ] R"V4KSJ3P*[`X0T&�*O&R ] R�VWR�a�Z�[G�sU3I0O�K�p�[nJ3RWV4OGI0��p&UGJ3X���� b����
KÌHGJ&KvD�P3RWL�F�R�HGJ3I0U3I�T4I)O�O&RW�E&RWO&I0mSO&RW�_VWI)J3R)p&PGO&RWF�PG�*Y

mGX)F�PG��D�PGKS��pGU3I0J"L?R ] T3X¡ZWl�RWEGX)a�X)PG�4F�p~V�V*KSJ3P*[`X0T3�3O&RWL
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