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asg�d'h�d-ikaGwD~&�[j-lGg��q1j(h�j-y�dkgsh�j-g*^�y�a1^��k^¸i'y�d-�0d'aGeG|�b!dkn�dkg�i	d'`-|¬a1dk^(`�wD{Gas^/@qsh1eÀq�^(a5es�4d'aGe
eÀg*d-y�q�d-h�j'g* �h�w _kasj({1d-aGesd�n1j(aGa1^��k^�q1jkoh�j(y�d'g1h�j�b*wDx*^-nse5g�asjfl1^�asikg1j-aGg! ���^(g!c1e5{Ga� �pÁ^(g�a1 5c!|)�? ^'|Gb*esc�e5ikumqsh�dknsq�^-c!^-�4d'aGeG|�^²iCg1j-g1e
{1d-ikl1^�y]iky�d'�0d-aGe5e�k^�iCg�d'b!^��k^¯j-g�^(y�j&e5_�t�d'asgsh�j���� �1�Z�!�	���A RCB�U*ý�û1VWY[þ�� D*þNú �ZU!ÿ�YFE�U�XZý�� Y û5üsÿ��
G/H 
�R³�lsikq�d-h�e
y�d-asgsw q�^ ° ´�ñ qsh�^(b!^(nsesc�e5iku�aGjml1^��kd'h�d-asgsa1^'oe5y�q* 5c1u!i'a1^�yµikq�d-lsgsh�^�y�d'g1h�d¹y�d'g*^(n�^�y e
asg�d'�-h1e5h�^�b�j(aGeG|ikqse
a1^�b�^��k^�zkx1j�i�q�^ � j(�k^(b*wDy qsh�^(x*^'��n�d'a5esd'y {sj-iCg�^(g*oa1^��k^�nse5j-q1j-_C^(aGj!� ? ^-c�e
lGh1eGiCg1j'c!c1e5{1d-ikl5esd�^(nsa1^��[j'_'aGw�d^(`�h�j'_'tsw ÷4¦�ô5© Â ò1ó �áÛ e º�¦�ô
© Â òsó �áÛ `�w�c�e ike
asg�dk_'e5h�^'ob�j(aGw eÝ^(x1j-h�j(lsg�d'h1e5_	^�b�j(aGw b i	^(^(gsb�d'g�ikgsb!e5eÝi � à(���Ä[dkg1j'c�e i'e5asg�d'_Cj*� xse5y�e5{sd'i'lGesd e ikgsh( �lsg* �h1aGw�d q1jkoh�j(y�d'g1h1w¿ö�¦�ô
© Â òsó �áÛ ^�qseGikj(aGw b¢���-�'��� \ h�d'_� 5c1u-g1j'g�dn�dkg1j'c�u�a1^��k^ eG_� �{1d'a5es| l5h�e5iCg1j'c!c1e5{1d-ikl1^�~ ikg1h� �lGg! �h1wike
asg�dk_'e5h�^�b�j(aGa1^��k^ öN¦�ô
© Â ò1ó �ÜÛ `�w�c!^ ^(`(aGj-h� s�0d-a1^ n�^� �,I b�j(lsj(asike
~�b�q�^(_ke
tse5eÖ�C^�ikg�d'b!^(�k^�j-g�^�y�j���q�^(_'e5tses|� �G� �G� ����b}qsh�^�ikgsh*j(asikgsb�d-aGa1^�~²�-h( �qsq�dKJML ¶!�8���'¶-���i RON �WU�þZý�ÿ�
QPRBTS � ¾VU�WYX T WYX
Z6[ Â"\%] �ÜÛ R ´�h�^'oy�dfh�d'asgs�kd'as^�iCgsh( �lsg* �h1aGwDx�y�dkg�^(n*^�bs�Di'y�d-�0d'aGeGdv�k^�ikg*dCob!^(�k^6j-g*^�y�j}y�^-��a1^¯^(`�asj(h� s��e5gsu� 5c1u-gsh*j-_'b' �l1^�b*wDy�e®eGi	oi	c*dkn�^�b�j(aGeG|sy�e���� �(����j}g1j(l1�4d¯y�dkg�^(n�j(y�e®|sn�d'h1a1^��k^6h�d'_	^'oasj(asikj!�­Ä[c!|�i	^(d'n1e
a1d'a5e5~�ö�¦�ô
© Â òsó �áÛ e�÷0¦!ô5© Â ò1ó �ÜÛ `�w�oc�eÖqsh�^�b�d'n�d'aGw °Dõ ñ e5iCi	c*dkn�^�b�j(aGeG|�asj�|snsh*j(x � ¾VU öN¦�eÛ ¾ ÷4¦s��iC^(^(g1b!dkg1ikg1b!d'a5a1^Þ� øk����l1^(g�^�h�w�d®^(nsa1^(_kasj({Gas^mq�^�lsjko_kwDb!j(p8gvi� ��0d-iCgsb!^(b!j(aGesd�nsb' �xfa1dCz-lGb!e
b�j'c!d-asgsaGwDx²q�^(_kesotse5~�|1nsh�j � ¾VU ö�¦�b�i	^(d'n1e
a1d'a5e5e�ö�¦�ô
© Â òsó �áÛ e6^(n1as^(~�a1dCz-l�ob!e
b�j'c!d-asgsa1^�~vq�^(_ke5tse
e®|snsh*j Û ¾ ÷0¦�b}÷4¦�ô5© Â ò1ó �áÛ ��h1eGi(�L�!����Dj�h1eGi�� �!¦Þq�^�lsj-_Cj(a °�õ ñ]ikq�d-lsgsh � ¾VU ö�¦s�_^D_¸�-h�j'�He
lsjb!e5nsa1^���{Gg*^²qsh1e�aGe5_kl1^�~�g�d'y�q�d'h�j-g! �h�d�ikq�d-lsgsh²c�j(asg1j-aGji	^�ikg�^(e5g�eG_�nsb' �x²c1e5aGe
~���{sg�^vi	^(^(gsb�d'g�ikgsb' 5dkg�n1b- �yµa1dCoz'l5b!e5b!j'c!d'aGg1a5wDy�q�^-_'e5tseG|sy�öN¦G����c!dkn* 5d'g�^(gsy�d'g1e5gsus�s{sg�^
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y�d'g�^-n °�õ ñ�� ° ´�ñH�4|sb�c!|1dkg1iC|²c!^�lsj'c�u�aGwDy���g�^�d-iCgsu²q�^(_	ob�^-c*|�d'g}h�d-�-eGiCgsh1e5h�^�b!j'gsu&c!^�lsj'c�u�aGw�d8eG_ky�d'asd'aGeG|�b¯lGh1eGi	og1jkc*c�e
{1d'i'l1^�~¸e�zkc!d-lsgsh�^(a5a1^�~fikgsh( �lsg* �h�j(x®`-c�es��j(~ � d-�C^^�lGh( s�4d'aGeG|ÞeGiki	c!d'n* 5d'y�^��C^¹|snsh*j¸��asj(qsh�e
y�d-h5��iky�d'�0d'a5esdj-g*^�y�^�b!�3� ? h1e5{1d-yD��b&^(g*c�e
{Gesd�^(g�h�d-asgs�kd'a1^�ikg1h� �lGg! �h1a1^'o�k^¯j(asj'c�e5_Cj*��n�c*|�zkg�^��k^6a1d�gsh�d'`C 
dkg1i	|¹n�j'c1u*a1d-�k^}q�^�h*|1nslsjb¹iky�d'�0d'aGe
e�j-g�^�y�^�bs� ? ^�ikls^'c1u*l1 �x1j-h�j(lsg�d'h1e5iCgse5{1d-ikls^(db!h�d-y�|�eG_'y�d-h�d'aGeG| °�õ ñ¢� � �­� � �Hy�lsi(��i	 ��0d'ikgsb�^�b�j(aGeGdnsb' �xfc�e
aGe5~ °�õ ñ � ¾VU ö�¦²^(nsa1^(_kasj({Ga1^²i'b!e5n*d'g�dCc�u*iCgsb' 
dkg^®aGjkc1e5{Ge
e�nsb' �xfa1dkz'lGb*e5b!jkc*d'asgsaGwDxmq�^(_ke
tse5~�� ? h1e�q�^'ob!w � d'a5e5e�g�d'y�q�d'h�j-g* �h1wfc�e
aGe5e¯i	`-c�eG��j-p8g1iC|�e¯qsh1e&l1^�y�oasj-gsa1^�~�g�d'y�q�d'h�j-g* �h�d�ikg�j(a1^�b�|1g1iC|¸qsh�j(lsgse5{1d-ikl5eÞa1d-h*j-_	o

c�e
{Ge5y�wDy�e��¢Ä[c*|�i'q�d'lsgsh�j�asj-gsh�eG|­��h1eGi�� ��ó
��asj'`-c�p8n1jkodkg1iC|�^(n1aGj²c�e
aGes|�i²{1dkgsl1^�~��'jk 
iCiC^(b!^�~�iCgsh( �lsg* �h�^�~�b!^b*i	d'y¢eG_'y�d-h�d'aGa1^�y n1e5j(q1j'_C^�a1d�g�d'y�q�d'h�j-g* �h5����aGjkc*^��'e
{�oaGwD~¯z'lGikq�d'h1e
y�d-asg8n*c*|&º�¦�ô5© Â ò1ó �áÛ a1d-b�^(_ky�^-�0d-a)�!g1j(l¯lsj(ld-iCg�d'ikgsb�d-aGa1^(dvi	^(n�d'h*��j(aGesd °�õ ñZo%j(lsgse5b*a1^��C^�|1nsh�j Â ¾ º�¦{Gh�d'_kb!wD{Gj-~
a1^}a5eG_kls^(d8� �s�@�'¶*· I��
� R N �ZU*þNý�ÿ�
 P��KS �ÜÛÄ� \#] Y �ÜÛ ¾ \#] T­Y[ú!ú �
U!V���U%�

E 
��µú!û
U�VWYHXNU*XNY�� ��R ° ´�ñÖikq�d'lGg1hmeG_	 �{sj'd-y�wDxmikl1 )g*og�d'h� 
nseGg�^�b&iC^�iCg�^�eGg¹eG_�q�|sgse�c1e5aGe
~¸�#i'q�d'lsgsh�º�¦!ô5© Â ò1ó �ÜÛqsh�dkn1ikg�j(b�c!d'a�asjÞh1eGi�� ¶��3� «�h1e�c�e5a5e5e �
	 � ��	 Û ��	 ¾ ��^(g*o

CaFe Sb

= 77 K
4 12

T

121
Sb

123
Sb

v1

v1

v2

v2 v3

76.05

44.75
44.75

70.05

33.65

30 40 50 70 80

F (MHz)

÷����� &¯ )ôöû�÷s���¯3�ù��65 ���+� ��
 � ���," ��
 
����'�����	��

���� �
�	'������ü�6� ó�� � ��� � ��� " ø������/�6
�3����Ä�6
'ú��³�U�¯3�5�3Äÿ��/ð¯	/��� &���%����0K���%¯�
�³0���%���� &���%¯���DJ���% ���³0���%

a1^�iC|1g1iC|�l¬q�d'h�dkx*^(n1j(y |snsh�j �ÜÛ ¾ ò1óÖe�nsb!d��
	 � �!	 Û ����lq�d'h�d'x!^(n1j(y |snsh�j �áÛ�� ò1óW�#"�^-c!d'd¸n*d'g1jkc1u*as^(dmh�j-iCiky�^(gsh�d	oaGeGd�b!w�|Gb�c!|1dkg�i	 ��0d-iCgsb�d-aGa� �p�h�j-_kaGe
t* 6b ° ´�ñ�ikq�d-lsgsh�j-xi� �h1u*y�wÖ �n1j-a5aGwDxvikl1 )g1g�d'h� 
nseGg�^�b1�¯\�g�^�b*h�d'y�|�lsj(l�b÷0¦!ô5© Â ò1ó �ÜÛ b*i	d�c�e5a5e5e ° ´�ñ²i	 �h1u*y�wm �_klGeGd���b0öN¦!ô5© Â ò1ó �ÜÛeÞº�¦!ô5© Â ò1ó �ÜÛ ��h1eGi�� �1�8c�e
aGe5eÞ�C^�h�j-_Cn�^�`(^-c*dkd � e5h�^�lGeGd�e^(`-c*j-n1j(p8g�n�^(q�^-c1aGeGg�dCc1u*a5wDy�eÞ^�i	^(`(d-aGa1^�iCg*|Gy�e���ikj'g�dkc�oc�e5gsa1^�~&q�^(n1iCgsh( �lsg* �h�^�~��!l1^(g�^�h�jk|8c! �{ � d�b*i	d'�k^Db!e5n1aGj�aGjiCj(y�^�y�b!w�iC^�l1^�{sj-iCg�^(g1as^(y ° ´�ñ�q�d'h�dkx*^(n�d$	 Û |snsh�j �ÜÛÄ� ò1ó��h1e5i(� ���3�
% R�ù�ü
ú �'&¹VWU*XNY[UÁÿZU G ���)(Gý��sý�ûGT PRB S Y P��KS�RÄ[c!|�^(`(¡�|sika1d-aGes|­asj'c�e
{Ges|ÀiCj-g�dCc*c�eGg�^�bÞ  c�e
aGe5~ ° ´�ñq�d'h�d'x!^(n�^�b�b!^�ikq�^-c�u*_� 
d'y�i	|vi	c*dkn* �p��8e5y�e²iC^(^(`�h*j'�4d'aGeG|�oy�e @���ç��0{Gj'ikg�^-g1j�lGb!j-n1h� �q�^-c1u*a1^��k^�q�d'h�d'x!^(n1j�_Cj(b*eGike5g®^(gzCc*d'lsgsh�^�aGa1^��k^8^�lGh( s�4d'aGeG|�|sn1h�j���q1j(h�j(y�d'gsh�^(b¯�-h*j-nsesd-a�og1j8zCc*d'lsgsh1e5{1d-ikls^(�k^�q�^-c!|v�
*W³ ? �,+���ç<ç��Hn�c!|�lGh1eGiCg1j'c!c*^��'h�jko�He5{1d-ikl5eÀz'lGb*e5b!jkc*d'asgsaGwDxÀq�^(_ke
tse5~µ|1nsh�j�zCc!d-lsgsh�^�aGa1^(d^�lGh� 1�4d'a5esdÀz'lGb*e5b!jkc*d'asgsa1^-+¬��ç<ç<ç���b qsh�^�ikgsh*j(asikgsb�d-aGa1^�~�-h( �qsq�d	J/L ¶1�
x1j(h*j(lsg�d-h�as^(~¹n�c!|�i'l� )g1g�d'h� 
nseGg�^�b1�Ge5y�d'dkg*oi	|�g�^'c1u*ls^�^(nsasjflGh1e5iCg1j'c!c!^��-h�j-�[e
{1d-iklGe�a1dkz'lGb*e5b�j'c*d'asg*o
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6�ÜÄÙ�Þ/Ü�ÝÄÛ�ß�ì6Ú�ß Ô�Þ�ÕÄÖ#×�Þ/Ü�ì�Ö#×�Ý�ß�ì�ì�Ü&ç 7�Ú�Ö�Û�Õ 6�ÜÄÙ�Õ&Û'ì�ß�ì6Ú�ß
Ö98�ß;:�ß�ì6Ú�ç ê�ÞÄØ�Ù�Ù�Ü Ç Ù�Õ=<&Ú�â�Ú�>@?�A Ù�Õ=<&Ú�â�Ú�>
B é�C é�C é�D è�éFEHGJI(K L ä ä�è
B é�C é�C äFD E(EHGJMONHN�è P E Ì è Ì è Ì è Ì è
B ä(C ä(C é�D å�GRQ�N å è Ì è Ì ä Ì ä Ì ä Ì ä Ì è Ì è
B ä(C ä(C äFD ä9E�STGVUWL E L Ì L Ì L Ì L
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asj'|�q�^(_ke
tses|�i� �h�u�y�w0�­��c*dkn�^�b�j-g�dCc1u*a1^��Db¸n�j(aGa5wDx�iC^'odknse5asd'aGeG|sxÞasj'c�e5{5esdvn�^(q�^-c1aGeGg�dCc1u*a5wDx¸c�e
aGe5~�^(`k 
i	c*^(b(oc!d-a1^�^(gsl1c*^(asd'aGeGd'y¢iCgsh( �lsg* �h1w i	^(d'n1e
a1d'a5e5~ÞöN¦�ô
© Â ò1ó �ÜÛe�º�¦!ô5© Â ò1ó �ÜÛ ^(g�eGikx*^(nsa1^�~²�#^-g6qsh�^�iCgsh�j(asiCgsb!d'aGas^(~¹�-h( �q*oqsw;J/L ¶!�3�? h1e5{5e5a ^-gsl1c*^�a1d'aGeG| ike
y�y�dkgsh1e5erb!^(_ky�^'��aGwÝnsb�d!�\�^koáq�d'h1b*wDx
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