
� ��� �����
	 �

� 	
����������� ������� �
� ��� � ��� � � ���"! � # $%���
& �'�������(�)���*! ���+! ���,�

-/.10 2436587:9;3=<?>85)@

ACB6DFEGDIH1JFKLH1MNEOB6PGH1DIH1QRH:STKLH�EUHWVXKNH:YGH1SZJIS\[TH:M�]^H1_`H:DaBbPOV
QcH1YGMNH:MNH1SedCfgQRh
i f`SGH:STKLH1S�jk[TJFHlPGSaKNH1MmVNnoYGJFHW[TDFJpnqYGHsrGPGSGtaKNJIf`SGH:S�H1Mvu=wPGDFDIH1S�x�y�JISGH{z|f`D}B6MXh
~ H1DIDFH�EOH6VXKLH1YaK ~ x��Cx1Q/JISO[TH6VvKNH1SOVkBbP�V�H:JFSGH1Q
] wPOnotTt�fgSTKmBbtaK1j1H1JISGH1Q
��ETh
VXfgMNEOH1MsVXf6�^JIHRH1JISGH1Q�KNMmBbSOV i BbMLH1SaKNH1S�PGSO[�DIH1JFKLH1SO[TH1S�rGH1SOVXKLH1MNQ�BbKNH:MNJ�h
BbD�x^r�wPGM�JIYGMNH�rGPGSGtaKNJIf`S�JpVXK/SGJpnqYaK/SaPGM�[TJIH8_`PGKLH��OH:JFKXumwB6YGJF_gt�H1JFKc[TH6V
rGH1SOVvKNH1MLQ�BbKLH1MNJpBbD}V�P�SO[\[TH1MkYGf`Y�H���EOVXfgM i KLJFfgSOVXt�f�H�� ~ JIH1STK�[TH6V���EOVXfgMXh
EOH1MoV��^J}noYaKNJF_�j=VXf`S�[TH1MNS�BbPOnoY�j:[GBb��t�H1JFS�H�PGSGH1ML�\wPGSOVLnqYaKNH�H:DFH1taKNMLf`SGJpVNnoYGH
�^BbMLMNJIH1MNH�[TH1Sl��MoB6SOV�u�H:M���f`S/��Bg[TPGSG_|VXKNMWwBb_gH1MNS"wP�EUH:M�[TJFH���MNH1S ~=  wB`noYGH1S
EOH1YGJISO[TH1MLK1xk¡�JFHc¢£B6DFH1S ~ hCP�SO[��OH1JIKNPGSG_|VXEOB6SO[G[TJpVXt�fgSTKLJFSaPGJFK wBbKNH:S�j�[�x¤Y�x
[TJIH{H:DFH1taKNMLf`SGJpVNnoYGH/�^B6SO[GB6S i B`VLVXPGS�_¥B6S�[TH:M/��MLH1S ~�  wB`noYGH�J}VXKl[�BbYGH1M
H1EOH1SOVvf/H1SaKoVLnqYGH:J}[TH1S�[¦u=wPGM§[TJFHsrGPGSGtaKNJIf`S���fgS8ACB6DFEGDIH1JFKLH1MNE�BbPGH1DIH1QlH1STh
KNH:S�x
�£J}VvD}BbS�_�_gJFEGK/HWVC¨NH6[TfanoY¥t�H1JISGH)©�fa[TH1DIDFH�j�[TJIH�H1JISGH ~ PG��H1MLDvwBgVNVXJI_`H

¢�f`MLYGH1MoVLBb_gHe[TH1M��^BbS�[G[TJ}Vvt�f`SaKNJISTPGJIK6wB6KNH1SlH1MNDpBbPGEOH1SªxT¡§B`[TPGMmnqYct�f`Q/Q\K
JFY�MNH1M/H:« i H1MLJFQ/H1SaKNH=DFD¬H1S*�£H6VvKNJIQ/QZPGS�_Gj�[TJIH8JFS���EOVNnoYGSGJIKNK�­axF®`x°¯�[TH6V
u�f`DI_`H1S�[TH1S"d;B i JFKLH1D}V�EUHWVNnoYGMNJIH1EOH1S��^JIMo[�j�H1JFSGH\_gMNfg�`H��£H6[aH1PGKNP�SG_ ~ P�x
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Ï�S�[aJFH6VvH1Q(d;B i JFKLH1D���H1Mo[TH:S�[TJFHsH1DFH1taKNMLf`SGJpVNnoYGH1S�y�JI_`H1S�VNnoYOBWu�KLH1S8��f`S
ACBbDIEGDFH1JIKNH1MLf`EOH1M   wB`noYGH1S PGSO[�H1JISGJF_gH�©�fa[TH1DIDFH ~ PGMÐy�MNtaDvwB6MNPGS�_ [TH1M
�^BbSO[GB6S i BgVNVXP�SG_'��f`ML_`H6VvKNH1DIDFK:x�ÏÑQ EOH6VXfgSO[TH1MLH1S4��H1Mo[TH:S�[TJFH"EGJ}VvYGH1M
_`H1��f`SGSGH:SGH1S�y�ML_`H1EGS�J}VNVvH ~ PGM��^B6SO[GB6S i B`VLVXPGS�_���fgS'zanoYGJ}noYTKL_`JIKNKNH:MXh
YGH1KNH:MNf�VvKNMLPGtTKLPGMNH:S�PGSO[+[TJIH�[GBbMmBbPOVlBbE�_`H1DIH1JFKLH1KNH1S"©�fa[TH1DIDFH ~ P�JIYGMNH:M
¢?fgMNYGH:MoVNB6_`HeEOH6VNnoYGMLJFH1EOH1S�x
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¡�JFH)J}[TH6B6DFH�j�noYGH1Q/JpVNnoY���fgDFDpVXK6wB6SO[TJI_+BbEG_gH6V1wB6KNKLJF_`KLH¥â�³`³a®bãähLå�EOH1M   wBgnqY�H
��f`S�zanoYGJ}noYTKL_`JIKNKNH:MNS�uqwPGY�MNKlJFS*[TH1Mc]ÉH:_`H1D ~ P+H1JISGH1M\_gH1_`H1S�wPGEOH1M/[aH1Q
ACBbDIEGDFH1JIKNH1ML��f`DIPGQRH=S8PGSa��H1M wB6SO[TH1MLKNH1S"æ
f|VXJFKLJFfgS¥[aH6V\rGH1MNQ/JISGJF�gH6BbP�V�JFS
[TH1M§�^BbSO[TD wPOnot�H�xO©8BbS8SGH:SGSTK§[TJIH6VCr
DpB`noYTEOB6SO[GVvJFKNP�BbKNJIf`S�x�¡�JIHl[TMNH1Jp[TJ�h
Q/H1SOVvJFf`S�BbDFH:SZA§BbDFE�DFH1JIKNH1MªVXJFS�[\[GBb_gH1_`H1SlB6Sl[TH1M�å�EUH:M   wBgnqYGHÙ[TPGMmnqY�[TJFH
_`H1EGMLfanqY�H1SGH1Sà�£JFSO[TP�SG_`H1S*JFS�JIYGMNH1McdCMNJpVXKoB6DFDpVXKNMLPGtaKNPGMlPGSO[�[GBg[TPGMmnqY
BbPOnoY8JFS8JIYGMNH1M§H1DFH1taKNMLf`SGJpVNnoYGH1S�z�KNMLPGtTKLPGMe_`H6VvK6wfgMNK1xªy?VeH1SaKoVXKLH1YGH1S)PGSTh
KNH1Mcç�Q�VvK6wBbS�[TH1S�[aPGMonoYÐ[TJFH8_gH1EGMLfanqYGH:SGH1SÐ�£JFS�[TPGSG_gH1S�j�[TJFH�BbSè[TH1M
ACBbDIEGDFH1JIKNH1MLf`EOH1M   wB`noYGH\��f`MLDFJIH1_`H1Sªj
éOPOVXKWwBbSO[aH{JIS+[TH1Ms�^B6SO[TDLwP�nqt�H�xª¡�JFH
Q wf`_gDFJ}noYGH��£H6VvH1K ~ P�SG_s[TJFH6VvH1M£éOPOVvK wB6SO[TH�EUH:H1JFS   PG�`KÙ[TJFHC��B6_`He[THWV?rGH1Mvh
Q/JFSGJI��H1B6POV�B6S�[TH1M^å�EOH1M   wBgnqY�H�xaÏ�Q���H1_gH1SOVLBbK ~§~ PGM�r
D}BgnqYaEOB6SO[GVXJIKNPOB1h
KNJFfgSZtgBbS�S\H1JFSGH��^B6SO[T��H1MLEGJFH1_gPGSG_§BbSl[TH:M?å�EOH1M   wB`noYGH^B6PTu�KNMLH1KNH1Sªx`¡�JIH6V
VXH1JkB6Q%�£H:J}V i JFH1D�[TH1Mez�J�âN®`®g®bã�hNê�ë£ê�hLå�EOH1M   wBgnqY�H\H1MND�wBbPGKLH1MNK:x\ÏÑS8��EGE�JFD�h
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��EGEªx ± xI®ï�^BbS�[GVNnoYGH1Q�BsBbQ
�£H:J}V i JFH1DOH1JISGH1Mz�J�âN®`®g®bã�hNê�ë£ê�hLå�EOH1M   wBgnqY�H�ð

ñ ðGy�DIH1tTKLMNfgSGH1SOB1�/SGJIK wB6K1jò ðO��POVvKNMLJFKNKmVNB6MNEOH1JFK:j
óGð�ÏÑf`SGJpVNBbKLJFfgSOVXH1S�H1MN_gJFH�x

[TPGSG_ ± xF®sVXJFS�[{[aJFH\��M6wf`�gH1S8��POVXKLMNJFKLKoVLBbMNEOH1JIK ò j�Ï�fgSGJ}VLBbKLJFf`S�VXH1SGH:MN_`JIHsÏ
PGSO[ey�DFH1taKNMLf`SGH1S�BW�cSGJFKWwBbK ñ JFSe[GBgV
�^B6SO[G[TJpBb_gMoBbQcQôH1JISGH1Mkå�EOH1M   wB`noYGH
H1JFSG_gH ~ H1JpnqY�SGH1K1x�¡�JIH/��P�VXKNMLJFKLKoVNB6MNEOH1JIKZJ}VvK\[TH=õOSGJFH:MNKsBbDpVZ[TH1M���EOVvKoBbS�[
~ �^J}VLnqYGH:SZrGH1MLQ/JFS�JF��H:BbPePGSO[Z¢�BbtaPGPGQcSGJF��H6B6P\âÑy�ö�÷Nø1ã�PGS�[\[TJFHÙÏ�fgSGJ}VLBWh
KNJFfgSOVXH:SGH1MN_gJFHlB6D}Ve��EOVvKoBbS�[ ~ �^JpVNnoYGH1S8¢�BbDIH1S ~ E�BbSO[TQ�Bb«aJFQ\PGQ�â�y�öUù�ã
PGSO[�¢�B6tTPGP�Q/SGJF��HWBbP�x�¡�JFH�y�DIH1taKNMNfgSGH1SOB1�/S�JFK6wB6KRP�STKLH1MoVLnqYGH:J}[TH1KlVvJ}noY
PGQú[aH1S*�£H1KNMmBb_�[TH1Mly�SGH:MN_`JIH1DLwP�nqt�Hly
ûm÷�üc��f`S*[TH1MlÏÑfgSGJ}VLBbKNJIf`SOVvH1SGH1Mvh
_`JFH|x�¡�JIH6VXH�[TMNH:J
ý�H1MNKLH�â ñ j ò PGSO[8ÏNã^VvJFSO[{uqwP�MZz�JÑâL®`®g®bãähLê�ë�ê�h�æ�MNf`EOH1S
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Q/JIKZ��H1MmVNnoYGJFH6[aH1SGH1Ms¡�fgKNJFH:MNPGSG_�t�f`S�VXKoB6STK	� ¯a®`j:¯ ±�
 j£[�x Y�x�[GBgVRrGH1MLQ/J�h
SGJI��H6BbPÐDFJIH1_`K�EOH1JsBbDIDFH1Sèæ�MNf`EOH1S BbS
[TH1M8å�EOH1M   wBgnqY�H�³aj�ê�H:¢ wPGEOH1M
[TH1Q ¢�BbDIH1S ~ E�BbSO[TQ�Bb«aJFQ\PGQ)j�B6D}VXf"H1Kv�^B`Vlf`EOH1MNY�BbDFEÐ[aH1M�©�JFKLKNH�[TH1M
�^BbS�[TDLwPOnot�H�âÑy
���ûm÷�ü�� ®`jI®£H1¢Zãmx`¡�JFH6VvH6V
¢�H1MNY�BbDFKLH1SZ�^JIMo[\B6D}V��qu�H:MNQ/J�DIH1��H1D�h
i JISGSGJFS�_���EOH ~ H:J}noYGSGH1K:x6�£H1JTQcJFKNKLDFH1MLH1Mk¡�fgKNJFH:MNPGSG_lâ�VXf6�£fgYGD��{B6D}V�B6POnoY� ã��£H:J}noYTKÙ[TJFH6VvH\æ
f|VXJIKNJFfgS8[THWV�rGH1MLQ/JFSGJI�`H6B6POV£B6S8[TH:M;å�EOH1M   wB`noYGHeH1MXh
YGH1E�DFJ}noY+��f`Sà[TH1M/��Bb_gH�[aH6VRrGH1MLQ/JFS�JF�`HWBbPOVeJFQú¢�f`DIPGQ/H1S BbE�x£ý�JIMo[
[GBgV^r�H:MNQ/JISGJF�gH6BbP�BbD}V^]^H�u�H1MLH1S ~ _gH1SGf`QcQ/H1S\PGSO[cBbD}V�_`H1MmB`[THs�OJFSGJIHCJFS
[GBgVZ�^BbS�[GVNnoYGH1Q�B\H1JISG_`H ~ H1J}noYGSGH1K:jGH1MoVLnqY�H1JFSGH:S8BbDIDFHcBbSO[aH1MNH1S��ewB6SO[TH1M
��H1MLEUfg_`H1S)âÑ��EGEGJFDp[TPGSG_ ± xF®bãmxG¡�JIHCy�SaKNDIH1H1MNP�SG_e[TH6V�BbS�[aJFHeå�EOH1M   wB`noYGH
BbS�_`MNH:S ~ H1SO[aH1S��£H:MNH1JpnqYGHWV£��f`S�y�DFH1taKNMLf`SGH:S8PGSO[�[TJFHl[GB6Q/JFK§��H1MNEGP�STh
[TH1S�HC��P�VXEGJID}[TPGS�_ZH1JISGH1M i f�VXJIKNJI��H1S/]�BbP�Q/D}Bg[TPGSG_|V ~ fgSGHCJ}VvK?uqwPGMÙ[TJFH�STh
[TfgKNJFH:MNKNH�æ�MLf`EOH^B6POV�[TH1Mk��EGEGJFDp[TPGSG_ ± xI®�BbE ~ P�DFH6VvH1S�x1¡§BÙu wPGMk[aH1SeACB6DFETh
DFH:JFKNH:M���B`[aPGSG_�VvSGH1PGKLMoB6DFJFK wBbKC_gJFDIK1jTQlPG�l[TJIHe]�BbPGQ/DpB`[TP�SG_�V ~ f`SGH�[TPGMmnqY
H1JISGHRH:EUH:SOVXf8_gMNf`�gH8��B`[TPGS�_�BbS*[TH1Mlå�EOH1M   wB`noYGHlt�f`Q i H1S�VXJFH:MNKC��H1MXh
[TH1Sªx
y�JISGHR_gMNfg�`H���S ~ BbYGD���fgS�å�EOH1M   wB`noYGH1S ~ P�VXK6wB6SO[TH1Sªj
Vvf6�£f`Y�D£Q/JIK
[TfgSOBbKLf`MNJpVNnoYGH1Q�BbDpV?B6POnoY/Q/JFK�Bbt ~ H i KLf`MNJpVNnoYGH1Q���YOBbMmBbtaKNH1M:jTtgBbSGS�[TJFH
��B`[aPGSG_�VvSGH1PGKLMoB6DFJFKWwBbK/uqwPGMe¨NHW[TH�¡�f`KLJFH1MLPGSG_+[aH6V/ACB6DFEGDIH1JFKLH1MN��fgDFPGQlH1SOV
BbPau�MNH6noYTKLH1MNY�BbDFKLH1S�xa¡�JIHZ��POVN[TH:YGSTP�SG_��/[TH1M�]�BbP�Q/D}Bg[TPGSG_|V ~ fgSGHeJ}VXK:ð

� ��� �
 �!" ±$#&% â ± xF®bã
Q/JIK��^B6MNMNJIH1MNH:SGYkwf`Y�H �
 PGSO[/��B`[TP�SG_�VL[TJ}noYTKLH % x|¡CBbMmBbPOV�H1MN_gH1EOH1SlVXJpnqYK(' i J}VNnoYGH^ý�H1MNKLH�JIS�[TH1M^��M6wfg�`H1S�f`Mo[aSTPGS�_R��fgS)�+*�®:³-,�®:³`³\SGQ.�¤¯`­ 
 x
ÏÑQ�f`EOH1S�EOH6VLnqYGMLJFH1EOH1S�H1S��£H1J}V i JFH:D�[TH:M¦z|JÑâN®g®`®6ãähLê�ë£ê=hNå�EOH1M   wB`noYGH

�£H:Mo[TH1S
[TJIHôå�EOH1M   wB`noYGH1S ~ P�VXK6wB6SO[THà[TH1S4_gH1EGMLfanqYGH:SGH1Sï�£JISO[TPGS�_`H1S
[TH1Múå�EOH1M   wB`noYGH1SGMLH1t�f`S�VXKNMLPGtaKNJFfgS ~ PG_gH6VNnoYGMLJFH1EOH1S�xk¡CB6M wPGEOH1MlYGJISOBbPOV

b
/

δ
0

δ
0

EV1 ak

EL2 B
EV1 B

δ
0

(111)
- -3  -

(111)

��EGEªx ± x ± z�KLMNPGtaKNPGMm[TJ i fgD�4BbQ �£H1J}V i JFH1Dª[TH1M i f`DpBbMLH1SâL®`®g®bãäh�r
D�wB`noYGH1S8[aH1M
éOJFSGtaEGDIH1SO[TH6VvKNMLPGtTKLPGM

tªwf`SGSGH:S�å�EOH1M   wB`noYGH1S ~ POVXKWwBbSO[aH\BbP�nqY�[TPGMonoY�B`[�VXf`MLEGJFH:MNKNH�rGMNH1Q�[�BbKNf6h
Q/H���H1MLPGMoVLB`noYTKl�£H1Mm[TH1S�x�¡�JIH��£JFSO[TP�SG_`H1S ~ �^J}VLnqY�H1Sôz�P�EOVXKLMoBbK�PGS�[
�C[GVvf`MLEOBbKsYOBbEOH1S�j�¨NHRS�B`noY+[TH1Msy�DFH1taKNMLf`SGH:_�BbKLJF�aJFKWwBbKe[TH:MZEOH1KNH:JFDFJI_`KLH1S
y�DFH1QcH1STKLH�jNH1JISGH1SCJIf`SGJpVNnoYGH1Se��STKLH1JFD5�¤¯�6 
 x6y�V�H1SaKoVXKLH1YaK�[GBg[TPGMonoYeH1JFS ¡�J�h
i f`D i fgKNH1SaKNJpBbDÙBbS*[TH1Mlå�EOH1M   wB`noYGH�jk�£H1DpnqY�H6VC[TJIH�y�DFH1taKNMLf`SGH1S�BW�cSGJFKWwBbK
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EUH:H1JFS   PG�`K:x�¡�JFH�[�BbMoB6POV?H:STKmVXKNH:YGH1SO[TH^¢�H1M wBbSO[aH1MNPGS�_Z[aH1M�y�DFH1taKNMLf`SGH:STh
BW�cSGJFKWwBbK^�^JFMm[�BbD}V�å�EOH1M   wB`noYGH1SO[aJ i f`D74ZEOH ~ H:J}noYGSGH1K§âÑ��EGEªx ± x ± ãmx
¡�JFHô��Bg[TPGSG_|VX��H1MLKNH1JIDFPGS�_'B6S [TH1M¥å�EOH1M   wB`noYGH�jCPGSO[ï[�BbQ/JIK�[TJFH

y�DIH1taKNMNfgSGH1SOB1�/S�JFK6wB6K1j�Y wBbSG_gKZEOH1J�¢�H1MNEGJISO[TPGS�_�VXY�BbDFE�DFH1JIKNH1MLS8Q/JFKCJIf`SGJ¬h
VNnoYGH1Q���SaKNH:JFD���f`S�[TH1Meå�MNJFH:STKLJFH1MLPGSG_c[TH1Meå�EOH1M   wB`noYGH�BbE8� ¯g¯ 
 x�¡�JIH6V
J}VXK�JIS/��E�EGJFDp[TPGSG_ ± x ± VNnoYGH1Q�B6KNJpVNnoY;u wPGMÙ[TJFH i f`D}B6MNH\â(9 ®�9 ®$9 ®6ãähLå�EOH1M   wB`noYGH
H1JFSGHWV^ACBbDIEGDFH1JIKNH1MmV?Q/JIK�éOJISGtTE�DFH1SO[aH6VXKLMNPGtaKNPGM^_gH ~ H1JpnqY�SGH1K1xa¡CBgVC��SGJIf`S
J}VXK�JISs[TH1M�MNHWnqYaKNH1Ssz�H1JFKLH�[TH1MkVvtTJ ~1~ JIH1MNKLH1S;å�EOH1M   wB`noYGH�âäfgEUH:MNH^�£JID}[TY wBbD�u}h
KNH`ãÙBbPG�gH1S�x�¡�JFHWVÉ��H1MLPGMoVLB`noYTK�H1JISGH1S�SOB`noY�VXH:JFSGH1Q ç�MoV i MNPGS�_�BbPOV§[TH1M
d MLJ}VvKoBbDID}VvKNMNP�tTKLPGM�Vvf`_gH1SOBbS�STKLH1S � z�KNMLPGtTKLPGMo[aJ i f`D:�*BbSc[TH1M�å�EOH1M   wB`noYGH
âäPGSaKNH1MLH��£JFDp[TYkwB6D�u�KNHgãoj=[TH1Mk[TJIH�y�DIH1taKNMNfgSGH1SOB1�/S�JFK6wB6K���H1MNMLJFSG_gH1MNK:x=��Ss[TH1M
_`H1_gH1S wPGEOH1MLDFJFH:_`H1SO[aH1S�j���fgQ d;B6KNJIf`S�KLH1MNQ/JISGJFH:MNKNH=S�âL®`®g®bãähLå�EOH1M   wBgnqY�H
t�H1YGMNKsVvJ}noY�[TJIH�]^J}noYTKLPGSG_)[TH6Vs¡�J i f`D i f`KNH:STKLJ}BbDpVZPGQ8j�P�SO[+[TJFHcy�DFH1t�h
KNMNfgSGH1SOB1�/S�JFK6wB6K^�^JFMm[{[aH1Q/H1SaKoV i MNH6noYGH1S�[Z��H1MNMLJFSG_gH1MNK:x
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¡�JFH�¢CJFH:D ~ B6YGDGB6S/PGSaKNH1MmVNnoYGJFHW[TDFJpnqYGH:S\y�JFS   wPOVNVvH1S/B6PTu�[TJIHC�^B6SO[GBbS i B`VÑh
VXPGSG_cQ�B`noYTK�H1JFS�H i M6wB ~ J}VXHs¢�f`MNY�H1MoVLBb_`H\E�J}VXY�H1M�P�SGQ�wf`_gDFJpnqY�x�¡�H1SGS�fanqY
H1«TJpVXKLJFH1MLK£H1JISGHs]ÉH1JIYGHe��f`S�©�fa[TH1DFDIH1S)[TJFH ~ x°�CxTJIS8[TH1Q wç�EOH1MoVvJ}noYTKmVNBbMvh
KNJFt�H:D���f`S@D�P�H1K§BbD�x7� ¯`­ 
 P�SO[�JFS�© wf`SOnoY�ðE�bz�H:Q/J}n�fgSO[TPOn=KNf`MCz|PGMXu�Bgn�H6V
BbSO[�ÏÑSTKLH1MXu�Bgn�H6VF�G� ¯$H 
 BbPOVÑu wPGYGMLDFJ}noY�EOH6VNnoYGMNJIH1EOH1S/��H1Mo[TH:S�x∆EI

VB

∆EI
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��E�E�x ± x°­��^B6SO[GBbS i B`VLVXPGSG_��fgS�A§BbDFE�DFH1JIKNH1M��ÐBbPTu��
âQP�ûo÷ÑügðG�^B6SO[TDLwP�nqt�H`ã

¡�JFH8dCMLJ}VXKmBbDID�hsPGSO[¥H1DIH1taKNMNfgSGJ}VLnqY�H z|KNMNP�tTKLPGMR��fgS'zanoYGJ}noYTKL_`JIKNKNH:MXh
��H1MNEGJISO[TPGS�_`H1S*EGDFH1JIEOH1SÐBbPOnoYÐBbSè[TH1M8å�EOH1M   wB`noYGH8�£H1JIKN_gH1YGH1SO[+PGSTh
��H1M6wB6SO[TH1MLK1x�y�JISÐA�H1KLH1MNf|VQ'�VXKNH:Q BbP�V�P�STKLH1MoVLnqYGJIH6[TDIJ}noYGH1S�zanoYGJ}noYTKL_`JIKXh
KNH1MLSRYOB6K^Vvf`Q/JIK�H1JFS�H;��MNH:S ~�  wBgnqYGH|j`JFS�[aH1M�H1JFScBbEGMLP i KLH1M£ý�H6noYOVXH1D�[TH1M
¢?fgDFPGQcH1SOVXKLMNPGtaKNP�MNH1S§VXKmBbKNKvõOSO[TH:K1xgA�H1KNH:MNf�VvKNMLPGtTKLPGMNH:S;QcJFK�Y�BbDFE�DFH1JIKNH1STh
[TH1SRz nqYGJpnqYaKN_gJFKLKNH1ML��H�MLEGJFSO[aPGSG_`H:SeVXJISO[Z[GB6YGH1M�JISTKLH1MNHWVNVNB6STKLH�©�fa[TH1DFDpVQ'�h
VXKNH:Q/HÉuqwP�M�[TJFHsç�SaKNH1MmVXPOnoYaPGSG_\[aH1M^H1DFH:tTKLMNf`S�J}VNnoYGH1Sc�^BbS�[GBbS i B`VNVvPGSG_�x
y�JISGHR��MNP iGi HR��fgS��£YGH1f`MLJFH1S8��H:MoVXP�nqYaK^H1JFS)Q�BbKLH1MNJpBbDpV i H ~ J¬õ�VNnoYGH6V
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]^H�u�H1MNH:S ~ SGJI��H6BbP)[TH6V§ACBbDIEGDFH1JIKNH1ML��f`DIPGQRH=SOV?u wPGM§EUH:J}[TH�©8BbKNH:MNJ}B6DFJIH1S8�
PGSO[+� ~ P"J}[TH1SaKNJ¬õ ~ JIH1MNH1Sªj�[GBgVZEOH1J^dCf`SaKoB6tTKLEGJFDp[TPGSG_��ZYW� wP�EUH:Ml[TJFH
��MNH1S ~�  wB`noYGHeYGJIST��H1_Rt�fgSOVXKmBbSaK�E�DFH1JIEGK1x�¡�JFH6V�VXJISO[�Vvf`_�x � DFJISGH6B6MNHs©�fbh
[TH1DIDFH[� [aJFH�dCf`QcQRPGKmBbKLJF�aJFK6wB6KCPGSO[+��MoB6SOVXJIKNJF�aJFKWwBbKl[TH:MZ¢�BbDIH1S ~ EOB6SO[ h
[TJpVXt�f`SaKNJISTP�JFK6wB6KNH1S]\]PÙöGù�H1ML�^B6MNKNH:S{DpB`VLVXH1S�ð

\^P ù`_baöGù � ,c\^P ad_Ñùö�ù â ± x ± ã\]P ùe_faöGù.g \^Pih _�ùöGù � ,c\^P ad_ hö�ùkj â ± x�­ ã
¡�JIH^rGf`Mm[TH1MNP�SG_CJ}VvK�BbQ
�£H1JpV i JIH1Da[TH6V wBbDIKNH6VvKNH1S\P�SO[;H1JISTu�B`noYOVvKNH1S�[TJFH6VvH1M
©�fa[TH1DIDFH�jO[aH1M � y�DFH:tTKLMNf`S�H1SOBW�cSGJIK6wBbKmVXMLH1_`H1D:��â�y?�§] ã���f`S���SO[TH1MmVXfgS
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��EGE�x ± xm6 dCf`Q/QlPGKmBbKNJI�TJIK:wBbK
PGSO[���MoBbS�VXJFKLJF�aJFKWwBbK�[TH1M
�^BbSO[GB6S i BgVNVXP�SG_/JFQ��SO[TH1MmVXfgSThv©�fa[aH1DFD�ân4poè³ ã

� ¯�ê 
 JFSè��EGE�JFD}[aPGSG_`H:S ± xm6¥��H:Mo[TH1P�KNDFJpnqYaK1x�¡§B`V�]^H�u�H1MLH1S ~ S�JF��H6B6PÐ[TH1M
y��C]ïJ}VXK�[GB`VZ¢�B6tTPGP�Q/SGJF��HWBbPqPÙö�÷Nø6x�¡�JFH6VvH6V;H1MvumwBbYGMLKZEOH1JÙd fgSTKmBbtaKXh
EGJID}[TPGS�_�BbDpVXf/t�H1JISGH1S8z i MLPGSG_�âX��MLH1S ~�  wBgnqY�H1SO[TJ i fgD�4ro
³�ãox�¡§B`VCYOBbK
VXJpnqY\JIQïy�« i H:MNJFQcH1STK�uqwP�M�H1JFS�H^_`MNfg�`Heé�BbYGDO��fgSlA�H1KNH:MNf�VvKNMLPGtTKLPGMNH:SlBbD}V
SGJpnqYaK ~ P�KNMNH"s�H:SO[/H1MN�^JIH6VXH1Sªx
y�JFS�B6SO[TH1MLH1MlDFJFS�H6BbMLH1M/��SOVNB6K ~ S�JFQ/Q\K�BbD}Vl��POVv_�B6SG_�V i PGSGtaK)[TJFH

H1DIH1tTKLMNfgSGJ}VLnqYGH+z�KLMNPGtaKNPGM�[aH1M�å�EUH:M   wBgnqYGH:S�� ¯g­ 
 xZéOH:STKLMoBbDIH+��SGS�BbYTh
Q/HlJFS+[aJFH6VvH1Qú©�fa[aH1DFD�J}VXKl[aJFH���P�VXEGJID}[TPGS�_�H1JISGH1MZY�f`YGH1S�é�B6YGD£��fgS
��MNH1S ~�  wB`noYGH1S ~ POVXKWwBbSO[aH1SÐBbSè[TH1Mcæ�YOB`VvH1SG_`MLH1S ~ H|x^¡�JFH�éOP�VXK6wB6SO[TH�JFS
[TH1Ms�^B6SO[TDLwP�nqt�HlB6S+[TH1M\å�EOH1M   wBgnqY�H/VvJFSO[�E�J}V ~ P�H1JFSGH:M;EOH6VvKNJIQ/QRKvH1S
A wfgYGH�j�[TH1Q ��B`[TPGS�_�VXS�H1PGKNMmBbDIJFK wB6KoVvSGJF��H6B6P'â�nqYOB6MN_gH�SGH1P�KNMoB6DFJIKQ'�DFH:��H1DÑj�ut;��ãmj�EOH6VXH1K ~ K1x���SOB6DFfg_ ~ PGQ(r�H:MNQ/JISGJF��H:BbP�EOH1J�©�H1KmBbDIDFH1S�jG_gDFH1JpnqY�H1S
VXJpnqY�[TJFHv�ut;��V�[TH1MCå�EOH1M   wB`noYGH1S�EOH1JkdCf`SaKoBbtaKNJIH1MNP�SG_lBbS�ð

\]P ùe_faöGù � P ùöUùxw h�y�z ,�P aöGùxw h�yVz j â ± xm6Tã
¡�JIHÉz nqYa�^JFH1MLJF_gt�H1JFKOEOH6VXKLH1YaK
JISZ[aH1M��£HWVXKNJIQ/Q\PGSG_�[THWV{�ut;�kxg¡�JIH6V��^JFMm[
��f`Se��H1MmVNnoYGJFHW[TH1SGH1S§��PGKLf`MLH1SCu=wPGMk[TMNH:J}[TJIQ/H1SOVvJFf`S�BbDFH�ACB6DFEGDIH1JFKLH1MOJFSePGSTh
KNH:MoVNnoYGJIH6[TDFJpnqY�H1M�ý�H1J}VvH£��fgMN_`H:SGf`Q/QcH1S�� ¯g­ 
 x�r�wPGM£z nqYGJpnqYaKN_gJFKLKNH1M�DFJFH:_`H1S
SGfanoY�t�H1JISGH§]ÉH6noYGSaPGSG_gH1S���f`M1x
�£H1J§[TH1M�dCf`SaKoB6tTKLEGJFDp[TPGSG_+JpVXK ~ P�EOH1MgwPOnotGVvJ}noYTKLJF_`H:S�j�[GB6�¥JISÐ[TH1M

]^H1_`H1DªBbS)[TH1MC��MLH1S ~�  wBgnqY�He[TJFH �^BbSO[TDLwPOnot�HC[THWV£H1JFSGH:S�ACBbDIEGDFH:JFKNH:MoV�JFS
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tCB`noYTE�BbMoVLnqY�BWu�K ~ PlEUHWVXH1K ~ KNH1Scfa[TH1M£P�STEOH6VvH1K ~ KLH1S�éOPOVXK wBbSO[TH:S�[TH6V�BbSTh
[TH1MNH:SlACBbDIEGDFH1JIKNH1MmV�_`H:M6wBbK:x�¢?fgSl[Tf`MLK£tªwf`SGS�H1Sly�DFH1taKNMLf`SGH1SlJFS\�aJFMLKNPGH:DFDFH

E
LB +++

++| +

- - -

E
VB

E
Vac

δN

��EGE�x ± x�¯�y�DFH:tTKLMNf`S�J}VNnoYGH1M
��MNH:S ~�  wBgnqYGH:SO[TJ i fgD�[TPGMmnqY��PGSGSGH:D i MLf ~ H6VLVXHeB6SA�H1KNH1MLf`_gMNH1S ~=  wB`noYGH1S

éOPOVXKWwBbSO[TH)[TH:Ml�^BbSO[TDLwPOnot�H8âä�aJFMLKNPOB6D£_�B i VXKmBbKNHWV�j�¢CJ��;z�ãeYGJFSGH:JFSaKNPGSTh
SGH1DFS}�¤¯$~ 
 âÑ��EGE�x ± x°¯ ãmx£¡�JIH6VXH:S�BbDIDF_gH1Q/H1JIS�_�wPGDFKLJF_`H:S�yxs�H1tTKlEOH1MgwP�nqt�h
VXJ}noYaKNJF_gH1SO[�j1Y�BbEOH1S/zanoYGD}B1uOH1K�B6DÑxd� ¯ ²�
 u=wPGM���[TýÐy
hvA�H:KNH1MLf�VQ'�VXKLH1Q/H�H1JISGH
DFJFS�H6BbMLHedCf`MNMLH1taKNPGM ~ P�M�y?�§]ô��f`ML_`H6VLnqYGDpBb_gH1S�ð

\]PÙöGù � \^PÙö�ù�â(Pi�p�§ã7,�����ân\]PÙöGù£â(Pi�p�Cã7,�\^P h ù�âQP��p�CãNã jâ ± x°¯ ã
¡�JFH)[TJIQ/H1SOVvJFf`S�VXDFf|VXH)dCf`SOVvKoB6STKLHq� � ³��o³ ² �^PGMm[TH8H1« i H:MNJFQcH1STKLH1D¬D
BbPOVe®1­lA�H1KLH1MNf|VXKNMLPGtaKNPGMLH1S/EOH6VXKLJFQ/QlK^â���EGE�x ± x�H�ãox
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�
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�
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�
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∆EVB (EI xp.)

∆EVB (EI AR)

linefit

SnS2/S
�

nSe2
SnSe2/

�
MoS2

InSe/W
�

Se2

��E�E�x ± x�H(��PTu�KNMmBb_gPGSG_/H1« i H1MNJIQ/H1SaKNH1D¬DOEOH6VXKLJFQ/QlKNH:M?¢�B1h
DIH1S ~ EOB6SO[G[TJpVXt�fgSTKLJFSaPGJFKWwBbKNH:S�_gH1_`H1S�[TJFH���f`Ss[TH1Mªy?�§]���f`Mvh
YGH:MN_`HWVNBb_gKNH1S)ý�H:MNKNHeSOBgnqY8zanoYGDpBWu�� ¯ ²�
 x
©+wfgSOnoY���H1Mvu�f`DI_`KCH1JISGH1S�B6SO[TH1MLH1S+��SOVLBbK ~R~ P�MZ�£HWVNnoYGMNH1JIEGPGSG_�[TH1M

�^BbSO[G[aJ}VXt�fgSTKLJFSaPGJFKWwBbKLH1S'��f`SïzanoYGJpnqYaKN_gJFKNKLH1MN��H:MNEGJ¬SO[TP�SG_`H1S��mHg³ 
 xe¡�JFH
�TJIMNKNP�H1DFDIH1S4éOPOVvK6wBbS�[TH�JFS,[TH1M"�^BbSO[TDLwPOnot�H�Y�BbEOH1S BbQ ¢�BbDIH1S ~ E�BbSO[
[Tf`SOB6KNfgMNJ}VLnqY�H1S8PGSO[8B6Q �OH:JFKNP�SG_�VvEOBbSO[�Bbt ~ H i KNf`MLJ}VLnqYGH:S���YOB6MoBbtaKNH:M1x
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��Q � EGMoB6SOnoY i fgJFSaK�� âä¢�H1M ~ �£H1JI_`PGS�_�V i PGSGtaK�ã �u� ü �£HWnqYOVvH1DFK§[TH1M [TfbhQ/JISGJFH1MLH1SO[THi��YOB6MoBbtaKNH:Me[TH1MeéOPOVXKWwBbSO[aH�x�¡�JFHs�^BbSO[�BbS i BgVNVvPGSG_�H:MN_`JIEGK
VXJpnqY�B6POVe[TH1Me¢�H1MNE�JFSO[TP�SG_�[TH1MeEGMmBbSOnoY i fgJFSaKoVeBbS"[TH1Ms��MLH1S ~�  wB`noYGH�x
z�f6u�H1MNS�t�H1JIS���B`[TP�SG_�VvKNMoB6SOV�u�H:MeBbS�[TH1M���MLH1S ~�  wBgnqY�HZVvKoB6KNKXõ�SO[TH1K:jG�^B`V
EOH1J�z nqYGJpnqYaKN_gJFKLKNH1MLS ~ P+H1MN�ÙBbMNKLH1S�JpVXK1jkH1SaKoV i MNJ}noYaKe[TH1M\EGMmBbSOnoY i f`JISTK
[TH1Q ��B`[aPGSG_�VvSGH1PGKLMoB6DFJFKWwBbKmVXSGJI��H6BbP�x§¡�JFH"¢£B6DFH1S ~ EOBbS�[G[TJ}Vvt�f`SaKNJISTPGJIK6wB6K\^P ùe_faöGù J}VvK�BbSOB6DFf`_�ð

\]P ùe_faöGù � � ù � ü , � a � ü[j â ± x�H ã
��POnoYl[TJIH � E�MoBbS�nqY i f`JFSaK"�'y�SGH1ML_`JIH1S/VvJFSO[ZuqwPGM^zanoYGJ}noYaKN_`JIKNKLH1M
E�J}VXDpBbSG_
SGJpnqYaK^EOH1MNH6noYGSGH:K1xO©+wf`S�nqY)VNnoYGDIJFH1�gK�VXJFH�BbPOV�H1« i H1MLJFQ/H:STKLH1D¬DUEOH6VvKNJIQ/QRh
KNH:S z nqYGfgKNKLt�'�hv�^B6MNMLJFH1MLH1SGY wfgYGH1S � ù ð

�
� _X�ù � � � � ü ,��E�Câ:� � ,q�v��ã j â ± x�ê`ã

¡�H1MeDIH1K ~ KLH\��H1MNQ(EOH1MgwPOnot�VXJ}noYaKNJF_gKC[aJFHl¡�JSs�H:MNH1S ~ [aH1Mey�DFH1taKNMLf`SGH:_�BbKLJ�h
�aJFK6wB6K�� � ,��v�ï��fgS+©�H1KmBbDFD�PGS�[�A§BbDFE�DFH1JIKNH1MsBbS*[TH:MR��MNH1S ~�  wB`noYGH
PGSO[�[aH1S�[GB6MoB6POV/MNH6VvPGDFKLJFH1MLH1SO[TH1S*¡�J i f`D}B6STKLH1JFD�x�¡�JFH�dCfgSOVXKmBbSaKNHq� �
J}VvK^Q/JFK�[TH:M�¡�JFH1DIH1taKNMNJ ~ JFKWwBbKmVXt�f`S�VXKoB6STKLH���H:MNtaS�wP i u�K�� ¯$H 
 ð

����E� ,�® � âQ����,�®6ã( ®1³ â ± x�~ ã
Q/JIK^�Z� � ®$� ² ê+H1¢�YWæ�BbP�DFJFS�_`H1JISGYGH1JIK1x�©+wf`SOnoY���H1MN_gDFH1JpnqYaKc[TJFH"BbPOV
[TH1S � EGMmBbSOnoY i fgJFSaK�� y�SGH:MN_`JIH1S8EOH6VXKLJFQ/QlKNH:S{¢�B6DFH1S ~ EOBbSO[�[TJ}Vvt�f`SaKNJ�h
SaPGJFKWwBbKNH:S/Q/JFK�H1« i H:MNJFQcH1STKLH�DIDGEOH6VXKLJFQ/Q\KLH1S\ý�H1MNKLH1S�xG¡�JFHeH1« i H:MNJFQcH1STh
KNH:DFD�EOH6VXKLJFQ/QlKNH:S�zanoYGf`KLKNt5' h��^BbMLMNJFH:MNH1S�j�[TJFHsJFS�[TJFH��£H6VXKLJFQ/Q\PGS�_l[TH1M� EGMmBbSOnoY i fgJFSaK��"y�SGH1MN_gJFH1SsH1JFS�_`H1YGH:S�j��gBbMLJFJIH1MNH1S�¨NH6[afanqYeH1MLYGH1EGDIJ}noY��¡6 
 x
¡�JIH6VXH)ç�SOVvJ}noYGH1MLYGH1JFKLH1S�Q�BgnqYaKZH:JFSGH�B6EOVNnoYGDIJFH1�gH1SO[TH)�£H1��H1MNKLPGSG_�[TH6V
©�fa[TH1DID}V^B6PTu�[aH1MC��MNPGSO[aD}Bb_gH\[TH:M^��H1MXuqwPG_gEOBbMLH1S)¡CBbKLH1S�P�SGQ�wf`_gDFJpnqY�x
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��PTuu¤��G[aýÐy�hLz¥'�VXKLH1Q/HeDvwB6�`KeVvJ}noY8[TJIH\��f`S�z nqYGDpBWu�Q/fa[TJ¬õ ~ JIH1MNKLHey��C]
SGJ}noYTKcwPGEOH1MNKLMoBb_gH1S�j�[GB�B6POnqY"EUH:J i B`VNVvJF�aJFH1MLKNH1M\å�EOH1M   wB`noYGH/[aH1Ms[TMNH1J¬h
[TJFQ/H:SOVXJIf`SOB6DFH1Sl¢�H1MNEGJISO[TPGS�_\H1JFS8z�KLMNPGtaKNPGMm[TJ i fgD ~ P�EOH1MgwPOnqt�VXJpnqYaKNJI_`H1S
J}VXK:x6y�V?VvJFSO[eEGJ}VvD}B6SG_CSaPGM
��H1SGJI_`H£H:« i H1MLJFQ/H1SaKNH:DFD6EOH6VXKLJFQ/QlKNH��^BbSO[�BbSTh
i B`VLVXPGSG_gH1SZ��fgS\A�H:KNH1MLf�VXKLMNPGtaKNP�MNH1SC��fgS ~ ��H1J`P�SO[e[TMNH1Jp[TJFQcH1SOVXJIf`SOB6DFH1S
ACBbDIEGDFH1JIKNH1MLSREOH1tgB6SGSTK:x
y�JISGH8V('GVvKNH1Q�B6KNJpVNnoYGH)ç�STKLH1MoVvPOnoYTPGS�_�[TH:M�ÏNÏäh�Ï�¢�hvACB6DFEGDIH1JFKLH1Mr��[Oz

PGSO[¦��[G��H�BbPau)[TH1SïzanoYGJ}noYaKN_`JIKNKLH1MoVvPGEOVXKLMoB6KNH1S�©�f|� H   PGS�[ ý'z�H  
J}VXK§JFS§�mHT® 
 _`H1_gH1EOH1S�xk¡�JFHcy�« i H1MLJFQ/H:STKLH ~ H1JF_gH1S uqwP�MZB6DFDIH\�TJIH1MCPGSaKNH1Mvh
VXPOnoYTKLH1S+dCf`QlEGJISOBbKLJFf`S�H1S ~ �£H1J wPGEOH1MNH:JFSOVvKNJFQcQ/H�S�[TH/]^H6VvPGDFKmBbKNH|x�y�MXh
VXKNH:SOVÉ� wBgnqY�VXKe[TJIH\ÏLÏ�h�ÏÑ¢�h�¢?H:MNEGJISO[TPGSG_lQ/JIK^[TH1M§YGH1«�Bb_`fgSOBbDIH1S8Q/H1KmBbDID�h
KNH1MLQ/JFSGJIH1MNKLH�S)å�EOH1M   wB`noYGH ~ PGQ�z�PGEOVvKNMmBbK1j�PGSO[�[aJFHRå�EOH1M   wB`noYGH ~ PGQ
¢£B6tTP�PGQ JpVXK�u�f`DF_gDFJpnqY�noYOB6DFt�f`_gH1SaKNH1MLQ/JFSGJ¬H1MLK1x^éO�£H1JIKNH1S�V ~ H1JI_`H1S BbDFDIH
�^BbSO[GB6S i BgVNVXP�SG_`H1S*H1JFS�H1S�_`MLf`�gH1S���MLH1S ~�  wB`noYGH1SO[TJ i f`DÑx��£H1Q/H1MLt�H�S�V�h
�£H1MLK^J}VXK�[�BbEOH1JÑj�[GB6�/[TJIH\��MWwf`�gHl[TJFH6VvH6V���MNH1S ~�  wB`noYGH1S�[TJ i f`DpV£��f`S�[TH1M
ÏNÏähvÏÑ¢�h�¢�H1MNE�JFSO[TP�SG_�BbE ~ PGYkwB6SG_`H1S*VLnqYGH:JFSaK1x�¡�JFHlý�H:MNKNHcVXJISO[q4A*�³��F~
u wPGMA��[G��H8PGSO[�4�* ®$�:®�u wP�MA��[UzOx^y�«�BbtaKNH8ý�H1MNKLH{u wPGM�[TJFH8fgMNJFH:STh
KNJFH:MNPGSG_|VNB6EGYkwBbS�_`JF_gH)y�DIH1taKNMNfgSGH1SOB1�/S�JFK6wB6KZ��fgS���[Oz�P�SO[���[G� H)VvJFSO[
SGJ}noYTKkEOH1tgBbSGSaK1x|¡�JFH�y�MN_gH1EGSGJpVNVvH^DFH1_gH1S�¨NH6[TfanoYl[TH1S�zanoYGDFPG�§SOBbYGH|j�[GBb�
[TH1M8��MNH1S ~=  wB`noYGH1SO[aJ i f`De��f`Sè[TH1M)ÏÑf`S�J ~ JIK6wBbK)[TH:M�ÏLÏähvÏÑ¢�h�¢�H1MNEGJISO[TPGS�_
BbEGYkwB6SG_`K:xp¨�POB6DFJFKmBbKLJF�¥D�wBb�gK8VXJpnqYÐ[�BbSGS�[aJFH"�^BbSO[GB6S i BgVNVXP�SG_Ð[TPGMmnqY
H1JFSGH���PTu�KLH1JFDIPGSG_�[THWV;¡�J i f`DpV JIS ~ �£H:J���SaKNH:JFDFHs��H1MoVvKNH1Y�H1S�x�y�JIS8tTDIH1J�h

EV1 ak

EL2 B
EV1 B

δ G

δ S

χ (0© 01)

χ (00-1)

��EGE�x ± x�ê�zanqY�H1Q�BZ[aH1M
H1DFH1taKNMLf`SGJpVNnoYGH1S

�^B6SO[GB6S i B`VLVXPGS�_ ~ �^J}VLnqY�H1SzanoYGJ}noYaKN_`JIKNKLH1MXhkPGS�[
ÏNÏäh�ÏÑ¢�hÑ¢�H1MLEGJFS�[TPGSG_�x

SGH1M^��MNH1S ~=  wB`noYGH1SO[aJ i f`DE4«ª{PGSO[\H1JIS{z�KLMNPGtaKNP�Mo[TJ i fgD�4 � B`[G[aJFH1MLH1S/VvJ}noY
~ PGQ'H1« i H1MNJIQ/H1SaKNH=DFD1_gH�u�PGSO[aH1SGH1Ssý�H1MLK1x6�OH1K ~ KLH1MNH:M�YkwBbSG_gK
u�f`DI_`DIJ}noYC��f`S
[TH1Q(ç�SaKNH1MmVNnoYGJFH6[�[TH:Mey�DFH1taKNMLf`SGH1S�BW�cSGJFKWwBbKNH:S8[TH1M i fgD}B6MNH1S"r
DvwBgnqY�H1S
PGSO[�[GB6Q/JFKe��fgS+[TH1M�Ï�fgSGJ ~ JFK6wB6K\[TH:M\ÏNÏäh�ÏÑ¢�hÑ¢�H1MLEGJFS�[TPGSG_)BbEªx�¡�JIH6V;JpVXK
JFS+��E�EGJFDp[TPGSG_ ± x�ê�VNnoYGH1Q�B6KNJ}VLnqY8_gH ~ H1JI_`K:x��£H1MgwPOnqt�VXJpnqYaKNJI_`KeQ�B6S+[TH1S
z�KNMLPGtTKLPGMo[aJ i f`D�j�VXf�tgBbSGS8uqwPGMs[TJIHl�^BbSO[GB6S i BgVNVXP�SG_8JFS�[TH:S�EOH6VLnqYGMLJFH�h



»T¼S¬\È�Ê:Ã�ËTÊ:ÃTÌ�Ê6ÅLÅ1ÍbÃaÎ�ÿ`Â1Ã®­aÿTË&T�¹VU¯WC½6Àv½oÁ�ÂWÅ�ÀäÁWÍb¿�ÀoÍbÁ=½oÃ ­�ê

EOH1SGH1Scr wB6DFDFH:Sl[TJFH�y��C]*BbD}V�_gPGKNH�t wBbY�H1MNPGS�_;EOH1KLMoBgnqYaKNH1K��£H1Mm[TH1S�x��£H:J
H1«�BbtaKNH1McdCH1SGSaKNSGJpVR[aH6V�z|KNMNP�tTKLPGMo[TJ i f`D}Vlt`B6SGSÐ[GB6SGS�Q�wf`_gDFJpnqYGH:MN�£H:J�h
VXHlB6SOBbDIf`_ ~ PGMC��[TýÐy¥H1JFS�H\©�fa[TJ¬õ ~ JFH:MNPGSG_c[TH1M y?�§] B6PTu�_`MLPGSO[���fgS¨�POBbSaKNH:SO[TJ i fgDFH1S���f`ML_`H1S�f`Q/Q/H:SR��H1Mo[TH:S�x


