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ù-P�ZWV
X�N�stZWPon�NDXtZgl7n�P�ZgV�l Ý _hPmbdZgq��¼Ncl7NQxc_hV��Wb�Y�x}ZWl7N�lm_�xQY�ZWY�ld`hNQPSY�þtx}ZWX�ZWl�V�_�þtVtZWR�X�_�lSõQx â
º»º NQlmnprg_dX�Y�PSNQn�Z¾_Wy~Y�V�X�YUPmNQn�ZWb�NQV�n�N@RUY���ZWXtZWlÕZg_dZWX�`hNcV�nS_7XtZ�NQRUN�n�P��WV�YUxcZ N2uWlÕn�NQxcV�_hR�_4�hYUZWlÕZ�NQR�Z
PmNcR�ZgxcYU_WVtZWXtZWl â:� lmy�P��hY�b�NQV�n�_kX�Z¢NcRUN�n�P��hV�YUxcZ�XtZËnpZkX�N []\ fhøkÿ¹ytZgV�X�_¼��NcN j�N vt_hPSNQlmn�Y�V�`hNcV�nS_hy V�_hl
ã lmn�ZWX�_hl�K�V�Y�X�_hl�Z#`��WR�`�y
R�Z¢n�Pm{U_¼X�_ â�ã lon�NkX
YUlSs´_hlmY�n�Y�`h_#xc_hV
lSYUlon�NMX�Nky
b n�y�L´_JX�NM`��Wxcy�_2xc_hV�nSNcV�X�_
nSPS�cl�NcRUN�n�Pm_�X�_Wlc��_4x��gn�_¼X�_�Ü¼_ TWV�_¼X�_4N�y�b�Z��hP�ZgX�NkX�Nkxc_hV�n�Pm_hRUNkX�_�½ty�à�_ìX�NkNcRUõ�n�Pm_hV�l N�sONQPSb¾Y�n�Y�y
Z�ZWb¾s�RUY�þtx}Zgq}rW_�X�_hl@lSY�VtZWYUlkNcRUõ�n�PmYUxc_Wl â KMb _hy
nSPS_�N�à�NQb�s�R�_�X�Nì`��WR�`¼y�RUZ7õì_�X
YU_¼X�_�ÿ¹y�N xc_hV�n�õQb
ZWs´NcV�ZWl@_0x_�Ën�_¼X�_�N�_~TWV�_¼X�_ â á:_hPmõcb�Ü¯nS_�X�ZWlJZgl@`��WR�`¼y�R�ZWl¾û lSN�åSZ�n�Pm{U_¼X�_�_hy	X�YU_¼X�_ ý nS�cb _�lSNcy
Ý y�V
xcYU_WVtZWb¾NcV�n�_�LtZWlSNcZWX�_�V�_7xQ_hV�n�Pm_hRUN4X
_7b�_]`¼YUb¾NcV�nS_7X�_hl¢NQRUõ�n�PS_WV�l¢X�NQV¹nSPS_�X�_Wl¢NcR�NQn�Pm_�X
_hl¢s´_hP
b¾NcY�_kXtZ@ZWqcrW_-X�N y�b�x}ZWb¾s´_-NcRUõ�n�PmYUxc_klS_hL�PmN lSytZ-xcZWP���Z�NcRUõ�n�PmYUx}Z âêë y�P��hN XtZg{�_¢n�NQPSb¾_ ã RUNQnSP��hV
YUx}Z â

^�Z~s�PmYUb¾NcYUPSZ�b�N�npZWX�N¾X�_~lSõcx â º»º4Ü¯_0s
PSYUV
xcYUs�ZWRês�PS_¼X�y
nS_0XtZ�NcR�NQn�P��hV�Y�x}Z Ý _hY�_0P
�gX�YU_�Ü¯ÿ¹y�N
s´NcPmb�Y�n�YUy	Z0xQ_hb4y�V
YUx}Zgq}rW_~N7Z0X�Y Ý y�l�rg_0X�N�YUV Ý _hPmbdZgq��¼Ncl#u0X�Y�lmnpTgV�xcYUZ
Ü|lmN�åSZDZgnSP�Z}`hõQl4XtZ0b�¤�lSY�x}Z
_hydXtZJ`h_hî â K�b�sO_hy
xc_ìb�ZWYUl�npZWPmX�N Ý _hPSZWb X�NclmNcV�`h_hR�`¼YUX�_hlÕZJnSNcR�NQ`¼YUlSrW_�Ü
_Jxc_hb¾s�y
n�ZWX�_hP N¢ZWR��hy
V�l
_hy�n�PS_WlMNQÿ¹y�YUstZgb�NQV¹nS_hlcÜwlmNcV�X�_�ÿ¹y�N2nS_�X�_WlMNQlSlmNcl¢X�NQsONQV�X�YUZWb XtZWlÕ`��WR�`¼y�RUZWl â á:_WPSõcb�Ü´ZWl `��WR�`¼y�RUZWl
Z�`��Wxcy�_	N�à�Y�lmn�NQV�n�NcldZgn�õ�NcV�n�rW_HZgs�PSNQlSNcV�n�Z]`gZWb �hPSZWV�X�NQl�R�YUb¾Y�n�ZWq��¼Ncl#n�õcxQV�YUxcZWl�¾MZWR�õcb!X
N~lmNcPSNQb
�hPSZWV�X�NQlÕN Ý P����hNQYUlcÜ
ZWÿ¹y�NcxQY�ZWböb4y�Y�nS_ìN-n�YUV
étZWb `¼Y�XtZìxcy�PonpZ â

^M_HZWV
_	X
N []\ i j X�Ncy�� lSN�y�b·�hPSZWV�X�N�stZglSlS_	stZWPSZ*Z<lSy
L�lmnSY�n�y
YUq}rg_	X�ZWlì`��gR�`¼y�R�ZglcÜ�ÿ¼y�ZWV�X�_
Þ â ß ZWPmX�NcNQV3Ü1¿ â ß�P�ZgnmnpZWY�V0N�¿ â3ë é�_¼xpè¼R�NQæ~YUV�`hNQV�npZWPSZWb _dnSP�ZWV
lSYUlon�_hPQÜ·ÿ¹y�N4NQP�Z7y�b X�Y�lSs´_hlSY�n�Y�`W_
xQ_hb�s´_hlon�_#sO_hPênSPS�cl�NcR�Ncb¾NcV�n�_hl�ÿ¹y�Nks´_hlmlSYUL
YURUY�npZ}`gZWb�_Jxc_WV¹nSPS_hR�NÕXtZ2xQ_hPSPmNcV�n�N�NcRUõ�n�PmYUx}Z@V�_2YUV�n�NQPSYU_WP
X�N@y�böbdZgnSNcPmY�ZWR´lSNQb�Y�xc_hV�X
y
n�_hPQÜ�s´_�X�NQV�X�_¾lSy�L
lmn�Y�n�y�Y�PÕZ4`��gR�`¼y�R�ZJnSPS{�_�X�_ â

jky
P�ZWV�n�N	Z�X�õQx}ZWXtZ�X�N � f�_�n�PSZWV�lmYUlmnS_hP Ý _hY¢ZWsONQP Ý NQYUqc_hZWX�_�ÜÕn�_hPmVtZWV�X
_g��lmN�y�b X�Y�lSs´_hlSY�n�Y�`W_
LtZglmnpZgV¹nSNDxc_WV
þm�}`hNQR ÜMxc_hb ZWs�RUY�x}ZWq	��NQl�V
_hl�bdZgYUl¾X�Y�`WNcPSlm_hl�Ncÿ¹y�Y�stZWb¾NcV�n�_Wl7NcR�NQn�P��hV�Y�xc_hl â ^�NclonpZ
õQsO_¼x}Z
Ü¼_ìß�PSZWlSY�RwXtZ}`WZ2lSNcy
l s�PSY�b�NQYUPS_Wl�s�ZWlSlm_hl VtZJNQP�ZJX�ZJNcR�NQn�P��hV�Y�x}Z2xQ_hb�ZJxcPmY�ZWqcrW_JX
_4s�PSY�b�NQYUPm_
xQy�PSlm_�X�N ã V��hNQV�étZWPmY�Z ã RUõ�n�PSY�x}ZìV�_c��V�lon�Y�nSy
n�_ çªNcxQV�_hRU÷��hYUxQ_¾X�Z í NQPS_hV��Wy
n�Y�x}Z â áª_hPSõQb~ÜwZc�WPmN}Z X�N
Ý {�lSYUxcZ4X�_ NclonpZWX�_¾lS÷WRUYUX
_ìxc_hV�npZ}`gZ lS_hb¾NcV�n�N@xQ_hb xcNQPSxcZ¾X�N@X�NQî2NQlSs´NcxQY�ZWR�YUlmn�ZWl V�_¾stZW{�l â

^M_hldZgV�_hl�øhfHZWlmlSY�lmn�Y�y���lmN�Z*y�b s�Pm_�xQNclmlS_(X�N�b¾YUV�Y�b�Y�î}ZWqcrW_DXtZ	NcRUN�n�P��hV�YUxcZ�xc_hb _	X�NclmNcV��
`W_hR�`¼YUb¾NcV�nS_�X
_hl~xQYUPmxcy�Y�n�_hl�Y�V¹nSN��hPSZWX�_hlQÜ¢_�ÿ¼y
N(ZWxcZWLO_Wy XtZgV�X�_�_hPSY��hNcb Z�n�NQxcV�_WRU_4�hYUZ(XtZ�b�Y �
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xQPS_¼NcRUN�n�P��hV�YUxcZ â ^�NQlSlSN	s´NcPS{�_�X
_�ÜkX�NQlSNQV¹`W_hR�`WNcy�� lSN(V
_¡ß�PSZWlSY�R-y�b �hPSZWV�X�N<Ncl Ý _hPSqQ_>s�ZWP�Z�_>X
N��
lmNcV�`h_hR�`¼YUb¾NcV�n�_�xQYUNcV�nS{�þtxQ_DNdn�NQxcV�_WRU÷4�hY�xc_~xc_hbzZ0xcPmY�ZWqcrW_DX�Nw�hPSy�s´_hl2X�N�sONQlSÿ¹y�Y�l�ZDN7xQy�PSlm_hlìX�N
s´÷hlo���hP�ZgX�ytZWqcrW_�NQb nS_�X�ZWlkZglÁ�WPmN}ZWl�X�_7xc_WV�é�NcxQYUb¾NcV�n�_
ÜOPmNclSy
R�npZgV�X�_dNQb y
bdZ¾b�NQRUé�_hPmY�Zìxc_WV�lSY�X��
NQP
�}`hNQR3V�_hl xQy�PSlm_hl X�N¢xQYU�QV�xcYUZWl�N-NQV��hNcV
étZWPSYUZ
Ü¼LONQb xQ_hb�_JVtZ4ÿ¹ytZWRUY�XtZWX�N�X�_hl PmNcxQy�PSlm_hl é¹y�bdZgV�_hl
s�PmNclmNcV�n�NQlkV�_ stZW{�l â

� l2ZWV�_hl j f�ZWlSlmYUlon�YUPSZWb Zg_~lmy�P��hY�b�NQV�n�_�X�_hl#b�Y�xcPS_Ws�PS_¼xcNQlSl�ZgX�_hPSNQl@ÿ¼y
NWÜ|s´_hP@lSy�Z�`WNcîWÜ|sO_hl��
lmYUL�Y�RUY�n�ZWP�Zgb _�lSy�P��hYUb¾NcV�nS_7X�_hl-b¾YUxQPS_¼xc_hb¾s�y
n�ZWX�_hPmNclcÜwn�PSZWîcNQV�X�_�ZWlmlSYUb y�b�ZdNcV�_WPSb¾N4b4y�XtZgV�q}Z
V�_WlMxQ_hlmnSy�b¾NclÕXtZìlS_¼xcY�NcXtZWX
N â

ã V
þtb�Ü¹Z-NcR�NQn�P��hV�Y�x}Z
Ühs´_hP�nSy�X�_@_@ÿ¼y
NMs
PS_hs´_hPSxQYU_hV
_hyìN s�PS_WsO_hPmxcY�_hVtZ-ZWY�V�XtZ¢é�_ËåmNMuWlês´NclmlS_�ZglcÜ
nS_hPSV�_Wy���lmNky�b X�_hl�s�PSY�V�xcY�stZWY�l Ý ZËn�_hPmNcl�X
NkX�NQlSNcV�`W_hR�`¼YUb¾NcV�nS_ìX�_4lSõQx â º»º4Ü
lmNcV�X
_4é�_ËåmN¢_WL¼åmNQnS_4X�N
NQlmn�y
X�_ds´_hPÕn�_¼X�_hlMZWÿ¹y�NcR�Ncl�ÿ¼y
NJYUV�nSN��hPSZWbúZc�hP�ZWV
X�N��gPSN}Z¾XtZ Ý {�lSY�x}Zìxc_hV
é�NcxQYUXtZ¾xc_hb¾_dv:{UlSY�x}ZìXtZ
�0ZËn�õcPmY�Z � _hV�X�NQV�l�ZWX�Z
Ü�Zdÿ¹ytZWRÃÜ·ZgRUõcb X�_Wl¢lS÷hR�YUX�_WlMxQPSY�lmnpZgRUYUV
_hlcÜwNcV2�hRU_hL�Zd_hy
nSPS_hl�bdZgnSNcPmY�ZWY�lMb�ZWY�l
xQ_hb�s
RUN�à�_hldxc_hb¾_H`¼YUX�Pm_hlcÜMs´_hRU{�b�NQPS_hl�_hP���TgV�YUxQ_hldX�Y�`hNQPSlS_WlcÜkR�Y���Zgl7ZWb¾_hP Ý ZgldN<ZWR��hy�V�l7R�{Uÿ¹y�Y�X�_hl â
pM_ËåmNWÜÁ�WP�ZWV�X
N	s�ZWPmnSN�X�_hl Ý {UlSY�xc_hldX�_>bJy�V�X�_�n�PSZWLtZWR�étZWb V�Nclml�ZÂ�gPSN}Z�N	Z�x}ZWXtZ�ZWV�_�lmy�P��hNQb
V�_]`gZWl�lSy�L��
�WPSNcZWl�X
Nks´NclSÿ¹y�Y�l�Z
Ü�YUb¾s�y�R�lSYU_WVtZWXtZWl�s´NcRUZ#X�NQlSxQ_hLONQPmn�Z4X�NkV�_]`gZWl�s�PS_hs
PSYUNQXtZWX�NQlcÜ�V�_]`h_hl
Ý NQV��hb¾NcV�_hl@N V�_]`h_Wl2b�Zgn�NQPSYUZWYUl4ûüX�NQV¹nSPSN¾_hl@ÿ¹ytZWYUl@s´_�X
Ncb¾_hl-xcY�npZWP-_hl@VtZgV�_Wn�y
LO_hl@X�N¾x}ZgPSL´_hV�_ ý Ü
ZWL
PSYUV
X�_¢y�bÃ�WP�ZWV�X
N RUNcÿ¹y�N X
N sO_hlmlS{�`hNcY�l�ZWs�R�YUx}Zgq��¼Ncl|nSNcxcV
_hRU÷4�WYUx}ZglcÜWNQlSs´NcxQY�ZWR�b�NQV¹nSN VtZ¼�WPSNcZ¢_hs
nS_g�
NQRUNQnSP��hV
YUx}Z�Ü�xc_Wb Z*xc_hV�xQNcs´q}rW_HX�N0V�_]`W_hl7b�Zgn�NQPSY�ZgYUlìNcb lSy
L�lmnSY�n�y
YUq}rg_(ZHZgR��hy�V
l�b�Zgn�NQPSYUZWYUlkå��
xQ_hV�l�Z��hP�ZWX
_hlÕVtZc�WPSNcZ
Ü�xc_Wb�_ _ lS{�RUYUxQYU_4N@_c�hNQPSb�TWV�YU_ìX
NcV�n�PmN#_Wy
n�Pm_hl â

ã b lmNJn�PSZgnpZgV�X�_�NclmsONQxcY�þtx}ZWb¾NcV�nSNìX�NìlSy�s´NcP Ý {UxQYUNclklSNcb¾YUxQ_hV�X�y�n�_hPSZWlcÜOsO_¼X�Ncb¾_hl¢X
YUîcNQPkÿ¹y�N Z
xcZWXtZ�X�Y�Z7ÿ¹y�N stZglSl�Z�ZWy
b�NQV¹n�Z�_�Y�V�n�NcPmNclmlSN xcY�NcV�n�{�þtxc_�Nìn�NQxcV�_WRU÷4�hY�xc_7s´_hP-NQlmnpZ8�WPmN}Z�X�NìNQlmn�y
X�_�Ü
XtZgXtZ(Z(YUb¾s´_hPmn�TWV�xcYUZ	ÿ¹y�NDZ(lSy�s´NcP Ý {UxcY�N0X�N�y
b X�N�n�NQPSb¾YUVtZWX
_Hb�Zgn�NQPSY�ZgRMs�ZWlSlSZ�Z	n�NcPdVtZ(b�NÌ�
X�Y�XtZ�Ncb ÿ¹y�N¾lSN X�Y�b�Y�V¹y�Y�_�lSNQy*npZgbdZWV
é�_�Ü�y�b�Z7`hNcî¾ÿ¹y�NWÜªxc_Wb Z�X
YUb¾YUV¹y�YUqcrW_7XtZ�b�Zgn�õQPSY�Z�Ü3_hl
�gnS_hb¾_hlklmy�sONQPmþtxQY�ZWY�l-stZWlml�ZWb Z�PmNclmsO_hV
X�NcP-s´NcRUZWl-x}ZWPSZWxQnSNcPm{UlmnSYUxcZWl¢÷hs
nSYUxcZWl¢NìNcR�NQnSP��hV�Y�x}ZWlkX�NclmlSNcl
b�Zgn�NQPSYUZWYUlêNQb�y
bdZ#sONQPSxcNQV�npZ��hNQb b�ZWY�_hPêX�_4ÿ¹y�N¢_WlP�gnS_hb¾_hl�X
_2`h_WRUy�b¾N�û L�y�RUè ý Ü�b¾_�X
Y�þtxcZWV�X�_2ZWl
xcZWP�ZWx�n�NQPS{Ulon�Y�x}ZWlÕZWs
PSNclmNcV�npZgXtZWlMsONQRU_ìb�Zgn�NQPSY�ZgRê×cÂT§¦¨ â

áª_hP�NclmlSN b¾_Wn�Y�`h_�ÜgX�NclmX�NÕZWl�X
õcx}ZgXtZWlêX�N � fkN øhf�å��klmN ZWlmlSYUlon�NÕZky
bFY�V¹nSNcPmNclSlmN sONQRU_¢NQlmnSy�X�_@X�N
lmy�sONQP Ý {�xcYUNQl�lSNcb¾YUxQ_hV�X�y�n�_hPSZWl�N�X�NQlSX�NkZWÿ¹y�NcRUZ#õQsO_¼x}Z@s´NcPSxQNcL´N�� lSNky
b xcPmNclSxQYUb¾NcV�n�_2b4y�Y�n�_¼�hP�ZgV�X�N
V�_�X�NQlSNcV�`W_hR�`¼YUb¾NcV�nS_DX�N¾sONQlSÿ¹y�YUlSZWl2nSNc÷hPmYUxcZWl@NdN�à�s´NcPmYUb¾NcV�npZWY�l@Ncb lSy
sONQP Ý {UxQYUNQlcÜªNclSs´NcxQY�ZWR�b�NQV�n�N
X�NÕb�Zgn�NQPSYUZWYUl:lSNcb¾YUxQ_hV�X�y�n�_hPmNclcÜ�nSNcV�X�_#Ncb `¼Y�lmnpZ@Z��hPSZWV�X�NÕÿ¹ytZWV�n�Y�XtZWX�NÕX�NÕNQlmn�Pmy
n�y
P�ZWl�X�Y Ý NQPSNQV¹nSNcl
ÿ¹y�N@s´_�X�NQb lSNQP Ý _WPSb�ZWXtZWlQÜ
xc_WV Ý _hPSb¾N-lSN@`gZWPSYUZ4_�s
PS_¼xcNclmlS_¾X�N@xcPmNclSxQYUb¾NcV�n�_
Ü´_ s�RUZWV�_ V�_ ÿ¹ytZWR�_
b�Zgn�NQPSYUZWRwõ-xcPSNQlSxQYUX�_�ÜtN�n�x â�ã Nclml�ZWlÕs´Nclmÿ¼y
YUl�ZglMxQ_hV�n�Y�V¼y�ZWb ZgnSõ-_hl X�YUZWl ZgnSytZWYUl�N-_ ÿ¼y
N-lSN#ZWlSlmYUlon�N
õ#ZìX�Nclmxc_hL´NcPonpZ X�N@V�_]`gZWlÕs�PS_hs
PSYUNQXtZWX�NQlMZ xcZWXtZ X�Y�Zìÿ¹y�N@stZWlml�Z â

� _hV�nSPSYUL
y�YUy*b4y�Y�nS_0stZgP�Z0NQlSlSN7Z]`gZWV
qc_�_0X
NclSNQV�`h_hR�`�Y�b�NQV�n�_�X�N7s´_¼X�NcPm_hl�ZWl#n�õQxcV�Y�x}ZWl4NÌà�sONQPo�
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Y�b�NQV¹n�ZWYUl#X�N7b¾YUxQPS_hlmxc_hs
Y�Z~NQRUN�n�P��WV�YUxcZ0N7X�N�ZgV��WRUY�lSNQlJNclmsONQxQnSPS_hlmxc÷hs�Y�x}ZWlQÜ�ZgRUY�ZgX�_0Zg_�X�NclmNcV�`h_hR�`¼Y��
b¾NcV�n�_#X�_hl�xc_Wb�s�y�npZWX�_WPSNcl�NMXtZWl Zgs�PS_}à�YUb�ZWq��¼NclênSNc÷hPmYUx}Zgl�s�ZWP�Z@_2nSP�Zgn�ZWb�NQV�n�_#X�N�lmYUlon�Ncb�ZWl�b4y�R �
nSYUNcR�NQnSP��hV�Y�xc_hl�bdZgYUl xc_Wb�s�R�N�à�_hl â

^MNclSlmN0xQ_hV�n�N�à¼nS_�Ü�y�b�Z��hP�ZgV�X�N�ÿ¹ytZWV�n�Y�XtZWX�N�X�N�n�PSZWLtZWR�é�_hl4n�NQ÷hPSY�xc_hlìN�NÌà
s´NcPmYUb¾NcV�npZgYUlìn�NQb
lmYUX�_ PSNcZWRUY�î}ZWX
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ã b4L´_hP�Z~Z0b�ZWYU_hP-s�ZWPmnSNdX�NQlSlSNQl NclmnSy�X�_hl2n�NcV
étZ0lSY�X�_0PmN}ZWR�YUîcZWXtZ~NQbÔlSy�s´NcP Ý {UxcY�Ncl2X�N�ù@Z í lQÜ
_¼xc_hPmPSNgÜ·é�_ËåmNgÜ·y�b xcPmNclmxcNcV�nSN¾Y�V�n�NcPmNclmlSNìs´_hP�_Wy
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V�_Wl�¤�R�n�Y�b�_hl4ZWV�_hl Ý _hY LtZWlonpZWV�nSN0NcR�NQ`gZWX�_	Ncb PSZWî}rg_*XtZ	lSytZ	YUb¾sO_WPmnpTgV�xcYUZ~n�NQxcV�_hR�÷4�hY�x}Z
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nS_hP�ZWl N@NQb X�YUlmsO_WlSY�nSY�`W_hl _hs
nS_g��NQRUN�n�P��WV�YUxQ_hl â

� s
PSNclmNcV�n�N�Nclon�y�X�_~XtZ�lSy�s´NcP Ý {UxQYUN�ù#Z ë L¯ûÃfWf [aý xc_Wb PSNQxc_hV�lon�Pmy�q}rW_Deaà
ø Ý _WY�b�_gn�Y�`gZWX
_�sONQR�Z
Y�V�N�à�YUlon��QV�xcYUZ7X�N PSNclmy�R�n�ZWX�_hl¢nSNc÷hPmYUxQ_hl-NìN�à�s´NcPSY�b�NQV�npZWY�l-ÿ¼y
N¾xcZWP�ZgxQn�NQPSY�îcNcb Z�lSytZ�Nclon�PSy�n�y�PSZ*�hNÌ�
_hb¾õQnSPSY�x}Z4N#NcRUN�n�P��hV�YUxcZ4N2s´NcRUZWl X�Y Ý NcPSNQV�q}Zgl�_hL
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eaà
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X�N¢b¾_hV�_¼x}ZgbdZWX�Z#X�N ë L�lS_hL
PSN [ b¾_hV�_¼x}ZWb�ZWXtZ@X�N ë L3Ü�lSNQV�X�_ìÿ¹y�N
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Ü
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b¾_hV�_Ë�
xcZWbdZgXtZ¾X
N ë L3Ü Ý _hPmbdZWV
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PSNclmNcV�n�N
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v|Y��hy�PSZ [ � �~_�X
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Ü�N@Z RUY�V�étZWl s´_hV�n�Y�RUétZgXtZWl X�NQRUY�b�Y�npZWb�ZìxcõQRUy�RUZ4s�PSY�b�Y�n�Y�`gZ â
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N�e0NcRUõ�n�Pm_hV�l â*ã lSlmN�b¾_¼X�NcR�_DNclon¢�<ZWs�PmNclSNQV�npZWX�_	VtZ�v|Y��hy�PSZyoDN�lSNQP
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� nSNcPmxcNcY�PS_�Ü
õ#y
búb�_¼X�NcR�_ìÿ¹y�N-npZWb4L´õcb Ý _hY�b�_¼X�Y�þtx}ZWX
_ìsO_hP V
÷hlMZ¾stZgPmn�Y�P XtZ s�PS_WsO_hlonpZ X�N
ë Y�N��hNQPcÜ�_WPSY��WYUVtZWV
X�_4y�b�ZìV�_]`WZìNQlmn�Pmy
n�y
P�Z
Ütÿ¹y�N#õ#Zc¤
V�YUxcZ X
NcV�n�PmNJZWl nSPS�QlMNQlmnSPSy
nSy�P�ZWlMNclon�y�X�ZWXtZWl
ÿ¹y�N@l�ZËn�YUl Ý ZWî-_�� � ã N-xcyaåSZ¾X�Y Ý NcPmNcV�qcZ NQb PSNQR�ZWqcrW_ ZW_ b¾_�X�NQRU_ìX�N ë Y�N��hNQP õ@Z Ý ZgR�npZ2X�N@X�{Ub¾NcPm_hl
ZWlmlSY�b�õ�n�PSY�xc_hl VtZ*x}ZWb�ZWXtZ	lSy�L�� lSy�s´NcPoþtxcYUZWR â&ã lSlmNDb¾_�X�NQRU_	Nclon¢�HPmNcs�PmNclSNQV�npZWX�_�VtZ*v|Y��Wy�P�Z*e*N
NQlmnpZgPSNcb¾_hl V�_WlMPmN Ý NQPSYUV
X�_¾Z¾NQRUN-xc_Wb�_��~_¼X�NcR�_.�-ûÃ���
� ý â

í stZgPmn�Y�P|X�N V
_hlSlm_hlêPSNQlSy�R�npZWX�_WlcÜ�s´_�X�NQb�_WlêZWX�YUZWV�npZWP:ÿ¼y
N�Z¢NQlmnSPSy
nSy�P�Z@Zgn��hb�Y�x}ZMXtZ-lSy�s´NcP Ý {UxcY�N
ù@Z ë L¯ûüfhf [aý ��xhû eaà
ø ý s
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NQlSl�Z PSNQxc_hV
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v|Y��hy�PSZìe����~_¼X�NcR�_ stZWP�Z ZìPSNQxc_hV
lmn�Pmy�q}rg_7eaà
øìNcbúù#Z ë L¯ûÃfhf [aý Ü�xQ_hV�lon�PSy
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���~_¼X�NcR�_ stZWP�Z ZìPSNQxc_hV
lmn�Pmy�q}rg_7eaà
øìNcbúù#Z ë L¯ûÃfhf [aý Ü�xQ_hV�lon�PSy
{UX�_¾ZìstZWPon�YUP�X�_ b�_¼X�NcR�_X�N ë YUN��WNcP xQ_hböxcZWPS�QV�xcYUZ X
N-X�_hYUl�NcRUõ�n�Pm_hV�l VtZìxcõQRUy�RUZìeaà
ø�û �~_¼X�NQRU_.��� ý ÜtZ4ÿ¹ytZWR3NQlmn
� X
NcRUY�b�Y�npZWX�Zs´NcRUZWl RUY�V�étZWl s´_hV�n�Y�RUétZgXtZWlcÜ¼`¼YUlmn�ZìX�N-n�_hs´_ â
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jkNQlSX�N@_ lSy
P��hY�b�NQV¹nS_4XtZìb¾Ncx}TgV�YUxcZJÿ¹ytTWV�n�Y�x}Z4`��WPSYUZWl�nSNcV�npZgnSY�`gZWl�nSNcb lSYUX
_ Ý NcY�n�ZWl V�_ Y�V¹nSy�Y�nS_
X�N�X�NQlSxcPmNQ`WNcPêlSY�lmnSNcb�ZWl:bJy�R�nSYUNcR�NQnSP��hV�Y�xc_hlQÜ]NcV�n�PmNQn�ZWV�n�_¢lm_hRUy�q	��NQl|ZgVtZWRU{�n�Y�x}ZWl�XtZMNcÿ¹ytZWqcrW_kX
N ë xpé�P�Ðg�
X�Y�V��hNQP-lS÷�l�rW_�sO_WlSlS{�`hNQYUl@stZWPSZ�lmYUlon�Ncb�ZWl@b4y�Y�n�_�lmYUb¾s�RUNQl-N¾lm_hRUy
q��¼Ncl@V¹y�b�õQPSY�x}ZWl@N�à
Zgn�ZWl@sO_¼X�NQb
lmNcP�NcV�xQ_hV�n�PSZWXtZWl�ZWs´NcVtZgl�s�ZWP�Z-y�b s´Ncÿ¹y�NQV�_JVl¤�b¾NcPm_@X�N«�gn�_hb¾_hlêN b¾_hRUõQxcy�RUZWl â á:_WP�Y�lSlm_#X
NclSX
N�_
VtZglSxcY�b�NQV�n�_#XtZ#b¾NcxcTWV�Y�x}Z-ÿ¹ytTWV�n�Y�x}ZJZËn�õÕé�_ËåmN�Z#L
y�lSxcZ2s´_hP�NclSÿ¹y�NQbdZgl�ÿ¹y�N�sONQPSb¾Y�npZgb NcV
xc_hV�n�PSZWP
PmNclSy
R�npZgX�_hl NÌà�ZËn�_hl nSNcböb¾_WnSY�`gZWX�_2_ìlSy�P��hYUb¾NcV�n�_ìX
Nk`��WPSYUZWl�n�NQ_hPSYUZWl�N@Zgs�PS_}à�YUb�ZWq��¼Ncl�ÿ¹y�N-`�Y�lSNQb
Ý ZWxQYUR�Y�npZgPJNclonpZHL
y�lSxcZ â K�b�Z	X
Nclmn�ZWldõ0Z*Zgs�PS_}à�YUb�ZWq}rg_*X�N~ß�_hPmV�� � s�s´NcY�V�é�NQYUb¾NcP � �N� ÿ¼y
N~`hNQb
X�NQlSxQPSY�n�ZìlSN��Wy�YUP â

� y
nSP�ZWl Zgs�PS_}à�YUb�ZWq��¼Ncl�stZWPSZìZ4PSNclm_hRUy
q}rW_4X�Z4Ncÿ¹ytZWqcrW_ X�N ë xpé�P�Ð�X
YUV��hNQP stZWPSZ4lSY�lmn�NQbdZgl b4y�R �
nSYUNcR�NQnSP0�hV�Y�xc_hl NQlmnpTg_�X�NQlSxQPSY�nS_hlÕV�_ Y�nSNcbúe â e4N@V�_hlÕx}Zgs�{�nSy�RU_hl�o�Ü�i N � â
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í X�NQlSxQPSYUqcrW_�X�_�Nclmn�ZWX�_ Ý y�V�XtZgb�NQV¹n�ZWR¢X�N<y�b XtZWX�_�lSY�lmnSNcb�Z Ý {�lSY�xc_�lSN�åSZ�NQRUN�b¾_hRUõQxcy�RUZWlcÜ
�gnS_hb¾_hl�_hy�lm÷hRUY�X�_hl lmN-X�� Z s�ZWPmnSYUP�X�Z NQÿ¹ytZWq}rg_�X�N ë xpé�P�Ð¼X�YUV2�hNcP Y�V�X�Ncs´NcV
X�NcV�n�N@X�_ìnSNcb¾sO_ìstZgP�Z
{�_hV�l N@NcR�õQn�Pm_hV�l xQ_hb�_¾ZWs
PSNclmNcV�npZgXtZ�ZgLtZWY�à�_ â

ĤΨ(~r, ~R) = (T̂e + T̂i + V̂e−e + V̂e−i + V̂i−i)Ψ(~r, ~R) = EΨ(~r, ~R)
û e â [aý

^�Z�NQÿ¼y�ZWq}rW_~ZWxQYUb�Z
Ü
Ĥ
õ¾_�_hs´NcPSZWX�_hP-é�ZWb�Y�R�nS_hV�Y�ZgV�_dX�_�lSY�lmnSNcb�Z
Ü

Ψ(~r, ~R)
õ¾Z Ý y
V�q}rW_�X�N

_hV
XtZdn�_Wn�ZWR|X
_�lmYUlon�Ncb�Z7NcV�`W_hR�`WNcV�X�_~YUV Ý _WPSb�ZWq��¼NclMnpZWV�n�_�X
_hl-NcR�õQn�Pm_hV�l-xQ_hb�_�X
_hl-{U_hV
l¢N ã õì_
ZWy�n�_]`gZWRU_hP�X�N@NcV�NQP��hYUZ X
_¾lmYUlon�Ncb�Z â�� lÕX�Ncb�ZWY�l�n�NQPSb¾_hlÕl�rW_ X�NQlSxcPmY�nS_hlMZ lmN��hy
YUPc�

T̂e =
∑
i− h̄2∇2

i

2m
≡ _hs´NcPSZWX�_hPÕNQV�NcP��hY�Z4xQYUV�õ�n�YUxcZìX�_hlÕNcR�è N�n�PS_WV�l

T̂i =
∑
j −

h̄2∇2
j

2m
≡ _hs´NcPSZWX�_hP NQV�NcP��hY�ZìxQYUV�õ�n�YUxcZìX�_hlÕ{U_hV
l

V̂e−e = 1
2
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N¢N�à�YUlonpZJNQb y�b X�NQnSNcPSb¾YUV�ZWX�_
NQlmnpZgX�_7ÿ¹ytTWV�n�Y�xc_�bdZWY�lÕX�NJy�b NQRUõQnSPS_hV~xc_hb nS_�X
_hlk_hlMVl¤�b¾NcPS_Wlkÿ¹ytTWV�n�Y�xc_hl�Y��hy�ZWYUlÕN#xc_hPmPSY��WYUP
� Z
s´NcPon�y�PmLtZWq}rg_ìx}ZWy�lSZWXtZ sONQRU_ìb¾_]`�Y�b�NQV�n�_4X�N-y
b NcR�õQn�Pm_hV�lS_WL�PSN-_hl X
Ncb�ZWYUl NQRUõ�n�PS_WV�l X�_ lSY�lmn�NQbdZ â
ã b s�PmYUV�xQ{Us�Y�_ìYUlon�_¾RUNQ`gZWPmY�Z4stZgP�Z Z Ý y
V�q}rW_¾X�N#_hV�XtZ N�à
Zgn�Z
Üts´_hPSõQbú_�b¾õQnS_�X�_ X�N�p�ZWPmnSPSNcNÌ��vt_¼xpè
õ�y�b b�õ�n�_¼X�_JxQ_hb�s
y
npZWxQYU_hV�ZWRUb¾NcV�n�N xcZWPS_JN¢Z2Y�V�n�NcPms�PSN�npZWqcrW_4X�_Wl�PSNQlSy�R�npZWX
_hl�õ�Ncbæ�hNcPSZWR´b4y�Y�nS_
X�Y Ý {UxQYUR âªí s
PSNclmNcV�npZgb�_hlMZWL�ZWY�à�_ y�b�Z NQÿ¹ytZWq}rg_�X�_ìnSYUs´_cpkZWPon�PSNQN���vw_¼xpè

− h̄
2∇2

2m
Ψi(~r) + V (~r)Ψi(~r) = EiΨi(~r)

ûÃe â [Y�hý

Ψi(~r) ≡
Ý y�V�qcrW_�X
N#_WV�XtZìX�_¾NcRUõ�n�Pm_hV�YÅ¾

V (~r)(~r) ≡ s´_Wn�NQV�xcYUZWRwN Ý NQnSY�`W_ìX�NQ`¼YUX
_ìu2n�_¼XtZWl�ZWl X
Ncb�ZWYUl�stZWPon�{UxQy�R�Zgl�X�_JlSYUlon�NQbdZ
Ü¼PSNQs�PSNQlSNQV��n�ZWX�_ sO_WP

V (~r) = V {U_WV�l (~r) + V pkZWPon�PSNQN (~r) + V
à

(~r)
ûÃe â [ ø ý

� V�X�N

V {U_WV�l (~r) =
∑

j

− e2Zj
|~r − Rj|

ûÃe â [/jhý

PmNcs�PmNclSNQV�npZ�_ s´_Wn�NQV�xcYUZWR3NÌà�nSNcPmV�_dxQPSY�ZgX�_ìX�NQ`¼Y�X�_du ZgnSP�ZWqcrW_ X�_hlÕNcR�õQnSPS_hV�l s´NcR�_ VT¤
xcRUNQ_hl�¾
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V p�ZWPmnSPSNcN (~r) =
∫
e2ρ(~r′)

|~r − ~r′ |
ûÃe â [_��ý

PmNcs�PmNclSNQV�npZ�_ s´_Wn�NQV�xcYUZWR3NQRUNQnSPS_hlon¢�gnSYUxQ_ìX�N-n�_¼X�_hlÕ_hl NcR�õQnSPS_hV�l	¾

V
à

(~r) =
δExc[ρ(~r)]

δρ(~r)

ûÃe â [}\�ý

PmNcs�PmNclSNQV�npZ _¾s´_WnSNcV�xQY�ZWROX�N-N�à�xpétZWV2�hN2ÿ¹y�N@lmy�P��hN-xQ_hb¾_ìxc_hV�lmNcÿl���QV�xcYUZ�XtZ ZWV�n�Y ��lmYUb¾NQn�PmYUîcZWq}rW_#XtZ
Ý y�V
q}rW_ X�N@_hV�X�Z nS_WnpZWR·X�_ lSYUlon�NQbdZìN@X�_ s�PSY�V�xc{�s�YU_ìX
N ã à�xcR�y�l�rg_�X�N#á:ZWy�RUY â

KMbdZMX�Y Ý NQPSNcV�nSN s�PS_WsO_hlonpZMétZ}`�YUZklSY�X�_¢Zgs�PSNQlSNcV�n�ZWXtZ-sO_WP:ç é�_WbdZWl û []\ e jhý � [ f � N�vwNQPSb¾YOû []\ e ��ý
� [ o � ÿ¼y
N*Zgs�PSNQlSNcV�n�ZWP�ZWb y�b NQlSÿ¹y�Ncb�Z�LtZWlSNcZWX�_�VtZ�X�NQV�lSY�XtZWX�N<NcR�NQnSP��hV�Y�x}Z

n(~r)
X�_�lmYUlmnSNcb�Z â

^MNclmn�Z*Zgs�PS_}à�YUb�ZWq}rg_�X�Nclms�PSNQî}Z}`gZWb � lSN�_hl N Ý NQY�nS_hlìX�N�xc_hPmPSNQR�ZWqcrW_<V�_<b�_]`¼YUb¾NcV�n�_�X
_hl NcRUõ�n�Pm_hV�l
N Z�NcV�NQP��hYUZ�xcYUV
õQn�Y�x}Z7s´_�X
NcPSYUZ7lSNQP#X
NclSxQPSY�npZ�sO_hP-y
bdZ�ZWs�Pm_}à
Y�bdZgq}rW_7R�_�xcZWR Ü·LtZWlSNcZWXtZ�V�_hl@PSNQlSy�R �
n�ZWX�_hl#_hL
nSYUX�_hl@stZgP�Z~NQRUõ�n�PS_WV�l2R�Y�`¼PSNQlcÜª_hV�X�NdZ~NQV�NcP��hY�Z�xcY�V�õQnSYUx}Z�s´_hP2NQRUõ�n�PS_WVHs´_�X�NQPSYUZ�lmNcP2XtZWXtZ
s´_hP

[n(~r)]
5
3
� [W[	� â�ã lmnpZ�n�NQ_hPSYUZ0n�N�`hN�lSy�xQNclmlS_HR�YUb¾Y�n�ZWX�_�VtZ�X�NclmxcPSY�q}rW_<X�N�lmYUlmnSNcb�ZWlìPSNcZWYUlJN Ý _WY

y�bzs�PS_gn�÷WnSYUs´_�XtZ�b�_¼X�NcPmVtZ�ç:NQ_hPSYUZDX�_	vty�V�xcY�_hVtZWR�XtZ<jkNcV�lmYUXtZgX�N�û çÕv�j ý sO_hPìNQlmn�ZWP4npZWbJLOõQb
Ý _¼x}ZWX�Z<V�Z	X�NQV�lSY�XtZWX�N�NcR�NQnSP��hV�Y�x}Z â ^M_(ZWV�_<X�N []\ oWf	j�YUP�Zgx � [ e � Ü�s
PS_hs-�hl ÿ¹y�N~N Ý NcY�n�_hl X�N�N�à¹�
xpétZgV��hN¾sO_¼X�NcPmY�ZWb lSNQPJYUV
xcRUy
{UX�_hl-V
Nclmn�Z�nSNc_hPmY�Z�sONQR�Z�YUV�xQ_hPSs´_hPSZWq}rW_�X�N¾y�b nSNcPSb¾_�X�NcPmY�`gZWX�_�XtZ
X�NQV�lSY�XtZWX�N2X�N4NQV�NcP��hY�Z¾X�NJNÌà
xpé�ZWV��hNìNQb y
b lmYUlon�Ncb�Zdé�_Wb��4�WNcV�NQ_ â�� _hb�_�sO_¼X�NQb�_hl�_hL�lmNcPm`gZWPQÜ
nS_�XtZgl NclonpZWl n�NQ_hPSYUZWl Zgs�PSNQlSNcV�n�Z]`gZWb ZWR��hy
bdZWl�X�Y�þ�xcy�R�XtZWX�NQl s�P
�gnSYUxcZWlcÜ�bdZWl Z4N�à�sONQPSY��cV�xQY�Zìÿ¹y�N-lSN
_hL�n�NQ`WN¢VtZJPmNclm_hRUy�qcrW_4X�N�Ncÿ¹ytZWq	��NQlmnSYUs´_ ë xpé�P�Ð�X�Y�V��hNQPcÜ
xQ_hb sO_gn�NcV
xcY�ZgYUl�N Ý NQnSY�`W_hl RU_¼x}ZgYUl�ZWRUYUZWX�_2ZW_
X�NQlSNQV¹`W_hR�`¼Y�b�NQV¹nS_dX�_Wl�b¾õQnS_�X�_Wl V¼y
b�õQPSYUxQ_hlMN#xQ_hb¾s�y
npZgxcYU_WVtZWYUlÕZg_�R�_hV��h_ X�_hl�ZWV�_Wl Ý _WY�X�NcxQYUlSY�`h_
stZgP�Z-_@X�NclmNcV�`h_hR�`¼YUb¾NcV�n�_#XtZ#j¢v|ç¡b¾_¼X�NcPmVtZ
Ühÿ¹y�N Ý _hY�lmNcb X�¤�`�Y�XtZ@_��WP�ZWV�X
N l�ZWR�n�_@V�_@Nclon�y�X�_2X�N
NQlmn�Pmy
n�y
P�ZJNQRUNQnSP��hV
YUx}Z@Nkÿ¹y�NksO_hP�lSy�ZJYUb¾sO_WPmnpTgV�xcYUZ
ÜhlSNQP
�ìZWs
PSNclmNcV�npZgXtZJNcb�y�b x}Zgs�{�nSy�RU_2u2stZgPmn�N â
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í V¹nSNcl¢X
N Ý ZWRUZWPSb¾_hlÕlS_hL
PSN4Z�ç:NQ_hPSYUZ�X�_�vty�V
xcYU_WVtZWR�XtZ7j�NcV�lmYUXtZWX
N�ûÃjkv|ç ý Ü·`gZWb¾_hlMs�PSY�b�NQYUPm_
Ý ZWîQNcP�y�b�Z�X�Y Ý NQPSNQV�xcYUZWq}rW_�NQV�n�PSN	y�b Ý y
V�xcY�_hVtZWR¢N�y
bdZ Ý y�V�qcrW_ â K�b�Z Ý y�V�q}rg_¡ZWlmlS_¼xcYUZ�y
b
XtZgX�_dVl¤�b¾NcPm_ Ý û�à ý Z¾y
b _Wy
n�Pm_�Vl¤�b¾NcPm_¾àOÜONQV�ÿ¹ytZWV�n�_dy�b Ý y�V�xcY�_hVtZWR¯ZglSlS_¼xcYUZ¾y
b Vl¤�b¾NcPm_7v � Ý �
ZHy
bdZ Ý y
V�q}rW_ � Ý � ÜÕ_hy lmN�åSZ(y�b Ý y�V�xQYU_hV�ZWR�õ~y�b�Z Ý y�V�qcrW_�X�NDy�b�Z Ý y�V
q}rW_ â áª_hP7NÌà
NQb�s
RU_
h[Ψ] = 〈Ψ|Ĥ|Ψ〉 õ@y�b Ý y�V�xQYU_hV�ZWR·XtZ Ý y�V�qcrW_ X�N@_hV�XtZ

Ψ
X�ZWV�X�_�ZìNcV�NQP��hYUZ 〈Ψ|Ĥ|Ψ〉 â

ú�Ò
Ñ åøî(òbßJØ¼×ãß�Û Õ�îþÞ�ßÎÿ�Øqç�ß�Û¡ô�ß0×ãõ ß�� Ø�ç8â

í YUX
õcY�Z X�N�y
nSYURUY�î}ZWP3ZMX�NQV�lSY�XtZWX�N�NcR�NQnSP��hV�Y�x}Z stZWPSZMX
NclSxQPSN�`hNcP�ZWl:s
PS_hs�PmYUNQXtZWX�NQlªX
N�y�b lmYUlon�Ncb�Z
X�N2^Õ� NcR�õQn�Pm_hV�l Ý _hY¯lSy��WNcPSY�XtZ�s´NcRUZ�s�PmYUb¾NcY�P�ZJ`hNQî4s´_hP�ç é
_hbdZgl�NQb [}\ e j N4vtNcPmb�Y�NQb [}\ e � ÜwNclon�N
b¾_�X
NcRU_ Ý ZWRUé�Z]`gZ¾sO_hP�VtrW_�PmNcs�Pm_�X�y
îcYUPkZdNclon�Pmy
n�y�PSZ�X�N4x}ZgbdZWX�ZWl¢Zgn��hb¾YUx}ZglcÜ´VtrW_�s�PmNcX�Y�î4RUY���ZWq}rg_
b¾_hRUNQxcy�RUZWP�N@_hlÕPmNclSy
R�npZgX�_hl X�N@x_�gRUxcy
RU_hlÕZgn��hb¾YUxc_Wl l�rW_ b4y
Y�n�_ìY�b�s
PSNcxQYUlm_hl â

ã b []\ øWi Zìs�PS_hs´_hlonpZìX�N�p�_hé
Ncb4L´NcP��¾N#äM_hé�V � [/�N� xc_WV�é�NcxQYUXtZ xc_Wb�_ìçªNc_hPmY�ZìX�_¾vty�V�xQYU_hVtZgR
XtZìj�NcV�lmYUXtZWX
NWÜ¯û y�bdZ4L´_�ZJPmNQ`¼YUlSrW_ìlS_WL�PSN@j¢v:ç s´_�X
N¢lSNQP NcV�xQ_hV�n�PSZWXtZìNcb � [/jY� N¢V�ZWl PSN Ý NcPS�QV�xcYUZWl
ZWR�Y:xQY�n�ZWXtZWl ý V�NclonpZ7n�NQ_hPSYUZ7NcR�Ncl-Zgþ�PSb�ZWb ÿ¹ytZ�Z7X�NQV�lSY�XtZWX�Nìõìy
bdZd`gZWPmY �}`hNQR�L��WlmYUx}Z7Nìs´_hP¢b¾NcY�_
X�NQR�Z�n�_¼XtZWl#ZWl#_hL�lmNcPm`��}`hNQYUl2X�_0NQlmnpZgX�_ Ý y�V
XtZWb¾NcV�npZWR�X�N¾y�b lmYUlmnSNcb�Z~xQ_hbÔ^Õ� NcRUõ�n�Pm_hV�l@sO_¼X�NQb
lmNcP#NcV�xQ_hV�n�P�ZgXtZWl â�í s�Pm_hsO_WlmnpZ�X�N�p�_hé
Ncb4L´NcP��0N�ä�_hé�V*sO_¼X�N lSNQP2X
NclSxQPSY�npZ~xQ_hb _DZgy�à�{URUY�_�X�N
X�_WYUl n�NQ_hPSNQbdZglc�

OPFlXmMYFT`�D V�� jkZWX�_0y
bzlmYUlmnSNcb�Z~xQ_hb ^Õ��s�ZWPmnS{Uxcy
R�ZWl@_0s´_WnSNcV�xQY�ZWR�N�à¼nSNcPSV
_
v(~r)

ÿ¹y�N7Zgn�ytZ
lm_hL�PSN�_hl�NcRUõ�n�Pm_hV�l�õ�y�b Ý y�V�xQYU_hVtZgR-¤
V�YUxQ_JXtZ#X�NcV�lmYUXtZgX�NkNQRUNQnSP��hV
YUx}Z

n(~r)
Ü¼XtZJb¾NclmbdZ Ý _hPSb�Z@ÿ¼y
N

Z�X�NQV�lSY�XtZWX�N�NcR�NQnSP��hV�Y�x}ZDX�_<lmYUlmnSNcb�Z�õ�n�ZWb4L´õcbzy�b Ý y�V
xcYU_WVtZWR0¤�V
YUxc_<X�_<s´_Wn�NQV�xcYUZWR NÌà�nSNcPmV�_ â
��lon�_¾sO_¼X�N-lSNQPÕX�Ncb¾_hlmnSP�ZWX
_¾s´_hPÕZWL
lSy�PmX�_�xQ_hb¾_�ZìlmN��hy�Y�P â
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��b�Z��hY�V�N�ÿ¹y�NdN�à�YUlonpZ0y�bÔlmYUlmnSNcb�Z0xcyaåSZ Ý y�V�qcrW_DX�N�_hV�XtZ0X
_DNclonpZWX�_ Ý y
V�XtZWb¾NcV�npZgR
Ψ
NQlmn¢�

ZWlmlS_¼xcYUZWXtZ Z�y�bösO_WnSNcV�xQY�ZWR�NÌà¼n�NcPmV�_
v(~r)

ÿ¹y�N2PSNQlSy�R�n�N@Ncbúy�búé�ZWb�Y�R�nS_hV�Y�ZgV�_
Ĥ
âÕë y
sO_hV
étZWb¾_hl

ÿ¹y�N	N�à�YUlonpZ�ZWYUV
XtZ�y
b V�_]`h_¡s´_WnSNcV�xQY�ZWR¢NÌà¼n�NcPmV�_
v2(~r)

ÿ¹y�NHPmNclmy�R�nSN	V¹y�b é�ZWb�Y�R�nS_hV�Y�ZgV�_
Ĥ2

Ü
xQyËåSZ*Zgy
n�_ Ý y
V�q}rW_<lmN�åSZ

Ψ2
NWÜ�ZWX�b¾Y�npZgb�_hlJZWYUV
XtZ
Ü�ÿ¼y
N~NQlmn�NQl�X
_hYUlìs´_Wn�NQV�xcYUZWYUlìNÌà¼n�NcPmV�_hl�lSN�åSZgb

X�N�n�NQPSb¾YUVtZWX
_hl sO_WP y�bdZ4b¾NclmbdZìX�NQV�lSY�XtZWX�N
n(~r)

â
í lSlSY�b~Ü

Ĥ = T̂ + Û + V̂
û6o â [aý

Ĥ2 = T̂ + Û + V̂2

û6o â e ý

çªNcPmNcb¾_hl

〈Ψ|Ĥ|Ψ〉 < 〈Ψ2|Ĥ|Ψ2〉
û6o â o ý

�0Zgl

Ĥ + V̂2 − V̂2 = T̂ + Û + V̂ + V̂2 − V̂2

û6o â i ý

Ĥ = Ĥ2 + V̂ − V̂2
û6o â �hý

ã V�xQ_hV�n�P�ZgPSNcb¾_hlÕNcV�n�rW_

〈Ψ|Ĥ|Ψ〉 < 〈Ψ2|Ĥ2|Ψ2〉+ 〈Ψ2|V̂ − V̂2|Ψ2〉
û6o â ø ý

_hV
X�N 〈Ψ|V̂ |Ψ〉 =
∫
d~rn(~r)v(~r)

â KMnSYUR�YUî}ZgV�X�_4NQlmnpZ PSNQR�ZWqcrW_ VtZìN�à�s�PmNclSlSrW_�û6o â ø ý Ü
nSNcPmNcb¾_hl

E < E2 +
∫

[v(~r)− v2(~r)]n(~r)d3 û6o â jhý

�ÕNcs´NQnSYUV�X�_ NQlmn�N#s�Pm_�xQNcX�Y�b�NQV¹nS_ìstZWPSZ 〈Ψ2|Ĥ2|Ψ2〉
ÜtNcV�xQ_hV�n�P�ZgPSNcb¾_hl
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E2 < E +
∫

[v2(~r − v(~r)]n(~r)d3 û6o â ��ý

ë _WbdZWV
X�_¾ZWl Ncÿ¹ytZWx	��NQl4û6o â jhý N�û�o â ��ý Ü
NcV�xQ_hV�n�P�ZgPSNcb¾_hl

E + E2 < E2 + E
û�o â \�ý

í NQÿ¹ytZWq}rg_~ZgxcYUb�ZdõìxQR�ZWPSZWb�NQV�n�NJy
bdZ7xQ_hV�n�P�ZgX�YUqcrW_�N4V�_hl-b¾_hlon�P�Z7ÿ¹y�NìX�ZWXtZ�Z7X�NQV�lSY�XtZWX�N
NQRUNQnSP��hV
YUx}Z

n(~r)
Ü�lS÷#lSNcP��#s´_hlmlS{�`WNcRtNQV�xc_hV�nSP�ZWPmb�_hl�y�b ¤�V�YUxQ_@sO_WnSNcV�xQY�ZWR
N�à¼n�NQPSV�_

v(~r)
Ü�L´Ncb xQ_hb¾_

y�b ¤
V�YUxQ_0étZWb¾YUR�n�_hV
Y�ZWV�_�R�Y���ZgX�_�Z~NcR�NWÜ:_hyHlmN�åSZ
Ü�NÌà�YUlmnSNdy�b�Z�xc_hPmPSNclmsO_WV�X��cV
xcY�Z~y�V�{�`W_�xcZ~NQV¹nSPSN
Z�X�NcV
lSYUX�ZWX�N¾xc_hPmPSNQn�Z~X�_�NclonpZWX
_ Ý y�V�X�ZWb�NQV�npZWRÃÜ:Z Ý y�V�qcrW_~X
N�_hV
XtZ~X�_�NclonpZWX
_ Ý y�V�X�ZWb�NQV�npZWR�N
nS_�XtZgl�ZWl�_hL�lSNQPm`��}`hNQYUl�X
_#lmYUlon�Ncb�Z â j�Nclmn�Z Ý _WPSb�Z#Z-NQV�NcP��hY�Z-xcY�V�õQnSYUxcZ
Ü�ç � V � Ü�Z-NcV�NQP��hYUZ#s´_Wn�NQV�xcYUZWR Ü
� � V � ÜwNJZ NcV
NcP��WY�Zìn�_Wn�ZWR Ü ã�� V � ÜwlSrW_�nS_�X�_WlMX
NQn�NQPSb¾YUVtZgX�_hlÕxc_hb¾_ Ý y�V�xcY�_hVtZWY�lÕXtZ¾X
NcV�lmYUXtZWX
N2V

(~r)
â

áª_�X�NQb�_Wl NcV�nprW_¾NclmxcPmNQ`hNQPky�b Ý y�V�xcY�_hVtZWR·XtZìNcV�NQP��hYUZìnS_WnpZgR3xc_hb¾_

Ev[n] = T [n] + U NÌà¼n [n] + Uee[n] =
∫
n(~r)v(~r)d3r + FHK[n]

û6o â [ f ý

� {UV�X�Y�xcN
v
V
_¾RUZWX�_ Nclmÿ¹y�NcPmX�_dX�NQlmn�Z¾NQÿ¼y�ZWq}rW_¾YUV
X�YUxcZ ÿ¹y�N@_ Ý y�V�xQYU_hV�ZWR3XtZìNcV
NcP��WY�ZìNclon¢�¾ZWlo�
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ñ(~r)

N�ZWxcPmNclmxcNcV�n�ZWV�X�_*_<`¼{�V�xcy�R�_



À/ì

û i â �Wý Ü�_hL�n�õcbì��lmN

δE =
∫
δñ
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xQYU_hVtZgRwv p»� \4� Ü¼xQ_hb�_#ÿ¼y�ZWRwV�÷hl�n�P�ZgLtZWRUé�ZWb�_Wl â á|ZWPSZ#þtVtZgRUYUîcZWPSb¾_hlQÜhsO_¼X�NQb�_hl�X�Y�îcNQP�ÿ¹y�N�ÿ¼y�ZWV�X�_
lmN ZWs�RUY�x}Z��ªj í V�_�NQlmnSy�X�_�X�Nc�gnS_hb�_WlcÜ·b¾_hR�õcxcy
R�ZWlM_hy�lS÷WRUYUX
_hlcÜ·ZWlSlmy�b�NÌ��lmNìÿ¼y
Nì_ Ý y�V�xcY�_hVtZWR:X�N
NQV�NcP��hY�Z¢X�NÕNÌà
xpé�ZWV��hNÌ��xc_WPSPSNQR�ZWqcrW_@sO_¼X�N lmNcP�_hL
nSYUX�_¢nS_hbdZgV�X�_g� lSN _hlêPmNclmy�R�n�ZWX�_hl�_hL
nSYUX�_Wl�stZWPSZ@y
b
�f�glJX�N�NQRUõQnSPS_hV
lJy�V�Y Ý _hPSb¾NWÜ|ÿ¼y
N7õ7X�Y�`�Y�X�YUX
_0Ncb s´_hPSq	��NQl4YUV
þ�V�Y�nSNclSY�bdZgYUl@X�N7y�b�Z0X�Y�lmnSPSYUL
y�YUqcrW_
NQRUNQnSP��hV
YUx}Z�VtrW_�Y�V¹nSNcPSZ��hNcV�nSNWÜêxc_Wb

n(~r)d3r
NcRUõ�n�Pm_hV�l4xcZWXtZDy�b�Z
Ü�N7lm_hb�ZWV�X�_g� lSN7lm_hL�PmNdn�_¼X�_D_

NQlSstZWqQ_dZglMxQ_hV�n�PmYUL�y�Y�q��¼Ncl Y�V�X�Y�`¼Y�X�ytZWY�l
εc(n)n

′
(~r)d3r

â

> �;?��;R STSUCFEGCIH �
�KJ �L% �'MO���V/��.#k�3�
�����$&·�������k�)/ê�����k���.#�
��WN
í ZWs�Pm_}à
Y�bdZgq}rW_�ù#ù í lSy�P��hYUy XtZ�V�NQxcNclmlSY�XtZWX�N	X�N<lSN	xc_hV
lSYUX
NcP�ZgP�_hl�N Ý NcY�n�_hl�V�rW_�RU_¼x}ZWY�l

ZWy
lSNcV�nSNcl¢VtZw�ªj í2â�� _hb YUlon�_�Ü´äM_hé�VDN ë étZWbúþtîQNcP�Zgb y�b�Z�s
PSYUb¾NcY�P�Zìs�Pm_hsO_WlmnpZ¾stZWPSZd_�nSNcPSb¾_
X�N

Exc[n]
ÿ¹y�N#X�NQ`WNcPSYUZ¾NQV�nprW_ lSNQP�NQlSxQPSY�nS_ XtZ¾lmN��hy
YUV�n�N@b�ZWV�NcY�P�Z
�

Exc[n] =
∫
d3~r{εxc[n(~r)]n(~r) + ε(2)

xc [n(~r)]|∇n(~r)|2 + ...} û � â \�ý

ã lmn�Z~õ�Z0ZWs
PS_}à�YUb�ZWq}rW_�ÿ¹y�N�lSN n�_hPmV�_hyHxQ_hV�é�NQxcY�XtZ~xQ_hb�_ í s�PS_}à�YUb�ZWq}rg_~XtZ ã à
s�ZWV�l�rg_0X�_
ù-P�ZWX
YUNcV�nSN¾û ù ã�í �aÓ�È�Ê·È�ÇmÆ�§Ç� ªËÈSÄ ¿|Ð = ÆWÊ
À�� ÅËÊ <�=�= Ç�ÅQÐ4�±Ò¾ÆWÁ�� ÅËÊ ý â�ã V�n�PSN�npZWV�nS_ds´_hP VtrW_�ZWs�PmNclSNQV�npZWP
PmNclSy
R�npZgX�_hl lSZgn�Y�l Ý ZgnS÷hPSY�_hlcÜ�ZWx}ZgLO_hydXtZWV�X�_ìR�y���ZWP�Z4V�_]`h_hl nSP�ZWL�ZWRUé�_Wl lSy�L
lSNcÿl��NQV�n�NclQÜOX
Nclmn�Z Ý _hPSb�Z
lmy�P��hN�NQV�nprW_*Z�ZWs�Pm_]à�Y�bdZWqcrW_�xc_WV�é�NcxQYUXtZ�xQ_hb�_	ù#ù í Ü|V�Z<ÿ¹ytZgR Ü�ZW_<xc_hV�nSP
�WPmYU_�XtZ&�¯j í _WV�X�N
lm÷¾lmN-n�P�ZgLtZWRUé�Z]`gZìxc_Wböy�b�Z.¤�V�YUxcZ4`WZgPSY �}`WNcR3ÿ¹y�N#NcPSZ¾ZìX�NQV�lSY�XtZWX�N@NQRUNQnSP��hV
YUx}Z�Ü
n�PSZWLtZWR�étZË��lmN¢xc_Wb
X�y�ZWl `WZgPSY �}`WNcYUlÕY�V�X�Ncs´NcV
X�NcV�n�NQlcÜ´ÿ¹y�N2lSrW_�Z X
NcV�lmYUXtZWX
N2NQRUNQnSP��hV
YUx}ZìN@_+�hP�ZWX
YUNcV�nSN-XtZ¾X
NcV�lmYUXtZWX
N â
� l n�NQPSb¾_hl X�N-NQV�NcP��hY�Z4X�N@NÌà
xpé�ZWV��hN#N-NcV�NQP��hYUZ4X�N@xc_hPmPSNQR�ZWqcrW_ìsO_¼X�NQbölSNQPÕNcV�nprW_ NQlSxcPmY�nS_hl xc_hb¾_

Ex =
∫
d3~rn(~r)εxF (s)

û � â [ f ý

Ec =
∫
d3~rn(~r) [εx +H(t)]

û � â [h[aý

_hV
X�N
s =

|∇n|
2KFn

û � â [ e ý
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t =
|∇n|
2Ksn

û � â [ o ý
lmNcV�X�_¾ÿ¹y�N

KF

õ@_ `WNQnS_hPÕX�N@_hV�XtZ X�N#vtNcPSb¾Y â
KF

N
KS

s´_¼X�Ncb lSNcPMNclmxcPmY�n�_WlMxQ_hb¾_

KF =
(
3π2n

) 1
3 û � â [ i ý

Ks =
(

4KF

π

) 1
2 û � â [/�hý

� _hb¾_ sO_¼X�N@lSNQPÕ_hL�lSNQPm`gZWX�_�VtZWlÕNcÿ¹ytZgq��¼NclJû � â [ f ý N�û � â [h[]ý ÜtlSN
F → 1

N
H → 0

Ü�_hL
nSõcbì��lSN
V�_]`gZWb¾NcV�n�NJZdZWs
PS_}à�YUb�ZWq}rW_��¯j íJâ �¯_��h_�Ü´NclmnSNcl¢lSrW_d_Wl�n�NQPSb¾_hlMxcyËåSZ Ý y
V�q}rW_dõ2Y�V�xcR�y�YUPÕVtZ��ªj í
ZDVtrg_�RU_¼x}ZWR�YUXtZWX
N¾X�Z<X
NcV�lmYUXtZWX
N�NcRUN�n�P��hV�YUxcZ â jkNQV¹nSPS_	XtZ�ZWs�Pm_}à
Y�bdZgq}rW_<ù#ù í Z0`hNQPSlSrW_*b�ZWY�l
y
nSRUY�î}ZWXtZ�é�_ËåmN7NQb X�YUZ0s´_�X�N�lSNQPìxcPSNQX�Y�n�ZWXtZDZ�áªNcPmX�N	�@Ü�ß�y�PmèWN�N ã PSV
îcNcPmé�_ Ý ûÃá�ß ã ý � eWf � xcyËåm_
s´_Wn�NQV�xcYUZWR Ý _hYªYUb¾s�RUNQb�NQV¹n�ZWX�_ Ncb y�b�Z¾`WNcPSlSrW_�X�Y�lSxcPmNQnSYUî}ZgXtZds�Pm_hsO_WlmnpZ¾sO_WP»¿ é�Y�n�NJNJß�YUPmX � e [�� â
^�Z�`WNcPml�rW_0á�ß ã n�_¼X�_hl@_hl@stZWPSTWb�N�n�Pm_hl-l�rW_�xc_WV�lmn�ZWV�n�Ncl Ý y�V�XtZgb�NQV¹n�ZWYUl âX� y�ZWV�X�_�lSN¾xc_Wb�stZgP�Z
�¯j í NMù2ù í _hL
lSNcPo`gZË��lmNMÿ¹y�NÕZ@ZWs
PS_}à�YUb�ZWq}rW_-ù2ù í ZWs�PmNclmNcV�npZ@ZWR��hy�b�ZWl:`gZWV�npZ��hNcV�l�NQb PSNQR�ZWqcrW_
uc�¯j í ÜwZWlÕÿ¹ytZWY�lMNQlmn�rW_¾ZWs�PSNQlSNQV¹n�ZWXtZWl�Z lSN��Wy�YUPQ�

Y í l NcV
NcP��WY�ZWl X
N-Zgn�_Wb�Y�î}ZWqcrW_JX�Nkb�_hR�õcxQy�R�ZWl�ZWs�PmNclmNcV�npZWb PSNQlSy�R�npZWX�_Wl b�NQRUé�_WPSNcl�VtZìZWs�Pm_}à
Y �
b�ZWqcrW_¾ù2ù í ¾

Y á:ZWP�Z�b¾NQnpZgYUl@ZWR�x}ZWR�YUV�_hl�_hl#stZWP�Tgb�N�n�PS_Wl-X�N�PmNcX�N¾s�Pm÷]à�Y�b�_hl-X
_�`gZWR�_hP-N�à�s´NcPSY�b�NQV�npZWRêstZgP�Z
Z�ZWs�Pm_]à�Y�bdZWqcrW_�ù2ù í ÜwNQV�ÿ¹ytZWV�n�_7ÿ¹y�N2stZWPSZdZdZgs�PS_}à�YUb�ZWq}rg_w�¯j í NQRUNclMl�rg_dxcNQPSxcZdX�NJi�Z
b¾NcV
_hPSNQl�¾

Y ^M_hl�b¾NQn�ZWYUl:X�N�n�PSZWV�lmYUq}rg_-_-stZWP�Tgb�N�n�PS_kX�N PSNQX�N N _-b¾÷�X
y�RU_�X�N xc_hb¾s�PmNclSlmYUL�Y�RUY�XtZWX�NkûüL�y
RUèh�
b¾_¼X�y�RUy
l ý ZWs�PmNclSNQV�npZWb�b�NQRUé�_WPSNcl�PSNQlSy�R�npZWX
_hl�ÿ¹ytZWV
X�_4x}ZgRUxcy
R�ZWX�_Wl�V�Z4ZWs�Pm_]à�Y�bdZWqcrW_Jù2ù í
â

��ZWR�N�R�Ncb4L
P�ZWP�ÿ¹y�NWÜ�V
_hl RUY�b�Y�n�NQlêX�N¢X�NQV�lSY�XtZWX�NQl NcR�NQn�P��hV�Y�x}ZWl�y�V�Y Ý _WPSb¾Ncl�_hy7xc_Wb s´_hy�xcZ2`gZWPSY �
ZWqcrW_ìXtZìX�NQV�lSY�XtZWX�N#ZW_ìPmNcX�_hPÕX�N-y
bdZ4X�NQV�lSY�XtZWX�N@y�V
Y Ý _hPmb�NgÜ�Z ZWs�Pm_]à�Y�bdZWqcrW_ ù#ù í ��á�ß ã ZWs�PmN��
lmNcV�npZWP��-_hlêb�NQlSb¾_hlêPSNQlSy�R�npZWX
_hlêÿ¹y�NMZWÿ¹y�NcR�Ncl�_hL
nSYUX�_hl|VtZ@ZWs�PS_}à�YUb�ZWqcrW_��¯j íJâ ç:ZWb4L´õcb s´_¼X�N�� lSN
_hL
lSNcPo`gZWPkÿ¹y�NJZWsONQl�ZWP�X�_hl�xc_hV�lonpZWV�nSNcl¢X�NQlSNQV¹`W_hR�`¼Y�b�NQV¹nS_hlcÜOnpZWV�n�_dZdZWs
PS_}à�YUb�ZWq}rW_��¯j í ÿ¹ytZWV�n�_
Z ZWs�Pm_}à
Y�bdZgq}rW_¾ù#ù í Ü�N�à�Y�lmn�NQb lSY�n�ytZgq��¼NclSV�ZWlÕÿ¼y�ZWYUlMZWb4L�ZWl sO_¼X�NQb Ý ZWR�étZWP â

í R��hy�b�ZWlÕZWR�n�NQPSVtZgnSY�`gZWl s�ZWP�Z lSN@n�NQV¹n�ZWPÕxc_hV�nS_hPSVtZgP�_hlÕs�Pm_hL�R�Ncb�ZWlÕZWs�PmNclSNQV�npZWX�_Wlks´NcR�ZglMX
ytZWl
nSNc_hPmY�ZWl�lmNcPmY�ZWb��:Y�V�xcR�y�YUP|xc_hPmPSNcqcrW_@X�NÕlSN	�hy�V�XtZ#_hPSX
Ncb stZgP�Z-_¼�hP�ZWX
YUNcV�nSNMX�Z@X
NcV�lmYUXtZWX
NWÜ¹xc_hV
lSYUX
N��
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PSZWP�y
bdZ¾X�Ncs´NcV�X
�cV�xQY�Z7xc_Wb�s�R�NQn�ZWb�NQV�n�N#VtrW_dR�_�xcZWR¯XtZdX�NQV�lSY�XtZWX�N2N4xc_WV�lSY�X�NcPSZWP Ý y
V�xcY�_hVtZWY�l�ÿ¹y�N
X�NQsONQV�XtZWböX�_hlÕ_hPSL
Y�npZgYUl â
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� _hb _ìlSy�P��hYUb¾NcV�nS_4XtZ4b¾Ncx}TgV�YUxcZJÿ¹ytTWV�n�Y�x}Z
ÜtZgL�PSY�y���lmN¢y�b�x}ZWb¾YUV�é
_4stZWPSZìZ4x}ZWPSZWxQnSNcPSY�î}ZWqcrW_

NQRUNQnSP��hV
YUx}Z¾X�Nìb�Zgn�NQPSY�ZgYUlcÜws´_hPSõQb ZWY�V�XtZ¾N�à�YUlon�Y�Z7y
b �hPSZWV�X�NJs�PS_hL
RUNcb�Zdÿ¹y�N4NQP�Z7xQ_hb�_�PmNclm_hR�`WNcP
Z	Ncÿ¹ytZWqcrW_HX�N ë xpé�P�Ð�X�Y�V��hNQP~Ü ZgYUV�XtZ<ÿ¹y�NDNQlmnpZ Ý _hlSlmN~nS_hbdZgXtZ	s�ZWP�Z*ZWsONQVtZWl [ NQRUõQnSPS_hV·Ü xc_hb¾_
s�Pm_hs´_hlmnS_¾V�Z NQÿ¹ytZWq}rg_�X�N�p�ZWPmnSPSNcNÌ��vt_¼xpè � j Ü \�� _hy�VtZ Ncÿ¹ytZWqcrW_¾X�N#ä�_hé�V¼� ë étZgbúä ëOâ

^�Z�n�NQV¹n�Zgn�Y�`gZkX�N NQV�xc_hV�nSP�ZWP�lm_hRUy
q��¼Ncl�b¾NcV�_Wl|xc_Wb�s�R�YUxcZWXtZWlªstZWPSZ¢ZkNcÿ¹ytZgq}rW_-X�N ë xpé�P�Ð¼X�Y�V��hNcPQÜ
ZDs�PmYUb¾NcY�P�Z0Zgs�PS_}à�YUb�ZWq}rg_Dÿ¹y�N�lSN Ý Ncî Ý _hY�X�Y�`¼Y�X�YUP#_hlìNcR�õQnSPS_hV�lìNQb NQRUõQnSPS_hV
lìX�N�x}ZWPm_�qQ_�ûülmNcV�X�_
ÿ¹y�ND_Hx}ZWPm_�qQ_Hõ Ý _hPmbdZgX�_*s´NcR�_(Vl¤�xcR�Nc_�ZËn
�hb¾YUxQ_*b�ZWYUl¾_hl�NcRUõ�n�Pm_hV�ldÿ¹y�N0_�xQy�stZWb _hld_WPSL�Y�npZWY�l
b�ZWYUlkYUV�n�NQPSV�_hl ý Ü¯NìNcR�õQnSPS_hV�l@X�Nì`gZWR��cV�xQY�Z â � l@NcR�õQnSPS_hV�l-X
N¾xcZWPS_¼qc_�lmNcV�n�NQb y
b Ý _hPmnSNìsO_gn�NcV
xcY�ZgR
ZgnSP�ZgnSY�`W_�Ühxc_WV�lSNQPm`gZWV�X�_@xcZWP�ZWx�n�NQPS{Ulon�Y�x}ZWlêX�N _WPSL�Y�npZWY�l�Zgn��hb�Y�xc_hl â�� lêNQRUõQnSPS_hV
lêX�N `gZWRU�QV�xcYUZksO_WPêlSytZ
`WNcî¾lSNcV�nSNcbÔy�b s´_Wn�NQV�xcYUZWR�b¾NcV�_Wl2ZËn�P�ZËn�Y�`W_�N¾lmNcy�l#_hPmL�Y�n�ZWYUl¢s´_¼X�Ncb lmNcP#LONQb X�NQlSxcPmY�nS_hl@V¼y
bdZ
LtZglSN@X�N@_hV�XtZglMs
R�ZWVtZgl â

ã b [}\ i�fÁpMNcPSPmYUV�� � ehe � Ü¹ZWs
PSNclmNcV�n�_Wy¾y
b b¾õQn�_¼X�_¢ÿ¹y�N þ�xc_hy xc_WV�é�NcxQYUX�_@xQ_hb�_ � V
XtZWl�áêR�ZWV�ZWl
� PmnS_4�h_hV�ZWRUY�î}ZWXtZgl�û � á ¿��`_ ÇÌÁbatÅ�Æ¼ÅËÊ´Æ�§Ç� ªËÈSÄUc,§�ÆWÊ·È
dìÆfeWÈpÀ ý N�ÿ¹y�N�xc_hV�lmYUlon�Y�Z NQb X�NclmxcPmNQ`hNQP(Z
Ý y�V
q}rW_*X�N0_hV
XtZ |Ψ >

Ncb y�b b�Zgn�NQPSYUZWR ÿ¹ytZWR�ÿ¼y
NcPdxQ_hb¾_Hy�b�Z	xQ_hV¹L�YUV�ZWq}rW_*RUY�V�N}ZWP X�N~NclonpZË�
X�_Wl¾X
N�xcZWPS_¼qc_ |Φc >

N�_hV�X�ZWl s�R�ZWV�ZWl |Φ >
Ü�X�N�npZWR Ý _hPmbdZDÿ¹y�N |Ψ >

Ý _hlmlSN�_hPmnS_4�h_hV�ZWR ZW_Wl
NQlmnpZgX�_hlÕX�N@x}ZWPm_�qQ_ âêí lmlSY�b~Ü

|Ψ〉 = |Φ〉 +
∑

c

bc|Φc〉
ûüø â [aý

_hy

|Φ〉 = |Ψ〉 −
∑

c

bc|Φc〉
ûüø â e ý

^�Z7Ncÿ¹ytZWqcrW_�ø â [ |Ψ >
PSNcs
PSNclmNcV�npZ�Z Ý y�V�qcrW_�X�Nì_hV
XtZ7PSNcZWR�X�_�lmYUlmnSNcb�Z
Ü3lmNcV�X�_�ÿ¹y�NìNQlmnpZ�õ
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y�b�Z Ý y�V�q}rg_Jÿ¹y�N¢Zgs�PSNQlSNcV�n�Z4b4y�Y�nS_hl�V�÷hl�s�PS÷}à�YUb¾_JZ#_hPSY��hNcb�Ü�NcV
ÿ¼y�ZWV�n�_ |Φ >
õ Ý y�V�qcrW_4X�NM_hV�XtZ

X�_WlìNcRUõ�n�Pm_hV�lìX�N7`gZWR��cV�xQY�ZDÿ¹y�N�ZWs�PmNclSNQV�npZ<xc_hb¾_�s�PSY�V�xcY�stZWR�x}ZWPSZWxQnSNcPS{�lmnSYUx}ZD_ Ý ZËn�_<X�N�lSNQP LONQb
b�ZWYUl�lSytZ}`hN#X�_¾ÿ¹y�N#Z Ý y
V�q}rW_¾X�N@_hV�X�Z PmN}ZWR â

^�Z NQÿ¹y�q}rW_dø â [ nSNcb¾_hl 〈Φc|Ψ〉 = 〈Ψ|Φc〉 = 0

ÿ¹y�N#b�_Wlmn�PSZ Z¾_hPon�_4�W_hVtZWR�YUXtZWX
N¢NcV�n�PmN |Φc >
N |Ψ >

_WPmn�_��h_hVtZWR�YUXtZgX�N¢NclonpZ ÿ¹y�N2N�`¼Y�npZ}`gZ ÿ¼y
N
ZWl Ý y
V�q��¼NclMX�N@_hV�XtZ X�N@x}ZgPS_¼qc_ N#ZWl Ý y�V�q��¼NclÕX�N@_hV
XtZ¾X
N@`gZWR��cV�xQY�ZJ`¼YUNQlSlmNcb ZìlSNQP�xQ_hV¹L�YUVtZgq��¼Ncl
R�YUV�NcZWPSNQldy�b�ZWldX�ZWl7_hy
nSP�ZWl â á:_hPmõcb Nclmn�Z(_hPmnS_4�h_hV�ZWRUY�î}ZWqcrW_*s
PS_]`h_¼x}Z}`gZ�Z(sONQPSXtZ(X�ZHlSY�b�N�n�PSYUZ
NQl Ý õcPmYUxcZ¾VtZ¾PSN	�hY�rW_ X�_�x}ZWPm_�qQ_�Ütxc_Wb�_¾xc_hV
lSNcÿl���QV�xcYUZd_hlÕn�NQPSb¾_hlÕÿ¼y
N4ZWstZgPSNcxQY�ZWböVtZ¾NQÿ¹ytZWq}rg_7X�N
ë xpé
P�Ð¼X�YUV��WNcP2ZWs�PSNQlSNQV¹n�Z}`WZgbzy�b�Z Ý _hPSb�Z�L�ZWlmn�ZWV�n�NdxQ_hb¾s�RUY�x}ZWXtZ�Ü¯nS_hPSV�ZWV�X�_~lSytZ�YUV�n�NQPSs�PmNQnpZgq}rW_
Ý {�lSYUxcZJb4y�Y�n�_ìX�{�þtxcY�RON Ý ZWîQNcV�X
_¾xQ_hböÿ¹y�N@_hl x��WRUxQy�RU_Wl NcV�`h_WR�`¼YUX�_WlÕþ�x}ZWlmlSNcböLtZWlmn�ZWV�n�N@R�ZgLO_hPmYU_hlm_hl â
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Ĥ = Ĥ(λ)
N

Ĥ(λ)Ψ(λ) = E(λ)Ψ(λ)
s´_¼X�NcPmY�Z4lSN#ZWlmlSy�b¾YUP ÿ¹y�N

dE(λ)

dλ
=

〈
Ψ(λ)

∣∣∣∣∣
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_¾NQb xc_WV�lSY�X�NcPSZWq}rW_�ZìPSNQR�ZWqcrW_

Ĥ(λ)Ψ(λ) = E(λ)Ψ(λ)
û j â i ý

s´_�X
N���lmN@NclSxQPSN�`hNcP

dE(λ)

dλ
= E(λ)

〈
∂Ψ(λ)

∂λ

∣∣∣∣∣Ψ(λ)

〉
+ E(λ)

〈
Ψ(λ)

∣∣∣∣∣
∂Ψ(λ)

∂λ

〉

+

〈
Ψ(λ)

∣∣∣∣∣
∂Ĥ(λ)

∂λ

∣∣∣∣∣Ψ(λ)

〉 û j â �hý

^�Z NQÿ¹ytZWq}rg_7ZWxQYUb�ZJ_hlÕX�_hY�l s�PSY�b�NQYUPS_Wl�n�NQPSb¾_hl l�rW_ NQÿ¼y
Y�`gZWRUNQV�n�NclMZ

E
d

dλ
〈Ψ|Ψ〉 = 0

û j â ø ý
jkN�npZWR Ý _hPSb�Z~ÿ¹y�Ndÿ¼y�ZWV�X�_�lm_hbdZgX�_hlJ_0PSNclmy�R�n�ZWX�_DlmNcP��DY��hytZgR�Z~îcNcPm_ â á:_WPmnpZgV¹nS_Ds´_�X�N�lSN

xQ_hV�xcR�y�YUP�ÿ¼y
N

dE(λ)

dλ
=

〈
Ψ(λ)

∣∣∣∣∣
∂Ĥ(λ)

∂λ

∣∣∣∣∣Ψ(λ)

〉 û j â jhý
ã b PSNclmy�b¾_�_Dn�Nc_WPSNcb�Z0X�Nzp�NcR�RUb�ZWV�V���vtNQæ¼V�b�ZWV*Y�b�s
RUYUxcZ�ÿ¹y�N�Z Ý _WPSq}Z~ÿ¼y
N�Zgn�ytZ~Ncb y
b

Vl¤�xQRUNc_ ÿ¹y�N-NQlmn�N�åSZ¾NQböy�b lSY�lmn�NQbdZ4ÿ¹ytZgRUÿ¹y�NcP Ý _WPSb�ZWX�_ìs´_hP Vl¤�xcR�Nc_hl N-NQRUõ�n�PS_WV�l õ�åmy�lmn�ZWb¾NcV�n�N@Z
ZgnSP�ZWqcrW_4NQRUNQnSPS_hlon¢�gnSYUxcZJN�à�NcPmxcY�XtZ4V�_ìVl¤�xcR�Nc_ìNQböÿ¹y�NclonprW_ìs´_hP _Wy
n�Pm_4Vl¤�xcR�Nc_ N¢s´NcR�Z2X�NcV�lmYUXtZgX�N-X�N
xcZWP���ZìX�N-nS_�X�_Wl _hlÕNcRUõ�n�Pm_hV�l â

| Ò
Ñ Ô Ö8ð�Ú�ýPÕqâ8Þ�Ø(ÿ ßJð	ð	Û Õ�â*âwä�ûwß~}wâ*Û Õ�â�Þ�ß�âcñ3×[ØþÞ8ÕøÕ�Ö�×[Ø«ÙwÚ�Û Õ�Ü0Ý¼Ø
í ûÂò

� nSNc_hPmNcb�Z¾X
N5p�NQRUR�bdZWV
V���vtNQæ¼V�b�ZWV7NQÿ¹ytZWq}rg_<û j â jhý lSNQP
� n�_hb�ZWX�_ xc_Wb�_¾sO_WV¹nS_�X
N2stZgPmn�Y�XtZ
stZgP�ZJb¾_hlmnSP�ZWPmb�_Wl Z4lSy�Z4y
n�Y�RUYUîcZWq}rg_JV�_ìxQ_hV�n�N�à¼nS_¾X�ZJn�Nc_WPSY�Z2X�_ Ý y�V�xQYU_hVtZgROXtZ4X
NcV�lmYUXtZWX
NWÜ�lmNcV�X�_
ÿ¹y�N�_2stZgP�TWb¾NQnSPS_

λ
NQlmn�ZWP
�#lSNkPmN Ý NQPSYUV
X�_4uWl�xc_¼_hPmX�NcVtZgXtZWl�V¼y
xcRUNcZWPSNQl â çª_hb¾Ncb¾_hl�Z@NcV
NcP��WY�Z#nS_WnpZgR

xQ_hb�_ìX
NclSxQPSY�npZ¾Z L�ZWY�à�_��
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E[ρ] =
∑

i

∫
ψ∗i (~r)

[
−1

2
∇2

]
ψi(~r)d

3r +
1

2

∫ ∫ ρ(~r)ρ(~r′)
|~r − ~r′| d

3rd3r′

−
∑

A

∫
ZAρ(~r)

|~r − ~RA|
−
∑

A<B

ZAZB

|~RA − ~RB|
+
∫
ρ(~rεxc(ρ(~r))d3r

û j â ��ý

ë N2xc_hV
lSYUX
NcP�ZgPSb¾_hlky�b X�NQlSR�_�xcZWb�NQV�n�_dY�V
þtV�Y�n�NQlSYUb�ZWRÃÜ
δ ~RC

X�N4y�b Vl¤�xQRUNc_dÿ¼y
N4lSN2lSY�nSytZdNQb
y�b�Z2X�ZWXtZ4s´_hlSY�q}rW_ ~RC

â çªNcPSNQb�_Wl NcV�nprg_ìy�bdZ#`WZgPSY�Zgq}rW_
δE
Ü
stZgP�Z4ZJNQV�NcP��hY�Z2X�NknpZgR Ý _hPmbdZ#ÿ¹y�NW�

δE = δ ~RC

[
−ZC

∂

∂ ~RC

∫
ρ(~r)

|~r − ~RC |
d3r +−ZC

∂

∂ ~RC

∑

A6=C

ZA

|~RA − ~RC |

]

+ δ ~RC

∑

i

∫
d3r

[
(
∂

∂ ~RC

ψ∗i (~r))(−
1

2
∇2)ψi(~r)

+ ψ∗i (~r)(−
1

2
∇2)(

∂

∂ ~RC

ψi(~r))
]

+ δ ~RC

∫
d3r′( ∂

∂ ~RC

ρ(~r′))
[∫

d3 ρ(~r)

|~r − ~r′| −
∑

A

ZA

|~r − ~RA|
+ vxc

] û j â \�ý

í sO÷hlMZWR��hy�V�l s
PS_¼xcNcX
YUb¾NcV�n�_hl b�ZgnSNcb��gn�Y�xc_hl�n�NcPmNcb¾_hlc�

δE = ZCδ ~RC
∂

∂ ~RC

[∑

A6=C

ZA

|~RA − ~RC |
−
∫
d3r

ρ(~r)

|~r − ~RC |

]

+ δ ~RC2
∑

i

∫
∂ψ∗i
∂ ~RC

(ĥ− εi)ψid3r
û j â [ f ý

í Ý _hPmq}ZìlS_hL
PSN@_ VT¤
xcRUNQ_ � lSNQP
�
�

~FC = − δE

δ ~RC

= ZC
∂

∂ ~RC

[∑

A6=C

ZA

|~RA − ~RC |
−
∫

ρ(~r)

|~r − ~RC |
d3r

]

+ 2
∑

i

∫
∂ψ∗i
∂ ~RC

(ĥ− εi)ψid3r
û j â [W[aý

� s�PmYUb¾NcY�PS_�n�NQPSb¾_~X�_~R�ZWX
_~X�Y�PSNQY�n�_�XtZ�Ncÿ¹ytZWqcrW_�ZWxQYUb�Z�õ7Z Ý _WPSq}Z�X�Nwp�NcR�RUb�ZWV���vwN�æ¼V�bdZgV
~FHF ÜO_�lSN��Wy�V�X�_dnSNcPmb�_¾õJy�b nSNcPmb�_�ÿ¼y
NJPSNQs�PSNQlSNQV¹n�Z7y�b�Z¾xQ_hPSPmNcq}rg_dstZWPSZ�_hl�x}ZWlm_hlMNcb ÿ¹y�N4Z
LtZglSN y
n�Y�RUY�î}ZWXtZ¾VtrW_ Ý _hPmbdZ7y�b xc_hVaåmy�V�n�_�xc_hb¾s�RUN�n�_ â ^�_�x}ZglS_�Ncb ÿ¹y�N¾lSNìnSP�ZWLtZgRUétZdxQ_hb y�b�Z
LtZglSN@X�N@_hV�XtZglMs
R�ZWVtZgl NclmnSN-n�NcPmb�_ õ@îcNQPS_¾N-n�NcPmNcb¾_hlc�
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~FHF = ZC∇~RU(~R)|~R=~RC

û j â [ e ý
_hV
X�N

U(~R)
lSNQP
� XtZWX�_¾sO_WPc�

U(~R) = −
[ ∑

~RA 6=~R

ZA

|~RA − ~RC |
−
∫ ρ(~r)

|~r − ~R|
d3r

] û j â [ o ý
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KMbdZ7XtZgl��WP�ZWV�X
Ncl-ÿ¹y�Nclon
�¼Ncl#ÿ¹y�N NcV�`h_hR�`¼Y�ZWb _hl-b�õ�n�_¼X�_hl¢X
N¾x��WRUxQy�RU_�ZgL���Y�V�Y�nSYU_¾NcP�Z�Ü¯Zgn�õì_
ZWV
_�X�N []\fjW\ ÜêxQ_hb¾_�x}ZWR�xcy�RUZWP4Z�NcV
NcP��WY�Z0n�_gnpZWR�X�N�y�b lmYUlmnSNcb�Z�Zgn
�Wb�Y�xc_ â K�b�ZDxc_hV
lSYUX
NcP
�}`WNcR
Zaåmy
XtZ Ý _hY�X�ZWXtZ�V
NclmnSNìZWV�_¾s´_hP»��é
b~Ü�P·y�V��WNcPMN � _hé
NcV � o4o � Üwÿ¼y
NJb¾_hlmnSP�ZWPSZWbúÿ¹y�NJNQlmn�N2x_�WR�xcy�R�_
s´_�X
NcPSYUZ4lSNQP Ý NQY�nS_¾X
N Ý _WPSb�Z4lSYUb¾s�R�Ncl V�_ NQlSstZWqQ_dPmNcxc{�s�PS_¼xc_ â

jkNQV�n�PS_ìX
_ Ý _hPmbdZWR�YUlmb�_-X�_ Ý y�V�xcY�_hVtZWRwXtZ2X�NcV�lmYUXtZgX�NkN¢lmN��hy
YUV�X�_#npZWbJLOõQb�_ Ý _hPSb�ZWR�YUlSb¾_-X�_
s�lmNcy�X
_hsO_gn�NcV
xcY�ZgR ÜtZìNcV
NcP��WY�Z4n�_Wn�ZWR3X�N@y�böXtZWX�_ lSY�lmnSNcb�Z V
_�NQlSstZWqQ_�X
YUPSN�n�_ õ@XtZWXtZìs´_hP

Etotal = T + V +
∫
Exc(~r)d

3r
û � â [aý

í NcV
NcP��WY�ZìxcY�V�õQnSYUx}ZJnS_WnpZgR Ü
ç õ

T =
∑

i

∫
Ψ∗i (~r)(−∇2)Ψi(~r)d

3r,
û � â e ý

N#ZìNcV�NQP��hYUZìsO_WnSNcV�xQY�ZWR·NcRUN�n�Pm_hlmn
�gn�Y�x}Z
ÜT�Fõ

V =
∑

i,µ,l

∫
Ψ∗i (~r)Ups,l(~r − ~Rµ)P̂Ψ(~r)d3r

+
1

2

∫ ∫ 2ρ(~r)ρ(~r′)
|~r − ~r′| d

3rd3r′ + 1

2

∑

µ,v,µ6=v

2Z2

|~Rµ − ~Rν |
û � â o ý

^�Z@NQÿ¹ytZWq}rg_JZWxQYUb�Z
Üh_@s�PmYUb¾NcYUPm_¢n�NQPSb¾_-PSNcs
PSNclmNcV�npZ2Z#NQV�NcP��hY�Z-X�NÕY�V¹nSNcPSZWq}rW_-xcZWPS_¼qc_Ë� `gZWRU�QV�xcYUZ
stZgP�Z@y�b XtZWX�_2s�lSNQy�X�_hs´_Wn�NQV�xcYUZWR

Ups,l
VtrW_2RU_¼x}ZWRÃÜ�Ncb�y�b b¾_hb�NQV�n�_2ZWV��hy�RUZWP�R Ü¹lSNQV�X�_

P̂
_2_hsONÌ�

PSZWX�_hP s
PS_ËåmNQq}rW_ â�� lSN��Wy�V�X�_ n�NQPSb¾_¾PmNcs�PmNclmNcV�npZ¾ZìNcV�NQP��hYUZ X
N#Y�V�n�NcPSZWq}rg_ìxc_hy�R�_hb4L�YUZWVtZJNQRUõ�n�PS_WV��
NQRUõQnSPS_hV�N�_�¤
R�n�Y�b�_�n�NQPSb¾_�õ�Z<NQV�NcP��hY�ZDX
N�YUV�n�NQP�ZWqcrW_�YU_hV¼��YU_WV â ^kZ�Ncÿ¹ytZgq}rW_>û � â [aý Üê_&¤�R�nSYUb¾_
nSNcPSb¾_ìPSNQs�PSNQlSNQV¹n�Z7ZìNcV�NQP��hYUZìX�N-n�PS_¼x}Za��xc_WPSPSNQR�ZWqcrW_ â

í NQÿ¹ytZWq}rg_�X
N ë xpé�P�Ð�X�Y�V��hNQP7X�N�stZWPon�{�xcy�RUZb¤�V�Y�x}Z(PmNclSy
R�npZgV¹nSNDXtZ�ZWs
RUYUxcZWq}rg_HX�_�s�PmYUV�xQ{Us�Y�_
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`gZWPmY�ZWxQYU_hVtZgROVtZìNQÿ¼y�ZWq}rW_Dû � â [aý s´_�X
N-lSNcPÕNQlSxcPmY�n�Z¾xQ_hb�_

(
−∇2 +

∑

µ,l

Ups,l(~r − ~Rµ)P̂ +
∫

2ρ(~r′)|~r − ~r′|d3~r′ + µxc(~r)

)
Ψi(~r) = εiΨi(~r)

û � â i ý

KMbdZ#lSYUb¾s�R�Y�þtxcZWq}rW_#XtZJNQÿ¹ytZWq}rg_�û � â [aý lmNcP��4_hL
n�Y�XtZ2lmN¢x}ZgXtZJy�b�X�_hl�n�NcPmb�_Wl Ý _hP�N�à�stZWV�X
YUX�_
NQb n�NQPSb¾_hlìX�N�_hV�XtZWl s�RUZWVtZWlQÜ�X�N Ý _WPSb�ZDÿ¼y
N0ZWl Ý y
V�q��¼Ncl¾X�N�_hV�XtZ<y
nSYURUY�î}ZWX�ZWlJstZglSl�Zgb Z<lmNcP
X�NQlSxQPSY�n�ZWlÕXtZ Ý _hPSb�Z

Ψj(~r) =
∑

G

C( ~Kj + ~G)exp(i( ~Kj + ~G).~r),
û � â �hý

� sO_gn�NcV
xcY�ZgR�xQ_hy�RU_Wb4L�Y�ZgV�_kNQRUNQnSP��hV
YUxc_�NÕZkX�NQV�lSY�XtZWX�N X�N�x}ZWP���Z¢V�_-NclmstZWqQ_-PSNcxQ{Us�Pm_�xQ_-sO_¼X�NQP
�
NQV¹n�rW_ lSNQP�X�N�þtV�Y�X�_ xc_hb¾_

VCoul( ~G) =
1

v

∫
VCoul(~r)e

−i ~G.~rd3r,
û � â ø ý

ρ( ~G) =
1

v

∫
ρ(~r)e−i

~G.~rd3r,
û � â jhý

KÕn�YUR�YUîcZWV�X�_ìZìNQÿ¼y�ZWq}rW_¾X�N2á:_hY�lSlm_hV3Üt_hL
nSõcbì��lmN

VCoul( ~G) =
8πρ( ~G)

G2

û � â ��ý

� _hV
lSYUX
NcP�ZgV�X�_
Ω
_�`W_hRUy�b¾N¢n�_gnpZWR�X�_¾lSY�lmnSNcb�Z
Üw^�_¾Vl¤�b¾NcPS_ n�_gnpZWR�X�Nq�gnS_hb�_Wl N

v = Ω/N
Ü

_hl nSNcPmb�_hlÕXtZìNQÿ¼y�ZWq}rW_ � â [ sO_¼X�NcbölSNcPÕNQlSxcPmY�nS_hlÕxc_hb¾_

1

2

∫
2ρ(~r)ρ(~r′)
|~r − ~r′| d

3rd3r′ = 1

2
Ω
∑

~G

VCoul( ~G)ρ( ~G),
û � â \�ý

µxc(~r) =
∑

~G

µxc( ~G)ei
~G.~r,

û � â [ f ý

∑

i

∫
Ψ∗i (~r)(−∇2)Ψi(~r)d

3r = Ω
∑

i, ~G

|C(| ~Ki +G)|2( ~Ki + ~G)2.
û � â [W[aý

� s�PSY�b�NQYUPS_7nSNcPmb�_�X�_�R�ZgX�_�Nclmÿ¼y
NcPSX
_0XtZ�Ncÿ¹ytZWqcrW_Hû � â o ý û±n�NQPSb¾_�PSN Ý NQPSNQV¹nSNdZg_hl@s�lSNQy�X�_hs´_g�
nSNcV�xQY�ZWY�l ý Ü�lSNQP
� NclSxQPSY�n�_¾xc_hb¾_�Ü�V�_ NQlSstZWqQ_�PmNcxQ{Us�Pm_�xQ_�Ü�xc_Wb�_
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Ω

(∑

~G

S( ~G)Ũps( ~G)ρ( ~G) +

∑

i,l, ~G, ~G′

C∗i ( ~K + ~G)Ci( ~K + ~G)S( ~G− ~G′)Ũps,l( ~K + ~G, ~K + ~G′)
)
,

û � â [ e ý

_hV
X�N

S( ~G− ~G′) =
∑

µ

exp[−i( ~G− ~G′). ~Rµ]
û � â [ o ý

õ#_ Ý ZgnS_hPÕX�NJNQlmnSPSy
nSy�P�Z
Ü
Ũps( ~G)

õ2Z�stZWPon�N2RU_¼x}ZWRÃÜ�_hy0X
NJRU_WV��h_�ZWRUxcZWV�xcNgÜwX�_ds�lmNcy�X
_hsO_gn�NcV
xcY�ZgR:N
Ũps,l( ~K + ~G, ~K + ~G′) õ@Z¾stZgPmn�N-V�rW_�R�_�xcZWR Ü¼_hy�X�N@xcy
Pmn�_�ZWR�x}ZWV�xQNWÜtX�_ s�lmNcy�X
_hsO_gn�NcV
xcY�ZgR â

í NQÿ¹ytZWq}rg_�X�N ë xpé�P�Ð�X�Y�V��hNQPkstZWPSZ7y�b�Zw¤�V�Y�x}ZdstZgPmn�{�xcy�RUZDû � â i ý lSNQP
�
Ü·V�_�NclmstZWqc_�PmNcxc{�s�PS_¼xc_
Ü
Y��hytZWR·Z

∑

~G′
[( ~Ki + ~G′)2δ ~G~G′ + V i

~G~G′]Ψ( ~Ki + ~G′) = εΨ( ~Ki + ~G)
û � â [ i ý

lmNcV�X�_¾ÿ¹y�N
V i
~G~G′

õ-Y��WytZWR�Z

V i
~G~G′ = VCoul( ~G′ − ~G) + µxc( ~G′ − ~G) + S( ~G′ − ~G)[Ups( ~G′ − ~G)

+
∑

l

U ′
ps,l,ki+ ~G,ki+ ~G′].

û � â [/�hý

í sO÷hl#ZWR��hy�b�ZWl-b�ZWV�YUs
y�R�ZWq	��NQl¢b�Zgn�NQbw�gnSYUxcZWlcÜ3xQ_hV�xQRUy�Y ��lSNìÿ¹y�N�Z�NcV�NQP��hYUZ�nS_WnpZgRêX�_~lmYUlon�Ncb�Z
V�_ NQlSstZWqQ_�PmNcxQ{Us�Pm_�xQ_¾lmNcP��¾NQlSxcPmY�n�Z¾xQ_hb�_

Etotal =
∑

i

εi − Ω

[
1

2

∑

~G

VCoul( ~G)ρ( ~G) +
1

4

∑

~G

µxc( ~G)ρ( ~G)

]

+
1

2

∑

µ6=v

2Z2

|~Rµ − ~Rν|
û � â [ ø ý

^�ZdNcÿ¹ytZWqcrW_�ZWxcY�bdZ�Ü´_Wlkn�NQPSb¾_hl
VCoul(0)

Ü
Ups = 0

N ∑
µ6=v

2Z2

|~Rµ−~Rν |
lSrW_dn�NQPSb¾_hl¢ÿ¹y�N4X
Y�`hNQP��hNQb

Y�V�X�Y�`¼Y�X�ytZWR�b�NQV¹nSN â á|ZgP�Z2ÿ¹y�N�NclonpZ2NQÿ¹ytZWq}rg_Js´_hlSlSZ2lSNQP ZWs
RUYUxcZWXtZ¢xQ_hb�s
y
npZWxQYU_hV�ZWRUb¾NcV�n�N õMs�PmNcxcY�lS_
ÿ¹y�N#lSN Ý ZWq}Z�ZWR��Wy�V�lMZaåmy�lon�NclMb�Zgn�NQbw�gnSYUxQ_hl â�í bdZWV
NcYUPSZìX�N Ý ZgîcNcPMYUlon�_ s´_�X�N#lSNQP�NQV�xc_WV¹nSP�ZWX�Z�V�_
ZWPon�Y��h_4_hPmY��hY�VtZWR·X
N���é
b NQn â ZWR � o4o � N@n�ZWb4L´õcb VtZìPSN Ý NQPS�QV�xcYUZ � oWi � â
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í _�lSN Ý ZWîQNcP-NQlmn�y
X�_hl@X�NìlSy
sONQP Ý {UxQYUNQl-X�NìbdZËn�NcPmY�ZWY�lkX�Nìy
bdZ7b�ZWV�NQYUP�Z��hNcPSZWR�X�N�`hNcb¾_hl@RUN�`gZWP
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NcRU_WlJZWR�n�NQPSVtZgnSY�`W_hl â<ë Ncy�lìNQlmn�y
X�_hlìX�NQb�_hV
lmn�PSZWP�Zgbzÿ¹y�N�ZWl2þ��hy�PSZWl4X�N7X
Y Ý P�Zgq}rW_~sO_¼X�NcPmY�ZWb
lmNcP4_hL
lSNcPo`gZWXtZWlìNQbzÿ¹ytZWR�ÿ¹y�NcPJnSNcb¾sONQP�ZgnSy�P�Z�Ü�Ncbzy�bzY�V�n�NcPo`gZWRU_~X�N�ZWs�Pm_}à
Y�bdZgXtZWb¾NcV�n�Nwo � f oCZgnSõdZgs�PS_}à�YUb�ZWXtZWb¾NcV�nSN � fWf oC â0ã bÔlSNQy�l4NQlmn�y
X�_hl4NQRUNdPmN}ZWR�YUîQ_hy	n�ZWb4L´õcbÔx_�gRUxcy
RU_hl#y
n�Y�RUY�î}ZWV�X
_
_~b�õ�n�_¼X�_0X�_0s�lSNQy�X�_hs´_Wn�NQV�xcYUZWR�Ncb¾s�{UPmYUxc_
Ü:b�ZWl#NcRUN�NdlmNcy�l4xQ_hR�ZgLO_hPSZWX�_hPmNcl@npZWbJLOõQb V�rW_0xQ_hV��
lmN��hy�Y�P�ZWb X�YUlon�Y�V��hy�Y�P Z PSNcxQ_hV�lon�PSy
q}rW_0û eaà2o ý X�Z¾PmNcxc_WV�lmnSPSy�qcrW_DûÃeaà
ø ý â

áª_hP y�b�RU_hV��W_4sONQPS{�_�X�_JV�NcV�é¹y�b _hy
nSPS_4n�PSZWLtZWR�é�_4NQV¹`W_hR�`WNcV�X
_�PmNcxc_WV�lmnSPSy�q	��NQlMV�Z4lSy�s´NcP Ý {UxcY�N
X�_dù@Z ë L¯ûüfhf [aý Ý _hY�s�y
L�RUY�x}ZWX�_¾ZgnSõ2ÿ¹y�NgÜONQbúb�NcZWX�_hlÕX�N []\h\f� Ü ë YUN	�hNcPÕNQn â ZWR â$� [�� ZWs�PmNclSNQV�npZWPSZWb
y�b n�PSZWLtZWR�é�_�N�à�s´NcPSY�b�NQV�npZWR¢_WV�X�N�xc_WV�xcR�y�{�ZWb ÿ¹y�NWÜ�X�NQþtV
Y�n�Y�`gZWb�NQV�n�NWÜ�ZWl�PSNQxc_hV�nSPSy�q	��NQl]û [ à�o ý Ü
ûÃeaà2o ý N�xhû eaà
ø ý NQP�ZWb X
YUlmnSYUV�npZgl â �~_hlon�P�ZgP�ZWb n�ZWb4L´õcb ÿ¼y
NWÜ|V
_�xcZWlS_~XtZ�PSNQxc_hV�lon�Pmy�q}rW_(û [ à2o ý Ü
NÌà
Y�lmnSY�Z�b�NQlSb¾_HZ<s�PmNclSNQV�q}Z*X�NI�Ën�_hb¾_hl X�N0ù#Z<VtZ<x}ZWb�ZWXtZ<X�N�lSy�s´NcP Ý {UxcY�NWÜ�åmy�V�npZWb¾NcV�n�N�xc_Wb
�gnS_hb¾_hl X�N ë L â�� l«�gn�_Wb�_hl�X�N2ù#Zìxc_WPSPSNQlSs´_hV�X�NQPSYUZWbúZ 1

3

X�_Wl»�Ën�_hb¾_hl XtZ lSy
sONQP Ý {UxQYUN â
í lSy�s´NcP Ý {UxcY�N�ûÃeaà
ø ý s´_¼X�Y�Z�lSNcP2xc_hV
lSN��Wy�YUXtZDX
NdX�ytZgl Ý _hPSb�ZWl#X�YUlon�Y�V¹n�ZWlc�4Z0s�PSY�b�NQYUPSZ
Ü:lmNcPmY�Z

nSNcPSb¾YUV��Ë��RUZ4xc_hb y�b(½ty�à�_7X
N ë LDNQb y�bdZ n�NQb�s´NcPSZgn�y�PSZ¾NQV�n�PSNJi�fhf�N2i � f oC ZWsO÷Wl�_�s�PS_¼xcNQlSlS_
X�N��0ß ã n�NcPdlSYUX
_(xc_hV
xcRUy
{UX�_(N0Z(_hy
nSP�Z
Ü lmNcPSYUZHPSNcZWRUY�î}ZWP¾y�b PSNQxc_hîQYUb¾NcV�n�_(nSõcPSb¾YUxQ_HNQb y�b�Z
lmy�sONQP Ý {�xcYUN�xc_hb PSNQxc_hV�lon�Pmy�q}rW_ xhû eaà [ f ý uJn�Ncb¾s´NcP�ZËn�y�PSZ4X�N¢ihi�f oC Ü
s´_hP y�b YUV�n�NQPm`gZWRU_2X�N¢n�NQb�s´_
X�N [ f2b¾YUV¹y
nS_hl â jky�PSZWV�n�N¢lmNcy7n�PSZWLtZWR�é�_#NcRUNQl�_WL�lSNQPm`gZWP�Zgb�ÿ¹y�NkétZ}`�YUZ2y�b�Z2s´Ncÿ¹y�NQVtZ4Ncb¾YUlml�rW_#V�_
V�{�`hNQR�X�N#vwNQPSb¾Y·_¾ÿ¹y�N@_hlÕRUNQ`W_hy~Z lmy��hNQPSYUP ÿ¹y�N#Nclml�ZWlMlSy
sONQP Ý {UxQYUNQl Ý _hlSlmNcbúb¾NQn¢�gRUYUxcZWl â

í YUV�XtZ@Ncb [}\h\f� Ü �kâ ù-_hRUN�nSn�Y
NQn â ZWR âP� � o � ZWs�PSNQlSNQV¹n�ZWP�Zgb�PmNclmy�R�n�ZWX�_hl�X�NMlSNQy�l�NQlmn�y
X�_hl�NÌà�sONQPo�
Y�b�NQV¹n�ZWYUlÕX�N2y�b�Z�lSy
sONQP Ý {UxQYUN#s�PSNQstZWPSZWXtZ�s´_hP4Ä¼ÈpÉSÆ =�= �±ÊTÆ�X
N ë LDN2NcV�xQ_hV�n�P�ZgP�ZWb PSNQlSy�R�npZWX
_hlkNQb
L´_�Z xc_hV�xQ_hPSX�TWV�xcYUZ�xQ_hb ZWÿ¹y�NcR�Ncl�s�PS_hs´_hlon�_hlMsO_WPkjky
bdZWlMstZWPSZdZ¾PSNcxQ_hV�lon�PSy
q}rW_7xhû eaà
ø ý âM� L�lSNQPo�
`gZWPSZWb ZWYUV�X�Zdÿ¹y�N4_hl¢NQlmn�ZWX�_hl¢`gZWîQYU_hl�lSN4NQV�xc_hV�nSP�Z}`gZWb ZWs´NcV�ZWl-f
Ü [Y� N�� ZgxcYUb�Z X�_�bw�aà
Y�b�_¾XtZ
LtZgV�XtZ¢X�N�`gZWR��cV�xQY�Zìûd�-ß � ý ÜW_-ÿ¹y�N PmN Ý _hPmq}Z¢Z¢Y�X�õcYUZ�X�N ë YUN��WNcP�X�N�ÿ¼y
N NclSlSZ-lSy�s´NcP Ý {UxcY�N�õ b¾NQn
�WRUY�x}Z â

áª_hy�xc_*n�Ncb¾s´_HX�NQsO_hY�lcÜ _b¤�R�nSYUb¾_Dn�PSZWLtZWR�é�_*xQ_hV�é�NQxcY�X�_(lS_WL�PSN0Z*PSNQxc_hV
lmn�Pmy�q}rg_(x�ûÃeaà
ø ý NQb
ù@Z ë L¯ûüfhf [aý Ý _WY3s�y�L�R�YUxcZWX�_ sO_WP�K â �MNQlSxpé�� ã lSlSNQP¢NQn â ZgR â«� � i � â á:_WP�b¾NcY�_ìX�NJZgV��WRUY�lSNQl�� ã�ã j NQb
y�b�ZkZgb�_hlon�PSZMX�_WstZWXtZ�nSYUs´_g��s#N�xQPSNQlSxcY�XtZ¢lS_WL�PSN�y�b lSy�L�lon�PSZgn�_-X�N ù#Z í lcÜWxc_hV�lmN��hy
YUP�Zgb NcV�à�NcP���ZWP
Z4PmNcxc_WV�lmnSPSy�qcrW_ x�û e]à�ø ý Z4y�bdZJnSNcb¾sONQP�ZgnSy�P�Z2X�N-i � f oC â w YUV�n�NQPSNQlSl�ZgV¹nSN@_hL�lSNQPm`gZWP ÿ¹y�NgÜtNcb lSNcy
nSP�ZWLtZgRUé�_�Ü�Ncb V
NcV�é¹y�búb¾_hb¾NcV�n�_ìNQRUN@xcY�npZ4_ n�P�ZgLtZWRUé
_ìX�N ë YUN	�hNcP â
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� V�_hlmlS_DnSP�ZWLtZgRUé�_�lSN7Y�V�YUxQYU_hy	xc_Wb _Wl2n�NQlmnSNclìX�_hl2s�lSNQy�X�_hs´_WnSNcV�xQY�ZWY�lJY��WV�YUxQ_hl2X
_<ù#Z�N ë L

ZdlmNcPmNcb y
n�Y�RUYUîcZWX�_hlÕV�_dNclmnSy�X�_�XtZ�lSy�s´NcP Ý {UxcY�Ncl¢ù#Z ë L¯ûÃfhf [aý �Ìû eaà
ø ý â¢� s�PmYUb¾NcYUPm_¾nSNclon�N4PmN}ZWR�YUî}ZgX�_
xQ_hV�lSY�lmnSYUyìNcb X�NQnSNcPSb¾YUV�ZWPSb¾_hl|_WlêstZWP�Tgb�N�n�PS_WlêX�N PSNQX�NÕstZWP�Z-Zgl�NQlmnSPSy
nSy�P�Z-xcPmYUlonpZWR�YUVtZkX
_Jù@Z¢N X�_
ë L â á|ZWPSZ�npZWV�nS_�Ü·`hNQPSY�þtx}ZWPmb�_Wl¢Zd`gZWPSYUZWq}rg_dXtZdNQV�NcP��hY�Z¾n�_Wn�ZWR:X
NclSlSZWl@Nclon�PSy�n�y�PSZWl¢Ncb Ý y�V�qcrW_7XtZ
`gZWPmY�ZWqcrW_¢X�_#stZWPSTWb�N�n�Pm_-XtZ-PSNcX
N

(a0)
â�� _Wb Nclon�NÕs�PS_¼xcNQX�YUb¾NcV�nS_#X
NQn�NQPSb¾YUVtZgb�_hl:_hl�stZWPSTWb�N�n�Pm_hl

X�N@PmNcX�N-n�NQ÷hPSY�xc_hl s�ZWP�Zìx}ZgXtZ¾xQPSY�lmnpZgR3N@xc_hb¾stZWPSZWb�_Wl xc_hbö_hl `gZWRU_hPmNcl NÌà
s´NcPmYUb¾NcV�npZgYUl â
á:ZWP�Z-_-xcPmYUlonpZWR�X�N�ù#Z
ÜWxc_hV�lmYUX�NQP�ZWb¾_hl�y
bdZ¢xQõcRUy
R�Z¢_hPon�_hPmP��hb4L
YUx}ZMxc_hV�nSNcV�X�_#_hY�n�_��gnS_hb¾_hl�s´_hP

xQõcRUy
R�Z7y�V�Y�n¢�WPmY�Z
Ü3v|Y��hy
P�Z [ e¼ÜªlmNcV�X
_~ÿ¹y�N X�ytZgl#X�ZWl@X�YUb¾NcV�l���NQl-XtZ�xcõcR�y�R�Z Ý _WP�ZWb xc_hR�_�xcZWXtZWl-NQb
nSNcPSb¾_hl XtZì_hy�n�P�ZìX�Y�b�NQV�l�rg_0ûüZWÿ¹y�Y�X�NQV�_hb¾YUVtZWX�Z

a0
ý ÜtZ ÿ¼y�ZWR Ý _hY�ZWs
PS_hs�PmY�ZWX�ZWb�NQV�n�Nk`gZWPmY�ZWXtZ â
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� ÓWÔÖÕ�×ÙØOÚ Û/o¦äôâ�àLá8ØOÚ¦Ú���ÚfØLÔöÚ��èÿfâ¦éîÚ¦íèïÙíGØ8Õ�ÔçÚ¦á8âfá+ÚfðWíèä ñs×Ùï��èÿfâøéîÚ íGïÙíèØLÕ�ÔöÚ éÙíôæèâ�Ø!áOí û�� Ú



Ë/é

6 8 10 12 14 16 18 20 22 24 26 28 30 32
Ecut (Ry)

-23.92

-23,915

-23,910

-23,905

-23,900

-23,895

-23,890

-23,885

-23,880

E
ne
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ia

 (H
a)

Energia (Ha) X Ecut (Ry)
Ga-bulk

ÓWÔÖÕ�×ÙØ8ÚôÛ/oÞÝ���ÚfØ8ÔçÚ�� ÿ�â�éîÚ�íGïÙíèØLÕ�ÔöÚ¤áOâfáOÚfð�ëÙÚfØOÚ�â�ê¤Ú¤íèä ñs×Ùï�� ÿ�â�éîÚ�íèï0íèØ8ÕfÔöÚ�éÙítæèâ�Ø!áOí��Ù×0áOÔÖðçÔ�� ÚfïÙé0ââ§ëîÚfØ��fäôíGáOØLâ�éÙíQØ8íGéÙíýí òÞë�íGØ8Ôçäôíèï�áOÚfð������ � Û ¥	�iû



Ë/ë

4,45 4,50 4,55 4,60 4,65 4,70
Alat (Å)

-23,913

-23,912

-23,911

-23,910

-23,909

-23,908

-23,907

-23,906

E
ne

rg
ia

 (H
a)

Ga-bulk
Fit ordem 3

Energia (Ha) X Alat (Å)
Ga-bulk

ÓWÔÖÕ�×ÙØ8ÚlÛ �ÙÝ!��ÚfØ8ÔçÚ�� ÿfâ éÙÚ íèï0íèØ8ÕfÔöÚ áOâfáOÚfð�ëîÚfØ8Úøâ êQÚ¦íGä ñs×Ùï��èÿfâ é0â ëîÚfØ��fäôíGáOØLâ¦éîÚøØLíèéÙí��WëîÚ�ØOÚ×ÙäXÚBíèï0íèØ8ÕfÔöÚ�éÙíQæèâ�Ø!áOíQéÙí§Û#"4�%$ û



Ì_ì

Úfï�&fðçÔÖà8í�éîÚ æè×ÙØ'��Ú¤Ú�ëÙØ8íGà8íèï�áOÚféîÚ���â�å0à8íèØ'��Ú��oàLí%�£×0í�×ÙäªÚtíèïÙíGØ8Õ�ÔçÚ éÙí~æèâfØLáOí�éÙí Û#"4�%$�ì�&�ñsâ�Ø8ïÙíGæèí�×ÙäXÚæGâ�ï
��íèØLÕ�õèï0æèÔöÚtàOÚ�á8ÔçàLñ;Ú�á)(�ØLÔöÚ��`éÙÔóñsíèØ8ÔÖïÙéÙâtíèä+*��,* j í-�Iæèâ�ä Ø8íGðöÚ��èÿfâ Ú�â.��ÚfðçâfØ éÙÚ,íèïÙíGØ8Õ�ÔçÚtæGâ�ï
��íèØLÕ�ÔçéÙÚ��àLíèïÙéÙâ/� ×Ùí�íèà!á+ÚQéÙÔÖñsíGØ8íèï�� Ú	0�ëîÚfØOÚ ×ÙäXÚ æ�0Gðç×ÙðçÚ æèâ�ï�áOíGïÙéÙâ21!&�áOâ�äôâ�à û � éÙâfá+Ú�äXâ�à���ë�âfØLá+Ú�ï á8â���íèà!á+ÚíGïÙíèØLÕ�ÔöÚ�éÙíQæèâfØLáOí íQëîÚ�ØLáOÔÖäXâfà~ëîÚfØ8Ú§âôæ &�ðçæè×0ðçâ�éÙâ§ëîÚfØ��fäôíGáOØLâ§éÙíQØ8íèé0íQá8í�(�ØLÔçæGâ û
�43 Õ�×0ØOÚQÛ �täôâ�à!áOØOÚ�Ú%��ÚfØ8ÔçÚ�� ÿfâ�éÙÚtíèï0íèØ8ÕfÔöÚ~áOâfáOÚfð�éÙâ�æèØLÔçàLáOÚfð�éÙí�êQÚ�íGä ñs×Ùï��èÿfâté0âtëîÚ�Ø)�fäôíGá8Ø8âéÙíýØ8íGéÙíBëîÚfØ8Úª×ÙäXÚXíGïÙíèØLÕ�ÔöÚªé0í�æèâfØLáOíýéÙí Û#"��5$6� ×Ùí�ñsâ�Ô â�å0á8ÔçéîÚXÚfï�áOíGØ8ÔçâfØ8äôíèï�áOí û7� ÚªÚfï8&fðÖÔçà8í¤éîÚæG×ÙØ9��Ú�ÚfëÙØ8íGà8íGï áOÚféîÚ�ïîÚ�� ×ÙíèðÖí ÕfØ)& 3 æGâ�â�å0á)0Gä:��à8í'â5�fÚ�ðçâ�Ø;��� ��<J¥ ëîÚfØ8Ú�â�ëîÚfØ��fäXíiáOØLâ�éÙí ØLíèéÙí�éÙâ,ê¤Ú=�â>� ×îÚ�ð�éÙÔóñsíèØ8í,éÙí

1, 77%
éÙâ?��ÚfðÖâ�Ø�íiòÞë�íGØ8ÔÖäXíGï áOÚfð@�A� ×Ùí	0 ÔÖÕ�×îÚfð�Ú?��� � Û ¥ýû � àLà8ÔÖäB�£æèâ�äôâBíGàLá+Ú�äXâ�à×0á8ÔçðÖÔ�� Ú�ïÙéÙâªë0à8íè×0éÙâ�ë âfáOíGïÙæèÔçÚfÔçàQê¤ê � ��ÕfíèØOÚ�éÙâ�à ë íèðçâ ë0Ø8â£æèíèé0Ôçäôíèï�áOâ éÙíDC Ø8âf×ÙðçðÖÔçíèØE�'F Ú�ØLáOÔÖïÙà�� íèàLà8íØLíèà8×0ðÖá+Ú�éÙâ ëîÚfØ8Útâ ëÙÚfØ)�fäôíGá8Ø8âtéÙí~Ø8íGéÙí�á8í�(�ØLÔçæèâtðçÔÖÕ�íèÔÖØOÚfäôíèï�áOí'äXÚfÔçâfØ é0âG� ×Ùí~â7��ÚfðÖâ�Ø�í òÞë�íGØ8Ôçäôíèï�áOÚfð

0�íèàLë�íGØOÚféÙâýí�� ë íèðöÚQë í�� ×ÙíèïÙÚ�éÙÔÖñsíGØ8íGï�� Ú¤ÚfëÙØLíèà8íGï�á+ÚféîÚ=�0ë âÞéÙíH�oàLí�æGâ�ïÙæGðç×ÙÔÖØI� ×Ùí�â�ë0à8íè×0éÙâ�ë âfáOíGïÙæèÔçÚfðÔÖã�ïÙÔçæGâ¦éÙâlêQÚ é0íèà8æGØ8íJ��í å íèä¡ÚøíèàLá8Ø8×0á8×ÙØOÚ Ú�áOãfäXÔÖæ Ú éÙíèàLà8í æGØ8ÔÖàLá+Ú�ð ûLK à¤ïÙâ�àLà8â�àýæ &fðÖæè×ÙðÖâ�à ñsâ�ØOÚfäíiñsíGáO×ÙÚféÙâ�à�äªÚfï�á8íèïÙéÙâ,à8í 3 ò0Ú Ú,Ø8Ú�� ÿ�â
c0/a0

í���ÚfØLÔöÚfïÙé0â��oàLí�â.��ÚfðÖâ�Ø éÙí
a0

×ÙäXÚ.��í��M� ×Ùí~íGä4á8íèàLá8íèàëÙØLíèðÖÔçäôÔçïîÚfØLíèà�×0äªÚG��ÚfØ8ÔçÚ�� ÿ�â¤íGä
c0/a0

ëÙØOÚ�áOÔçæèÚfäôíèï�áOí�ïîÿfâ¤ëÙØLâN�fâÞæGâ�× Ú�ðÖáOíGØOÚ��èÿfâQïÙâ�à Úf×0á8âN��ÚfðÖâ�Ø8íGàéÙíQíGïÙíèØLÕ�ÔöÚ�í ïÙíGä�ïÙâ§äXþÖïÙÔçäôâ�ëîÚ�ØOÚ§âôëÙÚfØ)�fäôíGá8Ø8â�éîÚ§Ø8íGéÙí û
O�ÚfØOÚ§âQPÞåR�Ùñsâ�Ô æGâ�ïÙàLÔçéÙíGØOÚféîÚôÚ�à8×îÚ§íèà!áOØL×0áO×ÙØ8ÚôØLâ�äBå â=0GéÙØ8ÔÖæ ÚBäôâ�àLá8ØOÚféÙÚBïîÚ 3 Õ�×ÙØOÚ Û �£û

a0

a0

STSTSSTSTSSTSTSSTSTSSTSTS
UTUTUUTUTUUTUTUUTUTUUTUTU

VTVTVTVVTVTVTVVTVTVTVVTVTVTVVTVTVTV
WTWTWTWWTWTWTWWTWTWTWWTWTWTWWTWTWTWXTXTXTXXTXTXTXXTXTXTXXTXTXTXXTXTXTX

YTYTYTYYTYTYTYYTYTYTYYTYTYTYYTYTYTYZTZTZTZZTZTZTZZTZTZTZZTZTZTZZTZTZTZ
[T[T[[T[T[[T[T[[T[T[[T[T[\T\T\T\\T\T\T\\T\T\T\\T\T\T\\T\T\T\

]T]T]T]]T]T]T]]T]T]T]]T]T]T]]T]T]T]
^T^T^^T^T^^T^T^^T^T^^T^T^
_T_T__T_T__T_T__T_T__T_T_

ÓWÔÖÕ�×ÙØOÚ Û#`ÞÝ�O�Ø8â�ìLí���a£íèà�éîÚ�íèàLá8Ø8×0á8×ÙØOÚôØ8â�ä�å�âA0èéÙØLÔçæèÚ�éÙâbPÞåR�îéÙí¤ÚfæGâ�Ø8éÙâ§æGâ�ä�Ú�Ø8íiñsíèØ8õGïÙæèÔçÚ ÷,`c` ù�û
� ��ÚfØ8ÔçÚ�� ÿ�â�éîÚ�íGïÙíèØLÕ�ÔöÚ~á8âfá+Úfð�é0íèà8àLí æGØ8ÔÖàLá+Ú�ð�íèäTñs×Ùï�� ÿfâ�éÙâ�ëîÚfØ)��äXíiáOØ8â�éÙí'ØLíèéÙí�íèà!ád&�äXâ�à!áOØ8ÚféîÚïîÚ¦ÓWÔÖÕ�×ÙØ8ÚlÛNe û �;å � �f� ×Ùí§ñsâ�ØLïÙíèæGíôâ���ÚfðçâfØ,áOí�(�Ø8ÔÖæèâ¦éÙí:���,gc1LhVëÙÚfØOÚ¦â¦ëîÚfØ)��äXíiáOØ8â¦éÙí§ØLíèéÙí§éÙíGà8à8íæGØ8Ôçà!á+Úfði�`â.� ×îÚfð éÙÔóñsíèØLí�é0í�Û��j"�Ü�k éÙâ,ØLíèàLë�íGæGáOÔl��âm�fÚ�ðçâ�Ø.í ò0ë íèØLÔçäôíèï�á+Ú�ðn�����,g0Û h � �úæè×`ìLâm��ÚfðÖâ�Ø á+Úfä�åo0Gäñsâ�Ô�æèâ�ïÙàLÔçéÙíGØOÚfé0âôà8Ú�áOÔÖàLñ;Ú�á�(�Ø8ÔÖâ�ëîÚfØ8Ú§âfà�ëÙØ8íGà8íèï�á8íèà,æ�&fðçæG×Ùðçâfà û
� ëo(�à.á8íèØ8äôâ�à ñsíGÔÖáOâ�âfà æ�&fðçæG×Ùðçâfà éîÚfàKíèà!áOØL×0áO×ÙØ8Úfà æèØ8ÔÖàLáOÚfðçÔÖïîÚfà�é0â êQÚ~í'éÙâ.PÞåýæGâ�äôí�� Ú�äXâ�à.íGï�á+ÿfâÚkíGàLáO×0éîÚfØøÚkáOØOÚ�ïÙàLñsíGØ8Ôçå0ÔçðçÔÖéîÚféÙíøéÙâ�à ë0à8íè×0éÙâ�ë âfáOíGïÙæèÔçÚfÔçà¦Ú�á8ã�äôÔçæèâfà ëîÚfØ8ÚkâDæèÚfà8â6éÙâ6æGâ�äXë â�à!áOâ
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Ecut (Ry)
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-10,866

-10,864

-10,862
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Energia (Ha) X Ecut (Ry)
Sb-bulk

ÓWÔÖÕ�×ÙØ8ÚªÛ#"0Ý���Ú�Ø8ÔöÚ�� ÿfâBéÙÚBíèïÙíGØ8Õ�ÔçÚ�áOâfáOÚfð�ëîÚ�ØOÚBâQPÞå íèä ñs×Ùï�� ÿ�â�éîÚ�íèïÙíGØ8Õ�ÔçÚ�éÙí æèâfØLáOí��î×0áOÔÖðçÔ�� ÚfïÙé0â×Ùä ëîÚfØOÚ�Ø)�fäôíGá8Ø8â�éÙíQØ8íGéÙíQÔçÕ�×ÙÚfð Ú:���,g0Û h û



p r

4,30 4,32 4,34 4,36 4,38 4,40 4,42 4,44
Alat (Å)

-10,8718

-10,8716

-10,8714

-10,8712

-10,8710

-10,8708
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ne
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ia

 (H
a)

Sb-bulk
Fit ordem 3

Energia (ha) X Alat (Å)
Sb-bulk

ÓWÔÖÕ�×ÙØ8Ú ÛNeÞÝ%��ÚfØLÔöÚ��èÿfâ éîÚXíèïÙíGØ8Õ�ÔçÚªáOâfáOÚfð�ëÙÚfØOÚªâ6P£å íèä ñs×Ùï�� ÿ�â éÙâ ëîÚfØ��fäXíiáOØLâ éîÚªØLíèéÙí�ëîÚ�ØOÚªâ
PÞåA�oåÙ×Ùð�
s�ÙëîÚfØ8Ú§×0äªÚ�íèï0íèØ8ÕfÔöÚ�éÙíQæèâ�Ø!áOíQÔçÕf×îÚfð Ú Û#":t%$ û



p u

êQÚ
PÞåR��Ø8íèÚfðçÔ�� Úfï0éÙâkâ�äôíèà8äôâkáOÔÖë�â5éÙí íèà!áO×ÙéÙâDéÙí äôÔçïÙÔÖäXÔ�� Ú��èÿfâ�éîÚkíèïÙíGØ8Õ�ÔçÚ5áOâfáOÚfð,ëÙÚfØOÚ�íèàLà8íæGâ�äXë â�à!áOâ û
�.� ÓWÔçÕ�×0ØOÚ Û#1Bäôâ�àLá8ØOÚ�Ú�æè×0Ø9��Ú�â�å0áOÔÖéîÚBëîÚfØ8Ú§Ú§íGïÙíèØLÕ�ÔöÚ�á8âfá+Ú�ð éÙâXê¤ÚcPÞåwv�x=yjz��ÙïÙÚ§íGàLá8Ø8×0á8×ÙØOÚ

{�|~}�� v�y�� }n� �J�Þæèâ�ä éÙâ�Ôçà5&�áOâ�äôâ�à�ïîÚ�åîÚfàLíýí ×0äªÚ�íèï0íèØ8ÕfÔöÚ�éÙíQæèâ�Ø!áOíQéÙí§Û#"ct%$ û

6,16 6,18 6,20 6,22 6,24 6,26 6,28 6,30
Alat (Å)

-8,4398

-8,4397

-8,4396

-8,4395

E
ne
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ia

 (H
a)

GaSb-bulk
Fit ordem 3

Energia (Ha) X Alat (Å)
GaSb-bulk

ÓWÔÖÕ�×ÙØ8ÚªÛ#10Ý���Ú�Ø8ÔöÚ�� ÿfâBéÙÚ§íGïÙíèØLÕ�ÔöÚ�á8âfá+Ú�ð�íèäVñs×Ùï��èÿfâ§éÙâ�ëîÚfØ��fäXíiáOØLâ�éîÚBØ8íGéÙí ëîÚfØ8Ú§âôêQÚ
PÞåA�oåÙ×Ùð�
s�×0á8ÔçðÖÔ�� Ú�ïÙéÙâBâ�à�ëÙàLíè×Ùé0â�ë�â�áOíèï0æèÔöÚ�Ôçà%CmF¡Ú�áOã�äôÔçæGâ�à~íQ×ÙäXÚ�íèïÙíGØ8Õ�ÔçÚ§é0í¤æGâ�ØLá8íQéÙí§Û#":t5$ û
��â¤ÕfØ)& 3 æGâQéîÚ 3 Õ�×ÙØOÚ�Û#1 â�å0à8íèØ'��ÚfäXâfà�×Ùä äôþçïÙÔÖäXâtéÙí�íèïÙíGØ8Õ�ÔçÚQëÙÚfØOÚ ×Ùä ëÙÚfØ)�fäôíGá8Ø8â éÙí�ØLíèéÙíÔÖÕ�×îÚfð�ÚT"=� Ü�g>h�� ×Ùí!0 æèíGØ8æèÚôéÙí

2, 09%
äXÚfÔçâ�Ø éÙâT�£×0í¤âD��ÚfðÖâ�Ø~íiòÞë íèØLÔçäôíèï�á+Úfð��i"��,* < ` < h �iû8� äªÚéÙÔóñsíèØLíèï��èÚ§é0íýÚ�á)0

3%
0ýÚ�æèíèÔóád& ��íGð.ëîÚfØ8ÚXÚ§ÚfëÙØLâ ò0ÔÖäªÚ�� ÿfâôê¤ê � û

ß�ä à8íGÕ�×ÙÔçéÙÚ���×ÞáOÔçðÖÔ��èÚfïÙéÙâ§âªëÙÚfØ)�fäôíGá8Ø8âôéÙí�ØLíèéÙíýéÙí�í�� ×ÙÔçðÖþçåÙØLÔçâ�íèï0æèâ�ï�áOØ8ÚféÙâ���éÙí>"=� Ü�g�hFØLí Úfð��Ô�� Úfäôâ�àW×0ä íèà!áO×ÙéÙâ¤éîÚ æèâfï��fíèØLÕ�õèïÙæGÔöÚQéîÚ íèïÙíGØ8Õ�ÔçÚ áOâfáOÚfð0éÙâýêQÚ
PÞåBv�xAyjz~æGâ�ä�ØLíèðöÚ�� ÿfâQÚ íèï0íèØ8ÕfÔöÚ éÙíæGâ�ØLá8í?�;ß�æè×0á � �£Ú/� ×îÚ�ðîéÙí 3 ï0í,Ú	� ×îÚfï�áOÔÖéîÚféÙí�éÙí�â�ïÙéÙÚfà'ëÙðöÚfïÙÚfà�ëÙØ8íGà8íGï á8íèà ïîÚ¤í òÞëîÚfïÙà8ÿfâýéÙÚQñs×Ùï�� ÿfâ



p��

éÙí�âfïÙéîÚ íèðÖíGáOØLã�ïÙÔÖæ Ú û � ÓWÔÖÕ�×ÙØOÚ Û < ÚfëÙØ8íGà8íGï áOÚ âøÕfØ)& 3 æGâ æèâ�ä Úb�fÚ�Ø8ÔöÚ�� ÿfâ éÙÚ¦íGïÙíèØLÕ�ÔöÚªá8âfá+Ú�ðWéÙâêQÚ
PÞå¦íèä ñs×Ùï�� ÿ�âôéÙÚôíGïÙíèØLÕ�ÔöÚ�éÙíQæèâfØLáOíQ�síèä ×Ùï0ÔçéîÚfé0íèà�éÙí/t5$ � û

6 8 10 12 14 16 18 20 22 24 26 28 30 32
Ecut (Ry)
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-8,438
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-8,434

-8,432

-8,430

-8,428
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Energia (Ha) X Ecut (Ry)
GaSb-bulk

ÓWÔÖÕ�×ÙØ8ÚªÛ < Ý'ß�ïÙíGØ8Õ�ÔçÚfà~áOâfáOÚfÔçà�íèä ñs×Ùï�� ÿfâ§éîÚ�íèï0íèØ8ÕfÔöÚ�éÙíQæèâ�Ø!áOí ëîÚ�ØOÚ�âXê¤Ú
P£å=�oåÙ×0ð�
s�Ù×0á8ÔçðçÔ�� Úfï0éÙâ�âëîÚ�Ø)�fäôíGá8Ø8â�éÙíQØ8íGéÙíQéÙíQí�� ×ÙÔÖðçþçå0Ø8Ôçâ û



p �

� ëîÚfØ!áOÔçØ.é0âtÕ�Ø�& 3 æGâtéîÚtÓWÔçÕf×ÙØOÚ Û < �`ë âÞé0íèäôâ�àKë�íGØ8æèíGå�íGØ�� ×Ùí�×ÙäXÚ�íGïÙíèØLÕ�ÔöÚ�éÙí�æèâ�Ø!áOí'äXíGïÙâ�ØKéÙâ
� ×Ùí�Û#"%t%$ ëÙØLâÞé0×��'×ÙäªÚ~é0ÔÖñsíèØLíèï��èÚ�äªÚfÔÖâ�Ø éÙâ5�£×0í�Ü�e�äôí-��íGä Ø8íGðöÚ��èÿfâ�Ú�íèïÙíGØ8Õ�ÔçÚ~æèâ�ï
��íGØ8Õ�ÔÖéîÚ/��� ×Ùíâ£æèâ�ØLØ8í�ëîÚ�ØOÚQ×ÙäªÚ íGïÙíèØLÕ�ÔöÚQéÙí�æèâ�Ø!áOí�éÙí�æèíGØ8æ Ú¤éÙímgc*/t5$ � ëîÚfØ8Ú¤â�ê¤ÚcPÞå§åÙ×Ùð�
 û ß�ï�áOØLíGáOÚfï�áOâ��£æèâ�äôâíGàLá+Ú�Ø8íèäôâ�àWá8ØOÚfåÙÚfð��îÚ�ïÙéÙâ æGâ�ä�×ÙäXÚ,íGàLáOØL×0áO×0ØOÚ Õ�ØOÚ�ïÙéÙí�ïÙâ íGàLáO×0éÙâQéîÚ à8×Ùë íèØ!ñsþçæGÔçí�êQÚ
PÞå���*c*0Û � �!Ü`ò�"��â>� ×Ùí,ïÙâ�à~éÙíGÔóò0ÚBðçÔÖäXÔóá+Úfé0â¤íGäVá8íèØLäXâ�à éÙí ëÙØLâÞæGíèàLàOÚfäôíèï�áOâ�æGâ�äôëÙ×0á+Ú�æèÔçâfïîÚfð@� â�ëÞá+Úfäôâ�à á8ØOÚfåÙÚfð��îÚ�ØæGâ�ä�×ÙäXÚ íèïÙíGØ8Õ�ÔçÚ éÙí�æèâ�Ø!áOí�ÔçÕ�×ÙÚfðÙÚ�Û#"!t%$c��� ×Ùí�à8ÔçÕfïÙÔ 3 æèÚ ×ÙäXÚQé0ÔÖñsíèØLíèï��èÚ éÙítÜce äXí-� éîÚQíèï0íèØ8ÕfÔöÚá8âfá+Úfð�æèâ�ï
��íGØ8Õ�ÔÖéîÚ§ëîÚfØOÚ�â§æ &�ðçæè×0ðçâ�éîÚ§íèà!áOØ8×ÞáO×ÙØ8Ú {�|~}�� v�y�� }n� ��éÙâªêQÚ
PÞåR�ÙæGâ�ä éÙâfÔçà5&�á8â�äXâfà û
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� Úfï�&fðçÔÖà8í éîÚ Ó�ÔçÕ�×ÙØ8Ú�Ü�� äôâ�àLá8ØOÚ�� ×Ùí áOâ£éÙâ�à�â�à�é0þçäôíèØ8âfàBà8í ñsâ�ØLäªÚ�ä�éÙí äXÚfïÙíGÔçØ8ÚläB×ÙÔÖá8âàLÔçäT0GáOØLÔçæèÚ��îæèâ�ä â�à7&�áOâ�äôâ�à�éÙíDP£åléÙâ�à é0þçäôíèØ8âfàtéîÚXà8×Ùë íèØ!ñsþçæèÔÖíýàLíèëîÚ�ØOÚféÙâfà éÙí�ÜA� < Û2h�íBæGâ�ä â�à
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ÓWÔÖÕ�×ÙØ8Ú¦Ü��ÙÝ/F â£éÙíèðÖâ¦éÙí�P£ÔçíèÕfíèØ æèâfä â�àQØ8íGà8ë íèæGá8Ô��fâ�àýæGâ�äôëÙØ8ÔÖäXíGï á8â�à éÙí§ðçÔÖÕ�Ú��èÿfâ���� Ú � �£Ôçà!áOâøéÙíá8â�ë�â§íT�så � �ÞÔÖàLá8âôé0í¤ðçÚféÙâ û C�â£éÙâ�à�Úfà�äôíèéÙÔÖéîÚfà�íèä h û

ÓWÔÖÕ�×ÙØ8Ú�Üc`ÞÝfF â£éÙíGðçâ�éÙíIPÞÔÖíèÕ�íGØ.æèâ�ä
Ú�à.Ø8íèàLë�íGæGá8Ô���ÚfàKéÙÔçà!ád�fï0æèÔöÚ�à.Ôçï�áOíGØ8ëÙðçÚfïîÚfØLíèà û C âÞéÙÚfàKÚfàKäXíGéÙÔçéÙÚfàíGä¨h û
&�á8â�äôâ�à,éÙíTP£å�é0â�à éÙþçäôíèØLâ�à éîÚ æèÚfäXÚféîÚ à8×0å=�oàL×Ùë�íGØ 3 æGÔöÚfðWà8íèëÙÚfØOÚfé0â�àQë�â�Ø Ü=� < `bh û � é0ÔçàLá)�fïÙæGÔöÚíGï á8Ø8íøâ�à§éÙþçäôíèØLâ�à�éîÚ�à8×Ùë íèØ!ñsþçæGÔçí¦ïîÚ�éÙÔçØLí�� ÿ�â{÷ ÛL�+ÛB* ù 0¦éÙíB���,�
*�h â¼�£×0í àLÔçÕ�ïÙÔ 3 æ Ú�� ×Ùíøïîÿfâ
�8&XØ8íèðçÚ�ò0Úfäôíèï�áOâXéÙâ�àG&�áOâ�äôâ�à�éÙí:PÞålé0íèà8àLíèàQéÙþÖäXíGØ8â�à�ïîÚªéÙÔÖØ8í�� ÿfâ ÷óÛ2�OÛD* ù ��íGä ØLíèðçÚ�� ÿfâªÚfà,àL×îÚfàë â�à8Ô���a£íèà�ïÙâBv�xAyjz û

� Ú 3 Õ�×ÙØ8Ú���Ü�` � á8íèäD�oàLíb� ×Ùí Ú ÚfðÖá8×ÙØOÚ¦éÙâ�àýéÙþçäôíèØLâ�àýéÙÚ à8×0ë�íGØLñsþçæGÔçíôíèä¡Ø8íGðöÚ��èÿfâ98øà8íGÕ�×ÙïÙéîÚæèÚfäªÚ�éîÚ�Ú�áOã�äôÔçæèÚM0 é0ítÛc�,1c*5h �£×0í­0I*�� Üc`5hDäXÚfÔçâ�Ø�éÙâ.� ×Ùí�Ú�é0ÔçàLá)�fïÙæGÔöÚ�íèï�áOØLí âfà�ëÙðçÚfïÙâ�à Ú�á8ã�äôÔçæèâfàéÙíýêQÚ�í¤âfà�ë0ðöÚfïÙâfàtÚ�áOã�äôÔçæGâ�à~éÙí2PÞå ïîÚ�Ø8íèÕfÔöÿfâ§éÙíQv�xAyjzT�!Û��ò`c`>h �iûnK Úf×0äXíGï á8â§éÙíèàLàOÚXé0ÔçàLá)�fïÙæGÔöÚÔÖï á8íèØLëÙðöÚfïÙÚfØBéîÚ éÙ×Ùë0ðöÚlæ Ú�äªÚféÙÚ�é0í6PÞå ì�& íGØOÚ íèàLë�íGØOÚféÙâ���×ÙäXÚú��í��B� ×Ùí¦â�à�â�àT&�á8â�äôâ�àBéÙíBPÞåë â�à8àL×Ùíèä�Ø8ÚfÔçâfà~æèâ�ï
��ÚfðÖíèï�áOíGàtäXÚfÔçâfØ8íèà�éÙâ:�£×0íýâ§ØOÚ�Ôçâ�æèâ#��ÚfðÖíèï�áOíQéÙâXêQÚ û
K à¦éÙþçäôíèØLâ�à éÙíwPÞå éîÚ6æ ÚfäXÚféîÚkàL×Ùå=�oàL×Ùë íèØ 3 æèÔöÚ�ð¤íGàLáOÿfâ6à8ÔÖá8×îÚféÙâfàøíGä ×Ùä ë0ðöÚfïÙâ Ûc�je�Ü�hÚfæGÔçäXÚ éîÚ�æ Ú�äªÚféÙÚýÚ�á8ã�äôÔçæ ÚQéÙí ê¤ÚQ�sá8íèØ8æGíèÔÖØOÚýæèÚfäXÚféîÚ � �ÞàLíèïÙéÙâ�íèà8àLí7��ÚfðçâfØ�*=�ÖÛNe!hTäXÚfÔçâfØ�éÙâ?� ×ÙíÚ�éÙÔÖàLád��ïÙæèÔçÚBÔçï�áOíGØ8ëÙðçÚfïîÚfØ5P£å=�!êQÚ�ïîÚôØLíèÕ�Ôçÿfâ�éÙíQv�xAyjz û
K æèâ�äôëÙØ8ÔÖäXíGï�áOâ éîÚfà§ðÖÔçÕ�Ú���aÞíGà�éÙâfàôé0þçäôíèØ8âfà:PÞå=�EPÞå{éÙÚ�æèÚfäXÚféîÚ éÙí à8×0ë�íGØLñsþçæGÔçíL0¦éÙí Ü=� < Û

hÙ� ×Ùí60B*=�ÖÛ�Û�h äXÚfÔçâ�Ø�éÙâw� ×Ùí Ú à8â�äXÚ�éÙâ�à§ØOÚfÔÖâ�à�æèâ#��ÚfðÖíèï�áOíGàXéÙâ�PÞå ��Ü=�,1c*�h �iû �tÚ�æèÚfäXÚféîÚàL×Ùå=�oàL×Ùë íèØ 3 æèÔöÚ�ð@�Ùâ�à�æGâ�äôëÙØ8ÔÖäXíGï á8â�à~éîÚ�à�ðçÔçÕ�Ú���a£íèà5P£å���ÜfÚ�æèÚfäªÚ�éîÚ � �$ê¤Ú��ig�Ú¤æ ÚfäXÚféîÚ � àOÿfâ§éÙíýÜ=�jeÞÛ
h
æGíèØ8æèÚXéÙí/*��,*
`?h äXÚfÔçâ�Ø éÙâT�£×0íýÚ§à8âfäªÚBéÙâfà�Ø8ÚfÔçâfà�æèâ#��ÚfðçíGï á8íèà�éÙâªê¤ÚBí2PÞå���ÜA�j"c"�h �iû

�tÚfà 3 Õ�×ÙØ8Úfà>� Ü�" � íb��Üce � àOÿfâXÚfëÙØLíèà8íGï�á+ÚféÙâfà,â�à�æèâfäXïÙë0Ø8Ôçäôíèï�á8â�à�éÙí¤ðçÔçÕ�Ú�� ÿfâ�ëÙÚfØOÚ�âôäXâ£éÙíèðÖâ
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ÓWÔÖÕ�×ÙØ8Ú¦Ü�"0Ý?F âÞé0íèðçâ�Ô9Ô:�@F��-Ô�Ô � æèâfä â�àQØ8íèàLë�íGæGá8Ô���âfà�æèâfäXëÙØLÔçäôíèï�áOâfà éÙíXðÖÔçÕ�Ú�� ÿfâ��­� Ú � �£Ôçà!áOâøéÙíá8â�ë�â§íT�så � �£Ôçà!áOâôðöÚ�á8íèØ8Úfðçäôíèï�áOí û

ÓWÔçÕf×ÙØOÚ§Üce£ÝIF âÞé0íèðçâ:Ô9ÔG�iF��»Ô9Ô � æGâ�ä âfà�æGâ�äôëÙØ8ÔÖäXíGï á8â�à~éÙí¤ðçÔÖÕ�Ú��èÿfâBÔçï�á8íèØ8ë0ðöÚfïîÚ�Ø
� Úfï8&�ðçÔçàLíBéîÚøÓWÔçÕf×ÙØOÚì� Ü�" � äôâ�àLá8ØOÚL� ×ÙíXâfà¤é0þçäôíèØ8âfà	�£×0íXàLíôíGïÙæèâfï á8ØOÚfä ë0Ø�( òÞÔçäôâ�à ÔçØ8ÿfâ à8íñsâ�ØLäªÚ�Ø,éÙí§äXÚfïÙíèÔÖØOÚªàLÔçäT0Gá8Ø8ÔçæèÚ�� æGâ�ä â�à/&�á8â�äôâ�à éÙíTPÞå�éÙâ�à é0þçäôíèØ8âfà éîÚ à8×Ùë íèØ!ñsþçæèÔÖíBà8íGëîÚfØ8ÚféÙâ�àéÙí�Ü=� < ��h â éÙþÖäXíGØ8â�� ×Ùí§Ú�ëîÚfØ8íGæèíBàLâc�èÔÖï��Ùâ ï0â íèï�á+Úfï�á8â¦á8íèä â�à	&�á8â�äôâ�à,éÙíDPÞå à8íGëîÚfØOÚ�éÙâ�à ë â�ØÜ=� < *�h í æGâ�ä âfà�&�áOâ�äôâ�àXéÙí¼PÞå éÙâ�à éÙþÖäXíGØ8â�àªéîÚkæ ÚfäXÚféîÚkàL×Ùå=��à8×Ùë íèØ 3 æèÔçÚfð à8íGëîÚfØ8ÚféÙâ�à¦ë â�ØÜ=� < `�h û � éÙÔÖàLád��ïÙæèÔçÚ íèï�á8Ø8í â�àýéÙþçäôíèØLâ�à¤éîÚ à8×0ë�íGØLñsþçæGÔçíQ0ªéÙí����,�
*�*Bh âú�£×0í à8ÔÖÕ�ïÙÔ 3 æ Ú��£×0í ïîÿfâ

�8&XØ8íèðçÚ�ò0Úfäôíèï�áOâXéÙâ�àG&�áOâ�äôâ�à�éÙí:PÞålé0íèà8àLíèàQéÙþÖäXíGØ8â�à�ïîÚªéÙÔÖØ8í�� ÿfâ ÷óÛ2�OÛD* ù ��íGä ØLíèðçÚ�� ÿfâªÚfà,àL×îÚfàë â�à8Ô���a£íèà�ïÙâBv�xAyjz û
� ÚfðóáO×ÙØ8ÚQé0â�à é0þçäôíèØ8âfà�éîÚýàL×Ùë�íGØLñsþÖæèÔçí�íGä Ø8íGðöÚ��èÿfâA8Qà8íGÕ�×ÙïÙéÙÚýæ Ú�äªÚféÙÚ¤Ú�áOã�äôÔçæèÚ!0�éÙítÚfëÙØLâ ò0Ô��äXÚféîÚfäôíèï�á8íýÛc�,10ÛGh û�K Úf×0äXíGï á8âBéÙíGà8àOÚBé0ÔçàLá)�fïÙæGÔöÚýÔÖï�áOíèØLëÙðöÚ�ïîÚfØ�éîÚ�éÙ×Ùë0ðöÚýæèÚfäXÚféîÚýé0í!PÞå¤ì�&�íGØOÚíGà8ë íèØOÚ�éÙâ��K×ÙäXÚb��í��T� ×Ùí§â�à â�à/&�á8â�äXâfà éÙíQPÞå�ë�âfà8à8×0íèä ØOÚ�Ôçâ�à æGâ�ï
��ÚfðçíGï á8íèàQäXÚfÔçâ�ØLíèà é0â6� ×Ùí§âØ8ÚfÔçâ�æGâN��ÚfðÖíèï�áOíQéÙâXêQÚ û
K à¦éÙþçäôíèØLâ�à éÙíwPÞå éîÚ6æ ÚfäXÚféîÚkàL×Ùå=�oàL×Ùë íèØ 3 æèÔöÚ�ð¤íGàLáOÿfâ6à8ÔÖá8×îÚféÙâfàøíGä ×Ùä ë0ðöÚfïÙâ Ûc�,"
e�hÚfæGÔçäXÚ éîÚ�æ Ú�äªÚféÙÚýÚ�á8ã�äôÔçæ ÚQéÙí ê¤ÚQ�sá8íèØ8æGíèÔÖØOÚýæèÚfäXÚféîÚ � �ÞàLíèïÙéÙâ�íèà8àLí7��ÚfðçâfØ�*=�ÖÛ`Ü!hTäXÚfÔçâfØ�éÙâ?� ×ÙíÚ�éÙÔÖàLád��ïÙæèÔçÚBÔçï�áOíGØ8ëÙðçÚfïîÚfØ5P£å=�!êQÚ�ïîÚôØLíèÕ�Ôçÿfâ�éÙíQv�xAyjz û
K æèâfäXëÙØLÔçäôíèï�áOâXéîÚfà ðÖÔçÕ�Ú���a£íèà�éÙâ�à éÙþÖäXíGØ8â�àtéîÚ æ Ú�äªÚféÙÚXéÙíBàL×Ùë íèØLñsþÖæèÔÖí?0BéÙíôÜA� < �bh�� ×ÙíD0

*��óÛ �!h äªÚfÔÖâ�Ø�éÙâ/� ×Ùí ÚQà8âfäªÚ éÙâ�à�ØOÚ�Ôçâ�à�æGâN��ÚfðÖíèï�áOíGà�éÙâ?PÞå���Ü=�,1�h � û OWÚfØ8Ú¤â¤éÙþÖäXíGØ8â!� ×Ùí ÚfëÙÚfØ8íGæèí
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ÔÖà8â�ðçÚféÙâ5íGàLáOÚ6é0ÔçàLá)�fïÙæGÔöÚ�0 éÙí�Ü=� < *�h àLíèïÙé0â{ë â�ØLáOÚfï�áOâ *��óÛ#*0Û�h äªÚfÔÖâ�Øªé0â4�£×0í ÚkàLâ�äXÚkéÙâ�àØ8ÚfÔçâ�à,æèâ#��ÚfðçíGï á8íèà¤éÙâBPÞå û �,Ú æèÚfäªÚ�éîÚ à8×Ùå=��à8×Ùë íèØ 3 æèÔçÚfð@�.âfà¤æGâ�äôëÙØ8ÔÖäXíGï á8â�à éîÚfàQðÖÔçÕ�Ú���aÞíGà	PÞå;��ÜfÚæèÚfäªÚ�éîÚ � �$ê¤Ú��ig�Ú�æèÚfäXÚféîÚ � éÙí�Ü=�,"
e:h4Ú�á�0BÜA�j1 < h �,Ú§Ø8íGÕ�Ôöÿfâ§â�ï0éÙíýé0í���íGØ8ÔçÚXíiòÞÔÖàLáOÔÖØ�×Ùä�éÙþçäôíèØLâ
PÞåA�'PÞå�ïîÚ æèÚfäªÚ�éîÚ à8×ÙåA�oà8×0ë�íGØ 3 æGÔöÚfð�â�à!&�áOâ�äôâ�à,é0íbP£å�íGàLáOÿfâøÚ�ñ;ÚfàLáOÚféÙâ�à ë â�Ø ×0äªÚ éÙÔÖàLá)�fïÙæèÔçÚ éÙí
g��,1��c�Dh â:� ×Ùí¤äXâ�à!áOØ8Ú>�£×0íýíGðçíèà�ØLíèðöÚ`òÙÚ�ØOÚfäVäªÚ�à�ïîÿfâôâôàL× 3 æGÔçíèï�á8íýëîÚ�ØOÚ�à8íQéÙÔÖäXíGØ8Ô��èÚfØ û

���,�B;?���! #"C$'&)(!"1+=" �>.-�/;?���! #"�20�4(*&@5!�12
ÓWÔÖÕ�×ÙØ8Ú Ü�1ÞÝ:F â£éÙíèðÖâúÔT�@FL�»Ô � æèâ�ä¡â�àýØ8íèàLë�íGæGá8Ô���âfàBæèâ�äôëÙØLÔçäôíèï�áOâ�à¤éÙíXðçÔçÕ�Ú�� ÿfâì��ï0â áOâfë�â íªïîÚéÙÔÖØ8í�� ÿfâø÷ ÛôÛ/* ù

ÓWÔÖÕ�×ÙØ8Ú§Ü < ÝIF â£éÙíèðÖâ:ÔG�iF��»Ô � æèâfä â�à�æèâfäXëÙØLÔçäôíèï�áOâfà�éÙíQðçÔçÕ�Ú�� ÿfâ�Ôçï�áOíGØ8ëÙðçÚfïîÚfØ
� Úfï�&fðçÔÖà8í�éÙÚ ÓWÔçÕ�×0ØOÚ�� Ü�1 � äôâ�àLá8ØOÚb� ×Ùí�á8âÞéÙâfà â�à éÙþÖäXíGØ8â�àtà8í�ñsâ�Ø8äXÚfä éÙí�äXÚfïÙíGÔçØOÚXäB×ÙÔÖá8âàLÔçäT0GáOØLÔçæèÚ��îæèâ�ä â�à7&�áOâ�äôâ�à�éÙíDP£åléÙâ�à é0þçäôíèØ8âfàtéîÚXà8×Ùë íèØ!ñsþçæèÔÖíýàLíèëîÚ�ØOÚféÙâfà éÙí�ÜA� < Ü:h�íBæGâ�ä â�à

&�á8â�äôâ�à,éÙíTP£å�é0â�à éÙþçäôíèØLâ�à éîÚ æèÚfäXÚféîÚ à8×0å=�oàL×Ùë�íGØ 3 æGÔöÚfðWà8íèëÙÚfØOÚfé0â�àQë�â�Ø Ü=� < `bh û � é0ÔçàLá)�fïÙæGÔöÚíGï á8Ø8í âfàBéÙþçäôíèØLâ�à�éÙÚlà8×Ùë íèØ!ñsþçæèÔÖíb0 é0í����¹�
*úh â�� ×Ùí àLÔçÕ�ï0Ô 3 æèÚB� ×Ùí ïîÿfâú�8&lØ8íGðöÚ�ò0Úfäôíèï�áOâ éÙâ�à
&�á8â�äôâ�à~éÙí2PÞåøéÙíèàLà8íGà,éÙþÖäXíGØ8â�à~ïÙÚôéÙÔÖØ8í�� ÿfâø÷ Û	�OÛ/* ù �0íèä ØLíèðöÚ�� ÿfâôÚfà�à8×ÙÚfà�ë�â�àLÔ���aÞíGà�ïÙâ�v�xAyjz û

� ÚfðóáO×ÙØ8Ú éÙâ�àQéÙþÖäXíGØ8â�à éÙÚ¦àL×Ùë íèØLñsþÖæèÔÖí�íèä ØLíèðöÚ�� ÿfâ�8 à8íGÕ�×ÙïÙéÙÚøæèÚfäªÚ�éîÚ Ú�áOãfäXÔÖæ Ú�0�éÙí¦Ûc�je <
h û;K Úf×Ùäôíèï�áOâ é0íèà8à8Ú éÙÔçà!ád�fïÙæGÔöÚªÔÖï�áOíèØLëÙðöÚ�ïîÚfØ�éîÚ éÙ×ÙëÙðçÚªæ Ú�äªÚféÙÚªéÙí:PÞåXì�& íGØOÚ íGà8ë íèØOÚ�éÙâ�� ×ÙäXÚ
�fí��	� ×Ùí â�à�â�à%&�á8â�äXâfà éÙí	PÞå ë�âfà8à8×0íèä Ø8ÚfÔçâfà�æèâfï���ÚfðÖíèï�áOíGà�äªÚ�Ôçâ�ØLíèà�éÙâ>� ×Ùí âBØ8ÚfÔçâýæèâ#��ÚfðçíGï á8í éÙâêQÚ û

K à¦éÙþçäôíèØLâ�à éÙíwPÞå éîÚ6æ ÚfäXÚféîÚkàL×Ùå=�oàL×Ùë íèØ 3 æèÔöÚ�ð¤íGàLáOÿfâ6à8ÔÖá8×îÚféÙâfàøíGä ×Ùä ë0ðöÚfïÙâ Ûc�,"�Ü�hÚfæGÔçäXÚ éîÚ�æ Ú�äªÚféÙÚýÚ�á8ã�äôÔçæ ÚQéÙí ê¤ÚQ�sá8íèØ8æGíèÔÖØOÚýæèÚfäXÚféîÚ � �ÞàLíèïÙéÙâ�íèà8àLí7��ÚfðçâfØ�*=�j*
e!hTäXÚfÔçâfØ�éÙâ?� ×ÙíÚ�éÙÔÖàLád��ïÙæèÔçÚBÔçï�áOíGØ8ëÙðçÚfïîÚfØ5P£å=�!êQÚ�ïîÚôØLíèÕ�Ôçÿfâ�éÙíQv�xAyjz û
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K æèâ�äôëÙØLÔçäôíèï�áOâ éîÚfàBðÖÔçÕ�Ú���aÞíGàýé0â�àBéÙþÖäXíGØ8â�à¤éîÚlæ Ú�äªÚféÙÚ éÙí àL×Ùë�íGØLñsþÖæèÔçí ÷jP£å��!ÛúÚlæèÚfäXÚféîÚ � �
PÞå;��ÜfÚ�æèÚfäXÚféîÚ �où 0,éÙíQÜ=� < ÛGh �£×0í	0	*��óÛ#g2h äXÚfÔÖâ�Ø'éÙâD� ×Ùí Ú�àLâ�äªÚýéÙâ�à~Ø8ÚfÔçâ�à�æèâ#��ÚfðÖíèï�áOíGà~éÙâTPÞå
� Ü=�j1�h �iû �,Ú¦æ ÚfäXÚféîÚ à8×0å=�oàL×Ùë�íGØ 3 æGÔöÚfði�Kâ�àýæGâ�äôëÙØ8ÔÖäXíGï á8â�à éîÚ�àýðÖÔçÕ�Ú���aÞíGà!PÞå�� ÜfÚ¦æ ÚfäXÚféîÚ � �!êQÚ8�igfÚæèÚfäªÚ�éîÚ � àOÿfâXéÙí�ÜA�òeÞÛ2hFæGíèØLæ ÚªéÙí?*��,*
`Th4äªÚ�Ôçâ�Ø�éÙâb�£×0íBÚXàLâ�äXÚôéÙâfà,ØOÚ�Ôçâ�à�æèâ#��ÚfðÖíèï�áOíGà éÙâ êQÚí2PÞåw��ÜA�j"c"�h �iû
Á�Á�Â-ÃMÂED ü�É7ÌRË�Ç�ÒEÎ Ï7Ì9FdÐ�Ë�Ó¿ÎG	BH�Ð4Ï7Ð�ýþÎ%I���J<�7È7Å�KþÌ�Ï.Ò6FdÌRË�Ì;É
	oÎIÊTÏ7ÌúÌ;É7ÌRË�Ç�ÒEÎ�Ê

ÑGÎ�Ë�Î Ð�Ê Ó¿Ð%Ï.Ì;Å'Ð�Ê4Ï.Ì Ë�Ì��oÐIÉ.Ê�ÍAË�È
	�H�Ð
O�ÚfØOÚôÚ�éÙíGá8íèØ8äôÔçïÙÚ�� ÿfâ�éÙÚôíGïÙíèØLÕ�ÔöÚ�éÙí ñsâ�ØLäªÚ��èÿfâ�éÙâXêQÚ
PÞåwv�x=yjz,ñsâ�Ô ×0á8ÔçðÖÔ�� Ú�éîÚBÚ�Ø8íGðöÚ��èÿfâ

∆Hf = µbulkGa + µbulkSb − µbulkGaSb

�$Û�Û û Û �
â�ï0éÙí

µbulki

ØLíèëÙØLíèà8íGï�á+Ú â¦ë âfáOíGïÙæèÔçÚfð�� ×ÙþçäôÔçæGâ éÙâ�v�x=yjz�éÙâøäªÚ�á8íèØLÔöÚfð�Ô@�.â�å0á8ÔçéÙâøÚ ëîÚfØ!áOÔÖØ éÙâ�àæ�&fðçæG×Ùðçâ�à�éîÚfà�íèïÙíGØ8Õ�ÔçÚfà�áOâfáOÚfÔçà�ëîÚfØOÚ§Úfà�ñ;ÚfàLíèà�æèØLÔçà!á+ÚfðÖÔçïîÚfà�äªÚfÔÖà~æèâfäB×ÙïÙà�éÙíQæ Ú�éîÚôàL×ÙåÙà!ád�fïÙæGÔöÚ û
K à%��Úfðçâ�ØLíèà�â�åÞáOÔçé0â�à�ëîÚfØ8Ú§íGà8àLíèà�ë�âfá8íèïÙæGÔöÚfÔÖà%� ×ÙþçäôÔçæGâ�à�ñsâ�Ø8ÚfäB�

µbulkGa = −2, 989026Ha

µbulkSb = −5, 435835Ha

µbulkGaSb = −8, 439846Ha

� à8à8ÔÖäB�fâ�å0áOÔl��íGäXâ�à
∆Hf = −0.41eV

��â	� ×Ùí�ïÙâfà�é8& ×ÙäªÚ é0ÔÖñsíèØLíèï��èÚ éÙí5*��,*�Ü,í-� íèäFØ8íèðçÚ�� ÿ�âÚfâD��ÚfðÖâ�Ø~íiòÞë íèØLÔçäôíèï�á+Úfð��~�E* û �
g�í-� �iû
ü â�äôâ�ï�(�à�éÙíGà8íoì8Ú#��Úfäôâ�à~à8Úfå íèØ­� ×îÚ�ð�éîÚ�à�íèà!áOØL×0áO×ÙØ8Úfà~íGàLáO×0éîÚféîÚfà�íGØOÚ¤íèïÙíGØ8Õ�íiáOÔçæèÚfäôíèï�áOí äXÚfÔÖàíGàLád& �fíèð@� æGâ�äXëÙÚfØOÚfäôâ�àWÚfà�éÙÔÖñsíGØ8íGï�� Úfà�é0í�íèïÙíGØ8Õ�ÔçÚ íèï�áOØLí�íGà8à8Úfà'íèàLá8Ø8×0á8×ÙØOÚ�à û Oà(fØ8íèä6��ÔÖà8à8âQïîÿ�â ë�â£éÙíàLíèØ ñsíèÔóáOâ éÙí�ñsâ�ØLäªÚ éÙÔÖØ8íiá+Ú��.ïÙâøæ Ú�à8âøéîÚ æèâ�äôëîÚfØ8Ú�� ÿfâ é0â äôâÞé0íèðçâªéÙíQPÞÔçíGÕ�íèØ æGâ�ä âøäXâ£éÙíèðÖâ�Ô�Ô

�iF��»Ô9Ô � ×ÙäXÚ2��í��/� ×Ùí á8íèäôâ�à~ï�ØÙäôíèØLâ�à~éÙí!&�á8â�äôâ�à�éÙÔóñsíèØLíèï�áOíGà�íèä æèÚféîÚB×ÙäXÚ�éÙíGà8à8Úfà�íèàLá8Ø8×0á8×ÙØOÚ�à û
� à8à8ÔÖäB��ëÙÚfØOÚlæGâ�äXëÙÚfØOÚfØBÚléÙÔÖñsíGØ8íèï�� ÚléÙí íGïÙíèØLÕ�ÔöÚlíGï á8Ø8íøÚlíèà!áOØL×0áO×ÙØ8Ú éÙí6PÞÔçíGÕ�íèØ�í¦Ú�íGàLá8Ø8×0á8×ÙØOÚ
F��-Ô�Ôd�0ñsâfÔ ×0áOÔÖðçÔ�� ÚféîÚ�ÚôØLíèðöÚ�� ÿfâ

∆ESieger−M−II = ESieger − EM−II − 2µbulkSb

�$Û�Û û Ü �



Ú#u

PÞ×0åÙàLá8ÔÖáO×0ÔçïÙéÙâ âfà7��Úfðçâ�ØLíèà éÙÚ�CWÚfå íèðçÚ¦Ü=� â�åÞáOíèäôâ�à
∆ESieger−M−II = −0.86eV

� âL� ×Ùí§ï�(fàäôâ�àLá8ØOÚ/�£×0í Ú�íèà!áOØL×0áO×ÙØ8ÚBéÙí!PÞÔÖíèÕ�íGØ­0tíèïÙíGØ8Õ�íiáOÔçæèÚfäôíèï�áOí äXÚfÔÖà íGàLád& �fíèð éÙâ?�£×0í Ú�íèà!áOØL×0áO×ÙØ8Ú:F��»Ô9Ô û
� éÙÔÖñsíGØ8íèï�� Ú�éÙítíèïÙíGØ8Õ�ÔçÚ�íèï�á8Ø8í Ú�íGàLá8Ø8×0á8×ÙØOÚ�é0í!PÞÔçíGÕ�íèØ�í,â�äXâ£éÙíèðÖâ>FL�»Ô�ñsâ�Ô ñsíèÔóá+Ú�Ú¤ëîÚfØ!áOÔçØ�éîÚØLíèðöÚ�� ÿfâ

∆ESieger−M−I = ESieger − EM−I �$Û�Û û g �
ñsâ�ØLïÙíèæGíèïÙé0â�â?��Úfðçâ�Ø��E*=�j1�Ü¤í-� û �tâfáOÚfäXâfà­� ×Ùí âBäôâ£éÙíèðÖâDF��-Ôd�0Úfë íèà8ÚfØ~éÙí,àOÚ�á8ÔçàLñ;Ú��èíèØ â�ß ü Fw�

0täXíGïÙâ�à~íGàLád& �fíèð íGïÙíèØLÕ�íGá8Ôçæ Ú�äXíGï á8í éÙâ>� ×Ùí,âBäXâ£éÙíGðçâ�é0í!PÞÔçíGÕ�íèØ��Þë â�Ø90èäVíèïÙíGØ8Õ�íiáOÔçæèÚfäôíèï�áOí äXÚfÔÖàëÙØLâ#��& �fíèðKéÙâ:� ×Ùíýâ§äôâÞé0íèðçâTFL�»Ô�Ô û
O â�ØLáOÚfï�áOâ�� âDäXâ£éÙíGðçâ�éÙí�PÞÔçíGÕ�íèØ60�â{äôâ£éÙíèðÖâDíGïÙíèØLÕ�íGá8ÔçæèÚfäXíGï�áOí�äªÚfÔÖà íèà!ád& ��íGðýéÙíGï�áOØ8í â�àäôâÞé0íèðçâfà~íèà!áO×ÙéîÚ�éÙâ�à û
� à8à8ÔÖäB��Ú�Úfï8&fðÖÔçàLí�éîÚfà éÙíèïÙàLÔçéîÚ�éÙíèà éÙí�æ ÚfØLÕ�Ú�ïÙâ,ëÙØ9( ò0ÔÖäXâ�æèÚfëÙþóáO×ÙðÖâ��`à8íèØ�&�ñsíGÔÖáOÚ��`æèâ�ïÙàLÔçéÙíGØOÚfï0éÙâ��àLíýÚ�ë�íGïîÚfà�â§äXâ£éÙíèðÖâ�éÙí2PÞÔçíGÕ�íèØ û



Ú��

�/�2�6L M §5©�¢;¶�¯6¡/¯L§5¢¨¯L§ ±M¡!¥?N2¡ Ow®/ªf¡!¶�¢

��íèàLáOÚ�àLí��èÿfâ5Ú�ëÙØ8íGà8íèï�áOÚfØ8íGäXâ�àôÚfà�é0íèïÙàLÔçéîÚfé0íèà§éÙí¦æ ÚfØLÕ�ÚláOâfáOÚfÔçà�ëîÚfØOÚ�ÚfðÖÕ�×ÙäXÚfà�ØLíèÕ�Ô�aÞíGà�éÙíÔÖï á8íèØLíèà8àLíýïÙÚ§àL×Ùë íèØLñsþÖæèÔÖí¤ê¤Ú
P£å��i*c*ÞÛ � ��æ
��Üúò�" � �0ï0âXäôâÞé0íèðçâ�éÙí2PÞÔçíGÕ�íèØ û
O�ÚfØOÚ�Ø8íGñsíGØ8õGïÙæèÔçÚfà��fÚfëÙØ8íGà8íGï áOÚfäôâ�à�ïÙÚtÓWÔÖÕ�×ÙØ8Ú2��gc* � Ú�Ø8íGñsíGØ8ÔÖéîÚ�àL×Ùë íèØLñsþÖæèÔÖí���æèâ�ä ÚfðÖÕ�×ÙïÙàf&�á8â�äôâ�àï ×ÙäôíèØ8ÚféÙâ�à û

ÓWÔçÕ�×0ØOÚDgc*0Ý�Ôoé0íèï�áOÔ 3 æ Ú��èÿfâôéÙâ�à5&�á8â�äXâfà�ïîÚ�Ø8íèæGâ�ïÙà!áOØ8×�� ÿfâXæ
��Üúò�" � �îäôâÞéÙíGðçâBé0í?P£ÔçíèÕfíèØ û
�tÚ 3 Õf×ÙØOÚT�igÞÛ � íèàLá)&ýÚ�ëÙØ8íGà8íèï�áOÚféîÚ�ÚQéÙíGïÙà8ÔÖéîÚféÙí�éÙí�æ ÚfØLÕ�Ú áOâfáOÚfðÙïÙâ¤ëÙðçÚfïÙâQéîÚQà8×Ùë íèØ!ñsþçæèÔÖí��
� ×ÙíæGâ�ï�á)0èä âXéÙþÖäXíGØ8âBñsâ�ØLäªÚ�éÙâ�ë�íGðçâ�à5&�áOâ�äôâ�à�ÜBí/gôéÙÚôÓ�ÔçÕ�×ÙØ8Ú��igc* �iû

ÓWÔÖÕ�×ÙØ8ÚGg0Û�Ý � íèï0à8ÔçéÙÚféÙí�éÙí�æ Ú�Ø8Õ�Ú,á8âfá+ÚfðÞïÙâQëÙðöÚ�ïÙâ éîÚ à8×0ë�íGØLñsþçæGÔçí���ëîÚfØ8ÚQâ äôâ£éÙíèðÖâ éÙímPÞÔÖíèÕ�íGØ����£Ôçà!á+ÚéÙí á8â�ë�â
K åÙàLíèØ9��Ú���à8íQñ;ÚfæèÔÖðçäôíèï�áOí��0ë íèðçÚ�Úfï8&fðÖÔçà8í éÙÚ 3 Õ�×ÙØOÚ6��g0Û � �8� ×Ùí¤Ú�éÙíGïÙà8ÔÖéîÚféÙí¤éÙíQæ ÚfØLÕ�Ú§Úfâ§Ø8íGéÙâ�ØéÙâfà�é0þçäôíèØ8âfà5PÞå=�EPÞå éÙÚ§àL×Ùë íèØLñsþÖæèÔÖíQÚfëÙØ8íGà8íGï áOÚX×Ùä æèâ�äôë�âfØLá+Ú�äXíGï á8â§ÚfðÖáOÚfäôíèï�áOí æGâ#�fÚ�ðçíèï�á8í û
K åÙàLíèØ9��Ú���à8í�� ÚfÔçïÙéÙÚ��Þ×0äªÚBæGâ�ï�áOØ8ÔÖåÙ×ÙÔ�� ÿfâBéÙÚ§é0íèïÙàLÔçéîÚfé0í éÙí æ ÚfØLÕ�Ú�ÚfàLà8â£æèÔöÚ�éîÚBÚfâ�à�é0þçäôíèØ8âfà�éîÚæèÚfäªÚ�éîÚ à8×Ùå=��à8×Ùë íèØ 3 æèÔçÚfð@��â£æ Ú�à8ÔçâfïîÚfïÙéÙâQ×ÙäXÚ ë�í�� ×ÙíèïîÚýÚfï�áOÔÖà8à8ÔÖäXíiáOØLÔöÚ,éîÚQéÙÔÖàLáOØLÔçåÙ×0Ô�� ÿ�â éÙí�æ ÚfØLÕ�ÚfàéÙâfà éÙþçäôíèØLâ�à�éîÚªà8×0ë�íGØLñsþçæGÔçí���ëÙØLâN�fâÞæèÚféîÚ ë íèðçÚªÔçï�áOíGØOÚ��èÿfâ éÙíGà8àLíèà éÙþÖäXíGØ8â�àtéîÚªà8×0ë�íGØLñsþçæGÔçíýæèâ�ä â�àéÙþÖäXíGØ8â�à�éÙâXë0ðöÚfïÙâ�àL×Ùå=��à8×Ùë íèØ 3 æèÔçÚfð û



Ú#�

�tÚXÓWÔÖÕ�×ÙØ8Ú��ig�Ü � íGàLád&XÚfëÙØLíèà8íGï�á+ÚféîÚXÚôé0íèïÙàLÔçéîÚfé0í¤é0íýæèÚfØ8Õ�Ú�áOâ�á+Úfð ï0âXëÙðçÚfïÙâ§à8×0å=�oàL×Ùë�íGØ 3 æGÔöÚfði�
� ×ÙíQæèâfï á�0èä�â§éÙþÖäXíGØ8âBñsâ�ØLäªÚfé0â�ë�íGðçâ�à5&�á8â�äôâ�à5"�í?e û äXâ�à!áOØ8ÚféÙâ�à�ïîÚôÓWÔÖÕ�×ÙØOÚ��igc* � û

ÓWÔÖÕ�×ÙØ8ÚLg�ÜÞÝ � íèï0à8ÔçéÙÚféÙíªé0íôæèÚfØ8Õ�Ú¦á8âfá+ÚfðWïÙâ ëÙðçÚfïÙâ¦à8×0å=�oàL×Ùë�íGØ 3 æGÔöÚfði�KëîÚfØOÚ¦âøäXâ£éÙíèðÖâ éÙíQPÞÔçíGÕ�íèØ��
�£Ôçà!á+Ú�éÙí áOâfë�â

O íèðöÚ¤Úfï8&�ðçÔçàLí�éîÚQéÙÔçà!áOØ8ÔÖåÙ×ÙÔ�� ÿfâ éÙí�æèÚfØ8Õ�Ú�à�ïÙÚýÓWÔÖÕ�×ÙØ8ÚQ��g�Ü � ��ë�â£éÙíJ��à8í%��íGØ8Ô 3 æ ÚfØI� ×Ùí�â�à'éÙþçäôíèØLâ�àéîÚ æèÚfäªÚ�éîÚ à8×ÙåA�oà8×0ë�íGØ 3 æGÔöÚfðÙáOÚfäBån0èä Ú�ëÙØ8íGà8íèï�áOÚfä)×ÙäXÚQðÖÔçÕ�Ú�� ÿfâ,ñsâfØLáOíGäXíGï�áOí�æèâ#��ÚfðÖíèï�áOí û O�â�Ø90èä6�ïîÿ�â¤àLítâfåÙà8íGØ9��Ú¤×0äªÚ à8ÔÖÕ�ïÙÔ 3 æ Ú�á8Ô���Ú æèâfï á8Ø8ÔÖåÙ×ÙÔ��èÿfâQéîÚQéÙíèïÙàLÔçéîÚ�éÙí�éÙítæèÚfØ8Õ�Ú¤Ú�à8à8â£æèÔçÚféîÚQÚfâ�àI&�á8â�äôâ�àéÙíýêQÚBéÙâôëÙðöÚfï0â�Ôçï0ñsíGØ8ÔçâfØ��0æGâ�äôâôï0âôæèÚfà8âôéÙâ�à�éÙþÖäXíGØ8â�à�éÙÚ§àL×Ùë íèØLñsþÖæèÔÖí û
�tÚ 3 Õ�×ÙØOÚ¼��gcg � íèà!ád& Ø8íGëÙØ8íGà8íGï áOÚféîÚ Ú¦é0íèïÙàLÔçéîÚfé0íôé0íôæèÚfØ8Õ�Ú éîÚfàQðçÔÖÕ�Ú���a£íèà	PÞå=�'P£åR�.æèâ�ï�á8íèïÙéÙââ�à5&�áOâ�äôâ�à Ûc� ÜA�sg§í!� û

ÓWÔÖÕ�×ÙØ8ÚTg�g0Ý � íGïÙà8ÔÖéîÚféÙíýéÙí�æèÚfØ8Õ�Ú§áOâfáOÚfð@�îäôâ�à!áOØOÚ�ïÙéÙâ Ú�àtðÖÔçÕ�Ú���aÞíGà.PÞå=�'P£å éÙâ�àtëÙðöÚ�ïÙâ�à�à8×Ùë íèØ 3 æèÔçÚfðíQà8×0å=�oàL×Ùë�íGØ 3 æGÔöÚfð
�½3 Õ�×ÙØ8Ú���gcg � äXâfàLáOØ8Ú6� ×ÙíXâ�à¤ë�â�ï�á8â�à�ïÙâfà2� ×îÚfÔÖàýâfàýéÙþÖäXíGØ8â�àQéîÚøà8×Ùë íèØ!ñsþçæGÔçí§à8íXæèâ�ïÙíGæGáOÚfä



Ú#¾

æGâ�äFâ ë0ðöÚfïÙâ ÔÖï0ñsíèØLÔçâ�Ø�Ú�á8ØOÚ �c0Gà�é0í�ðçÔçÕ�Ú���a£íèà�PÞå=�EPÞåôÚfëÙØ8íGà8íGï áOÚfä ×ÙäXÚ,Õ�Ø8ÚfïÙéÙí�é0íèïÙàLÔçéîÚfé0í�éÙí�æ ÚfØLÕ�ÚâT� ×Ùíýäôâ�à!áOØOÚ:� ×ÙíýÚXéÙ×Ùë0ðöÚ§æ ÚfäXÚféîÚ�éÙí?PÞå é0í���íýâÞæGâ�Ø8ØLíèØ�éÙíJ�ÞÔÖéÙâ Ú§íèà!á+Ú§ñsâ�ØLá8í¤ÔÖï�áOíèØ8Ú�� ÿ�âXíGï á8Ø8íâ�à5&�áOâ�äôâ�à�éÙí2PÞåøà8íGØ�áOÿfâ�ñsâ�ØLá8í	� ×îÚfï�áOâXÚôðÖÔçÕ�Ú�� ÿfâ:P£å=�!êQÚ û
�õ3 Õ�×0ØOÚ6�ig�� � äXâ�à!áOØ8ÚôÚ�ðçÕ�×ÙäXÚfà ðçÔçÕ�Ú���a£íèà5P£å=�!êQÚ�íèï�áOØLí¤âôà8íGÕ�×ÙïÙé0âXëÙðçÚfïÙâB�@P£å � íQâôá8íèØ8æGíèÔÖØ8âëÙðçÚfïÙâ6� ê¤Ú � �Ùíèà!á+Úfà�ðÖÔçÕ�Ú���aÞíGà~â£æèâ�ØLØ8íèä íèï�áOØLí¤âfà.&�áOâ�äôâ�à5"��seA� < í�Û * û

ÓWÔÖÕ�×ÙØ8Ú>g��ÙÝ � íGïÙà8ÔÖéîÚféÙí¤éÙíQæ Ú�Ø8Õ�ÚBáOâ�á+Úfði�0äôâ�àLá8ØOÚfïÙé0â§Úfà�ðçÔçÕ�Ú���a£íèà5P£å=�!êQÚBéÙâ
20 ëÙðöÚfï0âú�iPÞå � íQéÙâ

30 ëÙðçÚfïÙâB��êQÚ � û
�tÚ 3 Õf×ÙØOÚøÚfæèÔÖäªÚì��g�� � â�åÙàLíèØ'�fÚN�oà8íT� ×ÙíXÚfàýðÖÔçÕ�Ú���a£íèà!PÞåA�!êQÚ����£×ÙÚfïÙéÙâ æèâ�äôëîÚfØ8ÚféîÚfà æGâ�ä¡ÚfàðÖÔçÕ�Ú��,âÞíGà7P£å=�'PÞå�gcg�� ÚfëÙØLíèàLíèï�á+Úfä éÙíGïÙà8ÔÖéîÚféÙíGàté0íýæèÚfØ8Õ�Ú§äB×ÙÔóáOâ§ëîÚfØLíèæGÔçéîÚfà�âT� ×ÙíýØLíGñsâ�Ø9� ÚôÚôÔÖé�0èÔçÚéÙí!� ×Ùí¤Úfà�ðçÔÖÕ�Ú���aÞíGà5PÞå=�EPÞå àLí$ì8Úfä á+ÚfäBån0èä ÚfðÖáOÚfäôíèï�áOí æGâ#�fÚ�ðçíèï�á8íèà û
� ë0Ø�( òÞÔçäXÚ 3 Õ�×ÙØ8Ú:�ig
` � ��äôâ�àLá8ØOÚ ðÖÔçÕ�Ú���aÞíGà�P£å=�!êQÚ���éÙâfà�ëÙðöÚfï0â�à�äXÚfÔçà éÙÔçà!á+Úfï�á8íèà�éîÚ à8×0ë�íGØLñsþçæGÔçí û



ÚNp

ÓWÔÖÕ�×ÙØ8Ú/gc`ÞÝ � íGïÙà8ÔÖéîÚféÙítéÙí,æèÚfØ8Õ�ÚQáOâfáOÚfð@��äôâ�à!áOØOÚ�ïÙéÙâ�ðÖÔçÕ�Ú���a£íèàIPÞå=�$ê¤Ú¤éÙâ�à�ëÙðöÚ�ïÙâ�à�äªÚfÔÖà'Ôçï�áOíGØ8ïÙâ�à��í¤ÚfÔÖïÙéîÚBâ�à�éÙþÖäXíGØ8â�à~é0âXëÙðçÚfïÙâ�àL×ÙåÙà8×0ë�íGØ 3 æGÔöÚfð û
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