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a�bXc d�e fOc g h i�j"h kOl mQn�h mRoOkOfpd�qpqpg rIsIt e fOc g h uRv	d�wOxpg ypbph w

j"h kOl mQn�h mQn�t g c g hEz fp{ gOuQ|}g t ~p• t w

j"h kOl mQn�h mQ€Id�h dO{ x	•�‚ kOc c wOg h uRv	d�wOxpg ypbph w

g t qpw�g h g t e fOcId�ƒ	i�„ …pm …�†Xm „ …�…O‡

ˆ

g h c g t xpt w cId�ƒ	i‰…OŠpm …X„�m „ …�…�‹
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z e f>ƒ�‚ k�e fOc g	ƒ't e f.d�q.xpt g r g h ·�c g { { g yRg tEd�{ {�xpg qpg q>yRg xpd�qp¸Og qRu�xpt g	• bpƒ�¹"q�c r c g fpg q>xpt g r g h

º
h yRg t cIyRg t w�g c h d�wOg q	fpdOyRg qRm

n�d�yQg tRw�t { cEƒ'g t q	yQg r kOqpxpg h g h�n�d�qp¸ €Ig h h q	j"h kOl mQn�h mRoXmQsIt e f�c g h mQ¹"hIfpd c�ƒ't hEqpt e fOc�q�bphIxpt g

vJ‚ k�wO{ t e fp¸Og t cExpg hIv�t c dOh yRg t cEt q r g t qpg h
º

h yRg t c r w�h bp~p~Qg�g t qpwOg h ‚dObpƒ/c upr kOqpxpg h q	ƒ't e f dObpe f	ƒ't c

ˆ

t g {Ra�g xpbp{ xRu�»¼k�fp{ ½�k�{ { g q'bpqpx xpt gIr c g c gI•Eg h g t c r e fpd l cE• bph�n�t r ¸Xbpr r t kOq t q

ˆ

t g { l ‚dO{ c t w�g h!»¼g t r g

bpqOc g h r cO‚ bXc • c mQ»¼g t c g h fpt q�xpdOqp¸Og/t e f	€�g h h q�j"h kOl mQn�h mQn�mQz fp{ g�d�bprI|}g t ~p• t wpupxpg r r g q�bpƒ'wQ‚ dOqpwO¾

{ t e fpg
º

h c/ƒ't h�t ƒ)sIdOfpƒ'g q�bpqpr g h g h/¿�kXkO~Rg h dOc t kOq�xpd�r�À"g h c h dObXc ½�g h xpg q¼ƒ't c�g t qpg h�ƒ't hIypt r

xpdOfpt q	bpqXyQg ¸ dOqpq�c g q�v�g c fpkXxpg�½�g r g q�c { t e f�g h { g t e fOc g h cIfpd c m

z e f ypt q�d�bpÁOg h xpg ƒ?xpg q v	t c d�h yQg t c g h q'xpg h
º

h yRg t c r w�h bp~p~QgIÂOÃEfpg kOh t gExpg h"¸Ok�qpxpg qpr t g h c g q	v�d ¾

c g h t g�z z Â¼• bÄn�d�qp¸

ˆ

g h ~XÅQt e f�c g c mIz qpr yRg r k�qpxpg h gJyQg c h t ÆQc	xpt g r €Ig h h qÄn�h mEoXmE·Xe fXbp{ g qXypbph wXm

·Xg t qpg h�€�t { l r yQg h g t c r e fpdOl c�t r c'g r'• bp• bpr e fph g t yRg qRu�xpd�Á�t e f>ƒ'g t qpg d�qXl ‚dOqpw�{ t e fpg ÂX·Xe fpg bpÂ

ˆ

kOh

ƒ'kXxpg h qpg hEsIg e fpg qOc g e fpqpt ¸¼‚ bpyQg h ½It qpxpg q�¸OkOqpq�c g�bpqpx�ƒ't c c { g h ½Eg t { g'‚ bpyRg hIwOh bpqpxp{ g wOg qpxpg�j"h k ¾

wOh d�ƒ'ƒ't g h ¸Og qpqOc qpt r r g

ˆ

g h l ‚bpwOgOmXz e f'ƒ�‚ k�e fOc gIdObpe f'€�g h h q'n�t ~p{ m ¾ j"fOÇpr m�s�mX·Xe fpƒ't xXc�g h ½/‚ d�fpqpg qRu

xpg hIƒ't h�r k'ƒ'dOqpe fpg rI•�t g hEdObpr w�g w�g yRg q�bpqpx�r k�ƒ'd�qpe fpg/ÈRt wOd�h g c c g�r ~Qg qpxpt g h c�fpd c m

À�t g {pÉ�qOc g h r cO‚ bXc • bpqpw�fpdOyRgEt e f'd�bpe f'xpbph e f'Ê

ˆ

kOqpqpgIg h l dOfph g qRmXz q j"fpdOr g qRu�½�k/g r"qpt e f�c�ƒ'g fph

½�g t c g h • bpwOg fpg q'r e fpt g qRu�r c d�qpx'r t g�ƒ't h�• bph�·Xg t c gOu�bpƒ�ƒ't e f�• b'g h ƒ/bpq�c g h q'bpqpx'dOqp• bpr ~Qk�h qpg qRm

À"k�h}d�{ { g ƒWdOyRg h!ypt q/t e f/ƒ'g t qpg ƒ—À"dOc g h!bpqpx/ƒ'g t qpg h!t qp• ½It r e fpg q

ˆ

g h r c kOh yRg qpg q'v	bXc c g h!xpdOqp¸�¾

ypdOh mQ•�g t xpg�fpdOyRg q�xpdOrIz q�c g h g r r g�l ‚bphExpt g�ËIdOc bphEt q	ƒ't h�w�g ½Eg e ¸�c�bpqpx�ƒ't e f r c g c rIwOg l ‚kOh xpg h c m
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„�m ð
º

{ { wOg ƒ'g t qpg�•�g c h dOe f�c bpqpwOg q�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mñ†

„Xm ð�m ðòn�t g�€Ik�{ r c g t qX¾ j"h t ƒ'dO¸OkOÆQ¾ Ã!h dOqpr l k�h ƒ'd c t k�q7m/m�m/m�m�m/m�m/m�m/m�m/m�mòð …

„Xm ð�m „ón�t g�•�k�wOk�{ ô bpyQk

ˆ

¾ Ã!h d�qpr l kOh ƒ'dOc t kOqÐm/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mòð ‡

„�m „Dn�dOr
º

¾ •�¾ a�t c c g h�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõ„O„

„Xm „Xm ðòn�dOrEöI¾ ÷/¾ v�kXxpg { {Rbpqpx�r g t q�¸�{ d�r r t r e fpg h�a�h bpqpxp• bpr c d�qpx�m/m�m/m�m/m�mõ„ ø

„Xm „Xm „ó|!t qpg d�h g�·X~pt q�½�g { { g q�c fpg k�h t gIl ‚bph�ù�úXûJü—„Oý ù�úXú!ù�ûQû,m/m�m/m�m/m�m/m�mõ„Oþ

„�m øÿn�dOrIv�dO~p{ g ¾ |!g dOl ¾ a�t c c g h”m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mTø��

„Xm øpm ðò€
º��

v�dObXl"xpg ƒ7n�h g t g e ¸�r w�t c c g h	m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mTø�þ

„Xm øpm „ó€
º��

v�dObXl"xpg ƒ7¿�d�wOk�ƒ�� g ¾ a�t c c g h�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mT‡Xð

„Xm øpm ø n�g h�¸X{ dOr r t r e fpg�a�h bpqpxp• bpr c dOqpx>xpg r'€
º��

v%dObXl�xpg ƒ�v	d�~p{ g ¾ |}g d l ¾

a�t c c g h�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mT‡�„

„Xm øpm ‡ |!t qpg d�h g ·X~pt qO½Eg { { g qOc fpg kOh t g'l ‚bph/xpg q¼€
º��

v�dObXlIxpg ƒ�v	d�~p{ g ¾ |}g d l ¾

a�t c c g h�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mT‡OŠ
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øXm ð
º

{ { wOg ƒ'g t qpg�a�h bpqpxp{ d�wOg q¼m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõ‹ ø

øXm „Dn�g h
�

k�h ƒ'dO{ t r ƒ�bpr�m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõ‹O‹

øpm „Xm ðòn�t g�v	k�ƒ'g q�c g qpƒ'dOc h t �—m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõ‹Oþ

øpm „Xm „ón�t g
�

h g �Xbpg qp• ƒ'd c h t �Jm/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõ‹ †

øpm „Xm ø ¿�k�h h g { dOc t kOqpr l bpqp¸�c t kOqpg q�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m��Oø

øpm „Xm ‡ |�‚ kOr bpqpw�r r c h d c g wOt g4m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m����

øpm „Xm ‹ósIkOc d c t k�qpr t q

ˆ

d�h t dOq�c g�a�h g g qXl bpqp¸Oc t k�qpr ƒ'g c fpkXxpg�l ‚bphExpt g�{ t qpg d�h g�¿�g c c g��OŠ

øXm øÿn�dOrEw�g r e fpt e f�c g c g/¿�d�wOk�ƒ�� g ¾ a�t c c g h�m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõþ ‡

øpm øpm ðòn�g h
�

d�{ {!ù��"üÄ…puRù��Jü>…'m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mõþ †

øpm øpm „ón�g h
�

d�{ {!ù
�

üÄ…puRù����>…'m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mTŠO†

øpm øpm ø n�g h
�

d�{ {!ù
�

�Ä…puRù����>…'m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�mT†O‡

øpm øpm ‡ n�g h
�

d�{ {!ù
�

�Ä…puRù��Jü>…'m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m<ð …Oø

ð
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º
m ð�sIg { d c t k�qpg q	• ½It r e fpg q

ˆ

g h r e fpt g xpg qpg q�¿�kOqpxpg qpr d c c g h ƒ'g q m�m/m�m/m�m/m�m/m�m<ð�ð ‹

º
m „�À�g h c g �X~pd�h dOƒ'g c g hIbpqpx	t fph g�sIkO{ { g�yQg t}xpg h�)�~Xc t ƒ't g h bpqpw�xpg hEsIa�v	¾ sIg r bp{ c d c g�ð�ð �

º
m ø�¿�k�h h g { dOc t kOqpr { ‚d�qpwOgWm�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m/m�m�m/m�m/m�m/m�m/m�m<ð�ð Š

º
m ‡�Ë�t e fOc { t qpg dOh g rIa�{ g t e f�bpqpw�r r ÇXr c g ƒ7t ƒ7ÃEt g l c g ƒ'~Qg h d c bph h g wOt ƒ'gWm�m/m�m/m�m/m�m<ðO„ …
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z ƒ4oOdOfph g�ð †�„OŠ�g h ¸ d�qpqOc gW€�g t r g q�yRg h wGF ð H�t q7xpg h
º

bpr c d�bpr e fp¸OkO~p~p{ bpqpw”g t qpgWƒ�‚ kOw�{ t e fpg

��bpd�qOc g qpƒ'g e fpd�qpt r e fpg�ÉIh r d�e fpg�l ‚bphIxpd�r
º

bXl c h g c g q

ˆ

k�q
�

g h h kOƒ'd�wOqpg c t r ƒ/bprIt q�t r kO{ t g h g qpxpg q

�
g r c ¸R‚ kOh ~Rg h q
I m�z q>z r kO{ dOc kOh g q>r ~pt g { g q>ƒ'd�wOqpg c t r e fpg	•EdOfpqpƒ'k�ƒ'g q�c g�q�bph g t qpg�bpq�c g h w�g k�h xX¾

qpg c g�sIkO{ { gOu�½Eg t {Ixpt g�¹"{ g ¸Oc h k�qpg qÄd�q>xpg q
º

c k�ƒ'h ‚bpƒ'~Xl g q>ƒ'g fph'kXxpg h'½�g qpt wOg h { kO¸ d�{ t r t g h c

r t qpx,J}yQg ¸ dOqpq�c { t e f�t r c�d�yQg h�ƒ't c�xpg ƒ�¹"{ g ¸�c h kOqpg qpr ~pt qJg t q�• bpr ‚d c • { t e fpg r�ƒ'd�wOqpg c t r e fpg r/v�k ¾

ƒ'g q�c

ˆ

g h ypbpqpxpg qRm�z qJxpg ƒ�•�g r c h g yRg qRu�r t e fJg qpg h wOg c t r e f¼wR‚ bpqpr c t w	d�bpr • bph t e f�c g qRu�¸OkOƒ'ƒ/c�g r

• bph
º

bpr ypt { xpbpqpw�ƒ'dOw�qpg c t r e fpg hE·�c h bp¸Oc bph g qRmp¹"t q d�q r t e f g t qXl dOe fpg hEv�kXxpg { { k�~Qg h d c k�h�l ‚bph�g t q

·X~pt qpr ÇXr c g ƒ	uQxpg h

ˆ

k�q�n�t h d�e

ˆ

k�h wOg r e fp{ dOw�g q�½Ibph xpg/bpqpx�xpg h�xpt g r g ƒ7•Et { x	sIg e fpqXbpqpw'c h ‚d�w c u

fpd cIxpt g/a�g r c dO{ c K.L

ð

„NM OQP R

ù

OQP R

ê

O

ê

R�S T

ð�m ð�U

n�d�yQg tQg h r c h g e ¸�cIr t e f xpt g�·Xbpƒ'ƒ'd c t k�q�‚ bpyQg h�d�{ { g�·X~pt qprWV

T X

U upxpt g'‚ bpyRg hEg t q
º

bpr c dObpr e fpt q�c g ¾

wOh d�{!ù

OQP R

ƒ't c g t qpdOqpxpg h"½Eg e fpr g { ½It h ¸Og q�Y mQn�g h
�

d�¸Oc k�h�ð�ZO„�t r cEl ‚bphExpt g�j"fOÇpr t ¸ bpq�½�g r g q�c { t e fRm

¹"h'r k�{ {EqXbph

ˆ

g h fpt qpxpg h qRu�xpd�Á¼yQg tIxpg h	·Xbpƒ'ƒ'd c t k�q<‚ bpyRg h dO{ { g�·X~pt qpr'•Et qpxpbpqpwOg q>xpk�~p~Qg { c

wOg •O‚ d�fp{ cE½Eg h xpg q�[ mp»¼g t c g h fpt q	½�g h xpg q�xpt g�·X~pt qprIxpbph e f

ˆ

g ¸Oc k�h dOh c t w�g\)�~Qg h d c k�h g q

ê

OQ] R ^

h g ¾

~ph ‚dOr g qOc t g h c u�xpg h g qÄ¿�kOƒ'~RkOqpg qOc g qÄxpg h yQg ¸ dOqpq�c g qÄn�h g fpt ƒ'~pbp{ r d�{ wOg yph dJxpg h#_�bpdOq�c g qpƒ'g ¾

e fpdOqpt ¸ÄwOg q!‚ bpwOg qRmIËIg yQg q—xpg h
º

bpr c d�bpr e fp¸OkO~p~p{ bpqpwÄwOg fOc�xpt gJ·X~pt q���bpd�qOc g qp• d�fp{a`JdO{ r	g t q

½�g t c g h g h�j!d�h dOƒ'g c g h�t q�xpd�r�v	kXxpg { {!g t qRm}·Xt g/{ g w c�xpt g/|�‚ dOqpw�g/xpg r�yQg c h dOe f�c g c g qJ·X~pt qpr ‚ bpyRg h

b

ê

Y

Odc

L

`

T

`WeÄð�U�l g r c f m"z ƒ�|}t ƒ'g r'`hg i

ˆ

kO{ { • t g f�c'r t e f¼½Eg w�g q>{ t ƒ\j kdl

b

ê

Y

Odc

Z�` Y

L

ð

l kOh ƒ'd�{"xpg h

‚

ÉIyRg h w�dOqpwJ• b.g t qpg ƒ�¸�{ d�r r t r e fpg qÄ·X~pt qRu!½Eg t {ExpdOqpq.xpt g sIt e f�c bpqpwOr �XbpdOq�c g { bpqpw

~ph dO¸�c t r e f d�bXl wOg fpkOyRg q ½It h x bpqpx xpt g�·X~pt qpkO~Rg h dOc kOh g q r e fp{ t g Á�{ t e f'xpg q#m�fpd�h dO¸�c g hEg t qXl d�e fpg h

À"g ¸Oc k�h g qJd�qpqpg fpƒ'g qRm!Ã!h k c • xpg ƒ�t r c�t ƒ)d�{ { wOg ƒ'g t qpg q�w�g qpd�bJxpdOqpq

ˆ

k�qJg t qpg ƒ)¸X{ dOr r t r e fpg q

n o2p q�r
s t u v w p x v y�z z { |,z x v },t z s u z ~%• € •!q ‚ t ƒ „ z … †�~dp ‡ x z † „ q ‚ t zWˆ�u ‰ x { x ‡WŠ�p q „ z u z x�‰�p { ‹!u z „ x�Œ ƒ p q q „ q ‚ t z x
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º��
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º��

v�d�bXl�xpg ƒá_�bpd�xph d c w�t c c g h m}€It g h yQg t�fpd�qpxpg { c/g r�r t e f ô g xpkXe fJbpƒ
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g h r c�h g e f�c�¸Og t qpg
�

g h qpkOh xpqXbpqpw
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I I

t qÄxpg h É�ƒ'wOg ypbpqpw
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·X~pt qpr ÇXr c g ƒ'r m�n�g qÄ·Xe fp{ bpÁJypt { xpg c'¿�d�~pt c g {E‡pu�½EkOh t q>xpt g ½Eg r g qOc { t e fpg qÄsIg r bp{ c dOc g	• bpr dOƒ�¾

ƒ'g qXl d�r r g qpx�¸OkOƒ'ƒ'g qOc t g h cE½�g h xpg qRmR¹"h wp‚ d�qp• cIbpqpx�bpqOc g h ƒ'dObpg h cE½Eg h xpg q�xpt g
º

bpr l ‚bpfph bpqpwOg q
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‰ p …W‰ „ z2‘�x x�p t ~Wz2z „ x z q�« {�p q „ Œ ƒ p q q „ q ‚ tW‡ z s u ‰ x z † z x�—�u { x�‰ š {�q † p x�‰ z q
‹ p ƒ q ‚ t�„ q † Æ ‰ p …dp ƒ q sW‰ p q,¢ Ž „ x�q œ q † z ~

{ x ‡ z s u ‰ x z †�„ q † •

n


o2p qQq „ ~dŽ ƒ z�—�u { x�‰ Ž u „ x š „ ŽaŠ�z q † p x�‰\‰ p u „ x!£!q „ ‚ t'‰ p qQª�„ x ‹ p ‚ t zdŒ ƒ p uQš {\~�p ‚ t z x!£�{ ~×q „ ‚ t'‰ p x�p ‚ t'p x

‰ p q
¢ ‚ t |�„ z u „ ‡ z�š {d|�p ‡ z x!• ¢ sW|�„ u ‰d‰ „ zQ´,—

•

‹ ˜{ u�‰ p q
¤�z „ q z x Š�z u ‡ v

•

s ‰ z ƒ ƒ�p { ‹!‰ z ~%Ì�{�p ‰ u p † v —�„ † † z u
„ x�‰ z u

y�„ † z u p † { u�p {�q ‹ ˜{ t u ƒ „ ‚ tQŠ�z t�p x�‰ z ƒ † • o�s u †!Š�p q „ z u †�‰ „ z,},t z s u „ z,p { ‹ z „ x z ~�—�„ † † z u £ „ xW‰ z q q z xdï�z ƒ ƒ z xWq „ ‚ tQx { u!z „ x

¢ Ž „ x�Š�z Ú x�‰ z † £ |�p q,p {�q,—2u ˜{ x�‰ z x!£ ‰ „ z2„ x�‰ „ z q z u�‘�u Š�z „ †�‰ p u ‡ z ƒ z ‡ †,|,z u ‰ z x!£ ƒ z ‡ „ † „ ~�„ q † • o�„ zQ› u p ‡ z q † z ƒ ƒ { x ‡�£

‰ „ zaq „ ‚ t#‰ p x x#‹ ˜{ uN‰ z x�‘�{ † s u�z u ‡ p Š0{ x�‰#‰ „ zaz qdš {0Š�z p x † |,s u † z x0‡ p ƒ † £
|�p u�‰ „ za‹ s ƒ ‡ z x�‰ z ð�Ÿ#„ zaƒ p q q z x

q „ ‚ td‰ „ z�z x † q Ž u z ‚ t z x�‰ z xd´,z q { ƒ † p † z�p {�q�‰ z u,y�„ † z u p † { u
u z Ž u s ‰ { š „ z u z x!£ |,z x xW~dp x�ï z ƒ ƒ z xdŠ�z x { † š † £ ‰ „ z�q † p † †

z „ x z ~hš |,z „ ¢ Ž „ x�q!z x † t�p ƒ † z x�ñ�o�„ z�‘�x † |,s u †�p { ‹�‰ „ z q z�› u p ‡ z
ƒ „ z …2‰ p x xW‡ z |�„ q q z £ w z u p ƒ ƒ ‡ z ~Wz „ x z u { x ‡ q |W˜ { u ‰ „ ‡ z

¢ ‚ t ƒ ˜{�q q z2š {!•

Š
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g t qpg	¹"q�c ½It e ¸X{ bpqpw¼bpƒ�xpg q>¸�{ d�r r t r e fpg qÄa�h bpqpxp• bpr c d�qpx>qpd�e f>xpg ƒÐj!d�h dOƒ'g c g h	ð�Z�`	¾/xpg h

t q
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g h r g q¼·X~pt q���bpd�qOc g qp• d�fp{}¾Ed�bXl • bXl d�r r g qRm!v�t c
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g h { ‚dOÁ�{ t e fpg q
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xpt g r g hIj"h k�yp{ g ƒ'dOc t ¸'g t qpg q�g t w�g qpg q
º

ypr e fpqpt c c�• b�½It xpƒ'g qRmRz q�t fpƒ7r k�{ { g q

ˆ

t g hIdO{ c g h qpd c t

ˆ

g

n – xdz „ x z u
ƒ „ x z p u z x�},t z s u „ z�|�„ u ‰d‰ p q
¢ Ž „ x�q œ q † z ~¨p { ‹�z „ x�¢ œ q † z ~�|,z ‚ t�q z ƒ |�„ u Œ { x ‡ q ‹ u z „ z u�t�p u ~ds x „ q ‚ t z u

ˆ�q š „ ƒ ƒ p † s u z x'p Š ‡ z Š „ ƒ ‰ z † £!|,s Š�z „�‰ „ z�ª
ƒ z ~Wz x † p u p x u z ‡ { x ‡ z x\p ƒ q

•

p ‡ x s x z x\Š�z š z „ ‚ t x z †W|,z u ‰ z x!•

•

„ †Wš { v

x z t ~dz x�‰ z u�}!z ~dŽ�z u p † { u�w z u ƒ „ z u †!• z ‰ s ‚ t�‰ p q�r
„ ƒ ‰dz „ x z q,„ ‰ z p ƒ z x�Ç

•

p ‡ x s x z x ‡ p q z q Ç2q z „ x zQ—d˜ { ƒ † „ ‡ Œ z „ † £ |,z „ ƒ

Ÿaz ‚ t�q z ƒ |�„ u Œ { x ‡ z xdš |�„ q ‚ t z x�‰ z x

•

p ‡ x s x z xdx „ ‚ t †
~dz t u,w z u x�p ‚ t ƒ ˜p q q „ ‡ †�|,z u ‰ z xdŒ�˜ s x x z x!• o2p ‡ z ‡ z xd|�p ‚ t v

q z xd„ x x z u t�p ƒ Š�‰ z u,ƒ „ x z p u z x�},t z s u „ z�‰ „ zQï�p t ƒ�‰ z u�p x ‡ z u z ‡ † z x

•

p ‡ x s x z xWv
‰ z u�r
s q z v ¢ † p † „ q † „ ŒQ‡ z t s u ‚ t z x�‰

v�{ x�‰�‰ p ~d„ †�w z u Š { x�‰ z x�‰ „ zWÌ�{�p x † z x Œ s u u z Œ † { u z xa˜ { Š�z u�p ƒ ƒ z

•

p … z x!•

†
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Ĵ =-1.00

kagome
cubic

º
ypypt { xpbpqpw�øXm ‡Xip|�·�»—Ã

T

{ t qp¸�r U"l ‚bphd`

L

ð Z�„/bpqpx	sEa/v

T

h g e f�c r U iQn�t gN)�h xpqXbpqpwOr ~pd�h dOƒ'g c g h

dO{ r
�

bpqp¸Oc t k�qpg q xpg h"Ã!g ƒ'~Qg h d c bph<‹�Œ>l ‚bphEù��

L

ù��

L

�

ð

S

…�…XmXn�g ƒ?xpt h g ¸�c g q�À�g h w�{ g t e f'xpt g qOc

xpt g�v�dOw�qpg c t r t g h bpqpwOr ¸Xbph

ˆ

g�xpg r
�

g h h k�ƒ'dOw�qpg c g q/dObXlQxpg ƒ<¸�bpypt r e fpg q'a�t c c g h!yQg tXt xpg q�c t r e fpg ƒ

j!d�h dOƒ'g c g h r dOc • m

0

0.5

1

1.5

2

0 0.4 0.8 1.2 1.6 2

h

kT

J||=-1.00
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Ĵ =4.00

º
ypypt { xpbpqpw—øpm Špi�sEa/v�i/n�g h�)�h xpqXbpqpwOr ~pd�h dOƒ'g c g h

T

{ t qp¸Xr U�bpqpx?xpt g.r ~Qg • t ¸Qr e fpg>»�‚ dOh ƒ'g

T

h g e f�c r UEdO{ r
�

bpqp¸�c t kOqpg q	xpg hIÃ!g ƒ'~Rg h dOc bph�‹�ŒWl ‚bph�ù
�

L

�

ð

S

…O…'bpqpxJù��

L

‡

S

…O…pm

bpqOc g h r e f}‚ d c • c m�n�d�wOg wOg q.q}‚ dOfpg h q.r t e f>t ƒ�|!t ƒ'g r ù
�

g …Jr k ½�k�fp{E|�·�»—Ã”d�{ r�dObpe f>sEa/v

t qWw�{ g t e fpg h	»¼g t r g¼d�r ÇXƒ'~Xc kOc t r e f<xpg ƒ,g �Xd�¸Oc g q<sIg r bp{ c d c m�n�t g.a�h bpqpxp• bpr c dOqpxpr g qpg h w�t g q

r t qpx.• m •Im"xpdOqpq.qpt e f�c

ˆ

kOqpg t qpdOqpxpg h�• b.bpqOc g h r e fpg t xpg qRmE·�c d c c'g t qpg r'·X~ph bpqpw�g r'yQg r t c • c'xpt g

r ~Qg • t ¸Qr e fpg�»�‚ d�h ƒ'g�d�ƒ

‚

ÉIyRg h w�dOqpw'g t qpg q�¿�qpt e ¸pm}·Xt g�t r cIl ‚bphE¸X{ g t qpgV‹�Œ<xpg hIxph t c c g q�j!kOc g qp•

xpg hIÃ!g ƒ'~Rg h dOc bphE~ph kO~RkOh c t k�qpdO{ m

�E¡ �E¡ � üW•���
�˜�   ‡é
¥

°

¦

š	é§±°

¦

n�g h�¸X{ dOr r t r e fpg	a�h bpqpxp• bpr c d�qpx¼xpg r/€
º��

v�dObXlIxpg ƒ�• ½Eg t xpt ƒ'g qpr t kOqpd�{ g qJ¿�d�wOk�ƒ�� g ¾ a�t c c g h

t r c�yQg ¸ dOqpq�c { t e f—fpkXe fpwOh d�xpt w.g q�c dOh c g c mIn�dOh d�q<‚ d�qpxpg h c�dObpe fWxpt g�• bpr ‚d c • { t e fpgJ¹"t qXl ‚bpfph bpqpw

ˆ

kOqJù
�

qpt e fOc r mQ¹"rIwOt yXcI¸Og t qpg q�kOh xpqXbpqpwOr yRg r e fph g t yQg qpxpg q�À�g ¸�c kOh

/

m

*"Ü Ý!çXé

â

ç—ê}ë!Ü ÝRì�ç�è è çXÝQí

á

çXî

â

Ü ç>Þ ß

à!â

ù
�

�)…

à

Ý��

ù�� ��…Xi
º

{ r'yQk�r kOqpt r e fpg h'€Id�ƒ't { c kOqX¾

†O‡



-10

-8

-6

-4

-2

0

0 5 10 15 20

E
/N

Ĵ
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