
� � � � � � � � � � 	
� � �
� � 	�� � �������

��� ��� � ��� �"!$#&% '(� ) * + ,.- �0/��1� 21�43 576�8:9<;>=?=A@CB
D7E # F G?� H?IJ!K# 6 L M�N

O G(�PIJ!K#Q�
RTS U G?# R !$#&/VIWG0XY![Z&� \]� � G^HA_>'`�a�(X
; S bdcfe '7/P� E 3gX
hiS j !k�lX m !k�Pn U G^# ; !$#7/1IoGpXq!rZ7� \s�P� _�'`�t'
u S � n7� E 3wv Hx3y�z\{G7_|!}/��(X0~ �PnQ� � �V'^� H^Ir� E e X��P3�'^#&%A�4#Q�`X�X
5 S *�� m �a�p/Vn^#1!}��G7� e E 3 � �7'pX�G?3�!$#&% �Pn7� / E � H�'(�"!K21!$I�!k��v E e

_>'`�t' X.�P�lX !$# ' %�I E 2�'?I^�|� '?#&_ /1n�'�3�'7/P�a�13�!��x!$#&% �PnQ�
!$#`��G7�1#&/`� E e X��4Ir�0/P�a�0_ _�'`�t' X.�P�lX

�



��� � ��� � � � � � � � ��	
� � � 	 � � � 
 �>��� � � � �
U G?# R !$#&/VIoGpXY![Z7� \]�P� �P�>H4�13�!$� �4#(�lX 'x3y� # E m /7'?I /VG^I}'(�a�p_
2"v !$#`�a�0%�3�'(�"!K#7% + O Hx3y�0_|!}/Y�"! E #pX E Z7�43 �&'7/1n

pT
24!$#

!$#0X��a�&'7_ E e G0XY!$#&% �����0/P�"![Z7�
pT

21!$# /`�4#(�a�43 X �Pn�'`� m �13y�
!$# e �13z3y�0_ e 3 E � �PnQ� _�'`�t' S � n7� * + O H�3 �p_ ! /Y�"! E #0X '�3 �
�PnQ�4# � '&_?� 2qv '^H?H^I v4!K#7% b�c e '&/Y� E 3gX , * + O 
 + O B e E 3
�7'&/Vn _�'(�t' H E !$#`� e 3 E � j 'pX �(* + O GpXY!$#7% �Pn7� /`�4#(�P3�'^I
��� �d� � S � �|� !$# H^I}'7/�� E e � b M S
j !$#&_ % E E _ '&%�3y�0�1� �4#(� 21� �zm ���4# �Pn7� E I _ '^#7_ #Q� m
/Q'^I�/VG^I}'`�"! E #pX e E 3 3zG?# RTS

�



� � � � ����� � � 	�� ��� � � � 	 ��� � � � ��� � �
RTS bdcfe '7/P� E 3gX % E e '�3 e 3 E � R 6 � Z&�1# #Q�p%>'`�"![Z7� 6 e E 3

µ � � �
/
u S � �4#7/�� �Pn�'(� /Vn E ! /`� E e X /Q'^Ir� !�X # E �

G0X '^2?Ir�^9 24�0/7'?GpX.� ! e �Pn7� * + O / E 3z3y�0/P�"! E # !�X X E I}'x3 %?�?9
�PnQ� * * + O / E 3 3y�p/Y�"! E #0X � G0X�� 24� '^IkX E I}'�3 %A� S � n1! X !�X
�PnQ� 3y�&'0X E # L U M � /Vn E E X.�

µ � � � e E 3 �Pn7� /`�4#(�P3�'^I
/Vn E !}/��?9iX E �PnQ� e '&/Y� E 3 c E e c ; 3�'^#7%?� 24�P�zm ���1#
µ � =

.
5 � � '^#7_

µ � ;
.
= � � /7'?# 24� G0X.�p_ � E

�(X��"!$� '`�a� G?#&/`�43w�t'1!$#`��v S
; S � '�Z7� # E � / E � H�'x3y�0_ �Pn7�(X.� U G^# ; 3y�(X�G?I �lX m !k�Pn

� b M
hiS NdXY!$#&% /`�1#`�P3�'?I ��� ��� � S � e E 3 b�cfe '&/Y� E 3 X�9 3�'`�PnQ�43

�Pn�'^# / E � H?G`�"!$#&% F - j c _A�4H1�4#7_?�1#`� * + O 
 + O E #
�PnQ� � v�9 'pX j 'pX �(* + O !$#`�a�1#&_?�0_ S

u S j 'pX �(* + O E ���43 �{L ! _�H E !$#(� , e '`Z E 3y�0_�B�� '?#&_
� U X.�1H S � 	 ��#7_ �{L ! _�H E !$#(�
� X�IJ!}%�n(�PI v e '�Z E 3 �p_ 2qv

χ � 92?G`� �PnQ� _|! ���43y�1#&/`� !�X X�� '^IoI S

�



j !}%�G^3 �`X E # I�� e � '�3 � � - j 9�m ![�Pn � I}'&/�� � , =
.
=

< y <
=
.
R BP9

U �0_ � , =
.
R

< y <
=
.
8�BP9�� 3y�0�1# � , =

.
8

< y <
R
.
R BP9

� IoGQ� � , R
.
R

< y <
R
.
�>BP9 L '&%A�4#(�t' � , R

.
�

< y <
;
.
R B S

j !}%�G^3 �`X E # 3
! %�n`� '�3y� - � 9 m ![�Pn � I}'&/�� � , =
.
=

< y <
=
.
u BP9

U �0_ � , =
.
u

< y <
=
.
@�BP9�� 3y�0�1# � , =

.
@

< y <
R
.
;�BP9

� IoGQ� � , R
.
;

< y <
R
.
�>BP9 L '&%A�4#(�t' � , R

.
�

< y <
;
.
=TBP9

� I}'7/�� _�'0X�n7�0_ � , ;
.
=

< y <
;
.
u B S

�



j !}%�G^3 �`X E # I�� e � '�3 � � - j 9�m ![�Pn � I}'&/�� � , =
.
=

< y <
=
.
R BP9

U �0_ � , =
.
R

< y <
=
.
8�BP9�� 3y�0�1# � , =

.
8

< y <
R
.
R BP9

� IoGQ� � , R
.
R

< y <
R
.
�>BP9 L '&%A�4#(�t' � , R

.
�

< y <
;
.
R B S

j !}%�G^3 �`X E # 3
! %�n`� '�3y� - � 9 m ![�Pn � I}'&/�� � , =
.
=

< y <
=
.
u BP9

U �0_ � , =
.
u

< y <
=
.
@�BP9�� 3y�0�1# � , =

.
@

< y <
R
.
;�BP9

� IoGQ� � , R
.
;

< y <
R
.
�>BP9 L '&%A�4#(�t' � , R

.
�

< y <
;
.
=TBP9

� I}'7/�� _�'0X�n7�0_ � , ;
.
=

< y <
;
.
u B S

�



RTS � '�Z7� # E � ,
v��P�tB �P3�! �0_ �PnQ� �Pn^3y�(X�n E I�_ 3y�(X�G?� � '`�"! E #
E H`�"! E # E e O m �1#pX � � '^I S 9 m n4!}/Vn !�X '?IkX E '?# '`ZV'1!$I '?2^Ir�
E H`�"! E # !$# j 'pX��(* + O S

; S F 3 E %�3 �`XaX e 3 E � M E H4�13 '?#&_ O Io#7�(XaX E # b�c e '&/Y� E 3
/Vn7�0/��&!$#&% �

�



�7� 	K��	g� � � ��� � 	K� � � � � � ����� � � � �
RTS � �(X�� � � n�'0X % E|E _ m ��! %�n`�a�0_ /Vn4!�X ��3 E Z&�13�'^IoIK~ ;?8T5?@

e E 3 ;^8^8^5 _>'`�t' H E !$#(�lX S
; S � n4!�X ��3 
 * H`� O b e E 3��Pn7� 3zG?# ; _�'(�t' ,�m � 'pXaX G^� �

'?# '7_^_ ![�"! E #�'^I R�� �43z3 E 3 e E 3 �7'&/Vn _>'`�t' H E !K#(�tB
hiS ��� �d� � S � F - j X %|![Z&� m ��!}%�n`�a�0_ /Vn4!�X ��3 � ;?8^@^8 9

E #^I v ;�� n4!}%�nQ�43f9:X E ��� ��� � S � F - j X �|� �Pn7� 3zG^# ;
_>'`�t' ��G1!k�a� m �1IWI S

u S U � �|�s�"!$#&% ,�m !k�Pn m ��!}%�n(� ;CB I E m �13gX /1n1! X.��3 e E 3 � - j
e 3 E � R = R � E @�� 9 '^#&_ R ; � � E R ; R e E 3 - = 9 ' e '1!$3zI v
X � '?IWI�!K� Hx3 E Z7�4� �1#`� S

5 S M��P3 E #&%A�43�m ��!}%�n(� e E 3 - = _ E �(X�#�� � _ E � G7/1n � E �Pn7�
� �
	 �PnQ� �|� � E - = !�X '?IW3 �&'7_Vv ��G4!k�a� % E E _ '^#7_ /Q'^#�� �
21� !$� H�3 E Z7�p_ � G&/Vn S

� S M��P3 E #&%A�43�m ��!}%�n(� e E 3 � - j !$� Hx3 E Z&�(X !k�lX �|� X�IJ!}%�n(�PI v�9
e 3 E � @�� � E @>= E 3 8^8 S

8 S * E 3z� '^IJ!��Q'(�"! E #pX e E 3 �PnQ� !$#7/1IoGpXq!rZ7� \s�P� �P�TH4�43
!K� �1#`�lX
'x3y� O b ~�* � = S �A@ h e E 3 � - j 9 * � = S �?5A; e E 3 - = 9 e E 3
�PnQ� m ��!}%�n`� � ; �|� S

@ S M�vpX��a�1� '(�"!}/ �13z3 E 3 H�'x3�'?� �P�a�43 X '�3y� O b ~ ' e �Pm '�3 �
I}'x3 %?�13 �Pn�'^# RTS = 9�2^G(� # E #7� I}'�3 %A�43��Pn�'?# R^S @

�



M E IJ! _ ~ ��� ��� � S � S
- 'pX n7�0_:~ �|� m !k�Pn m ��!}%�n`� ; e E 3 2 E �Pn � - j '^#&_ - =
- E �s�a�0_:~ �|� m ![�Pn m ��!}%�n(� ;T= e E 3 2 E �Pn � - j '?#&_ - =
� U � � * � u

9 � + N � � d
9 U � - � g

'`�
Q � � R

.
h � ���

• �����	� 
���
���������
�� � ����� ��� ��� � !#" $���% & '(� ��)*�
+-, �*".� �/� , �0
 + � x 1 2 )*�3� � �4' + )/�65 7 '8
 �	
9�;: <=">
?��)*�@ ���A
CB g D x E < u D x E ��� , �F
 + � x 1 ��";� ��G*��
HB.� )*�3�
� �F' + )/�65 7JI '8
 �;
9�	:KB +-, �*".� �/� , �0
 + � x $��;�C"L% ��

�/".% &4�0
M�N$ , � �O" u D x EP1

• Q )*� &F
R�/
9�3���/� ">
 ��$;
9���*�C� "S< ��)T� �9$��N% &;� '8
 
���� ,U, �
� <V� , 
9� '8
O
��*� W � , ��)*"L� + ) ��)*� �/������
M� , ���O�;XZYK1[Y \]�
)F�	
 ".�*� ���*: ��)T� �*��� �/�3�/��
M� , \]� :^"_��
��>`a��B
�*�;�/�3&/�6��$ , � \]�A
 "S< �F'b��)*�3
?�V��&�� �N&�&��*�F
 ��% ".� + ��)T�
�F' + �3�CG*�	���O"J
 
9���A
 "S< ���O�	X�Yc1dY �N��: "3< ��)*� �*��� \]�A
;1

e



M E IJ! _ ~ ��� ��� � S � S
- 'pX n7�0_:~ �|� m !k�Pn m ��!}%�n`� ; e E 3 2 E �Pn � - j '^#&_ - =
- E �s�a�0_:~ �|� m ![�Pn m ��!}%�n(� ;T= e E 3 2 E �Pn � - j '?#&_ - =
� U � � * � �

u
9 � + N � � �

d
9 U � - � s � �

s
'(�

Q � � R
.
h � �P� S

• ��� �����
	��
������	�� ������	���� ��	 ����� ����� �
���! #"��

$



� � �.� � � � � ��� � 	 � � � � � � ����� � � � �
� n7� '&_?_|!k�"! E # E e �Pn7� 3zG?# ; \s�P� _>'`�t' _ E �`X # E � 3y�p_�G&/`�
�PnQ� %�IoG E # G^#7/��13w�t'1!K#(��v Z7�43 v � G&/Vn�9i% ![Z&�1# �PnQ� I 'x3 %A�
!$#7/13y�7'pX�� !K# !$#`�a�0%�3�'(�a�p_ IoG^� !$# E XY!k��v S � n7� 3y�7'pX E # e E 3 �Pn1!�X
!�X # E � �Pn�'`� �Pn7� 3zG?# R '^#7_ 3zG?# ; _�'(�t' _|!�X '&%�3y��� m !k�Pn
�7'&/Vn E �PnQ�43f9 XY!$#7/�� �|�lX �Pn�'`� GpX.� E #^I v 3zG^# ; _>'`�t' n�'`Z&�
'?H^Hx3 E �?!$� '`�a�1I v �Pn7� X '?� � G?#&/`�43 �t'4!$#`��v S

���



� + N � � ��� ��� � S � ,a3zG^# R \]� � _�'(�t' E #^I v�B
U � - � #7�Pm � � ,a3zG^# R '?#&_ 3zG^# ; \s�P� _>'`�t'�B
� +C) � b � #7�Pm �|� m !k�Pn 3zG^# ; \]�P� _�'(�t' E #^I v
� U � � * � #7�Pm �|� , � * O � \]� � _�'(�t'�B
L ) � � *�� ) � G^H ��G�'x3 �

� ������� ��	�� � �������� �	� ���  ��� � 	��� ��� ��� ��	 � ��� 	 � � ��
 � 	
�
� ����� � ��
 ��� ��	���� � ����� � � ��� � ��� � ��� � 	 ��� � �  � ���������! ���

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

a - ��	 !/. − x
# a 0 � �  ��� � � 	 1 � �

��� 	 � ��	 243 576 89�:8 ��	
� ��� � ��� �
�  �! ��� � �
� � � � ���

; �����
� 	�� �=<>� ��" ��? ��� ���
	$@ 6 ��� � � � � 	 � � 	BA � C � ��	 �D� �� ��� ���

����� � � �&% �E� ��� �F� � � � �  � � � � ���&C��
� � � ��� ��� ���
	
GHG



/ E #0XY!}_?�13�'^2?I v I}'x3 %?�13 E 3 / E #0XY!}_?�13�'^2?I v X � '?IWIr�13��Pn�'?# G?H
��G�'x3 � '`� I}'x3 %?� � e E 3 X /7'?Ir� � � R^Soh:S
)�� � � R =?= 9��Pn7� ��G�'x3 � _ E � !$#�'(�a�`X # E � '(�s�a�43�m n�'(� S



N #`��#4!�X�nQ�p_ 2^G0XY!$#7�(XaX
� � '0XaX�G?� � '?# '7_^_|!k�"! E #�'^I R�� H E !$#`� c � E c H E !K#(� �13z3 E 3 !$#
�PnQ� 3zG^# ; !$#7/1IoGpXq!rZ7� \s�P� _>'`�t' S 	 e �Pn4!�X ! X X�G^H?H E X��p_ � E
3 �4Hx3y�(X.�4#(� �13z3 E 3 !$# �PnQ� �Pn7� E 3wv�9<� S % S * + O
'?H^Hx3 E �?!$� '`�"! E #>9 ![� X�n E G^I�_ !$#pX �a�&'7_ 21� ' X�� E E �Pn
H�'�3�'^� � �P3�!��Q'(�"! E # S

� �



*��&'x3 c �a�13z� _>'`�t' X.�P�lX � E 24� !$#&/VIWG7_?�0_ !$# F - j �|�
RTS

W
3�'^H1! _ !k��v 'pXlv^� � �P�P3 v '?#&_ Ir�4H(� E # c e 3 E � c

W
c _?�0/7'"v

3�'^H4!}_ ![�zv '0Xlv^� � � �P3wv ,�m ![�Pn
pT

/1G(�lX B
; S ��� E � 21!$#7�0_ �|�s�"!$#7%:~ � F - j X '^#7_ # E #?H4�43 �PG^3z2�'`�"![Z&�

U �(X ��E X H�'x3�'^� �P�a�43gX S ,.F 3y�1IJ!$� !$#�'x3 v � �lX '?#&_
��!}%?�1#�Z7�p/Y� E 3 X.�P�lX n�'�Z7� '^Io3y�7'&_Vv 21�0�1# � '7_?�?9�2^G`�
#Q�0�0_ � E !$#&/VIoG&_A� �PnQ�

pT
_ ! X �P3�!$2^G`�"! E # _>'`�t' e E 3

Z
�

Hx3 E _�G&/Y�"! E # '(� �PnQ� � � ZV'(�P3 E # S B
hiS � � U ) 3 G^# ; _�'(�t'�9�m n7�1# !k� 21�p/ E � �`X '�Z�'4!$I}'^2?Ir� S

� �



� nQ� E 3y�P�"! /Q'^I H�3y�z\tG&_|!}/`�`X '^#7_ * �1G^3�'^I * �P�lX
� n7� * * F - j / E IWI}'?2 E 3�'`�"! E # n�'0X 24�0/ E � � ' Xq! %�#4![� /Q'^#(�
H?I}'qv��13 !$# �PnQ� F - j %�'?� � S
O 2`ZA! E GpX _ ! ���13y�1#&/`� 24�P�zm ���1# �Pn�'`� '?H^Hx3 E '7/1n '^#7_ E G^3gX�~
RTS � � �1# e E 3 /`� X�� E E �Pn?#7�(XaX !$# �Pn7� !$#^H?G`� F - j X 6

IJ!$� ![�a�0_ #^G?� 21�43 E e H�'x3�'^� � �a�13gX S
; S � � � ' �{� � !KI�_ U �0%^%A� c 2�'pX.�0_ 'pXaX�G?� H(�"! E #pX E #

e G^#7/P�"! E #�'^I e E 3z� X '(�
x→

=
hiS � � � ' �{� � !KI�_ M�H4�0/Y�t'`� E 3 � E G?#`�"!$#&% 'pXaX�G?� H(�"! E #pX

E # e G^#&/Y�"! E #�'^I e E 3z� X '?#&_ H�'x3�'^� �P�a�43 3�'?#&%A�`X '`�
x→ R^S

u S 	
# � #�'^IJ!��x!$#&% ��� ��� � S � 9 m � m �1#`� � E / E #0XY!}_?�13�'^2?I��
� � E 3 � � E 3y�p_�G&/`�

s
,
x
B�� �

s
,
x
B

�
d
,
x
B�� �

u
,
x
B

'(� X�� '^IoI
x
S 	 � ! X � ���P3y�1� �1I v �7'pXlv � E %?�P� � �lX m nQ�43 �

�Pn1!�X 3�'(�"! E !�X '0X I}'x3 %?� 'pX ; '`� � E _A�43�'(�a�4I v X � '?IWI
x
S

�����	��

� � � ������� � ��������
���� � ��� � � ���!�#"$"

� �



� ��� ��� � ���
	���
�� ��� �
	���	���������� ��� � ��� � �!�#" �
$&% ')(&* +-,/.10 23'4065 78'�9:9;,<53= ,>5 � � ��?A@>BD S � S � E IoIJ!$#pX '^#&_ D S F G^� H^IJ!$#�9 �f� �(X��lX E e % E E _�#7�(XaX E e

� � � E � G?I �"!$H?I�� _>'`�t' X.�P�lX � C nQ�4H c H^n 
 = R =?5A;>=A8ED S
b ��v !}_?�7'C~ 	�# '&_^_ !k�"! E # � E �Pn7�

� v^H E �Pn7�(XY!�X c �a�(X��"!$#&% /13�!k�a�13�! E #�~ F
χ � ∼ √ ;

NG0X.� �Pn7� X��P3 E #&%A�43
F '�3�'?� �P�a�13 c �|�s�"!$#&% /13
![�a�13�! E #�~ F

χ � ∼ R
F '�3�'?� �P�a�13gX n7�13y� '�3 � 3y�4I}'(�"!rZ7� m ��!}%�n`�lX '0XaXY!}%�#Q�p_ � E
Z�'x3�! E GpX � �TH4�13�!$� �1#`�lX`9 E 3�� E 3 �`X�G?I �lX E 2(�t'4!$#7�0_ GpXY!$#&%
Z�'x3�! E GpX � �TH4�13�!$� �1#`�t'?I � �P�Pn E _1X S G �IHKJ H^I:L(X0~
•

F I EEM J NPOQNRJ GKJ
χ �i

ZpX S
χ �.S'T. − χ �i U m n�LQVWL

χ �i
N�X E O�L

E e M n�L L �THXLQVYNPJ LQO M X U E V H?IoIC_ZH M H E O O?G\[VI:LEN U^] V HK_`__�H M H H M _ ] m Q � U S0S�S
] V
• a _ ] M b ] M n HpX edc O\[ M N ] O ] e e H\fgVhHKO�fiL J c _ M NPjK_kN<LXV ul m LQVWL npo

− u q χ �i
� npo �

u q n χ �.S'r. − χ �i q N>s M m L
t c HiO M N Mvu J NPOQNRJ NxwyL�z|{

} HKO ] b~M HXNPO t c HiO M N M H M N;��L VWL~s c _ M s b6u ��MdM NPO\f M ] H J ] z�LX_l N M m H sANPO\fg_:L [ ] J J ] O jEH�VhHiJ L M LXV p �
χ �i � A

� (

p=�,<5
θ

) � ⇒ p � � ± s6NRO θ

χ � 5�'T. i � B
� (

p−S� '�=
θ

) � ⇒ p � S ±
[ ] s θ

� m L~s�L z�N;��LXV b�u
S±

o U N�{`LK{ U b�u S � s M HiO\zZH�V�z ziL)��NkH M N ] O4s���S�



NMC D2/H2  
NMC D2/H2

S = 2.6

BCDMS D2
BCDMS D2
S = 7.6

� ,/. =-. ' � '���.�0�� ���	�
�T( ,�� �T5 .h= ,<5 .10�� 7�
 ��� � �65���9��3=�, =
���	� . ? � � � � � � �

S � . � �
.
� �

.
� �

. � �
.
� �

.
� �

.
� �

.
�.���5

φ � .
�	� � .

� � � . �
� � .
�	� � .

� ? ?
.
?�� � .

�
� � .
� �

�! 



� m L sAN M c H M N ] O � ] m O HKO�z � [ ] O4s6N z�LXV L4z l H�s M ] [ ] O4sAN z�LXVH s c b s�L M
S ] � M m L f _ ] b HK_�zZH M H s�L M � s c [ m H4s M m L zZH M H

� V ] J H sANPO�f _:L L��8jXLXV NRJ LQO M U�] V z�H M H ] � H sANPO\f _:L Mvu jXLn LK{`f|{ NPO\[I_ c sAN;��L � L M s q � HKO�z N M s [ ] J ji_:LXJ LXO M S
l m N [ m

[ ] O�sANxs M s ] � M m L VWLys M ] � M m L z�H M H�{� u ��MdM NPO�f M ] J NROQNPJ NxwyL
w χ �S � χ �

S

� ] V H O c J b LXV ] ��EHK_ c Lys ] � M m L VWLQ_ H M N;�\L l L N f m M w U ] O�L [�HiO J HKj ] c M χ �SH�s H � c O\[ M N ] O ] � χ �
S

{
� l ] j�V ] b _xLQJ s �o8{ 	 NPO�[ L M VhH�z�N M N ] OEHi_�
 H c s�s6N HiO s M H M Nxs M N [ s z ] O
� M HijKjK_ uM ] ] c V j�V ] b _xLQJ b L�[�H c s�L ] � c O��EO ] l O s u s M LQJ H M N [LQV V ] V s n b ] M m NPO M m L ] V u HiO\z NPO L��8jXLXV NRJ LQO M q U l L s M NP_`_z ] O�� M � O ] l m ] l M ] z�L4[�N ziL l m L M m LXV H jEH�V M N [ c _ H�V

χ �S ��s {
χ �

S

[ c V ��L s m ] l s [ ] J j H M N b NP_kN Mvu ] VNPO�[ ] J j H M N b NP_kN Mvu {� { � m L J L M m ] z z ] L~s O
� M z�NPVWL�[ M _ u s m ] l l m H M H4s jQL4[ M s
] � M m L M m L ] V u H�VWL Hy�#L�[ M L4z b�u M m L M LQO4sAN ] O b L M l L�LQO
S
HiO\z

S
n HK_ M m ] c f m M m L a � � ��M s M m H M l LQVWL

] byM HQNRO�L4z M ] J H���L M m L [ c V ��L [�HKO b L c s�L4z M ]L��8jK_ ] V L M m L � j c _`_;� H4s�s ] [ NkH M L4z l N M m S q {� O�L l J L M m ] z M m H M � HiJ [ c V VWLQO M _ u s M c z u NRO�f HijKjXL�H V s
M ] s ] _ ��L M m L s�L�[ ] O\z j V ] b _:LQJ {

���



� L l J L M m ] z � ] V s M c z u NPO\f [ ] J j H M N b NP_kN Mvu� L\H�V M m L J NPOXNPJ c J U χ � N>s HKO HKjij V ] ��NRJ H M LQ_ u t c H\zgVhH M N [� c O�[ M N ] O ] � M m L a � � s m HKjQL jEH�VhHKJ L M LQV s
A � , . . . , AN

{
� u [�HK_x[ c _ H M NPO\f M m L �!Lys�s6N HiO J H M V N �

Hi,j � ∂ � χ �
∂Ai ∂Ajl m N [ m z�L � O�Lys M m L t c H\zgVhH M N [ � ] V J U HKO�z c sANPO\f N M s

L N fiLQO ��L4[ M ] V s H�s O�L l b H�sANxs ��L4[ M ] V s NPO M m L
N �
z NRJ LQO4sAN ] O HK_8s)jEH\[yL U l L ] b~M HXNPO H _kNPO�L�H VM V HKO4s � ] V J H M N ] O M m H M j c M s χ � NRO M ] H ��LXV u sANPJ ji_xL � ] V J �

χ � � χ �� �
N
∑

i � �
z �i npo q

n � O j�VhH�[ M N [yL U N M Nxs O�L4[yL~s�s�H�V u M ] [�H�V V u M m Nxs ] c M b6u HKON M LQVhH M N;��L J L M m ] z U b L�[�H c s L M m L _ H V�f�L VhHKO�fiL ] �L N fiLQO �EHK_ c L~s ] � M m L ��L~s�sANkHKO � [ ] V VWL~s j ] O\z�NPO�f M ] Hs)jXL4[ M V c J � V ] J s M L LXj M ] � H M z�NPVWL�[ M N ] O�s � VWL t c NRV Lys
z N;�#LQVWLQO M s M LXj sANxwyL~s NPO z�N;��LXVWLQO M z�NPVWL�[ M N ] O4s M ] Hy� ] N zO ] O � t c H\z V H M N [ b L m H �XN ] V l m LQO [�Hi_>[ c _ H M NRO�f M m Lz�LXV N:�EH M N;��Lys O c J LXVYN [�HK_`_ u { q

���



� m L _kNPO�L�H V M VhHKO�s � ] V J H M N ] O M m H M _:L�H\zQs M ]
χ � � χ �� �

N
∑

i � �
z �i

Nxs O ] M c OXN t c L U b L�[�H c s L HiO u � c V M m LXV ] V M m ] f ] OEHi_M V HKO4s � ] V J ] � M m L zi
l NR_`_|j�VWL~s�LQV �\L N M { 	 c [ m HKO

] V M m ] f ] OEHi_ M V HKO4s � ] V J H M N ] O [�HKO b L ziL � O�L�z c sANPO\f M m L
L N fiLQO ��L4[ M ] V s ] � HiO u s u J J L M VYN [ J H M VYN � { � � M LQV M m N>ss L4[ ] O�z _kNPO�L�H V M VhHKO�s � ] V J H M N ] O ] � M m L [ ]�] V�z NRO H M L~s U M m L[ m ] s�LQO s u J J L M VYN [ J H M VYN � l NP_`_ M m LQO b L z NkH\f ] OEHi_�NRO M m LV Lys c _ M NRO�f O�L l [ ]�] VWz�NPOEH M Lys�{ � m c s M m LQVWL Nxs H � VWL�L�z ] JM ] z�NkH�f ] O HK_kNxwyL HKO H\ziz�N M N ] O HK_�J H M VYN � l m NP_:L j V Lys�LQV �XNPO\fM m L sANPJ ji_xL � ] V J � ] V χ � { n � O M m L s M HKO�zZH�V�z �!Lys�s6N HiO
J L M m ] z U HKO\z NPO J u c s c Hi_|N M LQVhH M N;��L j�V ] [yL4z c VWL U M m L[ ]�] V�z�NPO H M L s jEH�[ L z Nxs M HKO�[ L J L\H�s c VWL

N
∑

i

n
Ai −A

� ���
i q �

Nxs J H�ziL z N H�f ] OEHK_gHi_ ] O\f l N M m χ � { q
� m Nxs � VWL L4z ] J [�HKO b L L �8jK_ ] N M L�z b6u M H���NPO\f M m L
s u J J L M VYN [ J H M VYN � � V ] J M m L t c H\zgVhH M N [ � ] V J M m H M
z�Lys�[QVYN b L~s M m L [ ] O M VYN b c M N ] O M ] χ � � V ] J HKO u [ m ] s�LQOs c b s L M

S ] � M m L zZH M HZ{ � m LQO�{4{y{

���



� O M m L t c H�z VhH M N [ HKjKj�V ] �iNPJ H M N ] O U M m Nxs [ m ] N [ L j c M s M m L[ ] O M VYN b c M N ] O � V ] J M m L s c b s�L M ] � zZH M H NPO M ] H z�NkH\f ] OEHi_� ] V J �
χ �S � α �

N
∑

i � �

n
βizi � γiz �i q .

� � Hi_`_ ] � M m L jEH�VhHiJ L M LXV s γi
_kN L NPO M m L VhHiO\fiL � < γi <

o UM m Nxs _:L\H�zXs b6u sANPJ jK_:L HK_xf�L b VhH M ]
χ � � χ �S � χ ��S � [ ] O4s M

χ �S �
N
∑

i � �

� n
zi −Ai q /Bi � �

χ ��S �
N
∑

i � �

� n
zi − Ci q /Di � �

� m c s M m L s c b s�L M
S ] � M m L z�H M H HKO�z N M s [ ] J ji_xLQJ LXO M S

M H���L M m L � ] V J ] � NPO\ziLQjXLQO\z�LXO M J L�H4s c VWLQJ LQO M s ] � M m L
N
�EH V N H b _:L~s

zi U l N M m VWL~s c _ M s
S � zi � Ai ± Bi

S � zi � Ci ± Di

���



χ � � χ �S � χ ��S � [ ] O4s M

χ �S �
N
∑

i � �

� n
zi −Ai q /Bi � �

χ ��S �
N
∑

i � �

� n
zi − Ci q /Di � �

� m Nxs z�L4[ ] J j ] sAN M N ] O � O4s l LQV s M m L t c L~s M N ] O ��� m � M Nxs
� L � s c VWL4z b�u z � M � s c b s L M

S � � � N M N>s M m ] s��j � V � � � M �QV s
zi

� ] V l m N [ m M m � Bi ∼< Di
{ � m �ys��

j � V � � � M �QV s l NP_`_ f��QO	�QV � _ _ u s j � O � s c b s j � [
� ] � M m � � c _`_
N �
z N � �QO4sAN ] O � _ � MdM NRO�f s j � [
� U l N M m � � VYN ] c s � V � [ M N ] O4s ] �NPOy� ] _ �	� � �QO M � _ ] O�f z N;���QV��QO M z�NPV���[ M N ] O�s�{� m � z���[ ] � j ] sAN M N ] O � _;s ] � � � s c V
�ys M m � [ ] � j � M N b NP_ N Mvub � M l �
�XO

S
� O�z M m � V��ys M ] � M m � z � M � S � M m �z Nxs � fgV���� � �XO M b � M l ���QO M m � M l ] Nxs

n
Ai − Ci q ±

√

B �i � C �i
� _ ] O�f M m � z NPV��4[ M N ] O ] � zi

{ � �	��� � _`_�[ m��
�
s t c � �
�4z � ] � �

] � z � �������QO\[�� � s
N
∑

i � �

n
Ai − Ci q � / n B �i � C �i q

� �



� O ] c � a � � � jijK_ � [ � � � ] O U O ] � � _ _ ] � � m �
γi
j � � � � � � ��� s

l � _ _ _ � � � O � m � � � O�f�� � < γi <
o8{

� � ����[ � � ] O�s l � � m
γi < � [ ] �����ys)j ] O�z � ] j � � � � � � ��� s � ] �l m�� [ m � m � z � � � s c b s�� �

S
m � s �	��� u _ � ��� _ � � ] s � u U s ] � m �

� � _ c � � s z�� � ��� � � O	��z �QO � � ���Q_ u b�u � m � [ ] � jK_ � � �QO � � � u
s c b s�� �

S
{

� � ����[ � � ] O�s l � � m
γi >

o [ ] �����ys)j ] O�z � ] _ � O � � �
[ ] � b � O � � � ] O�s ] � � m � ] � � f � O � _�j � � � � � � ��� s � m � � � �
�
� _ � ] s � �QO � � ���Q_ u z�� � ��� � � � O	��z b6u

S U s ] � m �
[ ] � jK_ � � �QO � � � u s c b s�� �

S
� s � � ���Q_ �)� � O � {

� ] � � � s c ��� � m � [ ] � j � � � b � _ � � u b � � l ���QO S
� O\z

S U l �[ � O s � � jK_ u � f O ] ��� � m � z � � �QO4s � ] O4s � O l m�� [ m � < γi <
o

� � � _ s�{

� ] � � ] O � � � � � O � O\f � m � [ ] � j � � � b � _ � � u � O�z � O � c �QO\[��
] � � m � � O�[Q_ c s � � � � � � z � � � ] O � m � a � � � � c s � O\f � m�� s
O � l � ��[ m O � t c � � s � O j � ] f ���ys s�{

� �


