
���������
	����
����	�����������	�����	���	�� � �!�#"$�!���&%!��	
')(+*-,#(/.1032�*-4#5 6�7989:<;=;�>�(@?�,#5

A@BDC�EGF-C!F-E=E
H

IKJMLONQP�P�RGS�T1LOL@JUP�LWVYXZL�[-\�RGP�]-JML@^_L@P�]�L@Pa`KRGb�T1LWVdceJMV/f�P�JMg_ShfK]-JMLOL@JUP�iWJUj=LOkal#j
mUJMg_S-n
o L@JUfOiWb�^qp�^ o msrG^/b�P�ja]�L@^ o=t V/T t m t j
JMV_g_S�L@P�` t f/u=L@^_V_g_S�JML@v�b�P�j�wxp�w&yQb�v�v�mML
z!]�L@^OJUP
]�L@P|{<}
~
�=�#�
�#L@^��hRGS�^_L@P�]-b�^_g_S�V_L@JUP�L�R#V/f/^ t P t T�JMV_g_S�L@P�kaLWV_V/b�P�j=L@P�]�L@P$�K^/b�P�]�n
V/f_L@JUP�����^�L@JUP�L�\�^+rGiWJMV_L�p�^d� t ^_V_g_Shb�P�j�]�L@^ o=t V/T t m t j
JMV_g_S�L@P�` t f/u=L@^_V_g_S�JML@v�b�P�j9mML@j
f_L
z
V+RGS�]-JML��)LWg_S�V_L@mMV_L@JUf/JUj=L�XZ�xmUb�g_Shf/j=LWV_g_Sh��JUP�]-JUj o L@JUfdc�]�L@^���RGmsR�[-JML@P1mMLW]-JUj
mUJMg_S�RGmMV�L@JUP�L
v3LW�hb�L@T1Le�h\�^_LWg_Sh�)L@JMV_LK����^�]-JMLK�YLWV_g_S�^_L@JUv�b�P�j�V_L@JUP�L@^Y�YL t v�R#g_Shf/b�P�j=V_]�RGf_L@P�RGP&whp�^
j
JUP�j�P�JMg_Shf�u t P�L@JUP�L@^QX�^_L<RGmML@P-c�`KRGb�T1L�[-\�RGP�V/J t P�RGb�V<w&��L@JUP�� t mUmML@j=L�b�P�]��DL@JUf/j=L�n
P t V_V_L
z=�Yw�����JMg o�� z=u=L@^/T9b�f_L@f_LK]�L@P��K^/b�P�]1]�L@^ o=t V/T t m t j
JMV_g_S�L@P�` t f/u=L@^_V_g_S�JML@v�b�P�j
JUP1L@JUP�L@^Q��JUT�p�JUP�i<L@mUP�L@P1P t g_S1P�JMg_Shf�j=L@P�RGb1u=L@^_V/f+RGP�]�L@P�L@PD�xj
^+RWu�JUf+RGf/JUu=L@P� �LWg_S�V_L@m¡n
��JU^ o b�P�j�]�L@^Y¢�S t f t P�L@P&z�]-JMLK]-JMLWV_L@P£��v3L@^ o=t V/T�JMV_g_S�LO�DL@JUf_V/\�RGP�P�L@P�S�JUPh�)L@j1p�P�L@^dn
j
JML�L@Phf/iWJML@Shf<w#¤eR#g_S9p�JUP�V/f_L@JUP�Vx¥�Phf_L@^/\�^_L@f+RGf/J t P�]�LWV&¢�msRGP�g o V_g_S�L@P�¦Qb�RGPhf_L@P�\�^/JUP�iWJU\�V<z
E = hν

z=L@Phf_V/\�^/JMg_ShfY]-JMLWV�L@JUP�L@^�NQv�P�RGS�T1L�]�L@^���^_LW�hb�L@P�i=z
v�iW�Ow=]�L@^Y��b�P�RGS�T1LQ]�LWV
X�JUP�P�L@^_L@P �DL@JUf/f+R o f_LWVdcOL@JUP�LWVQ¢�S t f t P�V<w
p�JUP�L�u t P$yqw� �L � m�u t ^/j=LWV_g_S�msRGj=L@P�L�p�^/�)L@JUf_L@^/b�P�j�]�L@^£`�JML@T�RGP�P�V_g_S�L@P|IKJ¡��n

�§L@^_L@Phf/JsRGmUj=L t T1L@f/^/JML�j=L@Shf�]�RWu t P$RGb�V<z�]�R#V_V�]-JML�j=L t T1L@f/^/JMV_g_S�L@P¨��b�P�]�]�RGT�JUf�]-JML
\�S � V/J o RGmUJMV_g_S�L@PD��k RG©=V/f+rGv3L�iWb�P�r#g_S�V/fq]-b�^_g_S t ^/f_V+RGv�S�rGP�j
JUj=L�� t Phu=L@Phf/J t P�L@P�L@JUP-n
j=L�����S�^/f��)L@^_]�L@P�ª1rGS�P�mUJMg_S£��JMLQv3L@J�]�L@P���^/��S�L@^���v�mUJMg_S�L@P�u=L@^_V_g_S�JMLW]�L@P�L@P�XZp�JMg_Shb�P-n
j=L@P-cau t P�XZ��b�©#c t ]�L@^�XZp�mUmML�c L@f_g
wUw�IKJMLWV_LaL@^d��RGS�^_L@P|v3L@J�]�L@^�«Qv3L@^/f/^+RGj
b�P�j�u t P
L@JUP�L@T¬�DL@JUfdnd­Q^/fOiWb�T®RGP�]�L@^_L@P�T1l#j
mUJMg_S�L@^/�)L@JMV_L�L@JUP�L�u t T¯ �L@j�RGv�S�rGP�j
JUj=L1°QT�n
L@JMg_Shb�P�j±�#8�>�²#5 ³W2�*�>�')´§2�*#µh>/4#¶�>@?�(�´�>_��w-k RGf/S�L@T�RGf/JMV_g_S�v3LWV_g_S�^/JML@v£ �L � m�]-JMLWV)]-b�^_g_S
p�JUP-����S�^/b�P�j�L@JUP�LWV)V t j=L@P�RGP�Phf_L@P£XZ·!rGP�j=L@P�iWb�V+RGT�T1L@P�S�RGP�j=Vdc1� t ]�L@^Q0�¸#,#5M>�¹-6@:h³W,#¶�º
¶�>�¹�*-,#¹�µG³_�Db�P�]O]-JML�kal#j
mUJMg_S o L@JUfxu t P9°QT1L@JMg_Shb�P�j=L@P&z
RGmMV t ')´§2�*�?�(/,#¹�³�»W4#(�¶1,
?�´§4#¹3>�¹
JUT¼V/f/^/J o f_L@P �hJUP�P�LO]�LWV�  t ^/f_LWV<w
p�JUP�L�V t mMg_S�L��eL t T1L@f/^/JML£L@JUj
P�L@fqV/JMg_S½u t ^/iW��j
mUJMg_S¾iWb�^qI�RG^_V/f_L@mUmUb�P�j�\�S � V/J o RGmUJ¡n

V_g_S�L@^�¿�L@^/S�rGmUf/P�JMV_V_L
z#JUP�]�L@^
v3L@J-¿�L@^/v�JUP�]-b�P�jOu=L@^_V_g_S�JMLW]�L@P�L@^Y�DL@JUfdnd­Q^/f_L�L@f��YRe]-b�^_g_S
NQb�V/f+RGb�V_g_S�u t Pa·ÀJMg_Shf_V/JUj
P�RGmML@P�L@JUP�LO¿�L@^+rGP�]�L@^/b�P�j�]�LWVQJUPhf_L@^/P�L@P k RG©=V/f+RGv3LWVQL@JUP-n
f/^/JUf/f<w&�eL@P�RGb�]-JMLWVKJMV/fKv3L@J
]�L@^ o=t V/T t m t j
JMV_g_S�L@P�` t f/u=L@^_V_g_S�JML@v�b�P�j�]�L@^e��RGmUm�w3ÁxRGfdn
V+r#g_S�mUJMg_S�msr#V_V/f�V/JMg_S�p�JUP�V/f_L@JUP�VYRGmUmUj=L@T1L@JUP�LQ`QL@msRGf/JUu�JUf+rGf_V/f/S�L t ^/JMLq��NK`
ÁQ��zhRGP�]�L@^_V)RGmMV
]�R#V� �L � m!JUT��hRGS�^_L�{<}-{<Â�u t ^_V_g_S�mUb�j�z�4G*h¹3>�>�´�¹�³W2�*h¹3>�´§.h>�¹D.h>OÃQ¹D.h>�(�:�¹�µOJUT�`KRGS-n
T1L@P�]�L@^e �L � mMV_g_S�L@P�p�JMg_S�j=L t T1L@f/^/JML�� t ^/T9b�mUJML@^_L@P&wÀIKJMLWVej=L@ShfeJUT¯`KRGS�T1L@P�L@JUP�L@^
¸#4#¹�³<>�(�ÄG,
?�´�Ä#>�¹a')(�Å)>�´�?�>�(�:�¹�µ9]�L@^Kp�JUP�V/f_L@JUP�V_g_S�L@PaÁYS�L t ^/JML
w�XZ� t P�V_L@^/u
RGf/JUuhc�v3LW]�L@b-n
f_L@f1S�JML@^<z�]�R#V_V�]-JML±NK`
Á�P�JMg_Shf�Phb�^<z���JML±V t P�V/f1v3L@J�ÁYS�L t ^/JMLWL@^/�)L@JUf_L@^/b�P�j=L@PÆ]�L@^
¢�S � V/J o ��v�mUJMg_S&z
RGmMVKÇY(_>�¹-6�»W,#5�5<]�L@^
L@^/�)L@JUf_L@^/f_L@P1ÁYS�L t ^/JMLYRGb-��f/^/JUf/f<z#V t P�]�L@^/P�]�RG^/��v3L@^
S�JUP�RGb�V1V t jhRG^�L@JUPÈ0
;�>_6@´§,#5 »W,#5�5
]�L@^1p�^/�)L@JUf_L@^/b�P�j¾JMV/f�b�P�]�]�RGS�L@^1b�Phf_L@^1j=L@��JMV_V_L@P
�YLW]-JUP�j
b�P�j=L@P�P�JMg_Shf�Phb�^KRG\�\�^ t [-JUT�RGf/JUu±V t P�]�L@^/P�V/f/^_L@P�j�j
��mUf/JUj1v�mML@JUv�f<wD��b�P�r#g_S�V/f
j=L@��JUP�Phf�T�RGP�S�JML@^YmMLW]-JUj
mUJMg_S±L@JUP�L@P�iWb�V+rGf/iWmUJMg_S�L@P�v3L@j
^/J¡É1JMg_S-n�V � T9v t mUJMV_g_S�L@P��h\�JML@m¡n
^+RGb�T¬]-b�^_g_S�]-JML1 ½RGS�mUT1l#j
mUJMg_S o L@JUf_L@P�u=L@^_V_g_S�JMLW]�L@P�L@^�p�JMg_Shb�P�j=L@P&w�I�RGT�JUfqL@^/�)L@J¡n



f_L@^/P½V/JMg_S�JUT¯P�r#g_S�V/f_L@P���g_S�^/JUf/f�RGv3L@^qRGb�g_S½]-JML�\�S � V/J o RGmUJMV_g_S�L@P½¥�Phf_L@^/\�^_L@f+RGf/J t P�Vdn
T1l#j
mUJMg_S o L@JUf_L@P�]�L@^�T�RGf/S�L@T�RGf/JMV_g_S�L@P��hf/^/b o f/b�^<w=IKJMLWV�j
JUmUf�V_L@mUv�V/f�]�RGP�P&z
�)L@P�P�V/JMg_S
]-JMLe �L � mMV_g_S�LOp�JMg_S�j=L t T1L@f/^/JML9u t P±]�L@^���v�mUJMg_S�L@^/�)L@JMV_L9JUP±]�L@^�`QL@msRGf/JUu�JUf+rGf_V/f/S�L t ^/JML
u=L@^/�)L@P�]�L@f_L@P¾`�JML@T�RGP�P�V_g_S�L@P��eL t T1L@f/^/JML o RGb�T¯b�Phf_L@^_V_g_S�L@JM]�L@f<w!¥�T¯mML@f/iWf_L@P½��RGmUm
V/\�^/JMg_ShfOT�RGP�u t P½L@JUP�L@^KX�JUPhf_L@j
^+RGv�mML@P¾ �L � mUj=L t T1L@f/^/JML�c+w
�hJML�mUJML@j
f9]�L@P�� t mUj=L@P�]�L@P
k t ]�L@mUmML@P±iWb�j
^/b�P�]�L
w
NQP�RGm � V/JML@^/f
T�RGP1]-JML��eL t T1L@f/^/JML�]�L@^
v3L o RGP�Phf_L@P1k t ]�L@mUmML�]�L@^
^_L@msRGf/JUu�JMV/f/JMV_g_S�L@P

� t V/T t m t j
JML±��V t j=L@P�RGP�Phf_L9XZ` t v3L@^/f_V t P-n� ½RGm o L@^�k RGP�P�JUj#��RGmUf/JUj o L@JUf_L@P-cd��RGb�Ve]-JMLWV_L@^
�hJMg_Shf<zxV t msR#V_V_L@P¾V/JMg_S��/L�P�R#g_S¾ ½RGS�mY]�L@^qp�JMg_Shb�P�j�L@JUP�L o JUP�L@T�RGf/JMV_g_S�L£IeL@b�f/b�P�j
]�L@^�` t f/u=L@^_V_g_S�JML@v�b�P�j���JML£v3L@JUT I t \�\�mML@^dn�p��ÀL o f�b�P�]¾L@JUP�L£P�JMg_Shfdn o JUP�L@T�RGf/JMV_g_S�L
��L@f��YR£]-b�^_g_Saj
^+RWu�JUf+RGf/JUu=L@P�p�P�L@^/j
JML@u=L@^/mUb�V/f�]�L@^e¢�S t f t P�L@PD��JUP�L@JUP�RGP�]�L@^ef/^+RGP�Vd� t ^dn
T�JML@^_L@P&w��QS�P�mUJMg_S���JML�p�JUP�V/f_L@JUP�j
^+RWu�JUf+RGf/JUu=LO��L@mM]�L@^�b�P�]�v3LWV_g_S�mML@b�P�JUj
f_LO�YL t v�R#g_S-n
f_L@^_V � V/f_L@T1L�T�JUfxyQJUm¡�§L�]�L@^x`�JML@T�RGP�P�V_g_S�L@P�IKJ��ÀL@^_L@Phf/JsRGmUj=L t T1L@f/^/JMLO��b�Phf_L@^xj=L@��JMV_V_L@P
�YLW]-JUP�j
b�P�j=L@PD�YRGmMV�r#�hb�JUu
RGmML@PhfQRGP�V_L@S�L@P o=t P�Phf_L
z-L@^/�)L@JMV_L@P±V/JMg_S�S�JML@^Yb�Phf_L@^Yj=L@��JMVdn
V_L@P��YLW]-JUP�j
b�P�j=L@P½]-JML�NQP�P�RGS�T1L�L�[-\�RGP�]-JML@^_L@P�]�L@^q`KRGb�T1V_g_S�JMg_Shf_L@P�JUP o=t V/T t m t n
j
JMV_g_S�L@P£k t ]�L@mUmML@P1b�P�]�]-JML�NQP�P�RGS�T1LQL@JUP�L@^�P�JMg_Shfdn o JUP�L@T�RGf/JMV_g_S�L@P���j
^+RWu�JUf+RGf/JUu=L@PD�
p�P�L@^/j
JML<RGv�P�RGS�T1L�u t P�¢�S t f t P�L@P�RGmMV)T�RGf/S�L@T�RGf/JMV_g_Sar#�hb�JUu
RGmML@Phf<w-¥�P�]-JMLWV_L@T �hJUP-n
P�L£L@^/T1l#j
mUJMg_Shf�]-JML£JUPhf_L@j
^+RGv�mML� �L � m��eL t T1L@f/^/JML�L@JUP�L±')(�Å)>�´�?�>�(�:�¹�µ½.h>+³1Ã��@:�ÄG,#º
5M>�¹-6�;D(�´�¹-6@´ ;�³K,#:�»e.#´�>�¸#4G³�¶14#5U4_µ#´s³W2�*�>
	�4
?�Ä#>�(+³W2�*h´�>���:�¹�µ
w-I�RGv3L@JDL@^/j=L@v3L@P£V/JMg_S�P�L@b�L
¢xL@^_V/\3L o f/JUu=L@P&zY�)L@JUm9RGb�V±�hJMg_Shf�]�L@^�`�JML@T�RGP�P�V_g_S�L@P �eL t T1L@f/^/JML b�P�j=L@�)l#S�P�mUJMg_S�L
p�JMg_Shb�P�j=L@Pab�Phf_L@^K°QT1V/f+rGP�]�L@P±\�S � V/J o RGmUJMV_g_S�LO�YLW]�L@b�f/b�P�j�v3L o=t T�T1L@P o l#P�P�L@P&w
IKJMLaL@JUP-��R#g_S�V/f_L@P$JUPÈ]-JMLWV_L@T `KRGS�T1L@P�v�JUmM]-v�RG^_L@P|k t ]�L@mUmMLaV_L@S�L@P|RGb�V��hJMg_Shf

L@JUP�L@^ JUS�^_L@^�p�JMg_Shb�P�j=L@P RGb�V ��JML�p�JUP�V/f_L@JUP-n�°QP�JUu=L@^_V_L@P�� t ]�L@^�RGP�]�L@^_L�V/f+RGf/JMV_g_S�L�
�� �����������
����� �!��"�#$" %��
& # ��' � � � �)(
*,+ ���.-�-/�����
0 + � *,+ - + (
%�"1��2�3 � ��4 �.5
6�7!8�7�9 :);

k t ]�L@mUmML�]�L@^ o msR#V_V/JMV_g_S�L@P ^_L@msRGf/JUu�JMV/f/JMV_g_S�L@P�� t V/T t m t j
JML���wx�hJMLqv3LWV/JUf/i<L@P�RGv3L@^ePhb�P
iWb�V+rGf/iWmUJMg_S�L@JUP�L@P½ �L � mMV_g_S�L@P�XZ·!rGP�j=L@P�iWb�V+RGT�T1L@P�S�RGP�j#c+z�]�L@^q]-JML o=t V/T t m t j
JMV_g_S�L
` t f/u=L@^_V_g_S�JML@v�b�P�j�RGb�V_]-^/��g o f<z t S�P�L1P t f��)L@P�]-JUj=L@^/�)L@JMV_L�L@JUP�L�^_L<RGmML�`KRGb�T1L�[-\�RGP-n
V/J t P�]�RG^/iWb�V/f_L@mUmML@P&w�IKJMLWV_L@^���JU^_]�]�RGS�L@^�S�JML@^=<e:>����5M>�º@?&:h³W,#¶�¶�>�¹�*-,#¹�µ9]�LWV o=t V/T t n
m t j
JMV_g_S�L@P k t ]�L@mUmMV�j=L@P�RGP�Phf<w&��g_S t P ]-JML9L@JUP-��R#g_S�V/f_L9NQP�P�RGS�T1LqL@JUP�LWV o=t P�V/f+RGPhf_L@P
yQb�v�v�mML�nd��b�V+RGT�T1L@P�S�RGP�j=VY����S�^/fYRGb-�xk t ]�L@mUmMLQ]�L@^Y� t V/T t m t j
JML
z-]-JMLQT�RGP�RGb�V�P�R�n
S�L@mUJML@j=L@P�]�L@P��K^/��P�]�L@P£RGmMV�')´�¹�³@?�>�´�¹�ºG8�>�²#5BA 4<.h>�5�5M>xv3L@i<L@JMg_S�P�L@P�V t mUmUf_L
w
IKJMLWV_LYV/JUP�]
]-b�^_g_S±]-JMLOR#V/f/^ t P t T�JMV_g_S�j
b�f�u=L@^/T1LWV_V_L@P�LC<e:>����5M>EDq4#¹�³@?�,#¹�?�>

H
b�P�]�]-JML��e^/��T�n

T9b�P�j�]�L@^�`KRGb�T1V_g_S�JMg_Shf_L@P
κ
v3LWV/f/JUT�T9f<w�¥�P�T�RGf/S�L@T�RGf/JMV_g_S�L@^QyQJUP�V/JMg_Shf�JMV/f�V t jhRG^

Phb�^)]�R#V�¿�L@^/S�rGmUf/P�JMV
ζ := κ

H2

L@JUP��)LWV_L@Phf/mUJMg_S�L@^Y��^_L@JML@^)¢
RG^+RGT1L@f_L@^�]�LWV�k t ]�L@mUmMVK��L@^
v3LWV/f/JUT�T9f<z���JMLeT�RGP�V+RGj
f<z�]�R#V�k t ]�L@mUmDX�v�JMVQRGb-��¥ZV t T t ^/\�S�JML�cd��w��x��^�]-JMLe\�S � V/J o R�n
mUJMV_g_S�LO¥�Phf_L@^/\�^_L@f+RGf/J t Pa]�LWV�k t ]�L@mUmMVYj
JUv�fQLWV�j
b�f_L9�K^/��P�]�L
z�]-JMLWV_L@P�j=L t T1L@f/^/JMV_g_S�L@P
¢
RG^+RGT1L@f_L@^YT�JUf�]�L@^�^_L@msRGf/JUu=L@P�p�P�L@^/j
JMLW]-JMg_Shf_L�]�L@^�JUT � t V/T t V�u=L@^/f_L@JUmUf_L@P�k RGf_L@^/JML
iWb�JM]�L@Phf/J�F�iWJML@^_L@P&wDIKJMLWV_L���JU^_]���v�mUJMg_S�L@^/�)L@JMV_L�RGmMV

Ωm

v3L@i<L@JMg_S�P�L@f<w
�YL@^_LWg_S�P�L@f�T�RGP¾JUP�]-JMLWV_L@P�k t ]�L@mUmML@P�]-JML£` t f/u=L@^_V_g_S�JML@v�b�P�j

z
b�P�]¾]-JML�NQv-n

P�RGS�T1L)]�L@^x^_L@msRGf/JUu=L@P�·&L@b�g_Shf_V/f+rG^ o L o=t V/T�JMV_g_S�L@^��hf/^+RGS�mUb�P�j=V_�hb�L@mUmML@P&z
RGb�V/j=LW]-^/��g o f
]-b�^_g_S�JUS�^_L�R#V/f/^ t P t T�JMV_g_S�L��K^_l#©=L@P o msR#V_V_L

m
z
V t JMV/f�]-JML�]�RG^+RGb�V)RGv�mML@JUf/v�RG^_LQ�YL@iWJML�n

Shb�P�j
m(z)

iW��JMV_g_S�L@P�]-JMLWV_L@P½�K^_l#©=L@P&zÀL@Phf_V_g_S�L@JM]�L@P�]�u t T ¢
RG^+RGT1L@f_L@^
ζ
RGv�S�rGP-n

j
JUj�w�NQbB�&rGmUmUJUj=L@^/�)L@JMV_LeV/JUP�]£]-JMLKp�P�]�LK]�L@^e{<}
}
�#L@^��hRGS�^_LKV_L@S�^)j=L@P�RGb�u=L@^/T1LWV_V_L@P�L@P
I�RGf_L@Pqu t P

m
b�P�]

z
v3L@J��hb�\3L@^/P t u
R#LY¥dR�V_L@S�^!j
b�f!T�JUf
]�L@^x¿ t ^+RGb�V_V+RGj=L�]-JMLWV_L@^xj=L t n

T1L@f/^/JMV_g_S V_L@S�^KL@JUP-��R#g_S�L@P�k t ]�L@mUmMLOu=L@^/f/^+rGj
mUJMg_S&w3p�f��YR#Vef_LWg_S�P�JMV_g_S�L@^ORGb�V/j=LW]-^/��g o f

~



0.2 0.4 0.6 0.8 1
z

10

15

20

25

m

NQv�v�JUmM]-b�P�j�{����YL@iWJML@Shb�P�jeiW��JMV_g_S�L@Pq^_L@msRGf/JUu=L@^
yKL@mUmUJUj o L@JUf
m
b�P�]q` t f/u=L@^_V_g_S�JML@v�b�P�j

z
u t P��hb�\3L@^/P t u
R#L£¥dR£u=L@^/j
mUJMg_S�L@P�T�JUf9p�JUP�V/f_L@JUP-n� �L � mYk t ]�L@mUm�z

ζ = 1
z!yQb�v�v�mML�n

� t P�V/f+RGPhf_L
H0 = 70

z
v3L@J�RGv�V t mUb�f_L@^�yKL@mUmUJUj o L@JUf
M = −19.3

wh��¤
Ia

I�RGf_L@P���¢�b�P o n
f_L��)P�R#g_S¾��¢xL@^/mUT9b�f/f_L@^�{<}
}
}=�

JMV/fe]�L@^�I�RGf_L@PBF�feJUP ]-JMLWV_L@^�k t ]�L@mUm o msR#V_V_LO����^e]�L@P  �L@^/f
ζ ≈ 1

u=L@^/j
mML@JMg_Shv�RG^Oj
b�f
��JML�v3L@JUT o=t V/T t m t j
JMV_g_S�L@P£�hf+RGP�]�RG^_]-T t ]�L@mUm�T�JUf
]�L@P�¢
RG^+RGT1L@f_L@^/P

Ωm ≈ 0.3
b�P�]

^_L@msRGf/JUu=L@^)¿�R o b�b�T1L@P�L@^/j
JMLW]-JMg_Shf_L
ΩΛ ≈ 0.7

��NQv�v&w�{���w�IKJMLQ°QPhf_L@^_V_g_S�JMLW]�L�]�L@^)�xJUfdn
�hb�RGmUJUf+rGfY��P�R#g_S�]�L@^xkaL@f/S t ]�L�]�L@^ o mML@JUP�V/f_L@Pq��L@S�mML@^_�hb�R#]-^+RGf_L)v3L@b�^/f_L@JUmUf��ÀV/JUP�]OP�JMg_Shf
V/JUj
P�J�F o RGPhf<wÀNQP�j=LWV/JMg_Shf_VO]�L@^eJUT®�hf+RGP�]�RG^_]-T t ]�L@mUm)RGb-��f/^_L@f_L@P�]�L@PaXZIKb�P o L@mUS�L@JUf_L@P-c
� RGb�V��hJMg_Shf�]�L@^Q $JMV_V_L@P�V_g_S�R���f_V/f/S�L t ^/JML9b�P�]�n�j=LWV_g_S�JMg_Shf_L�S�RGP�]�L@mUfeLWVKV/JMg_Sa]�RGv3L@J
b�T S�RGP�]��§LWV/f_L��Q¹D4#¶1,#5 ´�>�¹�]�L@^Y]�L@^/i<L@JUf/JUj�u t ^/S�L@^/^_V_g_S�L@P�]�L@P�ÁYS�L t ^/JML � T�RGj�]-JMLWV
L@JUP�L@^_V/f_L@^1NQP�msR#V_V�V_L@JUP�iWb���v3L@^/mML@j=L@P&z t v�]-JMLWV_L@T k t ]�L@mUmsRGP�V+RGf/i�T1l#j
mUJMg_Sh�)L@JMV_L
\�S � V/J o RGmUJMV_g_S�LKXZ`QL<RGmUJUf+rGfdc�iWb�j=LWV/\�^ t g_S�L@P��)L@^_]�L@P o RGP�P&w
��RGmUmMV�]�R#V�V t �YrG^_L
z
S�rGf/f_L�T�RGP1]-b�^_g_S£]�L@P1yQb�v�v�mML�nd��b�V+RGT�T1L@P�S�RGP�j�L@JUP�L o mML@J¡n

P�Lqk t ]-J�F o RGf/J t P�RGP�]�L@^e`QL@msRGf/JUu�JUf+rGf_V/f/S�L t ^/JML�RGP�iWb�v�^/JUP�j=L@P&w!�hJML9�YrG^_L1RGmUmML@^_]-JUP�j=V
V t V_g_Sh�YR#g_S&z�]�R#V_VYV/JMLeV/JMg_S�v3L@JÀp
[-\3L@^/JUT1L@Phf_L@P t ]�L@^��YL t v�R#g_Shf/b�P�j=L@P�JUT � t P�P�L@P-n
V � V/f_L@T�Phb�^�b�Phf_L@^/S�RGmUv½]�L@^�kaLWV_Vd�§L@S�mML@^_V_g_S�^+RGP o L1RGb�V/��JU^ o f<wÀp�^_V/fORGb-�Y]�L@^�p�v3L@P�L
o=t V/T t m t j
JMV_g_S�L@^�k RG©=V/f+rGv3L9����^_]�L�V/JMg_S ]-JML���u=L@^/T9b�f/mUJMg_S�j
^+RWu�JUf+RGf/JUu=L��KNQv�P�RGS�T1L
]�L@^9¢�S t f t P�L@P�L@P�L@^/j
JML�RGb-�K�eL t T1L@f/^/JML1b�P�]�¢�S � V/J o RGb�V/��JU^ o L@P&w!I t ^/fqRGmUmML@^_]-JUP�j=V
S�rGf/f_LOV/JML�L@^/S�L@v�mUJMg_S�L9� t P�V_LW�hb�L@P�i<L@P&w
NQT¼L@JUP�V_g_S�P�L@JM]�L@P�]�V/f_L@PaJMV/f<z�]�R#V_V�]�L@^YXZ�)JUj���RGP�j#ceJUP�]-JMLWV_L@P�k t ]�L@mUmML@P±P�JMg_Shf

RGb-��f/^/JUf/f<w�NQb�V�]-JMLWV_L@^��hJMg_Shf£L@^_V_g_S�L@JUPhf£]�L@^1°Q^ o P�RGmUmKRGmMV1L@JUP�k t ]�L@mUmsRG^/f_L���R o f�]�LWV
�hf+RGP�]�RG^_]�RGP�V+RGf/i<LWV<zÀ�)L@P�P¾RGb�g_S�L@JUP�´�¹¾.h>+³+³<>�¶ 	�,G*h¶�>�¹�S�L@^/u t ^/^+RGj=L@P�]�v3L@j
^/��P-n
]�L@f_L@^<w�I�RGT�JUf��YrG^_L±T1l#j
mUJMg_S�L@^/�)L@JMV_L�RGb�g_S$L@JUP|�K^ t ©
f_L@JUmK]�L@^£V/JMg_S�b�T ]�L@P��)JUj
��RGP�j�^+RGP o L@P�]�L@P�\�S � V/J o RGmUJMV_g_S�L@P�«Qv3L@^/mML@j
b�P�j=L@P&z��)l#^/f/mUJMg_S�JUPhf_L@^/\�^_L@f/JML@^/f<z�j=L@j=L@P-n
V/f+RGP�]�V/m t V<w�NQb�V��hJMg_Shf�]�L@^YkaL@S�^/S�L@JUf�]�L@^) $JMV_V_L@P�V_g_S�R���f/mML@^YL@^_V_g_S�L@JUPhf�]�R#V)iWb�^��DL@JUf
RGmMVKP�JMg_ShfOV_L@S�^�RGf/f/^+R o f/JUu3z t ]�L@^eV_g_S�mUJUT�T1L@^<wÀNQP�]�L@^_L@^_V_L@JUf_VeJMV/feL@JUP�Á!L@JUm�]�L@^9�hf+RGP-n
]�RG^_]�RGP�P�RGS�T1L@P�RGb�VORGP�]�L@^_L@P¾�K^/��P�]�L@P½V t ��JMLWV t V_g_S t P½RGmMVe\�^ t v�mML@T�RGf/JMV_g_S t ]�L@^
jhRG^QRGmMV t v�V t mML@fKRGP�iWb�V_L@S�L@P&w�¥�P�V/v3LWV t P�]�L@^_LeJMV/f�]-JML�V t j=L@P�RGP�Phf_LeX�\�^/JUT t ^_]-JsRGmML9¤Qb-n
o mML t V � Phf/S�LWV_L�cqT�JUfO]�L@P�]�L@P�L@T�\�JU^/JMV_g_S�L@P½I�RGf_L@P ��v3L@^Ok R#V_V_L@P�]-JMg_Shf_L@P�JUT¯� t Vdn
T t V�P�JMg_Shf9T1L@S�^OJUP�«Qv3L@^_L@JUP�V/f/JUT�T9b�P�j�iWb�v�^/JUP�j=L@P&w!IKJML�¿�L@^_V/b�g_S�L
zÀb�P�j=L@�)l#S�P-n

�



mUJMg_S�L��MXZL�[ t f/JMV_g_S�L�cd�q]-b�P o mML£k RGf_L@^/JML£iWb F�P�]�L@P&zx�)L@^_]�L@P�T�JUf/f/mML@^/�)L@JUmML±RGb�g_S�RGb�V
�hJMg_ShfQ]�L@^�v3L t v�R#g_Shf_L@P�]�L@P � t V/T t m t j
JML�P�JMg_ShfQT1L@S�^QRGmMV���v3L@^/i<L@b�j=L@P�]�RGP�j=LWV_L@S�L@P
��­Qu=L@^_]-b�JUP�L
wUwD~
�
������w3I�R#VKV/\�^/JMg_Shf�]�R�����^<z�iWb�^eNQbB�&R#V_V/b�P�j£�YwÀ����JMg o�� V���]�LWVe°Q^dn
S�L@v3L@^_VK]�L@^eNQP�P�RGS�T1L�L@JUP�LWVKT1L@^ o mUJMg_S�L@P�NQPhf_L@JUmMVe]-b�P o mML@^�k RGf_L@^/JML9JUT � t V/T t V��
iWb�^/��g o iWb o L@S�^_L@P&z=]�R#V_V
LWV�V/JMg_S�S�JML@^
b�T¨j=L@�)l#S�P�mUJMg_S�L�v�RG^ �=t P�JMV_g_S�L
z t v�j
mML@JMg_S1P�JMg_Shf
mML@b�g_Shf_L@P�]�L
z
k RGf_L@^/JML1JUT JUPhf_L@^_V/f_L@mUmsRG^_L@P¾b�P�]�JUPhf_L@^/jhRGmsR o f/JMV_g_S�L@P�`KRGb�T S�RGP�]�L@mUf<w
 �L@JUf_L@^�j
JUv�f�LWV9JUP�]�L@P�p�JUP�V/f_L@JUP-n� �L � m�k t ]�L@mUmML@P o L@JUP�L�p
[-\�RGP�V/J t P|��V_g_S t P�jhRG^
o L@JUP�L�v3LWV_g_S�mML@b�P�JUj
f_L���z�]�L@^_L@P�p�^ o msrG^/b�P�j���JML�JUP�]�L@^1]�L@^/i<L@JUf/JUj=L@PÈ�hf+RGP�]�RG^_]�RGb-��n
��R#V_V/b�P�jaJUP�L@JUP�L@^�^+rGf_V_L@mUS�R���f_L@P½XZ] � P�RGT�JMV_g_S�L@P�IKb�P o L@mML@P�L@^/j
JML�c�j=LWV/b�g_Shf��)L@^_]�L@P
T9��V_V/f_L
wDI�R#VKk t ]�L@mUm!i<L@JUj
feV/f+RGf/f_]�LWV_V_L@PamMLW]-JUj
mUJMg_S�L@JUP�L o=t P�V/f+RGPhf_L�RGb-�Y��b�j£v3L@msR�n
V/f_L@f_L��h\�RGP�Phb�P�j�]�LWV o=t V/T�JMV_g_S�L@P kaLW]-JUb�T1VKRGP&z�]-JMLqRGmUmML@^_]-JUP�j=V�RGb�g_SaP t g_SaL@JUP�L@^
\�S � V/J o RGmUJMV_g_S�L@Pap�^ o msrG^/b�P�j1v3LW]�RG^d�/w
p�JUP�L@P��K^/b�P�] ����^9]�R#V9NQb-��f/^_L@f_L@P½]�LWV o=t V/T�JMV_g_S�L@P¾k�J o ^ t �)L@mUmML@P�S�JUPhf_L@^/j
^/b�P-n

]�LWV<z��)ka� ��u�j
m�w�NQv�V_g_S�P�JUf/f±��v3L@^ 0D?�,#¹D.=,#(/.G¸#4G³�¶14#5U4_µ#´�>±]-JMLWV_L@^±�ORGf+RGm t j���z�j
JUv�f
LWV£RGb�g_S$JUP$]�L@P$p�JUP�V/f_L@JUP-n� �L � mek t ]�L@mUmML@P&w)yQJML@^1S�RGf£L@^�RGmUmML@^_]-JUP�j=V£P�JMg_Shf_V£T�JUf
]�L@P�NQb�V/��JU^ o b�P�j=L@P�L@JUP�LWV��)JUj ��RGP�jaiWb�f/b�P&zxV t P�]�L@^/P�L@^_V_g_S�L@JUPhf�RGmMV1�KmML@JMg_S�j=L�n
��JMg_Shf_V/iWb�V/f+RGP�]�]�LWV£���hb�RGPhf/JMV/JML@^/f_L@PD�9L@mML o f/^ t T�RGj
P�L@f/JMV_g_S�L@P���L@mM]�LWV�RGb-�Q]�L@^q]-^_L@J¡n
]-JUT1L@P�V/J t P�RGmML@P��h\�S�rG^_L1]�LWVOp�JUP�V/f_L@JUP½°QP�JUu=L@^_V/b�T1V<wÀIKJML1p
[-JMV/f_L@P�i1L@JUP�LWVOV t mMg_S�L@P
�KmML@JMg_S�j=L@��JMg_Shf_V/iWb�V/f+RGP�]�LWV���b�^_]�L)u t P�¥�w p�w
��L@jhRGm�z#L@JUP�L@T¨k RGf/S�L@T�RGf/J o L@^�b�P�]9T�R�n
f/S�L@T�RGf/JMV_g_S�L@P�¢�S � V/J o L@^<z3JUT �hRGS�^_L�{<}
Â
��JUP�L@JUP�L@T¯L@f��YR#VORGP�]�L@^_L@P�� t Phf_L�[-f�v3L�n
��JMLWV_L@P&w�IKJML o mML@JUP�L@P��hf_l#^/b�P�j=L@P ]�L@^K`�JMg_Shf/b�P�j=V/b�P�RGv�S�rGP�j
JUj o L@JUfO]�LWV��)ka�ez�]�LWVdn
V_L@P$V t j=L@P�RGP�Phf_L�NQP�JMV t f/^ t \�JML@P&z)L@Phf_V/\�^_LWg_S�L@P RGb�V�]-JMLWV_L@^±�hJMg_Shf�]�L@PÆ�hf_l#^/b�P�j=L@P
]�L@^Q�eL t T1L@f/^/JMLe]�LWVYp�JUP�V/f_L@JUP-n� �L � m&°QP�JUu=L@^_V/b�T1V<z-]-JMLKu t P�]�L@^�°QP�^_L@j=L@mUT�rG©
JUj o L@JUf
]�L@^�k RGf_L@^/JML@u=L@^/f_L@JUmUb�P�j�S�L@^/^/��S�^_L@P&z�L@f��YRau t P���RGmsR�[-JML@P�S�RGb-�§L@P�b�P�]��hb�\3L@^/S�RGb-n
�§L@P&w)IKJMLa $JUP o L@mUj
^_l#©=L@P|u t PÆ�hb�\3L@^/S�RGb-�§L@P|JUPÈL@JUP�L@T v�^_L@JUf_L@PÆ°QT�j=L@v�b�P�j=V_V_L@j#n
T1L@PhfK]�LWV
���hb�RGf t ^_VQ]�L@^Q^+rGb�T�mUJMg_S�L@P��h\�S�rG^_L9]�LWVQp�JUP�V/f_L@JUPa°QPhu=L@^_V/b�T1VQL@Phf_V/\�^_L�n
g_S�L@P�iWJML@T�mUJMg_S�j=L@P�RGb�]�L@^x $JUP o L@mUj
^_l#©=LY]�L@^
NQP�JMV t f/^ t \�JML@P�]�L@^
k�J o ^ t �)L@mUmML@P�V/f/^+RGS-n
mUb�P�j�wGkal#j
mUJMg_S�L@^_V_g_S�L@JUPhf�RGb�g_S�L@JUP�L)p�^/P�JMLW]-^/JUj
b�P�jO]�L@^�¢�S t f t P�L@P�L@P�L@^/j
JML�]�L@^
yQJUP-n
f_L@^/j
^/b�P�]�V/f/^+RGS�mUb�P�j�v3L@JKIKb�^_g_S�msRGb-�§L@PÈu t PÆ�hb�\3L@^/S�RGb-�§L@P-n�`QL@j
J t P�L@P ��]-b�^_g_SÈ]�L@P
V t j=L@P�RGP�Phf_L@P�X/�hb�P � R#L@uhnd�DL@mM] t u�JMg_S$p��ÀL o fdc�JUP�]-JMLWV_L@P��eL@v�JML@f_L@PD��w��
��P�j=V/f_L��hf/b-n
]-JML@P�S�RGv3L@P�j=L@i<L@JUj
f<z�]�R#V_V�T�JUP�]�LWV/f_L@P�V�L@JUP�Á!L@JUmQ]�L@^�NQP�JMV t f/^ t \�JML@P�V t j
b�f1T�JUf
]�L@P ¢ t V/JUf/J t P�L@P�u t P���RGmsR�[-JML@P�S�RGb-�§L@P o=t ^/^_L@mUJML@^/f<zÀ]�R#V_VK]-JMLqIeL@b�f/b�P�j�]�L@^�NQP�JMV t n
f/^ t \�JML@P$RGmMV1p�JUj=L@P�V_g_S�R���f£]�LWV9X/��g_S�P�RG\�\�V_g_Shb�V_V_LWV�]�LWV1�)JUj���RGP�j#c�iWb�T�JUP�]�LWV/f1JUP
JUS�^_L@T v�JMV/S�L@^/JUj=L@P�NQv�V t mUb�f/S�L@JUf_V+RGP�V/\�^/b�g_S�L@T�\�JU^/JMV_g_S�P�JMg_Shf1T1L@S�^�iWb�S�RGmUf_L@P�JMV/f
��k � L@^_V��
�hS�RGP o V�L
w R-w�~
�
������w- $JU^�V t mUmUf_L@P±]-JML�kal#j
mUJMg_S o L@JUf�JUP�V�NQb�j=LQ��R#V_V_L@P&z-]�R#V_V
V/JMg_S½]-JML�032�*h¹D,+;=;�³W2�*h:h³+³�º��q>�:-?�:�¹�µ�v3L@J�� t ^/f_V_L@f/iWb�P�j V t mMg_S�L@^q� t ^/^_L@msRGf/J t P�V/b�Phf_L@^dn
V/b�g_Shb�P�j=L@P£JUP��YL@^_L@JMg_S�L�S�l#S�L@^_L@^)` t f/u=L@^_V_g_S�JML@v�b�P�jqS�JUP�L@JUP�´�¹�³/µh>+³W,#¶�?
,#5 ³���´s¸G?�´§4#¹
L@^/�)L@JMV/f<w
��b�T NQv�V_g_S�mUb�V_VOV_L@J�L@JUP�L�v3L@T1L@^ o L@P�V/�)L@^/f_L��YL t v�R#g_Shf/b�P�jaiWb
	Y:�,G³W,#(+*��#:�
xµ#º

¸
>�´�?�>�¹±u t ^/j=LWV/f_L@mUmUf<zÀ]-JMLqJUT®�hf+RGP�]�RG^_]-T t ]�L@mUm�]�L@^O� t V/T t m t j
JML�v3LWV/f_L@P-��RGmUmMVe]-b�^_g_S
R#]�n�S t g)NQP�P�RGS�T1L@P�]�L@^
T�RGf_L@^/JML@mUmML@P1p�u t mUb�f/J t P�\�msRGb�V/JUv3L@m-j=L@T�R#g_Shf��)L@^_]�L@P o RGP�P&w
¥�T p�JUP�V/f_L@JUP-n� �L � m3k t ]�L@mUm�JMV/f�V/JML�L@JUP�L@JUP-��R#g_S�u t ^/S�L@^_V+RGj
v�RG^_L@^)p��ÀL o f�]�L@^�`KRGb�T�n
�DL@JUfY�eL t T1L@f/^/JML
wh�YL@^_LWg_S�P�L@f�T�RGP�]-JMLYu t T ^/��g o �YrG^/f/JUj=L@P�·ÀJMg_Shf o L@j=L@m3L@JUP�LWV��YL t v-n
R#g_Shf_L@^_V���v3L@^_V/f/^/JMg_S�L@P�L@P�¿ t mUb�T�JUP�R�JUP1]�L@^�^+rGb�T�mUJMg_S�L@P±�h\�S�rG^_L�JUT p�JUP�V/f_L@JUP-n� �L � m

�



1 2 3 4 5
z

200

400

600

800

N

NQv�v�JUmM]-b�P�j1~ ��yerGbBF�j o L@JUf_L@P�j
mML@JMg_Shu=L@^/f_L@JUmUf_L@^e­QvB�/L o f_LQJUP�p�JUP�V/f_L@JUP-n� �L � m&°QP�JUu=L@^dn
V_L@P½T�JUf

ζ = 0.3
��j
^_l#v�V/f_L��hf/^/JMg_S�L@mUb�P�j���z

ζ = 0.6
��j
^ t v3L��hf/^/JMg_S�L@mUb�P�j���z

ζ = 1��T�JUf/f/mUmML@^_L��hf/^/JMg_S�L@mUb�P�j���z
ζ = 1.5

��]-b�^_g_S�j=L@i t j=L@PD��zxRGP�]
ζ = 2

�s�§L@JUP�V/f_L1�hf/^/JMg_S�L�n
mUb�P�j���zhJUT�¿�L@^/j
mML@JMg_S�T�JUf�¦Qb�R#V+RG^_]�RGf_L@P�]�LWV�0�5U4<,#¹ ��´Uµ#´�?�,#5�0�¸�²90�:�(�Ä#>�²���¢�b�P o f_L�� �
¥�Phf_L@^/u
RGmUmUv�^_L@JUf_L,�/L@�)L@JUmMV

∆z = 0.076

k t ]�L@mUm�JUP�NQv�S�rGP�j
JUj o L@JUfqu t P½]�L@^9` t f/u=L@^_V_g_S�JML@v�b�P�j�z!V t L@^/j=L@v3L@P½V/JMg_S½�eb�^/u=L@P-n
u=L@^/msrGb-�§L9��JMLOJUPaNQv�v�JUmM]-b�P�j±~�����^�u=L@^_V_g_S�JMLW]�L@P  �L@^/f_Lq]�LWVK¢
RG^+RGT1L@f_L@^_V

ζ
]�RG^/j=L�n

V/f_L@mUmUf<w#�x��^
z ≤ 2

V/f/JUT�T1L@P1V/JML)��v3L@^/^+R#V_g_S�L@P�]�j
b�f
T�JUf�]�L@P=�d��P�j=V/f_L@P�p�^/j=L@v�P�JMV_V_L@P
u t P1¦Qb�R#V+RG^/i�rGS�mUb�P�j=L@P1��v3L@^xj
^ t ©=L) $JUP o L@mUv3L@^_L@JMg_S�L�]�L@^
yQJUT�T1L@mMV_V/\�S�rG^_L)��v3L@^_L@JUP
����RGP¾L
w R-wx~
�
�
�=��wxIeL@^9^+R#V_g_S�L�NQv-��RGmUm)]�L@^Ov3L t v�R#g_Shf_L@f_L@P$¦Qb�R#V+RG^+RGP�i�RGS�m �/L@P�V_L@JUf_V
u t P

z = 2
V_g_S�L@JUPhf1RGb-�e��L@mML o f/J t P�V_L)�ÀL o f_L@P¾iWb¾v3L@^/b�S�L@P&z!P�JMg_Shf�iWb�mML@f/iWf�RGb-�Q]�L@^

]-^+R#V/f/JMV_g_S�L@P�NQv�P�RGS�T1L±]�L@^1p�T�\BF�P�]-mUJMg_S o L@JUf�]�L@^ � �)I IeL@f_L o f t ^_L@P�JUP�]-JMLWV_L@T
��^_LW�hb�L@P�iWv3L@^_L@JMg_S&w&¥�T¯p�JUP�V/f_L@JUP-n� �L � m�NQP�V+RGf/i�msR#V_V_L@P ]-JML�¦Qb�R#V+RG^_]�RGf_L@P½RGmMV t RGb-�
L@JUP�L9:�¹�µh>�» �G*h(_>�ÇY5M>�´§2�*hÄ#>�(@?�>�´�5 :�¹�µ£.h>�( 	Y:�,G³W,#(_>�v3L@J3k�JUf/f_L@mUb�P�j���v3L@^�RGb�V/^_L@JMg_S�L@P�]
j
^ t ©=L o=t V/T�JMV_g_S�L1�YL@^_L@JMg_S�L�V_g_S�mUJML@©=L@P&w&I�RG^/��v3L@^�S�JUP�RGb�V�u=L@^/�)L@JMV_L@P¾V/JMLqv3L@J�L@JUP�L@^
\�S � V/J o RGmUJMV_g_S�L@P£IeL@b�f/b�P�j9u t P

ζ
RGmMV

Ωm

RGb-�&L@JUP�L�P t g_S�j
^_l#©=L@^_L�T�JUf/f/mML@^_LQk R#V_V_L@P-n
]-JMg_Shf_L�JUT � t V/T t V1�

Ωm = ζ ≈ 1.5
��z&RGmMVQv�JMV/S�L@^�]-b�^_g_S�] � P�RGT�JMV_g_S�L�k R#V_V_L@Phv3L�n

V/f/JUT�T9b�P�j1�§LWV/f/j=LWV/f_L@mUmUf9�
Ωm ≈ 0.3

��w
I�R#V!JMV/f o L@JUP�LWV/�)L@j=V�L@T�\�JU^/JMV_g_S�b�P�V/JUP�P�JUj � V_g_S�mUJML@©
mUJMg_S�RGj
j
^_L@j
JML@^_L@P�]-JML�¦Qb�R#V+RG^dn

]�RGf_L@P �_R��YL t v�R#g_Shf/b�P�j=L@P���v3L@^��)L@JUf)j
^_l#©=L@^_L�¿ t mUb�T1L@Phv3L@^_L@JMg_S�L
z�RGmMV�v3L@JD]�L@P£NQv-n
V_g_S�rGf/iWb�P�j=L@P½] � P�RGT�JMV_g_S�L@^Ok R#V_V_L@P�]-JMg_Shf_L�v3L@^/��g o V/JMg_Shf/JUj
fO�)L@^_]�L@P o l#P�P�L@P&wÀNQb�V
�hJMg_Shf�]�L@^�p�JUP�V/f_L@JUP-n� �L � mÀk t ]�L@mUmMLKV/\�^/JMg_Shf�]-JMLWV�����^Y]-JMLKNQP�P�RGS�T1LKL@JUP�LWV)S�l#S�L@^_L@P
NQPhf_L@JUmMV�]�L@^�v3L o RGP�Phf_L@P�v�RG^ �=t P�JMV_g_S�L@P$k RGf_L@^/JMLaRGmMV1JUT �hf+RGP�]�RG^_]-T t ]�L@mUm�RGP�j=L�n
P t T�T1L@P��)L@^_]�L@P�]�RG^d�/wx �L@P�P�T�RGP�RGb-�eNKV/f/^ t P t T1L@P�S�l#^/f<z�]�L@^_L@P��)mUJMg o P�JMg_Shf
]-b�^_g_S�]-JMLO`KRGS�T1L@P�V_L@f/iWb�P�j�]�LWVK�hf+RGP�]�RG^_]-T t ]�L@mUmMVKL@JUP�j=LWV_g_S�^+rGP o fQJMV/f<z o l#P�Phf_L9LWV
V/JMg_S�]�RGv3L@J�V_g_S�mUJMg_Shf)b�T�R#V/f/^ t P t T�JMV_g_S£V_g_Sh�)L@^)P�R#g_Sh�)L@JMV/v�RG^_L@Pa¶14#5M>+¸�:�5U,#(_>�¹q ½R#Vdn
V_L@^_V/f t �ÆS�RGP�]�L@mUP �� �V/i t mML o {<}
}��=��wYIeLWV_V_L@P�S�rGbBF�j=LWV�NQb-��f/^_L@f_L@P �MXZNQv�b�P�]�RGP�i@cd�
�YrG^_L�RGb�V�L@JUP�L@^�L@P�L@^/j
JML<RGv�V t ^/v�JML@^_L@P�]�L@P��h\�RGmUf/b�P�j�T�JUf/f_L@mMV_g_Sh�)L@^_L@^q��L@^/P�L�]-b�^_g_S
S t g_S�L@P�L@^/j=L@f/JMV_g_S�L o=t V/T�JMV_g_S�LK�hf/^+RGS�mUb�P�j���V t j=L@P�RGP�Phf_L�X/�h\�RGmUmsRGf/J t P-cd��iWb�L@^ o msrG^_L@P&w
NQP�]-JMLe�hf_L@mUmMLQ]�L@^�X�\�^/JUT t ^_]-JsRGmML@P�¤Qb o mML t V � Phf/S�LWV_L�c�f/^+rGf_LQ]�RGT�JUfYL@JUP�LQNQ^/f o=t V/T�J¡n
V_g_S�L@P�`QLWg � g@mUJUP�j=V�v�RG^ �=t P�JMV_g_S�L@^ek RGf_L@^/JML
w

�



���������
	����
�

� 7�� 2�� � 7 ������� 
 8 5 7 ��4 4 2�� � ��� 7 � 9 ��� 7 �����������! #" ���,
 9 : 7��
$ � ; � 8�7�9 
�%'&C
�� 5)( �*&,+-� 7 4 7 5/. 7!8�7�9 :);
010 � � � 5@4 8 3 7!8�7 5@� 9 � 7 4 �*2)�43 7 5 � � (65 7 4 8 5 :�798 �6:�������;�<�<=�>(6? 2A@ � ; ���������CB � 4 � 8 � 3ED : ( ��F/G �.5�?H� 2
��������� I

� &��.5@4 2
@ 3 7 F $ � � 
�� 7�� %�4 2 " � : F 7 4��4J-� 8 5 7 F 2LK ��� 9 9 � 8NM � � � 5@� 8 � 2LO � 9 9 � 7 F M � � O :)9 P � � 3 7�9 � 2
@ 7 5 ��:)9 3EO � ��������<Q�L #RS(�� 3 � � ��� P�: 5 7�� �*T 8 � � 3 � 3 
AU �*V ��� 8 � � OW�X@-K 3 7!8�7 2)�6" :,7�8A8 � 7 5
� �ZY + ' #\[�- ]>^ + #$"`_�� ��a + ] � -cb � #$� + ' +�* "`_ � - & + _."1��#�] �d3 7 5 � � (65 7 4 8 5 :�798 �6:�������e�?H;��E(A� 2 (�� 4 � 8 � 3
@ � ; ��4 8 ��f 2 ������<�I

J-( �.5 3 ��� � 2 M � � � � O ��4 4 :�� 2�K � 
6� ��������<Q�6 $ 7 5)%gF 7!8 8 �.5 7�� 3 G 7 �h% ; 5 : � � 3 9 � ; � 8 � 2�i ['] � "`_ �ja �9k + ��# �<=�=�'5 ��e=f�lX<=��e��
K �.5 9 F/� 8 8 �.5 2 
 2 � @ 9 3 �.5@� ��;Em � m :)9 3 � 7 G �.5 m � ��� 7 �d?Hn�n�n��4 � � 7 41� 5@��F,� ��8 :�P

Ω
7�� 3

Λ
P 5 : Fo<'�

��� ; � 7 5@� 3 4 ��� P 8 41� 8 �.5 ��: ( 7 ��� 2 b � #$� + kA['] � "`_ � -dp +�q � ' � -Ar ?sf'5 r e r l r ;�e��

���� :)9 t 2 R�5@� 7 5 3 �
������< ���u @ � : � 8@9 � � � :�P O �*& 9 ; � : F,� 8 5@� �XF : 3 � 9 4 � � � : 41F :)9 :); &'� 2 K 5@� 8 5@� ��8

O � 8A8 �.5 8�7�9 �j3 � 8 8)8 5 :�: 7 5 � � (6� : 5 ; : 7 4 8 5 :�798 �6:���<=����<�<=esI`�
O 4 t�:)9 ��% 26v :); 3 7�� �d?Hn�n r �j 1J-G�4 �.5)( 7!8 � :�� 7�9 9 � F,� 8 4 :�� � ��8 �.5 ; 7�9 7 � 8 � �gF 7!8 8 �.5H� 2 b � #$� + kA['] � _." � ��' �

& k � _�� & _."1� ' _�� ����f'5 ? r ?hlC? r�r ��w � 8 5@� ��8 � � @ � K �.5 7!8 8Zx � 3 � yzi - ��� * � b � #$� + kA['] � "`_ � ��' �
{ + � *,+ - + %�]'| " ��� 
���� :�� 3 0 RLRLR 0}��8 �.5 � 7!8 � :�� 7�9 O : 5)%�4 � :�8 2AK 5@� � ��� 8@:�� 2CD �*~ M �.5@4 �*& 2�� 7 &
?H�HlC?s� 2 ?Hn�n���� $�: 5 3 5@����� 8 � 8 ��� 5 6 9 �'~ �.5H�

�


