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�_k��)k�rÝq$e ¢¦k(¢¡s�k�r�j6c�Þ¸~3b�k�v��=�Q�!aß�Mkt{ j�¢¦cwe c(���=à/cMr@�){�u)�D£	r�cNd$��á@�MàF£zâ�btq���kã��k(rO�
ÞÃcMr@¢¦k��äj�k��)k�rÝq$e�å�btq�r�k���q$u)�(��b�cwd�ut��æk�ç)k(r��){ j�k*j^~�c;��r�k��tq�r�k�~3b)k��$q�~�qãk3çM��e c_{ ~�q�~�{ cNuèc(Þ
~3b)k�¢={ j�j3{ cNu�{�u�~3b)k¡�tq)j�~8ÞÃk��é�*k�q(r�j�hza6b)k*j�k^k3çtk�rÝ��{ j�k*j!��cNu)j`{ j�~1{�u�r�k���r�c_�Ndt��{�u)�èq�~3b)k��
cMr�k�~�{ ��q$e�¢IcM��k�e)cNu6~3b)k�stq)j`{ jzc�Þmq�e { �Nb�~���d�rT��k¦cNs�~�q({�u�k���Þ�rTcw¢êq^Þ�r�k�}wd�k(u)���Ij*��k��3~3r@d$¢
�*cN¢¡�$d�~�k���Þ�r�cN¢ëq$uìå�d$u$��u�c)�Iu)æ^~3b�k�cMrTk*~�{ �*q$e�¢¦c_�(k(e�c�ÞmqIj�cNe q(rT��e {��3k	cMr�qIíz�_�td�~�{�j�~�q(r�h
l�k�¢ès�k�r�j6c�Þ�~3b�kDpmg]£êá�pmk�e �_{ q$u¡g8j�~�k(rTc�j�k){ j*¢¦cNe c�����£	r�cNd$�tâ�btq��)kãu�c)�ßj�b)c)�¦u=~3btq�~
j*d)��bäq$u�k3çtk�rÝ��{ j�k�{�uD~3b�kn¢Iq)j�j�rÝq$u)�(kãc�Þ�î�vmk(��b)k){mj�~�q(rTjè{ j=k3ç)~3rTk(¢¦k�e �ä�*cNu���{�ut��{�u)� f
¢�q$�){�u��~3b)k*j�k�j�~�q�r�j!k3ç���k(e�e k�u�~	~�q(rT��k�~�j�ÞÃcMr¸q)j�~�k(rTc�j�kt{ j�¢¦cwe c(���=j��tqt��k¢={ j�j`{ cwu�j�h

g8j�~�k�r�c(j�k){ j�¢IcNe c(�(��btq)j¡r�k���k(u�~3e �ìs�k���cN¢Ik�q�)k�rT�ä{�u�~�k�r�k*j�~�{�u��ä�	q���~�c;��r�cNs�kè~3b�k
{�u�~�k�r|{ cMr1c(Þ6j�~�q(rTj�f�q$ut�ïb)k�ut��k$f]e k�q�r@u/¢IcMrTkäq$s�cwd�~=~3b)kð�$b��)j`{ �*j¡c�Þ6j�~�k(e�e q�r^{�u�~�k(rÃ{ cMr�j�h
a^b�kã��d$u�btq)j¡s�k�k�uãk3ç)~�k�u)j`{ �)k�e �ãj�~3dt�M{ k�� f�s�c�~3bÞ�rTcw¢4~3b)kè�Nr�cNd$ut�äq$ut��Þ�r�cN¢ñj*�)qt�*k�h
a^b�kä��d$e j�q�~�{ cwu�j6c(Þ]c�~3b)k�r�j�~�q(rTj�q�r�k�s�kt{�u���cws�j�k�rT��k��DÞ�r�cN¢4~3b)kè�wrTcwd�ut��fwk$h ��hOf�òvQk�u
á�pmcNdt�tb��nóôvQq(r�r|{ k�r6õ(ö�ö(õ$â�f]÷�ø�ù�qt�ðá�ùtk(b�¢Iq$u$u�k*~¡q$e�hQõ(ö�öN÷�f�g8k�rT~�j¡k�~¡q$e�h¸õ(ö(ö�ú(q�â*f
û!�!÷�õ(ü(ü�õ(ü�á|g8k(rO~�j¸k�~Qq$e�h�õ(ö(ö�ú_s�â�h��Iu)k	c(ÞM~3b�k8ýmr�j�~mj�q�~�k�e�e { ~�k*jQ�¦b({ �tb]�^{�e�e�s�k¦e q$d�ut�tb)k��
~�c�cNs)j�k(rO�)k]Þ�r�cN¢Ôj��tqt��k	~3b�kI�$d�e j�q�~�{ cNu)jQc�Þwj�~�q�r�j�c(~3b�k(rM~3b)q$u!~3b)k���d$uI{ j�~3b)k�þ�d$r�cN��k�q$u
v��=�Q�!aÿj�q�~�k�e�e { ~�k$hnv��=�Q�!a �6{�e�eycNs)j�k(rO�)k�j�cw¢¦k � öìj�~�q�r�j=ÞÃcMr¦e cwu�� d$u�{�u�~�k�r@r@d���~�k��
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~�{�¢Ik*j¦c(Þ	q$s�cNd�~¡÷ � öD��q*��j�fN�Ib�{�e k�j�k*��k(r�q$eNc(~3b�k(r�j�~�q�r�j6�6{�e�ems�k�cNs)j�k(rO�)k���ÞÃcMr�j*b�cMrT~�k�r
~�{�¢Ik*j�h

2Ou=cMr���k�r�~�cè�*q(r�k�Þ�d$e�e �=��b�cMc(j�k6~3b)k^~�q(rT��k�~�j8�Ib�{ ��b¦�6{�e�eMs�kIcNs)j�k�rT�)k��èÞÃcMr�÷ � ö��$q��)j�f
~3b)k�v��=�Q�!aÿ�$àF£ÿb)q)jd$u)��k�rT~�q$�3k�uäq�j�k�r|{ k*j=c�Þäå�btq(rTk*��q$ut����b)cNd$u)�$æDk3çtk�rÝ��{ j�k*j�h32�u
j*d)��b/q$u;k3çtk�rÝ��{ j�k�f1cNu)k��wrTcwd��ðc�Þ���k*cw��e k ¢Iq$�3k*j�d$�/q;j�~�q(r6�6{ ~3b({�u;q;�_{ ��k(u;k�r@rTcMr
s�c�çì{�uã~3b)knû!� ���M{ q)�wr�q$¢ q$ut�ì�*q$e ��d�e q�~�k�j¦~3b)k�c�j��){�e�e q�~�{ cNuèÞ�r�k�}wd)k�ut��{ k*j�c�Þ1~3b)q�~Ij�~�q(r�h
g!u)c�~3b)k�rm�wrTcwd���~3r�q$u)j�ÞÃcMr@¢¦j	~3b�kIc(j��){�e�e q�~�{ cNu�j���k���~3r�d$¢ÿ{�u�~�cèqãe { �wb�~	��d�rT�)k�f$�M{ �)k�u�~3b�k
j*��k��){ ýw�*q�~�{ cNu)j�c(Þw~3b)k6v��=�Q�!aH{�u)j�~3r@d�¢¦k(u�~*h�g;~3b({�r��=�wrTcwd��^q$utq$e ���*k*j¸~3b�k�e { �Nb�~¸��d�rT��k
q$ut�ðk�ç�~3rÝqt�3~�j=Þ�r�k�}wd�k(u)�){ k*j�hDgêÞÃcwd�rT~3bä�wrTcwd��D~3b)k�u;��k(rOÞÃcMr@¢¦j¡q�j�kt{ j�¢={ �ãq$utq$e ��j3{ j�c(Þ
~3b)kèj�~�q�r�h�a6b)k*j�k�d�j�k�Þ�d$eNk3çtk�rÝ��{ j�k�j¡btq���käs�k*k(u��cM{�u)��cNu��6{ ~3b({�u�~3b)kãv��=�Q�!aê�$àï£
ÞÃcMr!j�k*��k(r�q$ez¢¦cwu�~3b)j�f���cwu�j3{ �(k(rÃ{�u)�ðk�qt��bä~�{�¢¦käj�cNe q(rT��~@����kDc�j��){�e�e q�~�{ cNu)j¡{�unj�cwe q�rT��~@�$��k
q$ut��í8�_��d�~�{_j�~�q(rTj�h

î�vQk��$b)k){1j�~�q(r�j�q(rTk ¢Iq)j�j3{ ��k ¢Iq({�u j�k�}wd�k(u)�*k;j�~�q(r�j�f6c(Þèq$s�cNd�~äüï~�cê÷�õïj�cwe q�r
¢�q)j�j�k�j�h¸a6b)k){�r(j�~3r�dt�3~3d$rTk!{ jm��k(rO�!j`{�¢è��e k�4�qIrÝq�~3b�k(r e q(r��(k]��cwu��)k���~�{ ��k]�*cMrTk8j*d�r@r�cNd$u)��k��
s*�Dqðr�qt�_{ q�~�{ ��kk�u��)k�e cN��k$h=a6b)k�r�kD{ jèu�cn��cNu��)k��3~�{ �)kk�u���k(e cN��k�h=a^b�kt{�r1¢¦k*~�q$e�e { ��{ ~@��{ j
�(rTcws)q$s$e ��u)c�~6Þ|q(r�Þ�rTcw¢ñ~3b)kèj�cwe q�r�¢¦k*~�q$e�e { ��{ ~@��h^a6b)k��D�*q$uns�kã�(k�j��tr|{�s�k��/s��ÞÃk�� �)q��
rÝq$¢¦k*~�k�r�j�4�~3b�kI¢Iq)j�j!lnf*~3b)k�b��t�wrTc��(k�u�¢Iq)j�j¸Þ�rÝqt�3~�{ cwu65¦f�~3b�kI¢¦k�~�q$e�e { �){ ~��87zf�~3b)k6��cMr�k
c(��k(rTj*b�cMc(~�{�u��è�)q(r�q$¢Ik�~�k�rNò&9;:Mf�q$ut�=q$u��^}wd)q$u�~�{ ~@��r�k�e q�~�k��I~�c¦~3b)k1k*��cwe�d�~�{ cwu)q(rT��j�~�q)�(k�f
j*d)��bq)j!~3b)kèq)�(k$h	a^b�k�j�k�j�~�q(r�j^q�r�k¡k3ç���{ ~�k��ã~3b$rTcwd��wb¡~3b�k=< ¢¦k���b)q$u({ j�¢ {�u�~3b�k�{�r�cNu
cw�)qt�){ ~��ns$d�¢¡�Dq(rTcwd�ut��õ�ö(ö f ö�ö(öw��h_a6b)k��ãk3çMb({�s�{ ~6Þ�fy�nq$u)�/�ì¢¦c_�(k�j¦c�Þ]c�j��){�e�e q�~�{ cNu_f
s$d�~IcNu$e �D~3b)k�e c)�1����k*�wrTk�k�q$ut� e c)�	��cMr���k�r!¢¦c_��k*j=q�r�kãk3ç���{ ~�k�� h?>Md$rO~3b)k�r@¢¦cMr�k�fy~3b)k){�r
j*��k���~3r�d$¢ÿc�Þ�Þ�rTk�}Nd)k�ut��{ k�j^{ j�rÝq�~3b�k(r�j��tq(rTj�k�h

��k���k�u�~3e ��f$�)k�rT�D{�u�~�k�r�k*j�~�{�u���rTk�j�d$e ~�j=b)q��)ks�k*k(uècNs�~�q({�u�k��ÞÃcMrQî�vmk(��b)k){Nj�~�q(r�j�cws��
j�k�rT��k��¡Þ�r�cN¢ß~3b)k^�wrTcwd�ut� h.>tcMrw~3b)k^j�~�q(r¸÷�ø�ù�qt�(f(~3b�r�k*k6Þ�r�k�}wd)k�ut��{ k*j	c�Þy�]k�e�e ��{ �(k(u�~�{ ýNk��
¢IcM��k*j�q�r�k���u�c)�Iu¦�^{ ~3bI�)k�rT�ãb�{ �wb���r�k��){ j`{ cwuMf�q$e�e c)�6{�u)�¡qãr�q�~3b)k�rz��r�k��){ j�k��(k*~�k�r@¢={�u)q��
~�{ cwu�c(Þ	{ ~�j=¢�q)j�j¦q$ut�ð¢¦k*~�q$e�e { ��{ ~@��h�a6b)kãu�d$¢¡s�k�rzc�Þ!¢¦c_��k*jI{ ��k�u�~�{ ýNk��ã�	q)j=b)c)�]k��)k�r
~�cMcne c)� ~�cD�*cNu)j�~3rÝq({�u�~3b)k�c��)k�r�j�b)c$c(~�{�u����tq�rÝq$¢¦k�~�k(r]á�a^b�cwd�e�k*~�q$e�h_õ(ö�ö(ú$â�h�a6b)kIj�~�q�r
û!�!÷�õ(ü(ü�õ(üã�	q)j�cNs)j�k(rO�)k��nÞÃcMr	õ�ö���k�q(rTj�fQq$u)�nj3{ ç�Þ�rTk�}Nd)k�ut��{ k�jI�]k(rTkãcws�~�q({�u)k��ä�6{ ~3b
b({ �Nb��(rTk���{ j`{ cwuMh¸a6b)k!j�k){ j*¢={ �!q$u)q$e �)j`{ j�c�Þ�~3btq�~¸j�~�q(rN�	q)j1��k�rTÞÃcMr�¢Ik���f(q$ut����k(rO��j�~3r�cNu)�
�*cNu)j�~3rÝq({�u�~�jz�]k(rTk6cws�~�q({�u)k���ÞÃcMry{ ~�j!¢Iq)j�j�f_¢¦k*~�q$e�e { ��{ ~@��f(q$ut��c(��k(rTj*b�cMc�~�{�u)��)q(rÝq$¢¦k�~�k(r�h
2Ou�qt���_{ ~�{ cNu_f�j`{�ut��kj�k*��k(r�q$eQ¢èd�e ~�{��$e k�~�j¦�]k�r�k���k�~�k���~�k���f�{ ~^�	q)j¡��c�j�j3{�s�e kè~�c;r@d�e kãcNd�~
qnr|{ �M{ �;rTc(~�q�~�{ cNuc�Þ1{ ~�j¦k(u��)k�e cw��k�á|g8k(rO~�jIk�~¦q$e�hwõ�ö(ö�ú_s�â!a6b)k*j�kèk�ut��cNd$rÝq)�M{�u)��r�k*j*d�e ~�j
�(rTc(��k¦~3b)q�~�{ ~�{ j6{�u)��k*k����)k�rT�è{�u�~�k�r�k*j�~�{�u��¡~�cèj�~3dt�(�I~3b)k¡�$d�e j�q�~�{ cNu)j]c�ÞQî�vQk��$b)k){(j�~�q(rTj
{�uèÞ�d�e�eM�(k*~�q({�e�h

a^b�{ j¦{ j6�Ib��è~3b�kDpmg]£ á�pmk(e �M{ q$uèg8j�~�k�r�c(j�kt{�¢¦cNe c�����£	r�cNd$�tâ6��k��){ �(k��ã~�cì��k�rTÞÃcMr@¢
qÿå�btq(rTk*��q$ut����b)cNd$u)�$æ;k�ç)k(r��){ j�kìÞÃcMrIî�vQk��$b)k){zj�~�q�r�j�hêa6b)kF¢Iq#@@cMr^�wrTcwd��)j�{�u��)cNe �)k��
{�u/~3b�{ jDk�ç)k(r��){ j�kì�]k�r�kì~3b)këå3ùtk�d���k(u/�Nr�cNd$�tæ q$ut� ~3b)k å`ù�{BAk��(kn�Nr�cNd$�)æ f6s$d�~ãc�~3b)k�r
~�k�q$¢¦j��]k�r�kKq$e j�cß{�u��)cNe �)k���h a6b)kéùtk(d��)k�u ~�k�q$¢ d�j�k�� ~3b�k/àKq�r�j�q*�	�3��k��Z��k(rTj�k��
k*��cwe�d�~�{ cwuã�*c_�(kãq$u)�F�z��{ k(¢¡s�c)�1j*�){DC j^c(j���{�e�e q�~�{ cNuã��c_��kè�Ib�{�e kè~3b�knù�{EAk*��k�~�k�q$¢Zd�j�k��
~3b)k�j�~�k�e�e q(r1k��)cNe�d�~�{ cNun��c_�(kìv8ùNþN� á�vmc_��k;ù�{EAk*��k*c_{ j=�FCTþ$��cwe�d�~�{ cwu��$~�k�e�e q({�r�k�â�q$ut� { ~�j
c)�Iu¡c(j���{�e�e q�~�{ cNu¡�*cM��kDlèg^�6hwa6b)kù�{BAk*�(k��Nr�cNd$�ã��r�cM�wdt��k��äq¡j�~�q(r	á�û�û�÷)â�f$�¦b({�e k�~3b�k
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ùtk(d��)k�u��Nr�cNd$�ð��rTc_�wd)�*k��ðq$u)c�~3b)k�r]cwu�kìá�û!ûzõ�â*fzs�c�~3bä�6{ ~3b({�uDq��M{ �)k�u�k(r�r�cMr^s�c�çì{�u
~3b)kìû��F�_{ q)�NrÝq$¢ á PDQMR.SFT%UWVYX Z\[ ]MZ�^#Z�[ ]M_H`�q$u)�aPbQOR�c3VYX ]�[Ed1e�^#]�[ fOeH`Ãâ�h¡þ_qt��b�wrTcwd��
~3rÝq$u)j�¢={ ~�~�k��=~3b�k6c�j��){�e�e q�~�{ cNu!Þ�rTk�}Nd)k�ut��{ k�jzc�Þ�~3b�kt{�rwj�~�q(rN~�c���q�~�q�q$utq$e ��j3{ j�k�ç$��k(rO~�j]�¦b)c
�(rTc_�wd)�*k��¦qIe { �wb�~m�td$rO�)k^d)j`{�u)�!~3b)k�v¸���m�6a/{�u�j�~3r�d$¢¦k�u�~�q$e�q$u)�¦cMr�s({ ~�q$e`j���k��){ ýw�*q�~�{ cwu�j�h
þ_qt��b�e { �Nb�~¸�td$rT��k!�	q)j¸~3b�k(u6~3r�q$u)j�¢�{ ~�~�k��I~�c�~3b�k!c�~3b)k�r_~�k�q$¢é�Ib�c�btqt��~�c�k�ç�~3rÝqt�3~¸~3b�k
c�j��){�e�e q�~�{ cNu�Þ�rTk�}Nd)k�ut��{ k�jzq$ut����k�rTÞÃcMr�¢ßq^j�k){ j*¢={ �1q$utq$e �)j`{ j�c�Þw~3b)k�j�~�q(r�h�2 ~]{ j	{�¢¡��cMrO~�q$u�~
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qt���td$r�qt���Ic(Þ�÷$h �l� á*��â�f(~3b�k=¢¦k*~�q$e�e { ��{ ~@��7��6{ ~3bIqèrTk(e q�~�{ ��k^qt���td$r�qt���Ic(Þ�÷�ö � f�q$ut�=~3b�k
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4.1

4.2

4.34.324.344.364.384.4

lo
g 

g¨

log Te

9.7 < M < 9.85

0.024 < Z < 0.026

0.15 < αov < 0.16

0.68 < X <0.72

6.6 < veq < 7.4

Input Model
M=9.87
Z=0.023
αov=0.16

X=0.70
veq = 6.6
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