
] cZ`Z# ZDwZzg

·Ã�a
cZ`gÎÁZ™xåÆx@{”�Zgnz�»*xìXZkÆ§]jpVU�X
´)·ZDwäZkÐ�"NZ~Hìz{Ì§]M�Û,ìX´)Æ4�q
cZ`Ôi0ÏÆwÅZßwZzgh�]»�xì�MÀ]äZKZ#ÖÃ�cX

~x‹¬ÝÅZgzZb q^æm‚Þ^Úä cZ`ÆZkgzb6zg¦g»³ì�ZDwä
ÐkãÆfg)i0ÏÆ�ëzçgsZzgZuZgzgñiÐgzÙk™ZäÅÃÒ

cZ`ÆZuZgÅ5̈ìX´)ä¬xZÃg~Ì�V q^æm‚Þ^Úä ÅìX
�VcZ`»f™Hìz;VcZ`Ö~åÃ¬xù�gzqãceÐZÔ»�Ô�F
Zzg{mZÓmŠ/czZ§ŒÛZg�cìX°�Zy»¸ì�ZLZ0gzßÈî0ØtaZ™1
YñÂÓx2Bðƒ$Ë�X

zZ¢œî G0ZuZzcZ`Æfg)Zv¬\äÑZ™xåÃ”]ZÅg.ð WW]zZÑgnªZk»Ñ]
Z̈ã è ÆZ0gzãÂx»x@{™ZcZzgZ(xŠ/Ë�vÑzgÎwÃ7™ZcŠXcZ`ÍcÑ
»Ñ] è »Z�ð$©�î EG0²z`Zzg»ïZ̈+»My~�gzìXt–ÁJÔ¾Á7Z]ìZzgh

ìXtxZzgZd + ÆÈ�gzZizVÃÅ%ÅZ’ZìXt°wz)wZzg�zÔ»ŒÛZyZÅi›å
zZg«Š/ZL�y~F6$ðGMaƒñìTÅZLZL„z,Æ_.¼�·§z
Âù]ÅIX

ZsxÆ´z{�vèZ<ØÅÃ~ÌZ¤p§Z#uZzggzqã‡Ã]6�‰
ßZMì�åZzg½7g:ƒäÅzzÐ�gpgZ²:�ŠX¸zzì�cZ`cZkÐM
PŠ/ZyèZ<Ø~z{wZ(g:™eT§b�ZsxÅÕãZzg

+B5Ðö
GE
G@gõ~ZÐ

qÝìXZsx~cZ`ÆzZ§ÃåÐ„{mZÌqÝg„ìX›âVÆ_!C
Zzg;C'×Z`»ZkzZ§Ð�ZZzgŒÛRmìXcZ`»o{›âV~:Üsã�~
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wg�ìÉbÌZZyÌìXcZ`ÆZkŠ/»èIZzgiUÂz„ìTÅ§s
fZ]Æx@{ÆZÖp~Z�ág{ƒ@ è Îg{µZuZLZzgÎg{zZâÅPMc]Æ_.i

cZ`ÆzgÐ Ã] ìX�ëzçgsZzgZuZgzgñiÐ_mz{uæ~Š!]��g
ìOçZke~Zq�gz ñl { qÝƒñÔZyÆZÖgzZVwÆe~¬ÝZ�[

gzZc]6Z®gZi'¢zg~ìX
Zz\Zzg è „~Zzg/jZáÐZ¤ëætzf[ÆZy!®0gzV6ÃeZB�|

�È�vÅ!i�hZzg!icÄ6��Âz{…Yz�ZãZzguæ~ÝlaƒñÃMD
ìT~M�y ¾×Û^l ô ]Þß^Ò^‰Ë† ÅÂ[ Îg÷~ZTg{ �XZkeÅƒÐŠ*"

Å�LLZ'óó¬])¬ÝZ_(»™̂CìXÎZwaZƒ@ì�Z�OCÙZgèZ̈yäM�yÅ
Y+²z`HXMyLLM�ã‘tóóÃi�™̂äÅ¢zg]YV7MðZzgz{Ì¬ÝZ_»?

ÐZ0g”Jƒ & �áhZka�²!gzZc]Æ_.i}ÔZ#uÆ@,ìXZ0ZÅ3�ç E
äi}6@|Z#u»�Ãt7HìZkÆ_.LL�*ñik,�*ñ!ÑÆ@,ìZzg

Z�xZgè è �*ñik,ÆZ�x»�U�*ñ!ÑÆZ�xÆ¬Æ@,�ÔYèƒZZ�OªCÙ
Zq�N_·ìX ¾×Û^l ô ]Þß^Ò^‰Ë† ÐZzgZ�OZ#uÐµìXóóOçZkÒpÐ

Ã æm†æÍÞ^Úä �~œ~{~ÆZkZyÆig�¹ñ$ZzgèIgÉLLZg�Z~zkzsóóÅ
Ì/âÎÅŠ*gzcð"¹Y@ìÔpZkÆRƒä~µìXtb‚]Î‚w

ÐQQ�Zzg ] ˆyz*yÆË0gÏ6Ð�ø[ƒðXZk~F!'cZ`t~
ÆzZ§Æ'ÎVˆ"ƒðìXtÃðz]Zãc ] áy¸̈ì�tÂ[cZ`Z#

²Ãã"7ÉZqìàgz�Z�ì&ë/cZ�!âÎÅðÈM�XZkÆˆZk
âÎÅðƒäzZà�Z*âV~„CÙÃð�~seÃ7MC@ëz{ÕÔseÔ
g'×eZzg')45Ò3ï

GIGGGÐ{àÌ7XÀ˜tƒ¼ik,R6ƒ@ìXZy�Z*âV~}ZÔ
»Ñ]ZzgZ̈yÆ!bg*ÅzŸsÅˆìXZyÅ‚|~Z#uÔ(gÇyÔæxZzg�v

(Æ Cosmology bCÙZqxzu]~6zñƒñÃMD�ZzgZkzu]ÃÃ*])
ZkÅ�{ eç‰j^áìn^Ù Zzg uòoeàmÏ¿^á jZáÐâẐÅŒ43š5é EGGCgñizì́~ÒyHŠìX

VB�X
ìX�Z�ZqË Jmç]ñàÒ^Ún;p f!Z�[~/âÎÅúg{"�Z�Å
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Å^~Zsò Jmç]ñàÒ^Ún;p |ðo{gpzZÑ��á²åXZkÆcZYŠ!]
Æ08‚wˆwá�6MñX Êjçu^lôÚÓnä gzZc�cZ`ÆbÎ‚wZzgZ0²!Å

ÅgzZc]ZzgZ0²!ÅZuZgzgñiÐ©ggzqãcZ` ] ÔcZ�t~ Jmç]ñàÒ^Ún;p

~ÇìÇìf™ƒZìÐ½7gZ.�{Æˆ{µZ�!Z0Zi~èˆX Êjçu^l T»
ÅgzZc]ÐZ~XXZ[t|ËÐ ] �z~Å¬]�Z�äcZ`Z# è ìà^

Åz{Óx ] ÐŒÛãbÎ‚w¬Zsx~cZ`Z# Jmç]ñàÒ^Ún;p 7æ{7g„�
·9ñ���X~0Zzg�zicÆ{ÆZzgoiwzæZg`ÔbZzwZÔx@Z]zoøÔ
Z0Z¯w»]zZ�Z�ÛZ�ZzgZkxÅ̂zZg�Z]Zzggñiz)c]zZ�ágZ]Æ�Zí�X

æ¹Z�[~cZ`Æ„~Zzg/UÃZ¤ÃððQY¤™CìÂz{´)ZDwÅ
Üà{MÃtZ�!Zzgd&]»Sà q^æm‚Þ^Úä Zzg Jmç]ñàÒ^Ún;p ìX q^æm‚Þ^Úä

_·§Z#uÆŠ"Æ‚B‚BcZ`ÆZ�!c/UÃÌQY¤™@ìX
ù�~Ã è ´)äÂcZ`»ZEwßBÅÂ1VÆjZáÐHìT~%ZA
fZ]XZ� è Ì]Zzgi è Z�Ôi è Z7gèScZ`¹ŠìXßBÆ;ViÆ&%Zi�:i

fZ]qÝƒCì�¾w»My~�gz è zÌ]ÆgZi;ñuhÐzZ�ƒäÆî
ìX�V�á@ÃfZ�ÇÆw*{m~g‚ðqÝƒCì�VÆzZg�Z]Å®Ä

)úiñëVÅcZ`ì(QßÁ ]Ö’×çéÚÃ†]t]ÖÛ©Úßnà Òy~7M$ËXug~ì:
è ZsxÆ!Zg»»¸ZPå�Ý�cZ`Æ�gzZi{ÃåÆag3Yñ@�|

cZ`»tUgzqãc´Ã:ìXW@ÒÑÆfg) C1 ·~»6ÂCÙiâä~ñ��gìX
Z̈yZk£x6VY@ì�Vz{wmzƒkÐ0uƒY@ìÔZk~Z/#ÖaZƒYC

ìÔZkÅ�â©zgzqã¸ÂV~ZŸ†ƒY@ìXgzbzŸÅZÏ0ÀÏÅ$zªz{†{Zzg
cZ`Æ£x6(ìX

��� Ú^‡ø]É]Öûf’† @i
¤��g«! Âf‚å '£Ä

cZ`Æe~´)äZq(Z"NÒyHìTÐ9Zzgß°Å;C
ª»ã�~�ÛtzZãƒ@ìXß°ZKfZ]ÃzZZZß��~+™�beLì@�ZÐ

�ZEjy�ƒXZkÆ'@9ŒÛ�heLì@�ZkÅ'ÆVÐZKp�~ÃâÑâw
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t]ÅŠ™}XZkìwÅ@G~´)äZL è ™}ZzgQ�*~<™ZLZÝÑ
²¶ ] 0v,\LLZsòpÄÅgzbóó~�†Z;zk{„»ţw7Hì�MÀ]

ZÝ~ ',6V™zZ:=páMñpZ¤$4è MGZk£xJVY@ÂLzZ::M@X
äZKQ#Ö ] �]»�xì�MÀ] è ´)Æ4�qcZ`Ôi0ÏÆwÅQßwZzgh

Ã�cXøg}¬zV~ËäÌcZ`ÅtÂô77ÅXtÂôZDwÆ¡Òiªî EE0§]z
C2 »Ñ]ÐëM}ìZzgZk~(~zÝZzg�ZðìX

ZDwÆ4g=a�O~·@gZz~��XcZ`æÂV´)Æ̈gz„»%œ¯
�gZÝcZ`*) q^æm‚Þ^Úä ~a�O~™r��� q^æm‚Þ^Úä g;XZLZq£á

·t6Â[�»Zqæ]Ð|]´)»ìwåXÂ[»*xOñ è ìXZuZgz�ë
Ægp»øu�z&!'ƒNXZsxÅ¹Ï!ÂVÅ§b q^æm‚Þ^Úä cZ`*)Æ

´)eT¸�cZ`ÆgzqãÔ„~Zzg C3 cZ`6Ì¹Á¨gHìX è ›âVä|
;CzpD�Z]»Y̂{1YñZzgtÌCcYñ�oÒcZ`Å�´̈¼ÌƒÔZk
ÆZypDZWZ]»uZrÎcYñ�ŒÛ;Œ̂Ûy�¸xÆf‚z„Zzģwz¿~Z½¦îg

OçZ,VäMwZ&cZzg@»Ð÷ÆZ°kÑƒg9291YÆ% C4 Ð%�ZgƒDgìX
œZgC\~�L›y‚b�ZâVÆrF_¬Å œZg]�ÛâðZzgZL Å ²!zÃgÏ

)�Á(ÅZ6s9291YÅZ�á®~�áïåZzgZ[ ]‰¡ÚÔÒ×3† ZhóÆÄZyÐ�â„
~Ì�áïìÔcZ`ÃZy)&ÿJL&:*î X~�áïHXÅ§s�Ûz>Ã +Ëj^…ô]Îf^Ù

{mîg6ázƒ*ecXZk~´)ZDwcZ`ÆgzqãÔ„~Ô;CZzgpD�Z]»
uZrÎDƒñë�:

|tì�zZ¢œî G0cZ`Ð›âVÆ„Zzg_"Ã"u’uZzg�BìXZkzZ§Æ
%ZsxÆgz�ÕyÃY"Âƒ@1ZkÆ_·zïÅgzÝ~¹ÐÕã-zV

C5 Å¤{¤ðM‚yƒYCìX
~´)Æ;VcZ`ÅZ�bLLZz[Z0gÅgóóÆîg6ZEwƒð q^æm‚Þ^Úä

ìXZÐ¬xZ�!c;CZ�b'uZudè%ÆáZ�sƒÇXz{cZ�¬xÃZz�
»KãcZ`ìXQyÆ ] Åg»*x�ï�Z�cZ`Å¸eF+ßg]�g

Ðºm ] 4�q¬xcZ`Zz�ÅgZzg{mcZ`ÅZdF+ßg]�guz§»Ñ]
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ìXcZ`ZqZ(^ì�ZKªCÙ~qªÆ‚B‚BZqZ0gzãZz[ÌÑ@ìXz{Â
Zy»gzqã^ìT q^æm‚Þ^Úä ZÐ�Zzg*‡.ÞÒy£xŒÛZg�ï�XZkjZáÐ

~Z,Väx‹¬ÝÅZgzZbÐkãÆfg)i0ÏÆ�ëzçgsZzgZuZgzgñi
cZ` q^æm‚Þ^Úä ÐgzÙk™ZäÅÃÒÅìZzgcZ`Æo}ÃZq5se«ÅX

ä] ÆZuZgÅ5̈ìXcZ`»X�gZÝ!k5Ïî J0iâyzkyÅN»iì�9Zsx
C6 ZKz]Zã¸]Ð�*Æ‚t7�Ûâc:

ZiÅgZ„Z,�Íð4�z�zg
74iï FGGcZ`?Zz[Z0gÅg
Zz[Z0gÅgZi_[zØt
zZg;0_[zØtZi�z¯t

iâãÒyÅˆìT~�á²�áxÆz‰Ü�gcÆ è M�ãÆ�̂ è ~� q^æm‚Þ^Úä
)g}ZL�wÐ!'™g;ìZzgYz�ZãƒäÅMgizZkÆ�w~×Vág„ìX
ZÏZz~�áxZzg�~ƒYCìÔe0Q¬6%�Zgƒ@ì�Zku#Z0�}~NhÆZk
0gÐgz�gzò6�zVÃeu™CƒðªCÙƒCìX�á²Ôgzò»�g+{Zzggz×n{�N™
�8g{Y@ì��ZøzÕ»@ZâZ`åX�á²ZkÐñ��z*ñ��Zzgú�z*ú�Å

K ìXtÎZÑ]�gZÝcZ`Æçãz�ëÒy™äÅ{§ @™ zŸsÆaÎZw
gzòÅi!ãÒy™Dƒñ´)ZDw è YD�XcZ`ÆZuZgzgñiZzgZkÅ|%”

ë��tÅg~Zz[»�zuZ*xìÔt�gZÝ�á@¬�wÆgz'zZ̈È»ïÅp�~Æ
¾Ñ]ÅMiâöìXT§bfg{pgæÆgz'zZK�»+B©þ

GG
ZzgZJy™@ìZÏ§b

Èg¯CìXcZ`Ícp�~ÅŠÅ è Z̈È»ïÅp�~fZ�zZZÆ‚tZLz��Ã»ï
C My~2wìX

ZJägz'zñ�á@} 74iï FGGcZ`Mgizñ�á@}
i0ÏâgZaÉg8z$ðEN �á@¬�w�"¤&Qz
g10bQz»ïÈg z �g�gl¾ú0Z2Zg

Å�:ƒÆa´)ZDwÔñÑ*gzxÐ7y��HZ̈y ] cZ`t~
�zu}�âV~YYì?gzòë�:;V!T§bZ̈yâVÆùÐÀá™g9êL
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â�gÅ�*ÐZk�*~MY@ìZk§bz{ZLM\ÃZ¤ZdzZg«¯áÂz{Zk�*Æù
ZÞÐz{ŒÛ�ZÞ0™Zk è ÐZq�zuZÀá™�zu}�âV~YYìXZ¤®

»Ñ]6xZy0™iâyzkyÅ¶�ÂhYìX´)ÔgzòÐ7y��Z̈yZk
»Ñ�Zgè»Beu™ÆZ#uZzgZkÐMÐ�§hùVYì?

V? ÃÓ{uzM[gZ±¨4è MEGEå hgîåV? è !i±©-ê
YEG

LL7
gzòë���zZMZgZzgŠg]zT]ÆqïZ̈y)Îy(„uz�»Ñ]Ð

!CÙòM�XÎg{gÝ~Zg�á�!g~¬\ì:
mFÛÃû�†]Öràæ]ŸÞ‹]á]‰j_ÃÜ]áißË„æ]Úà]Î_^…]ÖŠÛFçFlæ]Ÿ…šÊ^ÞË„æŸißË„æá

ÿZ°Ý55:33þ)Z}¤zÓXzZ÷!Z¤ƒnÂ?M�âVZzgi}Æ)gzVÐ ]ôŸùeŠ×_^á

6}òYîp?7òM%̧]ÆX(
óóÆpÅ=ô™DƒñCD��Z̈yZLDÅ̧] ]ôŸùeŠ×_^á gzòÔZDwÃLL

Ð�ÈegÎ¥sqÝ™YìZzgZK—&6VÃªCÙ™YìXZ̈y_â�gÐ6§
¡aZƒ@ìpZz{â�~ZzggzqãZŠZgÅð™@ìÂZLZ(gÐ™@ìXDÅ

C7 aZƒCì�¬Ý»Ñ]Ã°i{'Z0Zx™�îì: Yy ¸]„ÐŸZ̈ã~ËZg
òÂZVZ#ugZZië� „Z¤ÎVFZMh$„
ØhZi�ZâÈp�¤��] !l@²cVØ�Z,»Ñ]
p÷gZ|ZizÔZzgZip÷ �gz��Qz:Á|:�
zg:aVñgzK�gÉ'-.ç EG óóc�� ]ôŸùeŠ×_^7 &½0î EG0LL
Mæ~Z0g�ÈegÎñ Zi§&iZ�yZ}%�æñ

È;Zip�¤�yòÂZV ë'zV8h4è EGE)Z�yòÂZV
„ Z0MV%�}�Zz™8ïEL�wZ � „ pZ,iZ�y:ZiM[z̄ÿ LZ

ë��LL'+£é
G

g~i0Ï»Ñ„tì�?ZL£xÃ�}Zä'+£é
G

g}aHgHì
qÝ™jZzgz{£xìfZ�hÃ"6�{�9X%�ñðÜsÌ]Å�]Ðt7

fZ]»Mgizqƒ@ìXóóZkÎyÅæ�ÐZq%µÐ�zu}%µJY* è ƒ@Éz{i
eìÔ�VJ�Z#uÅ):VÔzÇVZzg�ZÇVÃo™MÐ(−ÌeìXZq
%µÐ'F%µ~F¹™äÆaZDwäLLiZ�yóó)À¢(»Z7g{ZEwHìX
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tÀZq5�*~‚÷h»*xìXT§b�*~CÙqÀgìZzgZq5�*~
MBìÔZÏ§bLLMVÎñZ#uóóYäÆaÌCÙ%µ6ZqLLiZ�yóó)À(Å

¢zg]ƒCìXtZq§bÅ�ci¥ì�G)_[zØt(Å̧]ÐQ½Cì�
g~ZqZz[MY@ìZzgi0ÏÃZq5c LLÎyóóÆp~�áïìXZkZ¦Z�ÐÅ

~6zZiCkƒCìTÅ$zªÃ,zz‰Ü»Z�k$ÖY@ìXĻLZz[Z0gÅgóó
ÃðÅgz��Æ%e7XÅg»Zg»ZzgZz[Ìz��Ã‚Bá™¸ 8C cZ`B@ìX

è ì®ZÅgZzgz��ÃZµZµzVÆîg6�9ßìXcZ`Hì?öz�»*öz�c|
ºòÃz��¡â*YñÂZkÆ‚BÑi˜Å§ è ºòÅ§s%³/%³(−XZ[Z¤|

9C ¡ÌƒÇ®Zöz�»*öz�Å§sÅ̂gUÌƒÇZzgz��UÌÔ¸cZ`Å|ìX
´)ë��cZ`ÅgZ]›âVÃt$�}g„ì�ÈƒÂ²¶',ZqŠx

»gZ3ìXcZ`Z̈ãÈÔ&¢Zzg}ZÅgØ»Zk�*~ƒÐ(Z»g*)ìX
1C 0 ›yÆaZk~¸$ì�Z̈yÆ³xzÈÅMy~2w²¶',ìX

�áxÅMCì†ÐMzZi è Zº
>{™Cì\?ç MTÃÔz{ìM`ÅgZ]
g{qÇxìÈÆa²¶',
¶î Mg„ìt›VÐcZ`ÅgZ]

Z̈È»ïÅp�~ZZKz]Zã¸]Æ.Þ6iâyzkyÅh™CìÂz„cZ`
ìXZk�zg~ZÜðheƒ̂ìzZ§cZ`Åâ�~̈~Z[Ë¯xÅRö7
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