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New Physics at the Relativistic Heavy Ion Collider
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1. Introduction

e1f�g`hbg3i.jYkCk�lnm�kDoFp;qSjToFr�s>h5i.tCuvi+kDkDh�txwzy4{ hd{C|Fidt�k�ldjMyQr uvi+kDkDh�t,}Ai.k�k�~Mh���h�t�qn~My'�d~Mh5m$k9h�jMh�tD��qap;h�jFmDy�k�y>h5m�i.j@pakDh�u�|Gh�t,i+k�oMtDh5m��
y>k8yQmXj@i+kDoFt�idsMkDlxy>jT��h�m�kDy'��i+k�hAkD~Fh�~My'�d~Mh5m$k8h�jMh�tD��qxt�h�i�r�k�y>l�jFmXi��+i.y'sQi.�Ms'hd{&�3~MyQmXjMh�g�h�jMh�tD��q�fzt�ldjYk�y>h�t`yQm`mDlTldj�k�l��Gh/i.kXkD~Fh9�(idtD��h
��i�p;t�ldj��`lds's'y'p;h�t�{<eEjvf)i�r�k���kD~Fh�~My'�d~Mh5m$k`h�jMh�tD��q�p;h�jFmDy�k�y>h5m�uvi�qxh��dh�jv�@h/idr,~My'h���h�p�y>j��(�/��|FtDldkDldjM�4|Mt�l.k�ldj�tDh5idrJkDy'ldjFm��dy'jFm�kDh�i�p
l.f8s>l+g8h�t=h�jMh�t��dq�~Fh�i��Tq�y>l�j�tDh5idr�k�y>l�jFm�{���l.kDh�k�~Fi+kb~Mh5i��Tq�y>l�jFm i+k=k�~MhU�(�=��gAy's>s�~@i��dhvias>l+g8h�t=�Gh�i.u�u�l�u�h�jYkDoMu�p;oMh�k�l
kD~Fh�mDuvi.s's>h�t �(�+�b{N�3~Mh�tDh�yQm/mDldu�h��YoMh�m�kDy'ldj�i.�Gldo;k=gA~MhJk�~Mh�t=h��dh�jckD~MyQm=yQm�k�tDoFh�mDy>j@rJh�y>j�|Mt�l.kDl�j;�1|MtDldkDl�j�tDh5idr�k�y>l�jFm9u�oFr,~�l.f
kD~Fh h�jMh�tD��qUy>j�k$qT|MyQr�i.s�rJlds's'y'mDy>l�jFm8�dlTh�m3y'jYkDl�kD~Fh=f)i.t3fzldt�g3i.t,pnp;y'tDh5r�k�y>l�j��;y>j�r�ldjYkDt,idm�k3kDl�s'idtD��h�tAm�kDld|F|My>jF��|Gl+g8h�tAy'j�~Mh5i��TqUy>l�j
t�h�idrJkDy'ldjFm�{��Cl+g8h���h�t5�dk�~Mhb�YoMh�m�kDy'ldjal.f&|Mt�l.kDl�j;�1|MtDldkDl�jUtDh5idrJkDy'ldjFm8fzl�tA~My>��~�h�jMh�t��dq�p;h�jFmDy>k$qUuvi+k�k�h�tAyQmCi��dlTl;pnl�jMhd{
�Cs>kD~Ml�oM�d~�i�~My>��~Mh�tSh�jMh�t��dq�p;h�jFmDy�k$q�uvi�q��Gh idr,~My'h���h�p¡y>j¢|Mt�l.kDl�j;�1|MtDldkDl�j�tDh5idrJkDy'ldjFmSi+kSk�~Mh£�(�=�9�3kD~Mh�|Fidt�k�ldjMyQr�tDh��

y'j�k�h�t,idrJkDy'ldj�kDy'u�h9m�r�ids>h5mXi.t�hCmD~MldtDkDh�t`p;oMh�kDl k�~Mh=m�uvi.s's'h�tXmDy>¤�h�ldfNkD~Mh/rJlds's'y'mDy>l�jvtDh��dy'ldj�wzldf�ldt,p;h�t�¥CfzuU}�{���s'mDlF�Yy�k8y'm`p;y>¦vr�oMs>k`k�l
mDh�s'h�r�k3h���h�jYk�m`gAy>kD~�pMy�§!h�t�h�jYk3�dh�l�u�hJkDt�y'h�mXidjFpni���ldyQpvi.o;k�l;rJldt�t�h�sQi+kDy'ldj@m�¨Yi�p;y>¦UrJoMs>k$qvgA~MyQr,~n~Fi�mX�Gh�h�jnl+�dh�t�r�ldu�hAfzl�t8r�lds's>yQm�y'ldj@m
l.f�sQi.t��dh�tAjYo@rJs'h�y4{3�9mCg8hbgAy's>s�ldo;k�s>y'jMhby'j�kD~Fy'm�|MtDl;r�h�h�pMy>jM�Ym��F|MtDl��@h5mAgAy>kD~�s'ldjM�v|@i+kD~@m�w$©¡ª�fzuv}AkD~Mt�ldoF�d~akD~Mhxu�h�p;y'oMu«i.t�hbi
¬ h�q�p;y'id�djMlYm$k�y'rbkDlTlds&i.j@p�kD~Fy'm/yQm9oFjFi��+i.y's'id�Ms>hxy>jckD~Mh�mDu�ids>s'h�t=mDy>¤�hxmDqTm�kDh�u­rJt�h�i.kDh�p�y>j�|MtDldkDl�j;�4|FtDldkDldj�t�h�i�r�k�y>l�jFm�{=�Cl+g8h���h�t5�
g8hSmD~Ml�oMs'p�jMldk�t�oMs'hSldo;kv|Mt�l.k�ldj;�1|Mt�l.kDl�j£t�h�idrJkDy'ldjFm�i�m�y>jYkDh�tDh5m$k�y>jF�ck�l�k�~MyQm�®Fh�sQpN�8�Mo;kvt,i+kD~Fh�tUm�kDoFp;q£kD~Mh�mDy>u�y's'idtDy>kDy'h�mvidjFp
p;y>§Gh�tDh�jFrJh5m/gAy�k�~�jToFr�s>h5i.t/tDh5idrJkDy'ldjFm�{��CldkDh�kD~@i+kb¯�°$ldt ¬ h�j�m�|Gh�r�oMsQi+kDh5p�k�~Fi+k�±Dy>jYkDh�tDy'ldt,m9l.fXsQi.t��dhx®Ft�h��Fids>sQm�|FtDl;p;oFr�h�p�y>j��dh�tDq
~My'�d~�h�jMh�tD��qv|MtDldkDl�j;�4|FtDldkDldjUr�lds's>yQmDy>l�jFm��Y�+idr�oMoMu²m�k�i.kDh�m8ldf�m$k�tDl�jM��y'jYkDh�t�i�r�kDy'ldj@m8idtDh9|Mt�lTpMoFrJh5pUgAy>kD~Si.jMl�u�ids>l�oFm8r,~My>t,i.sGldt,p;h�t
|Fidt�idu�h�kDh�t�m�³M�YgA~MyQr,~�k�~ToFmAs'h�pnkDlvhJ´;|Gh�t�y>u�h�j�k,mAi+k�µFh�t�u�y'sQi.�Sm�oFr,~SidmA¶�e$�Ce$¶���·¸s>lTl ¬ y'jM�xfzldtCmDoFr,~�m$k,i+k�h�m ¹ º5»4{
eEj�m�kDoFp;qTy'jM��~Mh�i��Tq�y>l�jnt�h�i�r�kDy'ldj@m`i.k3¼C��eD�½i.j@pvkD~Fh/���/�9�;g8h9i.t�h�y'jYkDh�tDh5m$k�h�pUy'jUk�~Mh/fzoMjFpMidu�h�jYk�idsG|FtDl�|@h�t�k�y>h5mXldf(jToFrJs'h�idt

uvi+kDkDh�tAi.k3~Fy>��~UkDh�u�|@h�t�i.kDoMt�hd�Tl.f�k�h�j�kDh�tDu�h�paiv¾9oFi.t ¬U¿ s>oMl�j�ÀXs'i�m�uviM{<Á�~Fi.k3yQm8kD~Fh ¾9oFidt ¬n¿ s'oMl�j�À�sQidmDuvi�Âa�(i.k�k�y'r�hb¾ �8Ã
r�ids'r�oMsQi+kDy'ldj@mxy'jFp;yQr�i.kDh�i�t,i.|MyQpÄy'jFr�tDh5idmDh�y'j�kD~Mh�jToMux�@h�tvl.f p;h���tDh�h�m�l.f9fztDh�h�p;l�uÅidm�m�l;r�y'i.kDh�pÄgAy�k�~�kD~Mh�p;h5rJl�j;®FjMh�u�h�jYkUl.f
�YoFi.t ¬ m�i.j@p��ds'oMldjFm�fztDl�uÆk�~Mh�y'tX~Fi�p;t�ldjMyQrCr,~Fidy>jFm�¹ Ç.»4{��3~MhAk�t�idjFmDy�k�y>l�j�|Gldy'jYk`yQmXi.k`i=kDh�u�|@h�t�i.kDoMt�hCÈ�É�¥+Ê+Ë Ì�Í+Î�i.jFp�h�jMh�t��dq
p;h�jFm�y>k$qSÏ�ÉÐ¥�Ñ Í+Î`Ò.ÓGÔSÕ=fzl�tCkD~Fhxr�i�m�h ldf�¤�h�tDlvjMh�k9�FidtDq�ldjSp;h�j@m�y>k$qd�!idm9m�~Ml+gAjSy'jcµ<y>��oMt�hv¥d{C�3~MyQmAk�t�idjFm�y>kDy'ldj�yQm�i�mDmDl;rJyQi+k�h�p
gAy>kD~�mDr�tDh�h�jMy'jM��l.f�kD~Mh s'ldjF�.�1t�idjM�dh/rJldjM®FjMy'jM�n¾ �8Ã�|@ldkDh�j�k�y'ids(i.j@pUk�~Mh tDh5m$k�ldt,i+k�y>l�jnl.f&i.|M|FtDl�´;y'u�i.kDh=r,~My't�ids�m�qTu�u�hJkDt�qd{
eEjÄuvi.jTq£r�ids'r�oMsQi+kDy'ldj@mbk�~Mhc¾ ¿ À¸yQm�k�tDh5i+k�h�pÄi�mxicfzt�h�ha��idmxl.f9jMh�idtDs'q�u�i�mDmDs'h�m�mx�YoFidt ¬ m�i.jFpÄ�ds'oMldjFm�{£�8k�~My>��~Äh�jMldoM��~

kDh�u�|@h�t�i.kDoMt�h�m���k�~Mh�i��dh�t�id�dhnu�l�u�h�jYkDoMuÖk�t�idjFm�fzh�tn× Øay'j�k�~Mh�t�uvi.sCr�lds's>yQm�y'ldj@mxyQm�sQi.t��dhah�jMl�oM�d~�kD~Fi.k�kD~Mh�m�kDt�ldjM��rJl�oM|Ms'y>jF�
rJl�jFm�k�i.jYkAÙ<Ú�Û Û¢¥d{XÜ9jMh9kD~Mh�jaid|M|Mt�l�idr,~Fh�m�k�~Mh=tDh��dy'u�h9ldf<idmDqTu�|;kDldkDyQrCfzt�h�h5p;lduÝidjFpvk�~Mh=|Ms'i�m�uvi�m�~FldoMsQpU�Gh p;h�m�rJt�y>�@i.�Ms'h9�Tq
|Gh�tDkDoMt��Fi+k�y>��h�¾ �8Ã��M�Gh�y'jM�vy'jakD~Mh g8h�i ¬ rJl�oM|Ms'y>jM��s'y>u�y>k�{XÞX�dh�j�|Mt�y'ldt8kDlvt�oMjMjMy'jM�vi+k�¼��CeD�9�My>kCg8i�m3jMl.k�r�s>h5i.t3k�~Fi+kAk�~My'mCg8i�m
kD~Fh�r�ldt�tDh5r�k p;h�m�rJt�y'|;kDy'�dh�tDh��dy'u�hd{�eEj�f)idrJk���ldjMh�uvi�q�hJ´;|Gh�r�kbm�kDt�ldjM�SrJl�oM|Ms'y>jF��m/gAy�k�~��+ids>oMh5m=l.f3Ù<Ú�ÉßËFà ªUfzldt/k�h�u�|@h�t�i.kDoMt�h�m
l.f`ldt,p;h�tx¥dà�ªvá�È�â�{=�3~ToFm���mDldu�h�~Fi���h�t�h�r�h�jYkDs'q�m�oM���dh5m$k�h�pSk�~Fi+k/kD~Mh�uvi+kDkDh�t r�tDh5i+kDh5p�i+k ¼C��eD�¢y'ma±�m$k�tDl�jM�ds'qar�ldoM|Fs>h5pM³nidjFp
t�hJfzh�t�t�h�pvk�lUidm8k�~Mhbm,¾ ¿ ÀÄkDlUpMy'm�kDy'jM�doFy'mD~Sy�kAfzt�lduãk�~Mh=fzt�h�h=��i�mAmDr�h�jFidtDy'lawzfzldtCi�p;yQmDr�oFm�m�y'ldjal.f�kD~MyQm3kDl�|MyQr m�h�hä¹ å+»�}J{
e1k�y'm�y>u�|GldtDk�idj�k k�l�jMldkDhvk�~Fi+kxmDy'jFrJhv~Mh5i��Tqcy'ldj |M~Tq;m�yQr�mby'mbmDldu�h�gA~Fi+k�i ¬ y'j�kDl�r�ldjFpMh�jFmDh�p�uvi+kDkDh�tb|M~Tq;m�yQr�m y'j�kDh�tDuvm�l.f

m�kDoFp;qTy'jM� u�h�p;y'oMuæ|MtDl�|@h�t�k�y>h5m��`u�h�idmDoMt�y>jF��k�~Mh�h�jFh�t��dqÄp;h�|@h�jFp;h�jFrJh£w)hJ´MrJy>k�i.kDy'ldj�fzoMjFrJkDy'ldj@}�yQmv�dh�tDq y'jYkDh�tDh5m$k�y>jM�@{��3~MyQmvy'm
|Gh�t�~Fi.|Fm8y'j�rJldjYk�t�i�m$k3gAy�k�~�jFh�g¡|@i.tDkDyQrJs'h=mDh�idt�r,~nhJ´;|@h�tDy'u�h�jYk�m3gA~Fh�t�h9|Mo@m�~My'jM��kDl�k�~Mh �dh�tDqv~My'�d~Fh�m�k3h�jMh�t��dq�yQm3l.f�k�h�j w�k�~MldoM��~
jMldk=ids>g3i�q;m�}AkD~Mh�u�l�m�k=r�ldu�|Gh�s's>y'jM�F{xeEj�k�~Mh�~Mh�i��TqSy>l�j�r�idmDhbk�~Mh�t�hxuvi�q��Ghvm�|Gh�r�y�®@r�y'jYkDh�t�h�m�k i+k/kDh�u�|Gh�t,i+k�oMtDh5m/jMh�idt9|M~@idmDh
�GldoMjFpFi.t�y>h5mAi.jFp�y>jSuvi+kDkDh�tCi+k�p;y>§Gh�tDh�jYkCs>l;r�i.kDy'ldjFm8ldf�k�h�u�|@h�t�i.kDoMt�h i.jFp�jMh�kC�Fi.t�qdl�j�p;h�jFm�y>k$qd{
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2. Early Universe

¶�i.jTq�h�i.t�s'q�h�´T|Gh�rJk�i.kDy'ldjFm�fzldtxld�FmDh�t��+i.�Ms'h�mxi+k�¼��CeD�Ðy'jY��lds'�dh5p i�|Gl�m�m�y'�Ms'hv®Ft,m$k�ldtxmDh�r�ldjFp£ldt,p;h�tb|F~FidmDhUk�t�idjFm�y>kDy'ldj({�e1f
kD~Fh�¾ ¿ À¸kDl�~Fidp;t�ldj@mbk�t�idjFm�y>kDy'ldjÄy>jÄkD~Mhah�idtDs'q�oMjMy'�dh�t,mDhng8h�t�h�i�®@t�m�k�l�t�pMh�tU¾ �8Ãä|F~FidmDhUk�t�idjFm�y>kDy'ldjÄy�k�g`l�oMsQp£s'h�idp kDl�i
±DmDoMt�|Mt�y'mDy>jF�ds'qbtDyQr,~vrJlYm�u�lds'ld��y'r�i.s;m�rJh�j@i.t�y>lU¹ ª5»1{ ³ Ü9jMhCmD|@h5rJoMsQi+k�y>l�jvg8i�m<kD~Fi.kx±Dids�k�~MldoF�d~�ld�FmDh�t��+i.�Ms'hCrJl�jFm�h5�YoMh�jFr�h�m&g8ldoMsQp�jMldk
jMh5rJh�m�m�i.t�y>s'q�m�oMt��Ty>��hd�!y>k=yQm i+k=s'h�idm�k rJldj@rJh�y'�+i.�Ms'hxkD~Fi.k/k�~Mh�|M~Fi�m�hxkDt,i.jFmDy>kDy'ldjcg8ldoFs'p�rJldj@rJh�jYk�t�i.kDh�u�lYm$k l.fXkD~Mhv�YoFi.t ¬ hJ´Mr�h�m�m
y'j�p;h�jFmDhd�(y'jT�Ty'mDy>�Fs>h��YoFi.t ¬ jToM�d��hJk�m�¹ ª�»1{ ³Ð�3~Mh�mDh�ld�;°$h5r�k,m=gAy�k�~�t�ldoM��~Ms'q�h��YoFi.s�jToMux�@h�t�m/ldf`oM|��<p;l+gAj�idjFp�m$k�t�idjM�dh��YoFi.t ¬ m
i.t�h�t�hJfzh�tDt�h�p�k�l�i�m`m�kDt,i.jF�dh��YoFidt ¬ uvi+kDkDh�t8ldt3m�kDt,i.jM��h�s'hJk�m���fzldt3m�uvi.s's'h�t3m�oFr,~nld�;°$h5r�k�m�{�Þ�´;|Gh�t�y>u�h�jYk,i.s@mDh�idt�r,~Fh�m�y'j�i�r�r�h�s'h�t,i+kDl�t
�Fi�m�h5p�pMhJkDh5r�k�ldt,m/kDl�|Mt�l;p;oFrJh�k�~MhUuvi+kDkDh�t�i.jFp�k�h�t�tDh5m$k�tDyQi.s&hJ´;|Gh�t�y>u�h�j�k,m=kDl�pMhJkDh5r�kxmDoFr,~�uvi+kDkDh�t�~Fi��dh�qTy>h�s'pMh�p�jToMs>sXtDh5m�oMs>k�m
kDl�pMi.kDh�¹ ç�»4{v��jMl.k�~Mh�tbmD|@h5rJoMsQi+k�y>l�jcg3idm9kD~@i+k�in®Ft�m�k ldt,p;h�t/k�t�idjFm�y>kDy'ldj�g`l�oMsQpcs'h�i�p�k�l�sQi.t��dh�y>jF~Mldu�ld��h�jMh�y�k�y>h5m/y>j�kD~Mhvh5i.t�s>q
oMjMy'�dh�t�mDh�p;oFh�k�lxmDoM|@h�t�r�lTlds'y>jM�xi.jFpv�FoM�M�Ms'h�fzl�tDuvi.kDy'ldj�{&�3~MyQm`s'y'jMh�ldf�y>jT�dh5m$k�y>�Yi+k�y>l�jvg8i�mX�YoMy>kDh=idr�k�y>��h�gA~Mh�jvkD~Fh/pMidt ¬ uvi+kDkDh�t
|MoM¤�¤�s'hnt,i.yQm�h5p �YoMh�m�kDy'ldjFmxi.�Gldo;kxkD~Mh�y>u�|Ms'y'h�p£�@i.t�qdldj r�ldjYkDh�j�kxl.fAkD~Fh�oMjFy>��h�t,m�h�fzt�lduÖ¯8y>��¯8idjM�c��oFrJs'h�lYm�qTjYkD~Mh5m�yQmnw�¯3¯8�/}�{
�Cl+g8h���h�t5�dk�~Mh i.��tDh�h�u�h�jYk3l.f(k�~Mh=y>u�|Ms'y'h�p��Fi.t�qdl�jnp;h�j@m�y>k$qUl.f�kD~Mh=oMjFy>��h�t,m�h9fztDl�u²¯3¯3� idjFpUk�~Mh=Á�¶���À½r�l�mDu�yQr/u�y'r�tDl+g3i��dh
�Fi�r ¬ ��tDl�oMjFp�i.jFy'mDl.k�tDl�|Yq��.k�h�s's'm`oFmXkD~Fi.k`k�~Mh�t�h�g8h�t�hCjMlxs'idtD��hCy>jF~Mldu�ld��h�jMh�y�k�y>h5mXi.kXkD~Fy'm`h�idtDs'q�k�y>u�h�{��3~My'm8p;lTh�m`jMldk`|Mt�l+�dh��d�Mo;k
p;lTh�mXm�oM|F|@l�t�k&kD~FhCy'pMh�i/l.fNi�¾ �8Ã�rJl�jYkDy'jYoFldoFm<k�t�idjFm�y>kDy'ldj�ldt�mDu�lTl.kD~�rJt�l�m�m&l+�dh�t&t�i.kD~Mh�t&kD~Fidj�i=m�kDt�ldjM�/®Ft,m�k�ldt,p;h�t<kDt,i.j@m�y>kDy'ldj�{
¼Ah5rJh�jYkAsQi+k�k�y'r�h�¾ �8Ã�tDh5m�oMs>k�m`fzl�tCi�t�h�ids>yQm$k�y'r/m�kDt,i.jM��h/�YoFidt ¬ uvidm�m3i.jFp�jMh�k3�@i.t�qdldj�p;h�jFmDy>k$qUh��YoFids@k�l�¤�h�t�l�i.sQm�l�m�oF|M|@l�t�k3k�~My'm
rJl�jFrJs'oFmDy>l�j�{

3. Relativistic Heavy Ion Collider Era

�3~Mhx¼Ah�s'i.kDy'�Ty'm�kDyQr���h�i��Tq�eEl�j��`lds's'y'p;h�txw�¼C�CeD�3}�~Fidm��@h�h�j�ld|Gh�t,i+kDy'ldj@i.s(idjFp�|Mt�l;p;oFrJy'jM�U|F~Yq;mDy'r�mCt�h�mDoMs>k�m/m�y'jFrJh�º.Ë�ËdËM{C�3~Fh
p;h5m�y'�dj�h�jMh�tD��q�idjFpUs'oMu�y'jMl�mDy�k$q�fzl�t3~Mh�i��Tq�y>l�jFm8~Fidm`�Gh�h�jSidr,~Fy>h��dh�pni.jFpUkD~Mh=t�oMj;�1�YqY�1tDoFjvy>jYkDh��dt,i+k�h�pUs'oMu�y'jMl�mDy�k$qvyQm3m$k�y>s's!ldjai
m�kDt�ldjM�@�Tf)idm�kDh�tD�4kD~Fidj;�4s'y'jMh�idt`y'jFrJt�h�i�m�h�{��Cs'sNfzldoFtCp;h�p;yQr�i.kDh5p�h�´;|@h�tDy'u�h�jYk�mC¯3¼C�9��¶��N�FÀX�9ÞX�CeE·x�FÀX�=Ü/¯CÜ��!�Mi.jFp��;�<��¼¢~Fi���h
�Gh�h�j�k,i ¬ y'jM��pMi+k,iM{aeEj�kD~Mhns'id�@l�t�i.kDldt�qd��i.|M|Mt�l�´;y>uvi.kDh�s'q ¥�ËF� Ë�ËdËa�ds'oMl�jFm��<�YoFi.t ¬ m i.jFp idj�k�y��E�YoFi.t ¬ m/fztDl�u­k�~MhUjToFrJs'h�idt g8i���h
fzoMjFrJkDy'ldjUidtDh3uvidp;hA|F~Yq;mDy'r�i.s;y'jvh�i�r,~x~Mh5idp�ldj�wzkDh�t�u�h�p�rJh�jYkDt,i.s�}<�dldsQpT�1�dl�s'p�tDh5idr�k�y>l�j�{&�3~MhAtDh5m�oFs�k,m�i.t�h3kD~MhCmD|@h5r�k,idrJoFs'idt�h��dh�jYk
p;yQm�|Fs'i�q;mAk�~Fi+k i.t�hbjMl+g�l�j�kD~Fh�r�l+�dh�t�l.fXuvi.jTqSm$k,i.jFpFi.t,p�oMjFp;h�tD��t�i�p;oFi.kDh |M~Tq;m�yQr�m�kDh�´TkD�GlYl ¬ m�{=Ã�h�k�idy>s'h�p�m�oMu�uvi.t�y'h�mCldf�kD~Mh
hJ´;|Gh�t�y>u�h�j�k,i.sNt�h�mDoMs>k�mAidm3ldf�ºdËdËYªbi.t�h=�dy'�dh�j�y'j�i�mDhJkAldf<|MoF�Ms>yQmD~Mh�pagA~My>kDh��4|Fid|@h�t�m ¹�Ê��!¥�Ë�»1{
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4. Medium Properties

¯(°$l�t ¬ h�j�p;h5mDr�tDy'�@h5pakD~MhxrJlds's'y'mDy>l�jSl.f&k$g`lv|FtDldkDldj@mAldtC~Fh�i��TqnjToFr�s>h�y�idm9rJt�h�i.kDy'jM�vi�®Ft�h��Fids>s4{8�Tlvg`h�u�oFm�kC®Ft,m$k/idm ¬ gA~Fi.k�y'm
kD~FhCm�y'¤�h��.h�jMh�tD��qd��k�h�u�|@h�t�i.kDoMt�hAi.jFpx�ds'ld�@i.sYfzh�i.kDoMt�hAm�h�k�l.fGmDoFr,~�i9®FtDh��Fi.s's4�di.jFpxh���h�j�y�fGkD~Fy'm�p;h5mDr�tDy'|;k�ldt&y'mXi.|M|Mt�ld|FtDyQi+k�hd{�eEjxkD~Mh
rJl�s>s'yQm�y'ldjxl.fFk$g8l/�dldsQpxjYo@rJs'h�yMi+k�¼C��eD� mDldu�h3l.f@kD~Mh3y'jMy�k�y'ids;y>j@rJldu�y'jM� ¬ y>jMh�kDyQr8h�jMh�tD��q �dlTh�m<y'j�k�l=~Mh�i.kDy'jM�=oM|�k�~MhAjMh�gAs>q�r�tDh5i+k�h�p
u�h�p;y'oMuS{�Þ�jMh�tD��qxp;h�|@lYm�y>kDy'ldjny'm`p;hJk�h�t�u�y'jMh5pv�Tqxu�h�i�m�oFtDy'jM�bmD|@h5r�k�i.kDl�t�jToFrJs'h�l�jFm��Ti.j@p�fztDl�uÆk�~My'mXkD~Fh9¯3¼C���9¶���h�´T|Gh�t�y'u�h�jYk
p;h�kDh�t�u�y>jFh�m�kD~Fi.k/l�o;k9ldf`Ç29F{ ån��h�:Ðuvi+´;y>uxoMu ¬ y>jFhJkDyQrbh�jMh�t��dqS�Gh�y'jM�n�FtDl�oM�d~Yk9y'j�fzl�t/r�h�jYkDt,i.s<�dl�s'pT�1�dl�s'pat�h�i�r�kDy'ldj@m��!i+k/s>h5idm�k
º6;4<�Çb�(h�:�yQmXuvidpMh�i��+i.y's'id�Ms>hCfzldtX~Fh�i+k�y>jF� kD~Mh�®Ft�h��Fids>s<¹ Ê�»1{&e1k8mD~MldoFs'pv�Gh�jFl.kDh5p�kD~Fi.k`y'jnib��i.jFpMidov~TqTpMtDl;p;qTjFidu�yQrAm�rJh�j@i.t�y>l@�
kD~Fy'm�i��+idy>sQi.�Ms'h3h�jMh�tD��q uvi�qb�@h�h��dh�jx~Fy>��~Mh�t5{�¶�h5idmDoMt�h�u�h�jYk�m&ldf@k�~Mh3kDt,i.j@m���h�t,m�h8h�jMh�tD��q |Mt�lTpMoFr�k�y>l�j�y'j�kD~MhCr�lds's>yQmDy>l�jFm&y>j@p;y'r�i+k�h
kD~@i+k8kD~Mh/h�jMh�tD��q�pMh�jFmDy�k$qvyQm`g`h�s>sNi.�Gl+�dhCkD~Mh9kDt,i.jFmDy>kDy'ldjU�+i.s'oMh/hJ´;|Gh�r�k�h�pUfztDl�ußsQi+kDkDyQrJhb¾ �8Ã i.k8h5i.t�s>qxkDy'u�h�m/Û�º>=�Ç fzun�+r�¹ ;.»4{
�Cl+gÝk�~Mh�j�p;lTh5m�kD~MhS®Ft�h��@i.s'sAh��dl�s>��h�y'j�kDy'u�h�i.f�kDh�tvy�k,mUrJt�h�i.kDy'ldj@Â eEj½jMldjM�1r�h�jYkDt,i.sArJl�s>s'yQm�y'ldjFm���k�~Mh�t�hSy'mvi�sQi.t��dhSm�|@i+kDyQi.s

i.jFy'mDl.k�tDl�|Yq=gA~Mh�tDh8k�~MhAjToFrJs'h�idt<l+��h�t�s'id|bt�h��dy'ldjxy'mb±Di.s'u�ldjFpF³9mD~Fi.|Gh�p�{<�3~MhAp;h��dt�h�h`kDl gA~MyQr,~xkD~MyQm�mD|Fi+k�y'idsTidjMyQm�ldkDt�ld|Tq y'm<k�t�idjFm��
sQi+kDh5pny'jYkDl�u�ldu�h�jYk�oMu²mD|Fidr�h9yQmAi.jahJ´MrJh�s>s'h�jYkAu�h�i�m�oMt�h/l.f(k�~Mh=|Mt�h�m�m�oMt�h=i.jFp�y>jYk�h�t,idr�k�y>l�j�m�kDt�h�jM�dkD~Si.u�ldjF��k�~Mh rJldj@m$k�y�k�oMh�jYk�m
l.f(kD~Mh=u�h�p;y'oMuS{��Yk,i.tDkDy'jM�xgAy>kD~�y>jFy�k�y'ids�rJldj@p;y�k�y>l�jFm3m�h�k8�Tq�k�~Mh9l+��h�t�s'id|vl.f�kD~Mh9k$g`l�jToFrJs'h�y4�T~TqTpMtDl;p;qTjFidu�yQr�r�i.sQrJoMsQi+k�y>l�jFm`gAy�k�~
¤�h�tDla�Ty'm�rJlYm�y>k$qStDh5idmDldjFid�Ms'qSpMh�m�rJt�y>�Gh�k�~Mh�hJ´;|Gh�t�y>u�h�jYk,i.s�pMi+k,iM��y'jFr�s>oFpMy>jM�ak�~Mh�kDt,i.jFmD�dh�t�mDhbu�ldu�h�jYk�oMu�p;yQm$k�tDy'�Mo;k�y>l�jFm i.j@pcidm
mD~Ml+gAj�y>j�µ�y'�doFtDhxºvkD~Mhxu�ldu�h�jYkDoFu«idjMyQm�ldkDt�ld|Tq�w)tDh�fzh�t�tDh5pakDl�i�mAk�~Mh@? Ø rJlThJ¦UrJy'h�jYk�}b¹ ;M�<¥�Ë�»1{9�3~Mh5m�h�r�ids'r�oMs'i.kDy'ldjFmAk$qY|Fy'r�i.s's>q
m�k�i.tDkxgAy>kD~½i.j�idm�m�oMu�h5p h��YoMy's>y'�Mt,i+k�y>l�j kDy'u�haldfCldt,p;h�t�ËMà ç�fzun�.r�idjFp£i.j�h�jMh�tD��q�pMh�jFmDy�k$q£i.kxk�~Fi+k�kDy'u�h�ldf/º.Ë�Ñ Í+Î`Ò.ÓGÔSÕ.{
�3~Mh i.��tDh�h�u�h�jYk8l.f(k�~Mh�mDh�AFoMyQp�r�i.sQrJoMsQi+k�y>l�jFm3i.jFpnkD~Fh=pFi+k�i�p;l�jMldkAr�oMt�tDh�j�k�s>qvids>s'l+g�fzldtAr�ldjFm�kDt,i.y'jMy'jM��k�~Mh=h��YoFi.kDy'ldjnldf<m�k�i.kDhd�
y'jÄ|Fidt�k�y'r�oMs'idtxmDy>j@rJh�i�m�y'u�oFs�k,i.jMh�ldoFmxp;h�m�rJt�y>|MkDy'ldj£ldf�u�ldu�h�jYkDoFua��u�l�u�h�jYkDoMu idjMy'mDl.k�tDl�|Tq�i.j@p�k$g`ld�4|@i.tDkDyQrJs'hnrJl�tDt�h�sQi+k�y>l�jFm
w)�9¯3�C}8y'mCm�kDy's's(i�r,~Fi.s's>h�jM�dh�{
�/AFoMyQpSgAy�k�~ah�´TkDt�h�u�h�s'qns'l+g¡�TyQmDr�l�mDy�k$qUyQmAldf�kDh�jSt�hJfzh�tDt�h�pnkDlUi�mAi�jMh�idt��1|@h�t�fzh5r�k>AFoMyQpN{`eEj�f)i�r�k5�Mu�l.kDy'�+i+k�h�pa�Tq�r�ids'r�oMsQi+kDy'ldj@m

y'j�i=��t�i��Ty>k$q�p;oFidsMl.fNi=��idoM�dh8k�~Mh�l�tDqnw���pB�@�d�8µ&�C}���y�kX~@idm&�Gh�h�jv|Gl�m�kDoFs'i.kDh�pxk�~Fi+k`ids>s@m$k�tDl�jM�ds'q�rJl�oM|Ms'h�p�mDqTm�kDh�uvm�~Fi��dhAi/s'l+g`h�t
�Ty'm�rJlYm�y>k$qS�@l�oMjFp�l.f�CMÒ2DUÛ ¥+Ò�å2EÄgA~Mh�t�hFCcy'm9kD~Fh�mD~Mh5i.t/�YyQm�rJl�mDy>k$q�i.jFpGD�y'm9k�~Mh�h�jYkDt�ld|Tq�p;h�j@m�y>k$qÄ¹>¥d¥�»1{x�3~Mh5m�h�r�ids'r�oMsQi+kDy'ldj@m
i.t�hU�YoMy>kDhUy'jYkDh�t�h�m�kDy'jM��i�m kD~Fh�q�u�i ¬ hUr�ldjMjMh5r�k�y>l�jFm gAy>kD~Äm�kDt�y>jF�SkD~Mh�ldt�q�i.j@p��Ms'i�r ¬ ~Ml�s>hv|F~Yq;mDy'r�mby'j£iSu�l�m�k�|MoM¤�¤�s'y>jM�cg8i�q�{
�3~Mh ¶�ids'pMi�rJh�jFixpMoFi.s'y�k$q�� ¬ jMl+g¡i.sQmDl�i�mXk�~Mh ��pB�@�d�8µ&�¡r�ldt�tDh5m�|GldjFpMh�jFr�hd�T~Fidm8l�|@h�jMh�pai�g8i�q�kDlvm�kDoFpMqvkD~Mhbm�kDt�ldjF�xrJl�oM|Ms'y>jF�
s'y>u�y>k�fzldt���i.oF�dh=kD~Fh�ldt�y'h�mAoFmDy'jM�nrJsQidm�mDy'r�i.sN�dt,i��Ty�k$q�{Xe1k/y'mAy'j�k�~My'mCfzt�idu�h�g8ldt ¬ kD~Fi.kCkD~Fh��Ty'm�rJlYm�y>k$qU�GldoMj@p�y'm�|@lYm$k�oMsQi+kDh5pN{AÞ���h�j
kDt,idpMy�k�y>l�jFi.s<s>l+g�k�h�u�|Gh�t,i+kDoFtDh�m�oM|Gh�tD��AFoMyQp;y�k$q�pMlYh5m�jFl.k=�Yy'ldsQi+k�hbk�~My'm/�GldoMj@pcmDy>jFr�hbk�~Mh�t�h�ids>g3i�q;mCt�h�uvi.y'jFm/i£±DjMldt�uvi.sQ³�wzjMl�j
mDoM|@h�t���AFoMyQpF}8rJl�u�|@l�jMh�jYkCidmAmD~Ml+gAjny'j�µ<y>��oMtDh ÇF{&��r�tDy>kDyQr�ids!�dl�ids!y>jakD~Fh9®@h�sQp�yQm8kDlv�YoFidj�k�y�k,i+k�y>��h�s'qUp;hJk�h�t�u�y'jMh=k�~My'm3t,i+k�y>lxfzldt
kD~Fh�¾ ¿ À&{@�9m�g8hxpMy'm�rJoFm�mCsQi+k�h�t5�@u�h5idmDoMtDh�u�h�jYk�m�l.f�~Ml+g�~Mh5i��YqS�YoFi.t ¬ mbw)r,~@i.t�u idjFp��Gh�i.oMk$q;}C�@h�~Fi��dh�y>j�k�~Mh�u�h5p;y>oFu u�i�q
�dy'�dh=oFm8k�~Mh �Gh�m�k���o@i.jYkDy>k�i.kDy'�dh=s>y'u�y�k,mAldj�kD~Fhbp;h���tDh�h/ldf/±D|@h�t�fzh5r�k�y>l�j�{ ³
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e1fTg8h�mDh�h&kD~@i+k(uvidr�tDlYmDr�ld|MyQr�ids>s'q3kD~FhXm�q;m�kDh�u¡yQm(�YoMyQr ¬ kD~Fh�t�u�ids>y'¤�h5pN�5g`h�r�i.j/kD~Mh�jbidm ¬ gA~Fi.k ¬ y>j@p9ldf;u�yQrJt�l�m�rJl�|MyQr�y'jYkDh�t�i�r�kDy'ldj@m
u�y>��~Yk<s'h�i�p kDl9kD~Fh�mDh`��h�t�q t�id|My'pbh��YoMy's>y'�Mt,i+kDy'ldj�kDy'u�h�m<gA~MyQr,~bkD~Fh�j�m�oM|F|@l�t�k�m�o@r,~�s'l+g£�Ty'm�rJlYm�y>kDy'h�m�{(��i�p;t�ldjMyQr�k�t�idjFmD|@l�t�k<u�l;p;h�s'm
w)¼C¾/¶�Ãx�2W�t�¾/¶�Ãx�����;Ãx�dhJk,r�}<gAy>kD~v~Fi�p;t�ldjxfzldt�u�i.kDy'ldjxkDy'u�h�m�ldf<¥�ÓGÔ�Ò#XXf)i.y's;k�lbp;h�m�rJt�y>�Gh3kD~FhCpMi+k,iv¹�¥�º5»4{��3~Mh�qxmDy>��jMy>®@r�idj�k�s>q
oMjFpMh�tn|FtDh5p;y'rJknk�~Mhci.u�l�oMjYknl.f�AFl+g �Ah5mDmDh�jYkDyQi.s's'qÄ�Gh�r�idoFmDh�kD~Mh5m�h�s>l�jM��fzldt�uvi+k�y>l�j½kDy'u�h5mU�GhJk$g8h�h�j�~FidpMtDl�jMy'rSy'jYkDh�t�i�r�kDy'ldj@m
|Mt�h�r�s>oFpMh/~@i��Yy'jM��m�~FldtDk8h�jMldoM��~nu�h�idjnfzt�h�h=|Fi.kD~Fm`fzl�tCm�oFr,~�f)idm�k3h��YoMy's>y'�Mt,i+kDy'ldj({&�3~ToFm��TkD~Fhbm�q;m�kDh�uÝpMlYh5m3jMl.kCid|M|@h5i.t8kDl��Gh i
~Fi�p;tDl�j��Yidm���idjFpx|@h�tD~Fid|Fm�kD~MyQm<y'm&jFl.k�m�oMt�|Mt�y'mDy'jM����y>��h�jbk�~Mh3h�jMh�tD��q p;h�jFmDy>kDy'h�m�idr,~Fy>h��dh�pby>j�¼C�CeD�£rJl�s>s'y'mDy'ldjFm�{&�8idj�g8h8p;h5mDr�tDy'�Gh
kD~Fh�m�q;m�kDh�u²y'j�k�h�t�uvmAl.f��YoFi.t ¬ mAi.jFpa�ds'oMl�jFm3kD~@i+kCy'j�k�h�t,idrJkCgAy�k�~�|@h�t�k�oM�Fi+k�y>��h�s'q�r�i.sQrJoMsQi+k�h�pSmDr�i+kDkDh�t�y'jM��t�i.kDh�m,Â��8ids'r�oMsQi+kDy'ldj@m
wz�Gl.k�~�idjFi.s'qYkDyQr�i.j@p�¶�ldjYk�h��8i.t�s'lY}3o;k�y>s'y'¤�y'jM��|Gh�tDkDoFtD�Fi.kDy'�dhbs'y'u�y>k�m/ldf��ds'oMldj;�1�ds'oMl�j�y>jYkDh�t�i�r�k�y>l�jFmCs'h�i�pSkDl�s>l�jM�nh5��oFy>s'y>�Ft�i.kDy'ldj
kDy'u�h�mx© º;à ç�fzun�+r�i.jFpSk�~Mh�t�hJfzl�tDhbmDuvi.s's(u�ldu�h�j�k�oMu i.jMyQmDl.kDt�ld|Fy>h5mb¹�¥5Ç;�<¥�å+»1{��3~Mh�tDh�fzldt�hby�k=m�h�h�uvmCoFjMs>y ¬ h�s>q�kD~@i+k�k�~MhxmDq;m$k�h�u
yQm/i�|Gh�tDkDt�oM�Fi+k�y>��h�¾ ¿ À&{!Á�h�jFl.kDhxkD~@i+k p;hJk,i.y's>h5p��YoMh5m$k�y>l�jFm9id�@l�o;k ÇZY º�i.jFpc~My'�d~Mh�t/|FtDl;rJh5mDmDh�m9i.jFp�kD~Mh�y>tbr�ldjYkDt�y'�Mo;kDy'ldj@m
i.t�h�m�kDy's>s!�Gh�y'jM�xm�kDo@p;y>h5pN{��C�Yi.y'jvkD~Fy'm3mD~MldoMsQpvjMldk`�Gh9l+��h�t�s>q�m�oFtD|Mt�yQm�y'jM�b��y>��h�jvk�~Fi+k`kD~Mh/hJ´;|Gh�r�k�h�pUkDh�u�|Gh�t,i+k�oMtDh5m`i�r,~My'h��dh5pvi.t�h
ldjFs>qUldf<l�t�pMh�t=¥[=�ºxÈ�â`É¸¥�Ê.Ë�=�Çdå�Ë�¶�h�:x�;fzldtAgA~MyQr,~�Ù<Ú�l+�dh�tAixt�h�i�m�l�jFi.�Fs>h=p;yQm$k,i.jFr�h/t,i.jF�dh/y'mAsQi.t��dh�{<��jSy>jYkDh�tDh5m$k�y>jF��idtDh5i
l.f�tDh5rJh�jYk8tDh��Yy'�+i.s!y'jY��l ¬ h�m�k�~Mh=m$k�oFp;qvl.f�|Ms'i�m�uvixy>j@m$k,i.�My's>y>kDy'h�m�{��3~MyQm`y'jT�dl�s>��h�m�k�~Mh=hJ´;|GldjMh�j�k�y'ids@��tDl+g3k�~Ul.f<rJlds'ldt`®Fh�s'pMm3p;oFh�k�l
y'jFm$k,i.�My's'y�k�y>h5m�{C�`lds'ldtAuvi.��jMhJk�y'r/®@h�sQpMm�idtDh=l.f�k�h�j��YoMy>kDhbsQi.t��dh idjFpSi.t�h s>y ¬ h�s>qnkDlvs'h�idpak�lUm�o@r,~ah�´;|@l�jMh�jYkDyQi.s(�dt�l+g3kD~�idr�rJldt,p;y'jM�
kDlSh5i.t�s>qcm�kDo@p;y>h5mU¹>¥5ª5»1{U�3~MyQm=u�i�qcs>h5idpckDl��dh�tDq�t,i.|Fy'p�y'mDl.k�tDl�|My'¤�i+k�y>l�j�{��3~Mhvt�id|MyQpch5��oFy>s'y>�Ft�i.kDy'ldj�y'm iSm�kDy's>sXiauxqTm�kDh�tDq����Mo;k
gAy>kD~Suvi.jTqUhJ´Mr�y�k�y>jM��|Gl�m�m�y'�Ms'h hJ´;|MsQi.jFi.kDy'ldjFm�{

5. Probes of the Medium

�Cl+gãk�~Fi+k�g`haoMjFpMh�t,m$k,i.jFp£mDldu�ha�ds'ld�FidsXfzh5i+k�oMtDh5m�ldfCkD~Fh�u�h�pMy>oMuS�`g`hag8idjYk�kDl�|Mt�ld�Gh�y>k�{\�;ldu�hJk�y>u�h�m�i�~My'�d~Äh�jMh�t��dq
|M~MldkDl�jUy'm8rJt�h�i.kDh5p�y>jnkD~Mh/rJlds's'y'mDy>l�j��Ti.jFpvy>k3y'm`hJ´;|Gh�r�k�h�p�k�l�|Fi�mDmXkD~FtDl�oM�d~�k�~Mh9|Fs'i�m�uvi gAy>kD~Ml�o;k3|Fi.oFmDh�mDy>j@rJh�y>k3ldjMs'q�y>jYkDh�t�i�r�k,m
h�s'h�rJkDt�lduvi.��jMhJk�y'r�i.s's>q=��y>�Ty'jM�=y�kXi/�dh�tDq s'ldjF�/u�h5i.jxfztDh�h8|@i+kD~({]�Tl�u�hJkDy'u�h�m�g8h3|Mt�lTpMoFrJhAi/~Fi.t,p�m�r�i.k�k�h�t�h�pawz~My'�d~�h�jMh�tD��qM}��YoFidt ¬
ldtA��s>oFldj�{&e1f<kD~Mh |MsQidmDuvi�~@idmAi�s'idtD��h9h�jMldoF�d~SrJlds'ldtAr,~FidtD��h/pMh�jFmDy�k$q��;g`h=h�´T|Gh�rJkAkD~Mhb�YoFidt ¬ l�tA�ds'oMldj�kDl�s'l�mDh=h�jMh�tD��qUi.jFp��@h
mDg8ids>s'l+g`h5p�oM|vy>jUkD~Mh9u�h5p;y'oMuS{�eEj�f)idr�k5�YkD~MyQmXyQm�h�´Midr�k�s>q�gA~Fi.kXy'm`ld�@m�h�tD��h�p�idm`m�~Ml+gAj�y'jnµ<y>��oMt�hCån¹>¥�ç�»1{��3~Mh9m�r�ids>y'jM� l.f(pMy>t�h�rJk
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|M~MldkDl�jFm`mD~Ml+gCm�kD~Fi.k8g8h�~Fi���h9i�g`h�s>s!r�ids>y'�Mt,i+kDh5pv|Mt�ld�Gh�y'jn~Fidt�pnmDr�i+k�k�h�t�y>jF�b|Mt�lTr�h�m�m�h5m�{&�3~Mh/��o@i.t ¬ m8i.j@pv�ds'oMldj@mXt�h�mDoMs>kDy'jM��y'j
fzt,i.�du�h�j�k,i+k�y>l�j�~Fi�p;tDl�jFm&i.t�hAm�oM|F|MtDh5mDmDh�p��Tqxi9f)idrJkDldt&ldf@®F��hd�+k�~ToFm&u�l�m�kDs'qxp;yQmDid|M|Gh�i.t�y'jM�9y'jYkDl/kD~FhAu�h5p;y'oMuÆh�´;r�h�|;k�r�ldjFmDy'm�kDh�jYk
gAy>kD~nmDoMtDf)idrJhAh�u�y'm�m�y'ldj({�eEjvh�´;idu�y>jMy'jM�buxoMs>kDy>�4|Fidt�k�y'r�s>h9rJldt�t�h�sQi+kDy'ldj@m(fzt�ldu °$hJk,m��Tl�jMhCr�idjUm$k�oFp;qxkD~MyQmXh�§Gh5r�kXldfC±z°$h�k`�YoMh�jFr,~Fy>jM�Y³
y'j�u�l�tDh�p;hJk,i.y's�{U�9mbmD~Ml+gAj�y'j�µ�y'�doFtDhUª;��y�f3ldjFhxk�tDy'�d��h�t,m�l�j i�~Fy>��~Z}�~½~Fidp;t�ldj�i.jFp�|Ms'l.k,m/kD~Mh��K�Äp;y'm�kDt�y'�Mo;kDy'ldj�ldf`l.k�~Mh�t
|Fidt�k�y'r�s>h5mby'j£kD~Fh�m�i.u�hUh���h�jYk���l�jMh�mDh�h5m�i�k$g`lv°$h�k�m�kDt�oFrJkDoMt�hUy'j£|Mt�l.kDl�j;�1|MtDldkDl�j�t�h�i�r�k�y>l�jFmnw)oM|M|Gh�t�s>h�f�kx|FidjMh�s�}�{��Cl+g8h���h�t5�
y'j���ldsQpT�1�dldsQp�rJh�jYk�t�ids�rJlds's'y'mDy>l�jFm��NkD~Mhnld|M|Gl�mDy>jF�x°$h�kxm�kDt�oFr�k�oMtDhvmDh�h�u�m kDl�p;yQmDid|M|Gh�i.t=��kDh�t�u�h�p�u�ldjMld�>°$h�k�mv¹>¥�Ë�»1{���l+g`h��dh�t��Ny>f
ldjFhUs>lTl ¬ m�i+kxids>s�~@idp;t�ldjFm�p;l+gAj�kDl�s'l+g/} ~ l�jMhUt�h�rJl+��h�t,m9kD~Mh�h�jMh�tD��q�i.j@p�u�l�u�h�jYkDoMu l.f3k�~MhUld|F|@lYm�y'jM��|Fidt�k�ldj�w)i�m ldjFh
hJ´;|Gh�rJk�m9fztDl�u«kD~Mh�y>t=rJl�jFmDh�t���i.kDy'ldj@}J�!�Mo;k=jMl+gÆp;yQm$k�tDy'�Mo;k�h�pcl+�dh�t/in��h�t�q�gAyQp;h�i.jM��oMsQi.t/t�idjM�dhnw�i.s'u�l�m�k9k�~Mh�fzoFs>s�~Mh�u�y'mD|M~Mh�tDh�}
i.j@pci.u�l�jM��m�k�s'l+g`h�t�} ~ |Fidt�k�y'r�s>h5mx¹>¥�Ë�»1{ ��m=mD~Ml+gAj�y'j�kD~Fhxs'l+g`h�t�|FidjMh�s4�GkD~Mh�|Fidt�k�y'r�s>h�p;yQm$k�tDy'�Mo;k�y>l�jci.|M|Gh�idt�m�kDlSmD~Ml+g�iUk$g8l
|Gh�i ¬ h�p�m�kDt�oFrJkDoMt�hn¹>¥�Ê�»�gA~MyQr,~�~Fi�m�s'h�pSk�lUk�~Mh�mD|Gh�rJoFs'i.kDy'ldj�k�~Fi+k9kD~MyQm/h�jMh�tD��q�yQm9pMoMu�|@h5p�y'j�k�lUk�~Mh�u�h�pMy>oMu­idjFp�t�h�|Mt�h�mDh�jYk,m
kD~Fhnt�h�mD|@l�jFm�hvldfAkD~Mh�u�h�p;y'oMu y�k,m�h�s�f${ce1kx~Fi�mb�Gh�h�jÄ|@lYm$k�oMs'i.kDh5p�kD~Fi.k�k�~My'mxyQmbh��TyQp;h�j@rJhvfzl�t�i�mD~Ml;r ¬ g3i��dhvy'j k�~Mhnu�h�pMy>oMuS�
ldt i�g8i ¬ h�®Fh�sQpcy'j�k�~MhvrJl�s>l�t9ldfXkD~Fh�u�h5p;y>oFua�(ldt/|@h�tD~Fid|Fm=i��`h�t�h�j ¬ l+�ar�ldjMh�y�f`kD~Mh�u�h�pMy>oMu�~Fidm=i�g`h�s>s�p;h�®FjMh�p�y'jFp;hJ´�l.f
t�hJfzt,idr�k�y>l�j�{��3~MtDh�hJ�1|Fi.tDkDyQrJs'hnidjFp£~My'�d~Fh�t�rJldt�t�h�sQi+kDy'ldj£m�kDo@p;y>h5mxidtDh�oMjFp;h�tDg3i�q�kDl�~Mh�s'|�p;yQmDh�jYk�idjM�ds'hUk�~Mh�h��Ty'p;h�jFrJh�fzldtxkD~Fh�mDh
�+i.t�y>l�oFm8|Mt�ld|Gl�mDh�p�u�h5p;y'oMu²t�h�mD|@l�jFmDh�m=¹ º�º�»1{
e1k/yQm9ids'mDlUjMldk�id�Ms>h�kD~Fi.k/r�i.sQrJoMsQi+k�y>l�jFmCo;k�y>s'y'¤�y'jM�a�9pB�F���8µ<��idtDh�jMl+g��@h�y>jF��i.|F|Ms>y'h�p�kDlUk�~Mh�r�idmDhbldf�|Fi.tDkDl�j�|Mt�ld�Gh�mCldf�kD~Mh

u�h�p;y'oMuS{&�3~MhAp;h�m�rJt�y>|MkDy'ldjbyQm&��oFy�k�h8y'jYkDh�tDh5m$k�y>jM�@�!±D�3~Mh8hJ´TkDh�tDj@i.sT��o@i.t ¬ k�t�idy>sQm&i9m�kDt�y'jM��y'jYkDl9kD~Mh8®F��hJ�Ep;y>u�h�jFm�y'ldj@i.sd�FoMs ¬ �.t�h�|FtDh��
mDh�jYkDy'jM�CrJl�s>l�t!®Fh�sQpMm�m�l�oMt�r�h�p/�TqCk�~MhX�YoFi.t ¬�� mGfzoFjFpMi.u�h�j�k,i.sYr,~Fi.t��dh�i.j@p9y'jYkDh�t�i�r�kDy'jM�AgAy>kD~=k�~Mh�kD~Fh�t�u�idsdu�h�pMy>oMu ¹>¥�;�»1{ ³dÁ�~MhJk�~Mh�t
kD~Fy'mCr�ldjMjFh�r�k�y>l�j�qTy'h�sQpMm3jMh�g y'jFmDy>��~�k,m3tDh�uvi.y'jFm8kDl��Ghbm�h�h�j�{
�3~Mh�|Mt�h��Ty'ldoFm9u�h�jYkDy'ldjFh�p�°$h�k=m�kDoFpMy>h5m9idtDh�p;ldu�y'jFi+k�h�p��TqSs>y'�d~Yk=��o@i.t ¬ m9i.jFp��ds'oMldjFm9|Mt�ld|Fid��i.kDy'jM��kD~Mt�ldoF�d~SkD~Fhxu�h�pMy>oMuS{

�3~MhAjFidy>��hAidm�m�oMu�|;k�y>l�jxyQm&k�~Fi+k�~Mh5i��Tq��YoFi.t ¬ m<idtDh8k�lYl=uvidm�mDy>��h`k�l ��oFy'r ¬ s'qbkD~Fh�t�u�ids>y'¤�h3y'j�u�h5p;y'oMuS{&��l+g`h��dh�t��+y>fGy'jYkDh�t�i�r�kDy'ldj@m
i.t�hXm�kDt�ldjM��h�jMl�oM�d~��5k�~MhX|Mt�h�pMy'rJkDy'ldjbyQm�fzl�t<iCs'idtD��h�|MoFmD~bl.fFr,~@i.t�u¡fzt�ldu�~My'�d~8} ~ k�l�s'l+g`h�tB} ~ i.jFp fzldt&iCm�y'�djFy�®@r�i.jYk�u�l�u�h�jYkDoMu
i.jFy'mDl.k�tDl�|Yq�? Ø ¹�¥!9!�;ºM¥,»4{8��mCmD~Ml+gAjay>j�µ<y>��oMt�hbça¹>¥�Ê�»�kD~Fy'mAyQmAgA~Fi.kC|Mt�h�s'y>u�y'jFi.t�qUt�h�mDoMs�k,m3y>j@p;y'r�i+k�hd�Mk�~ToFmA|Mt�l+�Ty'p;y'jM��gA~Fi.kCu�i�q
|Mt�l+�dh�kDlS�@h�k�~Mhv�Gh�m�k �YoFidjYkDy>k�i+k�y>��hxy'j;fzl�tDuvi+k�y>l�j�l�jck�~Mhvm�~Fh�i.t=�TyQmDr�l�mDy�k$q�{�µFo;kDoMt�h�u�h�idmDoMt�h�u�h�jYk,m9�TyQiSrJldu�|Ms'hJk�hvÃ u�h5m�l�j
t�h�rJl�jFm�kDt�oFr�k�y>l�jngAy's>s��Gh y'u�|GldtDk�idjYk8k�lv|My'j�k�~MyQmCp;l+gAj�¹ º�º5»4{
�Cl.kCl�jMs'q�r�idjSg`h |Mt�ld�Gh=kD~Fh u�h5p;y'oMuägAy>kD~��YoFidt ¬ mAidjFpa�ds'oMldjFm��Mg8hbr�idjSids'mDl�o;kDy's'y>¤�hbrJt�h�i+k�h�pa~Mh5i��YqZ� �x|@i.y't�mAi�m3|MtDl��@h5m�{

Á�h hJ´;|@h5r�k�ivmDoM|M|Mt�h�m�mDy>l�jnl.f&~Mh5i��Yqn�@l�oMjFpSm$k,i+k�h�mAp;oMh=k�lUrJl�s>l�t3m�rJt�h�h�jMy'jM��y>jakD~Fhx¾ ¿ À&{;eEj�f)i�r�k5�;kD~Mh h�´;|@h�tDy'u�h�jYk�mAl��FmDh�t��dh
icmDoM|M|FtDh5mDmDy>l�j£l.fQ�@Ò#�ßm�k�i.kDh�mxy'j�rJh�jYkDt,i.s8�dldsQpT�1�dl�s'p�t�h�sQi+kDy'�dhnkDl�jFi.y'�dh�hJ´;|@h5r�k,i+kDy'ldj@mbfzt�lduÖ|Mt�l.k�ldj;�1|Mt�l.k�ldj i.jFp�p;h�oMkDh�t�ldjM�
�dl�s'pSt�h�i�r�k�y>l�jFm�¹>¥�Ê���ºdÇ�»4{/�Cl+g8h���h�t5�;kD~Mh�s'h��dh�s(ldfXm�oM|F|MtDh5mDmDy'ldj�yQm9mDy>u�y's'idtCk�lUkD~@i+k9l��FmDh�t��dh�pa�TqShJ´;|Gh�t�y>u�h�jYk=���9ªdËvy'j�mDy>u�y's'idt
t�h�idrJkDy'ldjFmv¹ º+å.»4�&�Mo;k�i.s'u�lYm$k�idj ldt,p;h�t ldfAu�id�djMy>kDo@p;hvs>l+g8h�tbr�lds's>yQp;y'jM��h�jFh�t��dqd{ae1f3kD~Mh�m�oM|F|MtDh5mDmDy'ldj�u�h5r,~Fi.jFy'mDu�g8h�t�hUrJl�s>l�t
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