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�¡PdÐ±Y?��Z�DG{«D¡M o#YGe&M&D±COh~b�D?{cP|uphib|��b�D?Ccw]h�Z(P�M q2h~CEM�P|Y]FyP|F¶Í�á Ò:NfY�b|Y]C�{Oo2DG{&P�M��¡Y]CchzNQY]F2M P�M {Oh~F({&e�P|{Oo
{co#h�CEDGF#w�h9q�Cch?Z[P�NQ{Oh?Z¡�(�Ä{co�h��¡Y[Z[h~b�M�{co2D?{ ò�ó�í-�ãè[ñ(ì¥ñpè õfî K`^�o#P�M�M�k�w�w]h?M {«MÌ{Oo2DG{zY]FºD�uphiCEDGw]hpVX{Oo�h
Y�q#{cP�NiDGb  {cY  F�h?D?C ��P|F(��C«DGCOh?Z�NQY]F({OP|F[k2D±YG�¹�¡YpM�{zM Y]k�CENfh?M¸PdFºB<P|w#K=�~�ÄDGCch9Cch�Z�Z(h~F�h�Zy�(�ºD¡k�F�Pã��Y�CO�
µSq2Y McM Pd��b|�N�cY]q�{cP�N~DGbdb|��{Oo�P|FF�p·zZ(k�M {9NQY]�¡q2Y�F�h~F[{ze�P|{Oo�ß�à6¼ ��á �[¾Æ�J�JDGwÄDG��M Y�COq�{cPdY�F�Kº^�o�P�M
�¡h?D]M k�COh�P�MzNQY]F2M P�M {chiF({ze�P|{Oo�M�q2h?NQ{cCOYpMONQY�q�P�N±M�{ck2Z[P|h?M�YG�&F#h?DGCO�(�ºM�{EDGCO��k�C«M {EMz�(��W�D?b|Ã~hi{c{cP¢h~{mDGbÏK
µc�i���]Ë×·EV�Lyh~k�COh~C�h~{&D?bÏK�µc�i���pª�·¹DGF2ZJq�o�Y�{OY��¡hi{cCcP�N��¡Y[Z(hib|b|PdF�w`�[�¥��DGH]DG{«Dæhi{&DGbÏK�µO�~�]���×·«K�5hm�±k�M {&h~�¡q�o2D]M P�M h`{Oo2DG{ÂY�k�Cz�¡Y[Z(hib�M�Y�F�bd��D�NiNQY�k�F[{���Y]C�CED]Z(P|YJh~�¡P�McM�P|Y�FJq�COY[Z(k2NQh�Z¶��COY��
M {«DGC��S��Y]Cc�JD?{cP|Y]FJq�CcY[NQh�McM h�MQK.^�o�hmM Y]k�CENfh?M�b�D?�rhib|b|h�Z±D]M�h~b|bdP|q�{OP�N~D?b<µ�Y�C�h?DGCOb|�9{ �[q2h�·=PdFÄB<P|w#KX�~��D?CchzF�Y]{
h~Ð[q2h?NQ{ch�Z�{OY¡b|PdhzY�F�D?F(�JY?��{Oo�h�M�{ED?C ����Y�Cc��DG{cPdY�F¶Z(h~CcPduph?Z±bdY[NQP|P�K�_�F�_�§Â�6�¡YpM�{�bdP|Hph~bd�9Z(Y��¡PdF2DG{Oh?M
{co#h~P|C�C«D�Z(PdY±h~�¥P�McM�P|Y]F�K��ºhzP|F2NQbdk2Z(h�{Oo�h~�åo#h~Cchz�¡h~COh~b|�ÉD�M&D±NfY��¡q2D?CcP�M P|Y]F�V�D?F2ZÊ{Oo�h~PdC�Cch~b�DG{cPdY�F2M�o�P|q
{cY9F�Y]Cc�JD?b�M {«DGCO��k�CEM�{EM�P�M�Z(P�McNQk�McM h�Z���k�CO{co�h~C��2h~b|Y?ezK

^�o�hÄM Y]k�CENQh�MæPdF B3P|w�K��i�5D?q�q2h?DGC¥�¡Y�COhQ�ÏY]C ��b|h?MOM`NQY]F2M P�M {Oh~F({�e�Pd{co8{co�hÄZ(k2M�{��l�E�[K|��§��[C
M {«DGCO��k�CEM�{��J�¡Y[Z(h~b�K`^�o�P�M�NQY]k�b�Z�P|F�q�COP|F2NfP|q�bdh�DGq#q�b|�Ä{cYJ{co�h9{�e�YJM�Y�k�C«NQh?M�e�P|{OoºM q�PdCED?bS�?Z[P�M Hp��b|P|Hph
�¡Y]Ccq�o�Y]b|Y]w��,µ�b�DG�2h~bdb|h?Zô�QnD�×·EV.��k�{�P�M`k�F2NQY]F(uphiF({OP|Y�F�DGb=��Y�C9{co�h9»2uph¡h~bdb|P|q#{cP�NiDGb.�¡Y�COq�o�Y]b|Y�w]P|h?M
µÏM�h~h��2h~b|Y?e�·«K`_©NQY��¡q�DGCcP�M Y]F�e�P|{co�C«D�Z(PdY  {cY  F�h?D?C ��P|F(��C«DGCch�Z â2k�ÐÄCEDG{OP|Y M
��k�Cc{Oo�h~CzNfY�F2M�{cCED?P|F2M�{Oo�h
k�F2Z[h~Ccbd�(PdF�w¡q�COY�q2h~Cc{OP|h?M�Y?��{co#h?M h¥M Y]k�CENQh�MQK9B<P|w]k�CchÄ���9M�o�Y?e&M¸{co#h±C«D�Z(PdY  {OY  F�h?DGC��ÏPdF(��CED?Cch?Z�â2k�Ð
CED?{cPdY1Ùzµc�]¾À¿I�]Òy·«VXZ(hf»2F�h?ZJDGF�DGb�D?w�Y]k2M�{cY9h?È2K$#�¬&%ÏV[D]M�DÉ��k�F�NQ{cPdY�FJYG��Í�áÕÒ:NQY]b|Y]C~K.^�o�hzF�h?D?C ��P|F(��C«DGCOh?Z
h~�¡P�McM�P|Y�F�P�M`Z(Y]�¡P|F�DG{ch�Z �[��Y�b�Z�M {«DGCEMmDGF2Z�P�M¸b|h�McMzD?��h?NQ{Oh?Z5�[�ºZ(k2M�{`{co�DGFÕ{co�h9Y�q#{cP�NiDGbÏKÄ^�o�h
CED]Z(P|Y  {OY  F#h?DGC��ÏPdF(��CED?Cch?Zyâ2k�ÐÄCEDG{OP|YJM�o�Y�k#b�Z�{co�h~COhQ��Y�COh`�2h�Cchib�DG{OP|uph~bd�±PdF2M hiF2M Pd{cP|uphz{OYJZ(k2M�{~K�§�Pduph~F
{co#h�M Pd�¡q�bdP�NQPd{ ��Y?��Y�k�Cz�¡Y[Z(hib�MQV�{Oo�h�{�e�Y¥Z(P�M�H×��b|PdHphmM Y�k#CENQh?M&�JD~�¡F�Y�{ÂF�h?NQh?MOMcD?CcP|bd�JCch~q�COh?M hiF({��E�[K|�
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B<Pdw�K��i�(K ÷ x&D�Z[P|Y  {cY  Y�q#{cP�NiDGbzµÏÍQ���2DGF�Zr·¸â�k�Ð5C«DG{OP|YÕµÏM�h~h¡h?È2K$#�¬G%S·zD]M�DÊ��k�F2NQ{OP|Y]F�YG�ÌÍ`á Ò NQY]b|Y]C
��Y�C�CED]Z(P|YÉM Y�k#CENQh?M�e�Pd{co¥D~u�D?P|b�DG��bdh�Y]q�{cP�N~DGb�DGF2Z±F#h?DGC��ÏPdF(��CED?Cch?Z¡Z[h~{ch?Nf{cP|Y]F2MQK¢^�o�h�q�COh?Z(P�NQ{cPdY�F2M=YG�3��Y�k#C
M �[F[{co�h?M�P�M��¡Y[Z[h~b�M<��Y�CÂ�_h½äih;�]¾Æ�¡µÏä�0½�  M {«DGCc{OP|F�w9�2Y�{O{cY��¨bdhQ��{�Y?�.NQk#Ccuph?M.{cY¥ä 0 ��¾Æ�  {OY�qyCOP|w]o({f·
DGCOh�D?b�M Y�M o�Y?e�F�KÂ^�o�h?M h9D]McM�k��¡hzF�Y¡h~Ð[{cPdF2NQ{OP|Y�Fºµ�{co�PdF�NQk�COuph?M@·�D?F2Zye�P|{OoºDæCOh?M {��S��C«DG�¡hzh~Ð[{cPdF2NQ{OP|Y�F
ß à 0½�(¾��`�JDGwJµ�{co�P�N@H¥NQk�COuph?M@·«K
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§&�(C¹M {«DGCc�#k�CEM�{EM��9D�M.P|F2Z[P�N~D?{ch?Z�P|FJB3P|w�K2�]��K�^�o�h~�9NQY]k�b�Z¡D?b�M�Y��rhib|Y�F#w`{cY�{Oo�hzn[DG�X�]np��N¸Y]C�n[N~Z2��n[Z(�
NQb�D�McM�h?MQKzB�Y]C¸{Oo�P�M�{cYJ�2h�{cCOk�hpVX{Oo�h¸��Y]b|bdYGe�PdF�wJD]Z�Z(P|{OP|Y]F2DGb.NfY��¡q2Y�F#h~F({«M��JD~�¡q�b�D~�yD?F5Pd�¡q2Y�CO{EDGF[{
CcY]b|hmP|Fy�¥Y�Cch9ÜÆCOh?DGbdP�M {OP�N�Þ[�¡Y[Z(h~b�MQ��Ü�Y�q�{OP�N~D?b|bd�×��{co�P�N@H�Þ[Z(k2M�{�{co2D?{ í���x¼F�|ìEî�ì��j�v�pé@õií~èA�@ìcõ �2Y�{Oo�{co�h¡Ò
DGF�ZyÍ`h~�¡P�McM�P|Y�F9e�P|{Oo�Y�k#{�N~D?k2M PdF�w¥DGq�q�COh?NQP�DG��bdh�Cch?Z#Z(h~F�PdF�w�P|FÄÍ�á ÒÓNQY]b|Y�CiV�Y�CiV2NQY�F[{ED?�¡P|F2D?{cPdY�F¡�[�
DG{Âb|h?D]M {zD?F�Y�CEZ[h~C�YG�¹�JDGw]F�P|{Ok2Z(hm{cP|�¥h?M��¡Y�COhzCED�Z[P|YJh~�¡P�McM PdY�F¡��CcY]�:D¡Nfh~F({OCED?b=_�§Â��{co�DGF�{co�DG{
q�COY[Z(k2NQh?Z¡q�k#Cch~bd���(�¥M k�q2h~COF�Y?u]DGhpK�^�o�hzM�h?NQY�F�Z�q2Y McM Pd��P|bdP|{���P�M=��D~upY�Cch�Z±�(�9CED]Z(P|Y�Y]�2M hiCcu]DG{OP|Y�F�M�YG��D
F[k��±�2h~C�YG�.bdk��¡PdF�Y�k2M.P|F(��C«DGCOh?ZÊw DGb�D?Ð(Pdh?M��(�J�&Y�CcCOP�M�h~{ÂDGb�K�µO�~�]¬�¬×·«VXe�o�h~COh�M�Y��¡hzM�o�Y?e�h?ZJh~u[P�Z(h~F�NQh
��Y�CÂM Pdw�F�Pã»�N~D?F({�CED�Z[P|Y9h~�¡P�MOM PdY�F±��COY��¨NQY]�¡q2D]NQ{�nphi�×��h~CO{ ��b|PdHph�F[k2NQbdh~PÏK

^�o�h`b�DGCOw�h�Z[P�McNfCch~q2D?F2NQ�J�2h~{�e�h~hiFÊ{Oo�h`��Y�k#C�M�Y�k�C«NQh?M�e�Pd{coyhib|b|Pdq�{cP�N~DGb��¡Y�COq�o�Y]b|Y�w]P|h?MzµSb�DG�2h~bdb|h?Z�E�»�p·mDGF2Z�q�COh?Z(P�Nf{cP|Y]F2MÌ��COY��+{co�h¥h?DGCOb|�p�Ï{��[qrh¥����n�s �¡Y[Z(h~b�MzM k�w]w�h?M�{EM�{co�h¡Pd�¡q2Y�CO{EDGF�NQh±Y?�zD
M Pdw�F�Pã»�N~D?F({&_�§Â�6NQY�F[{cCOP|��k#{cP|Y]FJ{cY9{co�hzCED]Z(P|Y9h~�¡P�McM�P|Y�F�K=_�q�q#Cch?NQP�DG��bdhzDG�¥Y�k�F[{EM�Y?�=Y]q�{cP�N~DGbdb|�p�Ï{Oo�P�NEH
Z(k2M�{9M k�q#q�Cch?MOM PdF�w�{co�h¥Y�q�{OP�N~D?b�DGF�Z F#h?DGC��ÏPdF(��CED?Cch?Z5bdP|w]o({¥µSh~Ð#NQh~q�{���Y]C�h~Ð({OP|F2Nf{cP|Y]F5�[� Z(P"��k2M�hpV
Y�q#{cP�NiDGb|bd�×��{co#P|F9Z(k2M�{Q·3P�M3F�Y�{=��D~upY�COh?Z`�(��Y]�2M hiCcu]DG{OP|Y�F�M
µ�h~w�K�§&Y]k2Z×��CcYpY]PX( ÿ Z(hÂI�Y�F�w¥�~���]�×·«K.LyYpM {iV(Pã�
F�Y]{&DGb|b�YG�3{Oo�h?M hÂh~b|bdP|q�{OP�N~D?b�M.DGCOh�b|PdHph~b|�m{cY��2h�CED]Z(P|Y?�Ïq2Y?e�hiCch?Z¡�[�¡_�§Â�`K[_
{.{co#h�b|Pd�¡P|{OP|F�wzM�h~F2M�P|{cPdu(Pd{��
YG��Y]k�C�CED]Z(P|YÄM�k�Ccuph~�¶µ ¼��(¾Æ¤9�JI��r·«V2D±F�Y]�¡P|F2D?b=B¢x¹� � wpD?b�DGÐ[��µ�e�P|{Oo6Ø R ! v 0 �i��UÏvF�6Á�Ã Ç�R ·&NfY�k�b�Z
�2h9Z(h~{Oh?NQ{ch�Z�{OYJä¡¼���¾�¤(V�D?F2ZyP|F�Z(h~h?ZJ{co�hÉM q�COh?D�ZyPdF�Í�á,Ò+NQY�bdY�C���Y�C�{Oo�h`hib|b|Pdq�{cP�N~DGb�M�P|F¶B<P|w#K����
P�MzNQY]F2M P�M {Oh~F({Âe�P|{coº{co#h¡����n#s¨µSY]q�{cP�N~DGbdb|�p�Ï{Oo�P|FºZ(k�M {Q·&�¡Y[Z[h~b={cYJ{Oo�P�M�Cch�Z�M o�Pã��{~K�_ NQY]�¡q2DGCOP�M�Y�F
�2h~{�e�h~hiF±{Oo�h��¥Y[Z(h~b�ÙzµO��¾�¿I��ÒÄ·.u]DGb|k#h?M�e�Pd{co¥D�NQ{Ok2DGb�Y��2M�h~Ccuph?Z�u]DGbdk�h?M=P|�¡q#b|P|h�M�{Oo2DG{¹M k2NEoJ_�§�� e�Pdb|b
NQY]F({OCcP|�#k�{ch&D���D�Nf{cY�C¹�~��U.{cPd�¡h?M��¡Y�COh�CED]Z(P|Yzh~�¥P�McM�P|Y]F`{co�DGF9{co2D?{�q#CcY[Z(k2Nfh?Zæ�[��D?F(��k#F2Z(h~COb|�[P|F�wÂM {«DGC
��Y�CO�JDG{OP|Y]FJD�NQ{OP|u[P|{��`PdF¡{co#h?M hmM �#M {Oh~�JMfK � {�P�M�Pd�¡q2Y�CO{EDGF[{�{OY�F�Y�{Oh�{co�DG{�{co#h�CED?{cP|Y�Y?�._�§Â�
��{cYG��M {Oh~b|b�DGC
q2Y?e�h~COh?ZÊC«D�Z(PdYJD�NQ{OP|u[P|{��9o2D�M�D�o[k�w�hÉM q�COh?D�ZÊ��Y]C�{co�hzh~bdb|Pdq�{cP�N~DGb�qrY]q�k�b�DG{cPdY�F�PdFyw�hiF�h~CED?bÏV�DGF2Zy{Oo2DG{
{co#hÌ��D]NQ{cY]C`�i� U Y�F�bd�¡P|bdb|k2M�{cC«DG{ch�M�D`q�CcY]qrhiCc{��ÄM q2h?NQPã»�N�{cY9{co#h¸hib|b|Pdq�{cP�N~DGb�M=P|FJY�k�C&CED]Z(P|Y9MODG�¡q#b|hpK

^�Y�M k��¡��DGCcP�M hpV[Y�k�Czk2M�h�YG�¹D¡M�P|�¡q�bdhmM �[F({Oo�h?M P�M
�¥Y[Z(h~b3{co2D?{�P|F2Nfb|k2Z(h�M
C«D�Z(PdYÊhi�¡P�MOM P|Y]FÄDGF2Z
Z(k2M�{�COh?Z�Z(hiF�P|F�w�{OY9DGF2D?b|�#M hm{co�hzq�COY�q2h~Cc{OP|h?M�Y?��M k#�(�Ï��I��±C«D�Z(PdY¡M�Y�k�C«NQh?M�o2D�M&M o�Y?e�FÄ{co�h���Y�bdb|Y?e�P|F#w��
»2C«M {~V�{Oo�h�q�Cch�M h~F2Nfh`YG�
Z(k2M�{�e�P|{Oo5h~Ð[{cPdF2NQ{OP|Y�F�M�ß�àÕ¼��¡�JD?wJDGF2Zyq2Y McM Pd��b|��w]Cch?D?{ch~CiV�NQY]F2M P�M {chiF({
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e�P|{OoJq�Cch~u[P|Y]k2M��¡Y]CchÂZ(P|COh?NQ{�Z[h~{ch~CO�¡P|F�DG{cPdY�F2MfV[DGF2ZJM h�NQY�F2Z�V�{co2D?{�{Oo�h�b|hiuph~b2YG�¢CED�Z[P|Y9h~�¡P�MOM PdY�F���CcY��
F�Y]F(��M�{ch~bdb�D?C�q�CcY[Nfh?McM�h?M�M k�N@oºD]M¸_�§Â�;NQY�k�b�Zy�2h�h?D�M�P|b|�JPdF(��h~CcCOh?ZyD?F2Z�NQY]F2M {OCEDGPdF�h?ZXKm^�o�P�M�e�P|bdb��rh
q2D?Cc{cP�NQk�b�DGCcbd�¡P|�¥qrY]Cc{«DGF[{���Y�CÂM {ED?Cc��k#CEM {«M�o�Y M {cPdF�wJnph~�p��h~Cc{�F[k2NQbdh~PXe�o�hiCch�D9NQY]�¡q2DGCOP�M�Y�FJe�P|{Ooy�¡Y]Cch
M Y]q�o�P�M {cP�N~DG{Oh?ZJZ(k2M�{��¡Y[Z[h~b�M.�JD~�±�2hzCch?Èpk�PdCch?Z±{OY±PdF(��h~C�{co�hzCchib�DG{OP|uphzNfY�F[{cCcPd��k�{OP|Y�F�MQK

k�ù ®ø®¬B=3��c�^7=3c�°�BA¢�BA`�=mlpþ]« ú^n °po�´abd@�³1@u^abdc±Ó2ü���=3bd`@u¢
´ycF¢dcF>
npP|F�NQhz{co�h�h~�¥P�McM�P|Y]F5µ�DGF2Z�Z[k2M {zD?�2M Y]Ccq�{OP|Y]FX·&q�CcY]qrhiCc{cPdh?M
��COY��/F#Y�Cc��DGb�wpD?b�D?Ð(�ÄqrY]q�k�b�DG{cPdY�F2M

DGCOh`COh?D�M�Y�F2D?��b|�Je�hib|b�H[F�Y?e�F�V2D¡NQY]b|Y�C���NfY�b|Y]C�Z[P�DGw]CED?�/M�k2NEo�D�M&B<Pdw�K��~�¥NQY�k�b�Z¡q�CcY?u[P�Z(hmD±q2Y�{Oh~F[{cP�D?b
Z(P�DGw�F#YpM {OP�Næ��Y]C�M�h~b|h?Nf{cP|F#w¡k�b|{OCED?b|k��¡PdF�Y�k�M�P|F(��C«DGCOh?Z w DGb�DGÐ[P|h?M�µÏÖzg � §zn�·Â{cYÄo�P|w]o5COh?Z�M o#P"��{~KJ^�o#h
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This study
Arp 220 (ULIRG; Starburst)
M 82 (Low LIR Starburst)
Mrk 273 (ULIRG; AGN)

z=6w
z=0

B<Pdw�KJ�~�[K ÷ g2Y[NQk�M¸YG�&Y]�2M hiCcuph?ZyC«D�Z(PdY  {OY  Y�q�{OP�N~D?b�â2k�ÐÄCED?{cP|YJuph~C«M k2MzÍzá Ò NQY�bdY�C���Y]Cm�:h�ä:h�Ë
µRx9ä 0 �(¾��×·¥k2M PdF�w {Oo�Cch~h b|Y[N~D?b¸��DGC�� � x+M h~bdh?NQ{Oh?Z,M �#M {Oh~�JMQ�Ú_�CcqÎ���]�6µ�ØCqRr ¼ ��¾ÆË r �~�×R�U-Ø.;¥}
M {OCcY]F�w©M {ED?Cc��k#CEM {f·EVÄL�¬���µ�ØCqRr ¼ Ë r �i�×RsJ)Ø.;¡}�e�h�DGH2�~�¡Y[Z(hiCEDG{Oh,M�{EDGCO��k�C«M {Q· D?F2Z LyCOH��pª?¤
µ�Ø qRr ¼½�(¾�Ë r �i� R�U Ø ; }#_Ì§Â�;Z(Y]�¡P|F2D?{ch?Z2·EK
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