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FR34KLM '*5)_`5)-�!o? ?45���3�:�5)%(6Q>I8�8�9�% K45*_l>,-�5*%26~Y('L5*_@3�')-=>26�!1%(3�:�')^(w�+j!]?4!H-=!19=_f5*6�!v-=.�!@5*%26�5�)o>,M
-=5)%(6 %2#�.L^4?49=%2X2!D6 >26�? GD>I9=\R%(6
Y+* ?�!H-=>25)'*!D? ?4!o:�G19�5*84-�5*%26 %I#�-�.�!�G1%4?4! 5*:`X(5)0(!16 5*6
,�5*GO.�'*5*6�Xls pr%(9�B(!fSCZDx2x.-�w�a��.�/�;[ Y

disk
circumstellar

CI/CII front

HI/HII front

massive star

(6 − 13.6 eV)

EUV radiation
(> 13.6 eV)

FUV radiation

UW5)X(3�9�!�Z/0 n@pgh@dsjF_gdR×qdR_g��l¯tF�}ds�
t�b^dRjm_�jmißt���tv`y`ydR�Fh>`cb¯tvl5dR_|b^hqly�
tvrqb^`�Ñ;deb^pµt*z}l^jmb^jm`cb^h~usu±t�lÒ�}dR`yº
_gh+tvl^�|{|��ÔHjvb^p �oÏ rqjF��z�jm�
_gh~_|b^`;tvl^hÒds��z�jmlyb¯tv_�b+�

1 6 >b:�!DG1%26�? :<-=!18
w�+�!/3�:�!E-=.�! ?4!16R:C5)-<^J>I6�?J-�!D_f8k!19O>,-=3�9=!/?45A:C-�9=5)\�3�-�5*%26 %I#�-=.�!
X;>2:`>I6R?J-=.�! 02!1'*%4GH5)-<^eP�!1'A? %2\4-O>I5*6�!D? +�5�-=. -=.�! .L^L?�9�%4GH%4?4!m-�%7GD>I'AGH3�'A>,-=!m!D_f5A:=:C5*%26
'*5*6�!]_l>I8�:DwRG1%26;-�5*6L3�3�_ _l>I8�:�>26�? :�8R!oG -�9O>I'~!16�!D9�X(^m?45A:<-=9�5*\�34-=5)%(6�:�0L5A>$>`9=> ^;M -�9O>2G15)6�X
8�9�%4GH!o?43�9=!�S ti!D:=:C!D'R!1-�>2' Y*w�ZDx(x32I[HYzgh.�!o:C!i?45A>IX(6�%(:C-�5AG�9O>2?45A>,-=5)0(!�-=9=>26�:<#&!D9jGD>I'AGH3�'A>,-=5)%(6�:
>2')'*%,+T3�:�>f?�5)9=!DGH-�GH%2_`8�>29�5A:�%26$+�5)-�. %2\R:C!D9�0,>,-=5)%(6�:DY

4�� 5(�76��98��~�;:<6>=N�z�<�@?v���A6�� � ��
�	��CB�Dj�����

gh.�!hGD>I'AGH3�'A>,-=5)%(6�:�:<-O>I9�-W+�5)-�.`:C-=>I9�M ?45*:�B]:�^L:C-�!D_l:z9=!D:�3�')-�5*6�X�#&9�%(_ GH%(')'A>I8�:�!�:�5*_@3�'A>,-=5)%(6�:
S&pr%29=B2!`sFEj%4?4!16�.�!15*_f!D9Dw�Zox2x2x;[ YG*�#q-�!19i-=.�!`5)6�5�-=5*>2'�'*>23�6�GO.Q%2#�>/6�!13�-�9O>I'�?45A:CB +�5*6�?
\L^ UW{�|�8�.�%2-�%(6�:1w�-�.�!QG1>29�\k%26 5)%(6�5�)D>,-=5)%(6 #&9=%26;-$!D6;0(!1'*%28k!D:f-=.�!�?4!16R:C!o:<-$8�>29C-O:`%I#
-=.�! ?45A:CB�Y gh.�! .;^4?49=%2X(!16J5*%26�5�)o>,-�5*%26 #&9�%(6;-f5A:`8�9=!102!D6;-�!D?J#&9�%(_�9�!o>2GO.�5*6�XQ-�.�!�?45A:�B
:�3�9�#V>2G1!]\L^E-=.�!]5*6(-=!19O>2GH-�5*%26 +�5)-�. -=.�!]6�!D34-�9O>I'z+�5)6�?Q>I6�?/P�6R>I'*')^m#&%29=_l:�>I6 !D6L02!1'*%28k!
+�5)-�. -=.�!�-<^L8�5AG1>2'�.�!o>2?LM -=>25)'�:C-�9=3�GH-�3�9=!JSVUW5*X�Yja2>([HY�gh.�5A:E:C-�9=3�GH-�3�9=! 5*:$-�.�!Q6�>,-=3�9=>2'
%(34-=G1%2_`!i%I#W%23�9�:�!1')#qM G1%26�:�5A:<-=!16;-h:�5*_@3�'A>,-=5)%(6�:�>I6�?m5)-=:�8�9=%28k!19�-�5*!D:h>29�!vGH%(_`8�>I9O>I\�'*!�-�%
-=.�!h8�9=%28�'*^4?�:�%2\�:�!19=02!o?v5*6@-=.�!IH�9�5*%26KJ�!D\�3�'A>�Y�gh.�!�:C5�)1!j%I#R-�.�!�5*%26�5�)1!o?]!D6;0(!1'*%28k!�>I6�?
-=.�!i8�.�%2-�%L!10,>I8k%29O>,-=5)%(6$9O>,-�!�%I#~-�.�!v?45A:CB$?�!18k!16�?/%26E-�.�!v?45A:C-=>I6RGH!�#&9�%(_ -�.�!i5*%26�5�)15*6�X
:C-=>29DYfc�5A:�BL:�!1KL8k%(:�!D?�-�% >/{�| 9O>2?45A>,-=5)%(6 P�!1'A?">I9=!�!1KL8k!DGH-�!o?�-=% :�3�9=0L5)0(!@6�% '*%26�X(!19
-=.�>I6 :�!10(!19O>I'MLON/P�^(!D>I9O:iS�Q�%2'*')!D6;\R>2GO./!H-�>I' Y*w�a��/�.��R�,�5AGO.�'*5)6�Xls pr%29=B2!2w�a/�/�.�([ Y

1 #�+j!@GH%(6�:�5*?4!D9�>26 5*:�%I-=9�%(8�5*Gv:C-�!D')'A>I9�+�5)6R? !1_`!19=X25*6�X`#&9=%2_ -�.�!@8�9�%2-�%;:<-O>I9�+�5)-�.�5*6
-=.�!]?45A:CB�w4+j!�>29�!v>2\�')!�-�%`9=!18�9=%4?43�G1!i>26�%I-=.�!19j#&!o>,-�3�9�!i%I#W8�9=%28�'*^4?�:1Y�gh.�!]:�8�.�!D9�5AG1>2')'*^
:�^L_`_f!1-�9=5*G�:C-�!D')'A>I9~+�5)6�?]5*:�.L^4?49=%4?4^L6�>I_`5AG1>I'*'*^�#&%4GH3�:�!D?i5*6;-�%�>MS<!1-W?43�!r-�%�-=.�!r8�9=!D:=:C3�9�!
%2#�-�.�!�6�!13�-�9O>I'R?�5*:�B�+�5*6�?�Y�gh.�!�%28k!16�5*6�X@>26�X2'*!�%2#�-�.�!�GH%23�6(-=!19�M�S<!1-r5*:�+�5A?4!19ow(\k!DGD>I3�:�!
-=.�!`6�!13�-�9O>I'W+�5)6�?b%26Q-�.�5A:i:C5A?4!f%I#r-=.�!l?45A:CB�:�.�>2?�%,+�!o?/#&9�%(_�?45)9=!DGH-i{�| 8�.�%I-=%26�:�5A:
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UW5*X23�9=!ra�0 ��h~_g`ydeb�{Ò�}ds`cbyl^dR�gfgb^dsjF_ß���Xh~usj|r~deb�{6Ð[h~uR����tvlyl^j+Ñ;`��)�vp|{g�}l^jF�mh~_ÒdsjF_gdR×~tvb^dsjF_Öikl^jm_�b
�½�auRtvr)º
r~jF_|b^jmfgl�usdR_gh~`��otv_[��r~tvl^��jF_µdsjm_ads×+tvb^dsjm_Bi±l^jF_|b��ØÑ;pgdeb^h�rqjF_|b^jFf}lousds_ahq`���jmi�t�z}l^jmb^jF`cb^hquRuRt�lÒ�gds`yº
dsuRusfg��dR_atvb^h+���|{Btm_�hqÎ�b^hql^_[tvu �oÏ l¯tF�gdRt�b^dRjm_�Ð[hqu±�¼��t��oÑ;dsb^pgjFf}b�t�`cb^h~usuRtvlÖÑ;ds_[�B���oÑ;deb^p
tv_
ds`yjmbyl^jFzgdsr�`cb^hquRuRt�l�Ñ;ds_a��jmi>�~¶F¶Úº����v`~�

'*!D:=:@8k%,+j!19�#&3�' Y7gh.�! S<!H-lGO.�>26�X2!o:]-=.�!E#&%(9�_�%2#�-�.�!m5*%26�5�)1!o?7!16L0(!1'*%28k!m>2:`:�.�%,+�6J5*6
UW5*X�Y~a,\~YK1 6b-�.�!$GH%29=9=!D:�8R%(6�?45*6�XE!D_f5A:=:C5*%26"')5*6�!l_l>I8R:1w�-=.�!`P�6�X(!19i5*6b-=.�!l5*%26�5�)D>I-�5*%26
#&9=%26;-�>I8�8R!o>I9O:�>2:�>l:�8�5*B2!v!1_`!D9�X(5)6�Xf#&9=%2_�-�.�!]%(\�S<!DGH-=:�.�!D>2?/9=!D:�!1_�\�')5*6�Xf-�.�!]_`5*G19�%2M
S<!1-=:h!HKL-=!16�?45*6�X`#&9=%2_�:�!10(!19O>I'�8�9=%28�'*^4?�:j5)6/-=.�! H�9�5*%26<J�!D\�3�'A> SVUW5)XRY �([HY

!h� ""��� :�=��N�C���4�C�76���	�#%$j�4�z�4���'&$�����)(b	����4�N�(�4�~�C�C�W	+*T�C�-,

gW>I\�'*! Z/0 ´ b¯tvlyb^ds_g� ��j��gh~us`~�
� uRtvza`yh+�Öb^dR��h
.x`yds_ar~h@b^pghH��h~�mds_g�
_ads_a�Òjvi®rqjFusuRtmza`yhm�a�}ds`yºÚl¯tF�}dRfg`0/21
tm_a����tv`y`6jviHb^pah�zgl^jvb^jF`cb¯t�l�354
tvl^hÒ�mdR�Fh~_V�

6 %4?4!1'87:9&L�N<;�^L9 7:=>7@? ACBD9 *�{ EGFH9HEJI
p ZO�32 ��Y y ZK�.� ��Y L/�
6 a �.� Z(Y a L��3� ��Y x/�
H �M�/- a�Y a Z"2 �.� Z(Y)ZO�

6�>(:�:�5)0(!]:<-O>I9O:�!10(%2'*02!i9=!1'A>,-�5*02!D')^E#V>2:C-�>I6R? 9�!o>2GO./-�.�!�_l>I5*64M :�!Dn;3�!D6�GH!v+�.�!16 '*%,+hM
_l>2:=:vGH'*3�:C-�!D9@_`!1_�\R!D9=:v_l> ^":<-=5)'*'N\k!$5*6"!o>I9=')5*!19@8�.�>2:�!D:i%2#�!102%(')3�-�5*%26
Y�1 67%29O?4!19i-=%
5*6L02!D:C-�5*X(>I-�!`-=.�!m!1�k!oG -`%I#�{�| 5*')'*3�_`5*6�>,-=5)%(6 ?43�9=5*6�XQ!o>I9=')5*!19]8�.�>2:�!D:�%I#�>Q8�9�%2-�%;:<-=!1')M
'A>I9�GH%2'*'A>I8�:�!]+j!@3�:�!D? -=.�9=!1!�:C-=>29CM ?45A:CBm_`%L?�!1'A:�>I-i?45)��!19=!16;-�!D02%2'*34-=5)%(6�>I9=^E8�.R>2:�!D:�>2')'
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