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(1 �P\+��℄+�<fw�� e� 230026)
(2 �P
p5M�� sV 200136)/' �	�8.?K:�R��y�p�; SDSS J2220+0109 K:�E~Lyhs	V[(hl��M��"� Hα a Hβ, 1`/ He I* λλ3889 �3189††, Ca II H �

K, Ij5 Fe II* +�h.�"*V 7 955 cm−1 � 13 474 cm−1 a 13 673 cm−1 h�Æl��r�l�TX� h$�5B��e[ 1 500 km·s−1, ��[�v�(yLnF�4L5R(��|�l�i^+j56"wsU��� ne ≈ 106 cm−3,  �� NH I ≈ 1021 cm−2, Lyα ��ov�Mb2h��A�>BU� SDSS J2220+0109 �	 r �kV 16.56 mag, �2)���o_�6�l�Aehv��8
�,jh/PK:H=^I<�+℄W}lD;h��� ���ws:�kev"�ÆK*K: =X"[~}l�hA{���TPy�y� SDSS J2220+0109 �h Fe II �v�w�U*[u�hw�m+6 I��o I Zw 1, i^+j5n��D;�BB44LX"[v8p�;� Fe II �v�hAe�_iN n!������n!��W���n!��^G� SDSS J2220+01095Æ\n� P157; ��E�s� A

1 )% �~~�n^�gC:O����g�guD�>℄���ng?D6vWh�=gKL��u�O�℄&E.~��WxZg�gk�TH>V�O�℄�^T3<�$�C:�^��'��n�`!�S����nk��G`v)6vSO�W;Dg}%iZ�O�}�*^;^TC:�y3g�℄^RguD�W!ZZGG<g�z��Fn [1−3].oo�:J9��O�FB'xUk��nG���Z�u�mE�:Qk��gd�0D�CB!U 3o [4]: (1)dk�� (broad absorption line, BAL),d�∆v ≥ 2000 km·s−1;
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(2) vk�� (narrow absorption line, NAL), ∆v ≤ 500 km · s−1; (3) �/dk�� (mini

broad absorption line, mBAL),d�;Z NAL ` BAL�!�Dvr��BAL CBY!U
3 o
 (1) 3vrdk�� (high-ionization BAL, HiBAL), B'Z C IV �Si IV �N V �
O VI j� HiBAL o�:hyJ)(o�:g 15%; (2) mvrdk�� (low-ionization

BAL, LoBAL), M HiBAL �O�xKx Al III �Al II �Mg II j LoBAL; LoBALo�:hy BAL o�:g 15%; (3) Bmvrdk�� (iron low-ionization BAL, FeLoBAL), Mq� HiBAL ` LoBAL �O�xKx Fe II k���5! FeLoBAL o�:}vx Fe IIIk��� FeLoBAL o�:hy LoBAL o�:g 15%.;UZ'g�L��! H I* k��`�!Wg0_. He I* k���IzVLgq 2 *�k��QJ1jH;3*��G�F>��x 6 y��g NGC 4151[5], SDSS

J083942.11+380526.3 [6], SDSS J125942.80+121312.6 [7], SDSS J102839.11+450009.4 [8],

SDSS J172341.10+555340.5 [9] ` LBQS J1209+1633[10]. nzi40_. He I* 23s �J1gk�� He I* 23s V He+ -d�G�/*�jH℄�zWlO.Og�k�� He

I* λλ10830� 3889 � 3189� 2946 � 2830 � 2764, F>Go 5 7~~�n^�1<��g Mrk 231[11−12], NGC 4151 [5,13], Q 2359-1241 [14], SDSS J102839.11+450009.42008 [8]` FBQS J1151+3822[15]. �f$Kg��o NGC 4151 ` SDSS J102839.11+450009.4�D}1< H I* ` He I* k���EI%I H I* ` He I* k��~~�n^<��h��{A��9�a���z?&Yo$�F{��OA7WXg����oG�g 6 7��!k��~~�n^��W 4 7D}1< Fe II* k���O 2 7��zVZJ9�r /m (SDSS J102839.11+450009.4),�zxWgJ9-D,2�T0Cd (LBQS

J1209+1633),(H#< Fe II*k���a�WuVL<���!k��hW℄*?℄ Fe IIk��?��F�{Ao~~�n^?&�3KO�gu���a�℄HxT Fe II k��~
k�C:g�� [16], +4d0_. He I* k��AA3~
k�C:gvr). [14,17−18], QS\|O�g�4A`du!���x;g��!� He I* ` Fe II k��o�:W!Zd�{�nG�!g�sFn�A�u7{�Z'k��nGgdu�d��℄�ea�W���7->��xgA75�k��o�: SDSS J222024.59+010931.2 (Hr%F SDSS J2220+0109). o/o�:gJ9��D}1<��!� Hα ` Hβ, 0_. He I* λλ3889 � 3189, Ca II

H � K, H�i4 Fe II ��.*�g-�U 7 955 cm−1 � 13 474 cm−1 ` 13 673 cm−1gk����℄q 2 3�J9A �q!i�+<�q�k��g9�q 3 33�k��g�z��`duA)q 4 3�%�g4�`rA3=AxS�
2 SDSS a{℄�o���7-> DR7 go�:J9<���a�nG!,� He I* k��`��!k���!)�xh 200 7 He I* k��o�:`h 20 7��!k��o�:� SDSS

J2220+0109 �>�=��go�:��� i �jU (16.292 ± 0.015) mag. �� 2.5 mSgIZ 2001 0 8 k 19 f�/o�:A �J9G<�a�:Q [OIII] v�u��



5 = � Nl�q�< SDSS J2220+0109 �7�mÆ�pHi�z^5M 359�<� SDSS J2220+0109 glE z = 0.2122 ± 0.0025. /o�:ZÆOgPfnÆJU
E(B-V)=0.0632. A J9!iI�a��u0��PfnÆJ�^n�J9#zo�:gH
n�oH
n�� SDSS J9W�-D,2U 3140 ∼ 7600 Å. ZZJ)-�g��!k��℄ Hα ` Hβ jJ�u�2�Cd��.O-�k��<�t��u� �Dl0\�o.O`J)-�a�!)8T0Dg!i���
2.1 SDSS `#`zOUL[xdVZ��!k��{�oo�:d��!�u�q�U�fMAvgk��9+<�k��9���u=fY�k�Ig|'9H��u�g�h�CB�T	���|'9`xdg Fe II �u� ���q_'�Ad�u�`v�u�gA7�73�Y�A -d�J) Fe II �F7 �XA+4t�gv�l*5 I ��n I Zw 1, BTgW Borosonj [19](BG92) ` Véron-Cettyj [20](VJV04) A+g ��>� BG92  ����XdG!�� VJV04�M�dB�OAzx�dK�vB�gG!�VZ SDSS

J2220+0109 o 5 170 Åj.DW�vvg Fe II �G!�a�8T VJV04  ���J9�T)gd�u���g Hα �Hβ ` Hγ, a�8T 4 73�Y��+�|,�glE`�h�D�ZJ9�T)g�Av�u�a�8W`3�G!�+�|*Wv�u�SW�DglEa�x�| [OIII] λλ4959 � 5007 ��gJ� jZu���K Hβ v�u���U [O III] λ5007 ��g 10%. q�*WG!{d�i-d 4000 ∼ 7500 Å�T)g SDSS J9�CT=�v χ2 g��f89�=�-d��I 1 �rI9K� Hα.DgG<J9℄a�g=� � /�W;?9℄HZK�q� �℄Hh\o-dG<4Q�oI 1 �qI9K Hβ .Dg-d4Q�UI�Oj�;?9�rKE~A|`Z�o Hβ ℄ Hγ �u�.D�;?9�W�vT|'u� Hβ �lM{���7�u%�;?9�5�℄ Bruhweiler j [21] �&fgm��C: (ne ≈106 cm−3) ��uKg Fe II �9�D�m��B�G!g|�!iEK�℄3��T�a��oI 1 �x�;?9 (I 1 �s%�) `m��C:gu� Fe II �u�9g� �VZ Hβ k��/k�K℄*Yom��B�g “` ”, �f Hβ `.DgJ9-dq3�ZMAvgS�/\�'^ Hα -d4Q�b�K�a�U�GAOu�a�8TO_�2	�7tOu Hα ℄ Hβ k�����u:Q��Ez�K0�J�u�S�g He I* λλ3889 �
3189 i\|�k��S�g#�T! (∆v ≈ −1500 ∼ 0 km · s−1); ^n8! Hα ` Hβ�Q#�Og�"+(W�Qk��.Dgs�O_g�2	�-d�or℄k��g!i��a�X8T/-d4Q�MAvOu�
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Fig. 1 The fitting results of optical spectrum (4000∼7000 Å)

2.2 SDSS 9�`zOyewKZYoD.O-��~~�n^|'9�uM���9O�xW32��!����!|'9` Fe II ���GgX|'9�A�CT-dg��i\|8J9G!g9��>��B�gOuA�8T Fe II � �-d�.O (<3500 Å) -�CB8T Vestergaardj [22] �z Tsuzuki j [23] V I Zw 1 A+g Fe II � ��a� SDSS J2220+0109gJ9,2�T=m��Z 3 200 Å, Ko 3100 ∼ 3200 Å.D�pYo 20080Wang j [8] �xgv Fe II �u��n�q��!|'9`32��!��xWG<�Q(H}|q�7G!�a�tG �-dJ9g����(W)>7tg����ua�(W��/J�KEzg He I∗λ3889k��i\|k��#�!6 (∆v ≈ −1500 ∼ 0 km · s−1), �n8!�Q#�OgJ9�"��{��"A �!>��^na��>�TgJ9A 
lowess (locally weighted scatterplot smoothing)[24−25], �8TO5�Z|Mns7t&�A 7t�/&�(sA|d�g7tPbn�J9A O_gm2	�-d�^n



5 = � Nl�q�< SDSS J2220+0109 �7�mÆ�pHi�z^5M 361H`7�"��Z-dfg	�g6r�\�g −n V�AUZ���A O_	�-d�z_q�TH�Vntfa�=n=Sg7t9�{�7t��*W�8! 7tPbvg4A g�u��zk����W���/dgJ95��yg���!|'9�32��!�` Fe II �u��oI 2 �v� Fe II* �Ca II ` He I* λ3889.DgG<J9`7tng9�>�%����9�s%��7t4Q�qIU Fe II*�k��.DgJ9�rIU He I* λ3889 .DgJ9�TG<9��MH7t9��fMAvg9gI 3 *���dKg Fe II* � Ca II ` He I* k��g��ZÆ'�UQ�%��>�� Fe II* k��g��-DH��Qg*�jH�o' 1 ���=�gW-�U 7 955 cm−1 � 13 474 cm−1 ` 13 673 cm−1 g��. Fe II �zgk��a��|{� Fe II* �SW℄ He I* λ3889 �Dg#�4A�<�{�k��gj�d�+D��Q*�g����4Q?�o' 1 �� EW Uk��j�d��Nion Ur1����
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Fig. 2 The fitting results of UV spectrum (3000 ∼ 4000 Å)
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Fig. 3 Normalized spectrum in UV band (3000 ∼ 4000 Å)F 1 SDSS J2220+0109 51�MPgW�P Fe II* ���PI�

Table 1 Parameters of Fe II* absorption lines in SDSS J2220+0109

Wavelength(Å) Level Wave number(cm−1) EW (Å) lgNion(cm−2)

3184.035 a4P3/2-z4F5/2 13673-45080 ... ...

3196.994 a4P5/2-z4F7/2 13474-44753 ... ...

3214.237 a4P3/2-z4D5/2 13673-44785 1.27±0.15 14.37±0.05

3228.674 a4P5/2-z4D7/2 13474-44447 1.37±0.14 14.30±0.04

3244.659 c2G9/2-z2F7/2 33466-64285 ... ...

3248.326 c2G7/2-z2F7/2 33501-64286 ... ...

3256.826 a4D7/2-z6D7/2 7955-38660 ... ...

3278.292 a4D7/2-z6D9/2 7955-38459 0.63±0.15 15.01±0.10

2.3 ���Ob(f+Jqk�C:℄*,2k�2`d�T��z��,2k�2�0,2d�T�{}�0DgPfQ8T0DgMAv��
IzQ�1TG<9��MHd�u�`|'9g��`�Znz�tQuWG<J9��&Yd�u����^nnMH|'9�



5 = � Nl�q�< SDSS J2220+0109 �7�mÆ�pHi�z^5M 363��a�� SDSS J2220+0109 J9!)fHq}�MAvk��J9�o Hα ` HβgT_��u��XB�` Hα g�u��a�8WqA�3�7tTg9&Yr��Qg��|'9AU�u�gD�o�Z 3 646 ÅgJ9T_��i4�u�Tg'uW Fe �`��!|'9�a�D<T lowess 7tTg9&Yr�g��|'9AU�u�TG!gD��I 4 �D}x�}���fgMAvJ9�>�%`gMAv��'�U28���&Yd�gMAv��'�Us%��℄HZK��ZM Hα O>+k����g Hβ � He I* � Ca II � Fe II* λλ3214 � 3228 j�{}�MAv��4Q /1D�{�NUo�Qk��O�u�g>{g�Z|'9�� Hα k��{�oJg Hα �u�q��MAv��S�/\�o Hβ g1I��a�uK}�MAvg
Hβ k��h*�Qgu�g Hα k��h�>�s��Q Hβ q 1 �MAv���%��Q>q 2 �MAv���{p�7�!)'���U 1 gZÆ` Hα ��g���TH�!�zm��U�ONv�k��h�a�/(�:��T���x�5! Hα k���a�T He I* λ3889 �h-d>,k���B�g4Q�o' 1 ��>,k��9��o' 2 ��>�q 1 �Uk���F�q 2 �Uk��}`-D�q 3 �U%`MAvfgj�d��q 4 �U�&fg�Q��� (' 3.1 3).F 2 SDSS J2220+0109 57&���PR2mTh|�*p:P8uT
Table 2 EW of major absorption lines and column densities of corresponding ions in

SDSS J2220+0109

Line λ(Å) EW (Å) lgNion (cm−2)

Hα 6564.61 2.37±0.11 12.98±0.02

Hβ 4862.68 0.35±0.14 13.14±0.17

He I* 3889.74 4.91±0.12 15.11±0.01

He I* 3188.66 2.03±0.15 15.31±0.03

Ca II 3934.78 0.72±0.14 12.91±0.08

Ca II 3969.59 0.60±0.13 13.13±0.09

3 �r
3.1 ��~
O�4k���T)'u��℄H�G I(v) = [1−Cf (v)]+Cf (v)×e−τ(v),>� I(v)UMAvg���Cf (v) U,2N1� τ UJy�gQk�C:R[,2�GdK0�`�DA*��zg��gJy jZ f ×λ� �>� f U�1J��λU��-D�yg��Zo$<� Mg II �C IV j�J�℄k�g �U 2 : 1; ��!� Hα ℄ Hβ gu� �U 7.26 : 1. a�!)oI 4� Hβ g1I�uK}�0DgMAvPfr Hβ k��Qgu� Hα k�9�>�s�U%`MAv��k�C:R[,2d�u�T`k�2%�U&Yd�u�gMAv���EI Hβ k��/k��fV>L
g Hα �h�r 0�h3�a�WI�e^℄HZK%`gMAv��k�y�℄G<g Hα y�/UA (9'I�{p�79[�). SOV' 2a�℄f EW (Hα)/EW (Hβ)=6.77±2.73,� EW (He I λ3889)/EW (He I λ3189)=2.41±0.19,℄u�`<A����r�g8T&
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Fig. 4 Two different normalizing methods in velocity spaceVZ Hβ k���r /?�/(CT Hα ℄ Hβ g� 3
C:�&R[,2d�T�atq℄HCTG<;Jg He I* λ10830[15] ` He I* λ3889 g� i3
�&W5!,2Yo�a�GFxQ�n'g TripleSpec lOJ9G<i#7{As��℄�qK�wC:R[,2�GJd�AU /\gD��a�W N = mec

2

πe2fλ2 EW [26], :Q/��&g���?�o' 1 ∼ 2 ��bWDA*��WA�}�VZk��r /?�or�3��Tg����HJ��&g4QU*�
3.2 ��~
OtSo6ra7jA)r��.`8��. Fe+ g2N ℄��WhJgDlFn�℄HxTk��i<�8*�g����+CT8*����g �V|k�C:g���F>�o�7o�:�QT/��D�Kk�C:g���yg Koristaj [18] xTo�: Q2359-1241g Keck 3!$�J9�o 2000 ∼ 3000 Å�T)1<i4�.`/m*���. Fe II k�� (2 600 Å.Dg�X UV 1 H� 2 400 Å.Dg�X UV 2), �Z*



5 = � Nl�q�< SDSS J2220+0109 �7�mÆ�pHi�z^5M 365�U 385 cm−1 � 667 cm−1 � 862 cm−1 � 977 cm−1 � 7 955 cm−1 gr1�%`�.r1�% �D�Kk�C:�� ne ≈ 103 cm−3. '^ SDSS J2220+0109gxWJ9,2�T�ZH
n 3 100 Å, oJ9,2�T)�Wi4�.g Fe II k���a�e℄�ICT /i4-� 7 955 cm−1 � 13 474 cm−1 ` 13 673 cm−1 j��.g Fe II* k��D�k�C:g���gQk�C:�v1��<C\�>Za7j�V,�,��Ha�W n2

n1
= w2

w1

exp(−χ/kT )[27], >� n1 ` n2 !)U�.`$��. Fe+ ��� w1 � w2 U�QG�Z�� χ U}*�*�?�=zq*� n2 U 7 955 cm−1 � 13 474 cm−1 ` 13 673 cm−1g��� ('' 1), +hY�.����℄Hf 7 955 cm−1 *�!)℄ 13 474 cm−1� 13 673 cm−1 *�Za7j$=g[�U (6046± 1085) K � (10541± 3476) K. o Jij [10] H�r�g3���a��e��!k�h℄*�zZ5!vrT�:Qvr|'9g0D�5!vrTg[�℄Ho 6000 ∼ 104 K �! [27]. Va7j�&g[�oh?�T)℄5!vrTg[�(d�{=Sv1��jZ�z\Z�Q*�g�:��
nc = A21/q21, >� A21 ` q21 !)U4�jHn�`4'M��n���QZ*�-�U 7 955 cm−1 ` 13 474 cm−1 g�:��!)U 105.9 cm−3 ` 106.2 cm−3, NSVZa7jgA)℄� SDSS J2220+0109 �k�C:v1�� ne ≥ 106 cm−3. �Vr33�℄��k�C:R[,2d�T=Sgv1���Z�7 106 cm−3, 9dHq�a�℄�v1��Q/1D 106 cm−3. 3�r gJ9`��. Fe II k��gG<℄H�!a�;\o}|���
3.3 DVv���O}.�z n=2 *�gLa1g���=W 3 �
 (1) 4'��� (2) -d� (3) Lyα J1g?�nu�[
?�nu�La1Za7j$=g�:��U nc = A21/[q21(1 +

τ0l)]=8.7× 1016/(1 + τ0l) cm−3, >� τ0l U Lyα ?�nuJy��Z3�!2gC:K�#�� τ0l ≈ 7.6 × 106b−1
3 NH0,22 ≈ 103, >� b3 ≈ 1 UC:K�#��`ZU 103 km·s−1;

NH0,22 U�!L����`ZU 1022 cm−2. {A�:��3Zdugk�C:���NSa7jh(+z�r�3��a�[
S:g7jTH��Z n=2 *�gLa1i��> s .℄ p .W0Dg'uM��TH
 2s .CTC9g�J1|'9THM�� (4�'un� A=8.23 s−1); 2p .tCT'u Lyα J1M���$=!)[
��Z 2p.�>7j�=V-d/.℄4�'u Lyα J1J�V| 1 . bk�C:� Lyα J1Jm}�/7j9K n2p/nH+ ≈ τ0lαeffne/A2p−2s ≈ 7.3 × 10−9ne,6NH0,22b
−1
3 .S}���� Zv1��g 1/2 V�


NH0,22 ≈ 1.4f−1
H+(1 − fH+)−1/2b

1/2
3 n

−1/2
H,6 (Nn=2/1.4 × 1014 cm−2)1/2 , (1)>� fH+ ULgvr y� αeff UW�-dn��VZk�C:R[,2d�T�=S

rBALR > rBLR ≈ 1017 cm, >� rBALR, rBLR !)Uk��T`d�TgJ��v1��
1 b�t^-4�d�mÆE<_,Bf\7#xtV�?\�iW 104 K, � q1s−2p ∝ exp(−∆E

kT
) ≪ αeff ,OUb�rÆ 2p 0i5(��UI	
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ne U�7 106 cm−3 }�_iG<� N(n = 2) ≈ 1013 cm−2, a�fo�jvrgPfr ( g5!vrT) $=gLg��� NH ≥ 1021 cm−2. �Z;\g���z;�g����tk�C:gJ�0<H,2d�u�T��Z 2s *.�>*�7j�HU

nenH+αeff,2s + nHneq1s−2s = n2s

[

A21 + ne(q2s−2p + q2s−nl) +

∫

∞

ν1

ανLν

4πr2hν
dν

]

, (2)>�>"q 1 	U-d�q 2 	U4'��� nl '�*� n �Oe.~� l ga1.�VZ αeff,2s ℄ q1s−2s UDA��� (T = 104 K }� αeff,2s = 0.838 × 10−13 cm−3·s−1 ,

q1s−2s = 1.67× 10−13 cm−3· s−1), *H>"}	 ��=V nH+/nH V|�oLvrT�=�-doL�!T�z5!vrT�=�4'���q�Q0�=	 [10], oL�!T�z5!vrT��b[�U 104 K }a�W
n2s/nH ≤ 3× 10−10, S}*$���hU 3×1022 cm−2, NS�`Rg4'���W5!vrTg?�nu��W��oLvrT�� n2s/nH+ ≈ neα2s/A2s−1s ≤ α2s/q2s−2p ≈

0.44 × 10−10 , S}*$���U 2×1023 cm−2, -dD<�W5!vrTg?�nu��W��AU-d����03g?��a�℄CT He gk��L
vrL���� He I*k��idZ0_. He I 23s �J1gk��>*�7j�H9K

n23s(He0)

nHe+
=

5.8 × 10−6T−1.19
4

1 + 3110T−0.51
4 n−1

e

, (3)�ZJvrC:� T4 ≡ T/(104 K)≈ 1, G<g He I 23s .g���hU 1.28 ×

1015 cm−2, �w-;$�V (3) �℄f*$g H II T���U 2.22× 1021 cm−2, S��� V-d���z��!k�$=g H II T��� 2×1023 cm−2 �f�VS℄HL
-d�z n=2 La1g℄*!h��
4 jr-0��℄��q!i�o�: SDSS J2220+0109g5�k��nG��g��!k��
Hα ℄ Hβ, He I* λλ3889 � 3189, Ca II K � H, H�i4 Fe+ g��.*�-�!)U
7 955 cm−1 � 13 474 cm−1 � 13 673 cm−1 g�k���V Fe+ *�2N`k�C:R[,2d�TgA)�a�℄}|k�C:��U ne ≈ 106 cm−3; �Z���!k��gG<Jy!i℄��k�C:Q/ZZd�TOKR[,2k�2`d�T��!k��ji4 H II Tg-dTH�$=g H II T���U 2×1023 cm−2, g\ZW
He I* k��D&g H II T��� 2.22× 1021 cm−2, a�N�Z;UW�gW Lyα ?�nug4'�����k�C:g��� NH > 1021 cm−2.

SDSS J2220+0109�Z'k��nGg�xnAV9�a����!k��h℄*℄ Fe II* ` He I* k��F{�xT Fe II* k���a�℄H~
k�C:g���4dJvr �℄HW�}|k�C:�`du!�� SDSS J2220+0109�F>�xg=�g��!k��o�:��B	dZn'G<`�<�
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The Unusual Absorption Line Spectrum of Quasar

SDSS J2220+0109

JI Tuo 1,2 ZHOU Hong-yan1,2 WANG Ting-gui1 WANG Hui-yuan1

(1 Centre for Astrophysics, University of Science and Technology of China, Hefei 230026)

(2 Polar Research Institute of China, Shanghai 200136)

ABSTRACT We report the discovery of Balmer broad absorption lines (BALs) in the

quasar SDSS J2220+0109 and present a detailed analysis of the peculiar absorption line

spectra. The absorption lines are detected in He I* multiplet at λλ3189, 3889 arising from

the metastable helium 23s level, and in Hα and Hβ from the excited hydrogen H I n = 2

level, which are rarely seen in quasar spectra. There are also many absorption lines arising

from excited Fe II* levels 7955 cm−1, 13474 cm−1 and 13673 cm−1 in the wavelength range

of 3100 ∼ 3300 Å. Ca II H, K absorption line doublets are also clearly presented in its

SDSS spectra. All absorption lines show a similar blueshifted velocity structure of ∆v ≈

−1500 ∼ 0 km·s−1 relative to the quasar systematic redshift determined from the emission

lines. Detailed analysis suggests that the BALs should arise from partial ionized region with

a column density of NH I ≈ 1021 cm−2 for an electron density of ne ≈ 106 cm−3; and the

hydrogen n = 2 level be populated via collisional excitation with Lyα pumping.

In addition to its peculiar absorption features, SDSS J2220+0109 also shows unusual

Fe II emission lines very likely originated from the low density gas of ne ≈ 106 cm−3, which

is similar to that of the absorption gas.

Key words quasars: absorption lines, quasars: emission lines, quasars: individual: SDSS

J2220+0109


