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℄^m:��	� R <0�&Xy� λ <OJy2�BY��y�2e��z�m: (m)��℄2y	,H^=<beT���!Q (Lyman,P�^
Ly)eTÆ�i�2Jd3;�e��/��;J�d&	e;^�	eT�1> n ≥ 2, m =�� mUkg�2009-04-14 � wYkg�2009-07-24Z\ve��H51��0i/%oh (40336053, 40874090, 40574064, 40931055)
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1�� n=2,3,4, · · ·X�H>\�< Ly-α, Ly-β, Ly-γ· · ·��℄2�!QeTiJY~M-�G!Q (1874—1954)P 1906r;_��< 1��=�%01OJN;3 SUMER(Solar Ultraviolet

Measurements of Emitted Radiation) �uN��℄2!QT��BY [1] �K 1 SUMER WNRiz�^
raRLO [1]`o; (n) 2 3 4 5 6 7�h;B Ly-α Ly-β Ly-γ Ly-δ Ly-ε Ly-ζCZ /Å 1215.67 1025.72 972.54 949.74 937.80 930.75`o; (n) 8 9 10 11 12 ∞�h;B Ly-η Ly-θ Ly-ι Ly-κ Ly-λ Ly- continuumCZ /Å 926.23 923.15 920.96 919.35 918.13 912.00

H i�%{��=!)�[���℄2�!Q	eH�i Ly-α 	e�OJ�i�%C 
��($m;
T�!)�b [2,3] �JPwjOJ'1{>�jut$�!Q	e�	��#/�$�^/b�b�7j�#9Lo�^9bK�s^Q{��d�T)
E �Am�!Q	��9K66a_i/��E1\
 [5−7] �;s�1!Q	e�^
ot1��uN
ep�y�L$P-f�%^Q{���M�E 
m;ot�(X��%F!Q	eOJ (H�i Ly-α 	����OJ) �n�BJ�i/}C'℄����{���Ch��B����℄2,3;�!)Ab [1,4] �JPiy����/�7<!Q	����IH�^P^C 
��($�7�9:o�^P�C [9] �!Q	�1�%{��do�6�EXa℄��6!Q	e sX,E�~-�%F/}do
_u (>�2 [8] �ut:C [10,11] �+� [12−14] 66:℄M�{J [73] Æ) ��
�j!Q)f��� 5 r (1959 r) �Y~��Z"m� Purcell Æ5qt'�+RyI��% Ly-α OJ�y� [15] �	��d�d4�+R
B�uN-
={;�℄2!Q����%y	
y��"bfE6��5[1|}uNy�k�=W��HQ�y�(
=EX�)�kt�Ss(X�'�d
y�ep�5[1!Q	ej�%F�TR
Rp1�L=hP?�-f�-DWq\hH!Q	e�^puN^��D7H>�Kut$
( $!Q	e�y	�~-kt�0�hH2E�℄2!Q	e�~-ut:Cdo����y^��=�1>���yAs�i�z�
=�
2 #S�g
`rwPJP Ly-α 	ei�%401
a01B,=��;Je� 800∼1 500 Å �L�ut$OJL{
 75% �4 Ly-α [16] �;s�5(k?��X~�E}�5�a?�2E|&	e1�%k�uN�7���!Q	ei1��/℄��;7<�VL,E�1�%k�^puN��/t℄<^j� Ly-α ^puNij 1959rk����%( $� Ly-α ,pj+RF



� 1 Æ $�F��6��&|���^3�"R
f 41���,uN� [15] �j	��4t+RF����%ut$Q�*:_� Ly-α ,p%,uN����	-uN3��E-[k��LH7J-E-,�^�, 1 iJ4'��%8aw� MSSTA (Multi-Spectral Solar Telescope Array)j 1991r 5 f 13 :�+RF��uN��*:_ Ly-α ,p [17] ��6
��C 4M;	
( $j Ly-α �OJ,p�EXb^�

- 1 MSSTA k 1991 s 5 g 13 ;�,SG	�vO��+;` Ly-α -q [17]JP Ly-α �OJL�{/IH�_PC �;s Ly-α OJ,��do�6?D/}C do����'�HQ/b( $�_;r,
01OJ,p� Gary Æ5 [18] HQ=j
1980 r 9 f 23 :J�($yi1 TRC(Transition Region Camera) �/t+RF��-
�,p�;_�Hα 
 Ly-α OJ,��C ℄=doSuN�y �srV66hV10
���srV{�H
��i-L}�A�/>+�;R�����Lb^�Eh���|/�y�b= Ly-α |&	ej�yC rWdo
rV���)
�

Ly-α �OJ��L/IH�_P��($�;s Ly-α -i�y�($do��6m;k>��)	e�j Gabriel [19] ��($doe����($OJJu:℄�rVsZ�4o�����|/1�S^�($ (2 × 105 K≤ Te ≤ 106 K) �uNH
℄��07j��($ (104 K≤ Te ≤ 2 × 105 K) �4o��mTR�OJ/uN�)x<by;:�<=f�|/T3�Dowdy Æ5�i���($�OJ!)iJ4M;	0f'xP 10 Mm �*r�'���I4TR� [20] �|bu�
�=Æ45�7( [21−23] �07�=o Judge
 Centeno [24] jHQ VAULT 8aw (Very high Angular-resolution Ultraviolet Telescope) [25]j+RF��uN��4^�LH7J (≈ 0.3′′) � Ly-α y���1|/o)ut�i=�4�'�1 KPVT(Kitt Peak Vacuum Telescope) �8sy rVy�k�hV10��[;_�j�rV�( $�4M;	0<�VLxf'�r��j�rV$��4M;	0��iL/�y;�xr��07� Ly-α OJj( $�i=����a_i(�B������S℄Yr�:I�NtAs{�H
��s��[�i�6 Ly-α OJ<~<�



� 42 �������!�E���l�u������� 28 ����($OJS*r�7TE{�7h�mS℄Yr��:I;R�M-�
Ls�|/M-�
�mi�℄=do�}*�Æ℄*do�N�:℄�^'�����
℄2 (>�℄2) q�Pr6e�B�:℄�'�S:℄�℄4�2�~)��℄2,3;�	9OJiy2�TR Ly-α OJ [24,26] �px4t+RuN5s-
=JW��% Ly-α ,p�07�j(X�L^�L
^XLH7JZ�5[ VLT)�1 Ly-α 	ek��^puN� TRACE (Transition Region and

Coronal Explorer) B��0Lb Ly-α '� (1216 Å) ��ZCFY'��OJL�{/IH�_P 1500 Å 6F�018�	�j:_uN��Y'��[� 50% �OJ%�48�	�ma��mjjj+�$41�7jC4:C�uN��Y'��OJ�6o�7<*I�4
Ly-α [27] �D1� TRACE �nV�L 8.5′ × 8.5′ �i�P:_�WH�/�|-d�=1�%( �KN��S�i�5[5sgH7\�= Ly-α 	e1KN�%( 
�y�%{�do��)
�j>� 10 r��L��;t?���5L4�B�Wyh$� Ly-α '��^p3.:℄3�>�=
��xB� SMESE(Small Explorer for Solar Eruptions) ng [28] 6J�~�x�
Ii{
��	�U
?� [29] %?�P 2012—2013 rZV�|9bng%?�yh
Ly-α ^p3
 Ly-α :℄3�>�^jZV�W�qtZ_1�% Ly-α OJ�8�I��^�L
^XLH7J�uN�3WL$P5[-fC 
��($�/-Æ+2�
rVdo�66+�
:℄M�{JÆ(;
gT��_�m;
!��
�?�P 2015 r;J�x���Nng Solar Orbiter -W2E Ly-α 1�%k�^p�JP Solar Orbiter �}�M? (+�%��+=o�z 0.27 AU �}��\^z 35◦) &��C [30] �iIF��^��L
XLH7J��6Z
���-
� Ly-α ,pW1�y�%�Q{���rWdo
 6���;"�)�E�
3 wv&
#S��lj 20 fE 60—80r~�$� Skylab �LxF� S082-By	3 [32] �Y~��Z"m�^H7Jy	8aw HRTS (High Resolution Telescope and Spectrograph) [33] �SMM (Solar

Maximum Mission)B�F� UVSP (Ultraviolet Spectrometer and Polarimeter)3� [2] �OSO-8

(Orbiting Solar Observatory)B�F� LPSP y	3 [31] Æjl�Æ43�%-
=℄^�LH7J
℄^	H7J� Ly-α 
 Ly-β �	��l
5[1��!Q	��uNo/℄G�
MeierHQ=��Z"m���+Rj 1962r�-
�y	y��<=�^�m/��W�bYNF�L	��I�07�yi1Z��,bj/�
'F��=�-
�!Q	� [34] �l
�uNd�<b��%F�!Q	�jE(XL�E(��%�E/(�JP|}l
uN%i'�+R.z� }�F�B�ZV��;s�l
uN�!Q	���%s�=�℄��℄2Rp�Am�

1995 r;JS�� SOHO (Solar and Heliospheric Observatory) Fp}��P:��L��/�a%:��JP�a+� }��;s'� SOHO FpuN�!Q	�VL�℄Rp�J��SOHOFpFyh�01^pN;3 SUMER�uN	,$�=�b�℄2�!Q��



� 1 Æ $�F��6��&|���^3�"R
f 43�66!Q8�	 [35−38] �mq1!Q	�k�^�L (≈ 2′′) �XL (≈1 s) 
	 (≈44 mÅ) H7J�uN�2E SUMER y�� Warren Æ5 [1] 1u Ly-β � Ly-ε � 10 &!Q	e�	�k�=W��HQ��[;_� (1) jut$�u Ly-β �!Q ǫ ��
	�%Lb^��#�b��b9zo�^9bK�7��!Q	���#VL�b� (2)�L�#�b�	���|K/�iE1\���
	���P�*�K/�P$*�K)^�7|�E1\
		e�'q{7hI^#�u, 2 �6
i�OJ℄��4M;	0��
	��K/$K^�4�7OJ℄��4Ml$��
	�o�1\� (3) S:_���uNi/�j:_C4uN�!Q	��#�bhP�|K�L��+h{�<bOJ'1{>h��7!Q	e��'jj�L���C4q�_u��67<�S:_���uNi/�!Q	e=h�OJS�($�y�%	e/(�jC4q�/*�JPC4�E+b'/:_��{�;7!Q	ejC4�OJ'1{>${{q��u7��C4uN�	��bhP��|K��h{�(X�JPRpq���uN��C4OJ{{Q��u7��/℄��C4q�_u�

- 2 SUMER vO�vu% Ly-β � Ly-λ 
� [1]j℄#��!Q	����S/�ut$/-(���i�'�HQ SUMER �uN.?�Xia [39] ;_��
 Ly-β 	��E1\
 (�K^P$K) jut$/j℄#)��� ;_�L}�A� Ly-β 	�$K�P�K�|}��j℄#/jut$)4�JP Ly-β 	��L�#�b����;sL=1�b	�k�^�p
��i XiaÆ5 [40] '�1 Ly-β 	�9:k�p
�A=�o�#
= Ly-β �4�&�1��[;_�Ly-β �4�&�1S���($	e C ∐
 O VI�4�&�1%L/��is�'�y�ep�Esser Æ5 [41] 7<�j�%M�℄#0�rG$do6{
 5∼7 km/s��'61E��
���($��
��^H%4{��+=�+����j���Z�Ly-α OJ!)�^P 8×103 K≤ Te ≤ 2×104 K



� 44 �������!�E���l�u������� 28 ���C'�;l�07jrG$0�JPC'qI (5 × 104 K) ��2~)�<JqI�u7�� Ly-α OJq��SuN���'iH
�JP{�\'8�ZY�C461�!Q	�j/�^'�;l ({
jC46F 12′′� 23′′ a_i^�HG�<b<�VLRp{>�7jh^�^'F�JP:_BJy�ma�	�O�a�+^��*� Marsch Æ5 [42,43] HQ= SUMER uN
��C461!Q ε �!Q λ a^�HG*�	���[;_�!Q	��	�	-!;2y�qI7Qx�|/_u�mSE+b'	!;2y�qI7QxLs�07���℄; L��y�'�JM/��.E�'��[u!Q	��	�0#
=�℄2�4�'���s
�=C'	^'6��'e�d�^d�j�%C46F 12 Mm � 18 Mm ��;l�C'ju 1 × 105 K qI� 2 × 105 K �|Ux�C'�'So)�($e��d�3*EiH
�u7<bo)utF�%�($�\t>Y,?���0-L>Z|��m�Æ+2�OJ_�PE(�rWdo0�j�brWdo0�wjo)FC'j℄x^'�;l8�qI��($��i|/�($jE(rWdo0�^'E/(�|(�neAsFÆ4rWdo'
��Ij/����=FwuNd�� SOHO FpFyh� UVCS

(Ultraviolet Coronagraph Spectrometer) 3�!)E��y�t:℄$�� 12 b�%"x�do
_u [45] �'�HQ� Ly-α '�uN
�� Ly-α 	�� Akinari [46] ;_�:℄�
Ly-α 	��6E9H;.zAH;�^�p
�o����s�H;1>�4:℄ (7E��C.3��{>) �OJ�j 3 b�%"x6Z�YH;��'	^'qI7qI�7j 3 b�%"x6F�JPOJ6
���L=#
�Æ�	��j�*℄E0_��℄2
�2/-iH
j/���;s℄oFX!Q	��"^*��6<��2C'�jE��4 ��Z�d
�%Me�� Labrosse Æ51�℄2k�=kW�OJ'1?��d�<b�S Ly-α i/� Ly-β 	��"^*�mh��<��2C' [44] �

- 3 SUMER vO�vu% Ly-α 
� [54]l
�05['�+R
� }��B�uN-
=/} Ly-α 	�.?��i�>�_���|}	��#s��℄���Rp�JP Ly-α 	eEX��>�j�X��ZE
SUMER �uN�:_OJ��N��:'�!W$'
� TeriacaÆ5 [47−49] rWo��|}'
�	���i�m<?�PS
E.�
�{�<=f�|/J��j SUMER �N��9*�&ZM?= 1:10 �{Q��07i�9?�i�{Q�1	�TR=/�����E�;s��0-L51`E{Q�uN
�� Ly-α 	�k�P���
HQ [51,52] ��



� 1 Æ $�F��6��&|���^3�"R
f 45�iL=1�k�W���;HQ�jC461�$Y/>ut:C�uN��JPOJ{{Q�� SUMER �N��6�XAH Ly-α �	� [53] �=o5[1 Ly-α 	��uN(
=�{kt�j 2008r 6f�7 f�9 f66 2009r
4 f�<tuN�� SUMER uN/0W8aw�?y�IHs2�`
�L{\ 20%�yk?8aw�|( Ly-α �	�~�6, SUMER �X�8��AHZ��/P|/K��:_OJ� Ly-α 	�qt,LK2�uN�=�uN�d�EX-l�hH�HQd�;_ [7,54] � Ly-α ��
	��LS��!Q	�3*i?�E1\
��$K/�K)�����|�E1\
-		e�'q{7hI^#�u, 3 �6
i�OJ℄��4M;	0��
	�$K/�K^�4�7OJ℄��4Ml$��
	�oo�1\� Tian Æ5 [7]  ;_�4Ml$ Ly-α 	���#�b/4M;	0�P��[7<�|i4M
4Ml$E(�rVdo�����4MiE(f'�r�66rG$5���A� Ly-α �OJ_P|}do�FI�;sE+b'i1℄x�7j4Ml$��L���xr��TRPr��� Ly-α j61ot��
��wj���Rp{>�7'�/℄ut$
℄#� Ly-α 	��E(� Tian Æ5 [50] =o;_�4$℄#�� Ly-α 	�K�℄��|�mi;<�℄#��OJV℄��;OJ7�+��℄2℄G�;7:℄�wjh4�℄2���℄#� Ly-α �Rpq��

- 4 Ly-α 
�F2℄� (vf) � Si III 5�'�2 (Xf) �YM�Alj 30 r��5[~5s�i�!Q	��E1\
�mS�%{��db^'F�T)
E Ls [2,5,33,55] � Xia Æ5 [39,40] 
 Tian Æ5 [50] �hH�y-�sP�e|�u�� Tian 
 Curdt Æ5 [7,54] k/H�y=�%^Q{���E S Ly-α 
 Ly-β 	�E1\
�L�sT��[;_���($	e Si III 
 O VI �4�&�1S Ly-α 
 Ly-β 	��E1\
Lb^�sT�, 4 E!Q	e�$KS�K^'�/�<�	��E1\
��6
��E1\
S Si III �4�&�1L℄��is�
)�b�i�JPVLBY9,�|0 Si III �4�&�1�ii1��	1� Si III �
4�&�1/�j 5 km/s ?N
(�y~<�1�Vy~<$1)[39,40,57−61] �s1��[�)?d�<b��($�4�&�1d��� Ly-α �$Kd�� Ly-β ��Kd��)3*-f�%{���E S!Q	eE1\
�L�sT�
)?�E��4���OJ'1�k�kW�y�ep�!Q	��6�-mE��y/}ut$�~6gT�Madjarska Æ5 [62] E SUMER y��y�($(;gT (Transition region explosive events) X;_�j(;gT;R���^a!Q	e (Ly-ζ � Ly-λ) �	��#/-VL�b�07j(;gT;R�X��|}!Q



� 46 �������!�E���l�u������� 28 ��	�-Lb^��b��[7<�|}�b�miJ9:OJ�q������C 
�($	e��'HGi1�%{�e��/�O" [63] �uN<b�!Q	e
!Q8�	�OJ�'%�LSy�%��($	e(��1y��HG [1,54,63] �JP=��9&!Q	e (Ly-α 
 Ly-β) �LE(�E+b'�;s9z�/��6?D�%F/}do�LE(�<�
M-
� [53] �5L��yd�<b�l
uN�
��Y/��8/ SUMER uN�d�)x [7] �|�mSl
3��,b66�℄Rp�{>Ls�*:_�</b���OJ�!Q	e1P� {������66��CM���y���
%L�)�Am�'�W OSO-8B�F LPSP y	3�uN�:_
C4�	�k�/�/4��I� Lemaire Æ5 [31] oni=*:_� Ly-α 
 Ly-β 	���E1\
S
SUMER �:_uNd�/��07� Lemaire 
 Emerich Æ5 [4,64,65] 2E�4 SUMER !w�BJy�on� Ly-α 	�-o�i1\��JP�%F!Q	eOJ (H�i Ly-α 	����OJ) �n�BJ�i/}C'℄����{���Ch��B����℄2,3;�!)Ab [1,4] �;s� Ly-α 	����'iep|}*do�℄2M-�
�/b�)�J;� Lemaire 
 Emerich Æ5 [4,65] T)��y= Ly-α 	����'S	e���'�/�	�%( ��6��Y~V�� (NASA)P 2003r 1f 25:;J� SORCE (The Solar Radiation and Climate

Experiment) B�'�E-�KN�%dbB,�OJ�- P�y� ���Y
6��YB�Fyh� SOLSTICE(The Solar Stellar Irradiance Comparison Experiment) 3� [66] �68�I���k*:_OJ�01y	��i�BY�;< 115∼320 nm�$�= Ly-α	e��0�	H7J�� (1 nm) �E�k
�y�%-O��i�6��6E��y�%01OJ1� �����
��Ch��Am�
4 *"&#S�g
{���/( $!Q	eOJ/℄��lj 20 fE 60 r~h�	�$� Ly-α 	�5j+RuN [67] �,-(�7^�L (0.8′′) 
	H7J (50 mÅ) �( $ Ly-α 	�-J HRTS 3�j+RF��uN� [33] � Basri Æ5u HRTS y��
�=	���2-A�"AÆE($Y� Ly-α 	�� Fontenla Æ5 [2] 2E UVSP 3�uN�^H7Jy�HQ=�%FE($Y� Ly-α 	��|}uNd�^d�j( $H�i	�$� Ly-α 	�-�L�#�b����2E S082-B y	3-
�y�� Nicolas Æ5 [32] ;_ Ly-β 	�j( $Sjut$/-i/(���i( $�OJ/ut$�� 4 *�j SUMER F 6��k= Ly-α 
 Ly-β �5[/-FVLuN�!Q	ej( $�	�� Vernazza Æ5 [68] 1�%FE(doOJ� 280∼1 350 Å �;l�401y	k�=T)�HQ�?�i=$�( $jl�!Q	eOJ��'�07�|}l
uNe�XL/℄+���%wj�℄Rp�J��;sL=35[1�℄2!Q	ej( $�	�k�P?��y��>�_��� SUMER 3��uN	,$�=�b�℄2�!Q��66!Q8�	 [37,38] �Y
8��uN`
5[�61( $E(do0OJ�!Q	�k�T)



� 1 Æ $�F��6��&|���^3�"R
f 47���*_�HQ��%�2i5(=l�y��%do�/��26��;�	�'X�^P( $�� Curdt Æ5 [37] �y=:_FE(do� SUMER y	����2$�!Q	�Sut$
0E(� Tian Æ5 [8] Po
Æi=|/E(��'�HQD1<b�2y	�
i/b�8|I��2H�i-A$OJ�!Q	�/-FiR
^�HG��7S�i?�j�2�;�	�$��a!Q	e (> Ly-β 
 Ly-γ) �	��#oa_ib^��b�|Sut$�uNd�(��|/d�<b�j�2$!Q	e�E+b'/j	�$)x�d
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Hydrogen Lyman Lines Emitted from the Solar Atmosphere
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Abstract: Hydrogen is the most abundant element in the solar atmosphere and its resonance

lines, especially the Lyman-alpha (Ly−α) line, plays an important role in the overall radiative

energy transport of the Sun. In this paper we review the observational and modeling results on

the solar hydrogen Lyman line emissions

The Ly−α line was used to observe the Sun since 1950s, when the era of space just began.

It was found that the Ly−α emission is enhanced at lanes of the chromospheric network, and

the brightest features in Ly−α images are active regions. However, so far no continuous Ly−α

observation with both high spatial and temporal resolutions has been done.

In the normal quiet Sun region, due to the effect of radiative transfer, the average lower-order

Lyman line (Ly−β through Ly−ε) profiles are found to be self-reversed at the centers and stronger

in the red-horns. While the higher H Lyman series line (beyond Ly−ζ) profiles are flat-topped

or even Gaussian-shaped. Recently, the Ly−α profiles were also obtained with the SUMER

(Solar Ultraviolet Measurements of Emitted Radiation) instrument in high spectral, temporal,
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and spatial resolutions. It turns out that most Ly−α profiles are strongly reversed and stronger in

the blue horns. It is believed that the opposite asymmetries in the average profiles of Ly−α and

higher Lyman lines are probably caused by the combined effect of flows in the different layers of

the solar atmosphere and opacity differences of the lines. A mechanism for line formation can

not be simply imagined but must be thoroughly devised and further investigated with the help

of models.

In active regions, Lyman line profiles, especially Ly−α and Ly−β profiles, were obtained from

early rocket observations and found to be similar to those in the quiet Sun. However, profiles

obtained in these early observations suffered from geocoronal absorption. SUMER observations

avoided this problem and revealed that the Lyman line profiles in sunspots show properties

different from the average profiles. The self-reversals of the hydrogen Lyman line profiles are

almost absent in umbra regions. In the sunspot plume, the Lyman lines are also not reversed.

While the lower-order Lyman line profiles observed in the plage region are obviously reversed, a

phenomenon also found in the normal quiet Sun. This result indicates that the opacity of the

hydrogen lines is much smaller above sunspots, as compared to plage regions. The ability of

diagnosing plasma properties in solar flares and CMEs by analyzing the Lyman line profiles is

also demonstrated.

Hydrogen Lyman lines were also frequently used to reveal information on the fine structures

and physical properties of quiescent solar prominences. Observations and modelings show that

the profiles are more reversed when seen across than along the magnetic field lines.

Key words: Solar Transition Region; Chromosphere; UV radiation


