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Measurements of Emitted Radiation) i Wil i & Jf 7 & R 5k M,

# 1 SUMER WAMWEFETHERIIMRKK
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RS RE AN, ATMAERR-FE, dFEERI 5 x10* K), BEFAEAJLREm, NS
3 Ly-o 38 HE5R, SULMEIAR EAEYIS .
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359, SUMER #ll#: rl LAE# 105 Ly-o f937E B3
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PENETEEE, X Ly-o BB LA SUMER 1E% . HZHiCR TR, BT X —H1E,
H Tl F8 57 89 Ly-o 3B E IR BT TS Rt 2] 1. WAy 45 R A6 % B4R, WPtk
B Ly-o f PR 8 B 5 AL 2 058 58 A SR AR B, 04 HL 2T 0 TR
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FEENF Ly-o BRHBOE .

1.4

1.2

1.0 F

)/int(r)

Vi /km-s™!

08 F

int (b

0.6 L

Bl 4 Ly-o AL (H2) f1 Si 1L SEEHE (HK) AR5

AE 30 470, AMTSLE24RH, BE BRI AN FRIE R SR HRTH &1 5 E LA R
GtEm A e B335 1 Xia A BO4T F1 Tian 5N PO 425 B F3A00 1) 1 SO RRX FO
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T Ly-a f1 Ly-B, AfIZEA L&A W 1 91 1 LR A2 15 3 XA 35 % . Vernazza 55 A 68 %
KB L 7R [/ 285 4 % 56 280~1 350 A Y5 BBl P9 A AR SR SIS HEAT T RB 4T, THRET &
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B, emE e, KR TRARE RO KIS Z —. By KO B 3 Bl 2
MFES XA, Curdt A BT HF5E T HE L RFEZ K SUMER Y63, HA B XA
B T HXBAARR. Tian A B FIEBEE TX AR, H@LHH 55U BR
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2500 11113 500 200 pr1 1113 120 prrrr
3 n : ‘ 1 100F A
2000¢ I 400 150 | : ;! ]
L fl 3 o - 80 - Y i ]
1500 F n 4 300 1 n b - ‘
S : | [ 3 o I 100 — 4 s 60F k
= { - L ] -
1000 g ,{\ ‘1 E 200 o . ‘ 40F
s i E - k C
500 3 j/A { - 100 i /f\' 20 E
C o7 AN g ~
Y S A— 3 0 e ok 0
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
1/ pixel 1/ pixel 1/ pixel 4/ pixel

5 BT (B . B (HR) . TRY (28) UKGERE (WL) KA
Ly(8 ] ¢) #%% (LFRFEFIETHE)®
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BAH ZBCEIME,  Lin A PRI UVCS (USRI Ly-o SGIEEER, 400 T — KR A
HARI H A SRR R, &3, —3 Ly-o SR 5HR W i X Ssbl i (7] 32 7 38 A8 I B & H
Ky ANTAX AL FRRAL T M3 M RE R AT, IG5 N i 28 BE T
H 10.5~106 km/s . FEHEATEAI, (LT 1.7 DRHAAR R AR T X XM Ly-o &
EEREHAEAR, BB EE O TR KRR 02 AA 20 km/s BB 35 km/s
MIZLHS; M ATTIN I S TR T\ 5 BE R T 231k

5T H B i A AR Y

HHEABBAR ARG S5, FTLA APE: e T X, B AR e . AR, Faiik.
WGP A T i H B TS 3 KRR R . RFREUN, #EER . TR LW 2L
WP AESIHE, THEHE BeEmR) BT HRE LK, FEMAMEZWEARE T, BitE
VR E R ik &haat. B TSR auE, o, WEER T KRS ARGEE, B
I 2 1T O AR AL W] LA SR IZ T H B R TR oy (i H B O iy R4 DL H B 5 H RS
Fab) W B TR B3

Vial ™ B R AEG 6 T8 H B AL E] T 588640 Ly-o M1 Ly-6 #%J%. @4 LPSP
IXASHI I EHE,  Vial ZBLH B AR Ly-o M Ly-06 BB EA B BA P R MEEHE, Ly-o i
FHIFIE 2 B 0.35~0.40 A , Tl Ly-0 i BRI HIEZ B 0.33 A . Fontenla A & 447 T
UVSP AWM I PR EARF S50 . ARFE KR Ly-o 398, Rk H BT HH
WEE. MA1EB, T HEW Ly-o B R MG T X EE; mEA HEEY Ly-a 3§
TENEIER SI8H, WTiXKise B ERZIS 2.

SUMER W& 25 6], B[ F 3% 4 FRR g WL 5515 (1% H B i 20588 T EIRARIA
. @4 SUMER WLIEIF 21215, Heinzel A B2 G450, AR HEE, &
FLER—A H BRI TRy, S i 20y 58 5 o AN E AR AR, A ATEX H HiEE ey
ST R A R BRI R, —RUR iE R IR RO, I HER Ly-a RIS i8S IR
B getipg; F—hr G RO R B, (&AW S B A AR IR R G, AT
REX AR R BIEE, M MIFABUER, 17T IHRAWIE RS (non-LTE) i3,
FEER ISR 09N [R AT REIR 637 ST I M e R 0%, MR 147 i SRR EE A A, WA
T R [T 4 HL T TR LR, Heinzel 88 A U0V 9 4k H BB — 20 040 T #1287 576
HZEHXR, HERT RS ER. Z2F, X—W S8 Schmieder & A M @1 SUMER
BRI BT IESE . B ATTA B, SR 5 7 i H BRI 77 e A HORE, 2 e A TG Ho A
W, EROX PR R E EBAW A — & WG 40 B BE O AT A RGP 1 T B L
B T AR RGRE M B4 %, fERE T 47 EEBRBINRE 2R FSH
TR ST R IR B A AL A V5%, T3 B TR 1 407 1) L AL RE B R I s (1Y)

AT fERE H B AU B A 2 e BRI, Z4E5E, Heinzel £ NK R T —& HERAW)
H BERS 40 4 pg A (6:10,52.75] | s oA L TRl e 1 T4, #A S — N HE S H B2 Ay
X, BPRTiERY PCTR(Prominence-Corona Transition Region) , 3+ HARA 41 AT AE 1) T 58 &t
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BB, 2P, Gunir A O @ T AR MSWEAL, BRI A2 b
HURT AR AL B, AR X — BRI DU A 238, SRR, Y3 E LR TE
10 km/s A7 R, F AR TE)RE 40 2544 B 00 1) 8 B R [, L&A 2880 B RT DA 7= A B S R X6t R 4 6t
S8, AT EREER, BT Ly-o (ARSI HAB R ISR E R L, HIL Ly-o fid
fth 1 B i 2R AT AT B B SE A RS FR I (L0458 T i, B IR T400%) |

Ly-a Fil Ly-3 1% 2848 5 5 B (9 Lo (B %R 40 45 4 6 0 BEART LA M I R o SURK, TR 4
FAET # HER 2B B3, @t SUMER BISRIEHE,  Vial & A B3 RBIER—4H
B R 7 B X — AR —#E (M 96 2 183) . i 80 OSO 8 ByxRM 74 MIEZ] —AAHXT#E
/NHIME (65) , X ATRESE B T FSANEM AL AR A BRI AT, Vial A B3 Iy, HEAYAEL AT RE
R AN 5 Y AR R

6 RAEABFFTT I

TE5L 2589 50 4R EL, AATRERPH A 78 BB TS T & a k. (HITRR1EN
T L3R A L, AT — 07 T 7 ZE AR A 5T

(1) IEAATH B, 1EFERA MR 2 HRT, AIEERHE R Ly-o 3%
LTI BN, B 2D ARAH 2[RRI TR HES ] Ly-o SEZE0 K TES MR,
RAERWH, BEFEZ)E, FREFFEI LRI KM Ly-o B,

(2) HET, W3 XBURIRAR e o s = . JUHE Ly-o, W THAEGEIX
S A i ELE AR, SUMER XERAX HEATHRI . AnBE Xt 3 X BUA R 454 (4nis 3h
X, BT, EE) . ARISE WS, CME) Ml & 8B T RGN, A8 AZxt
KPR R BN VORAR B — 2 TR,

(3) MR FH B i LR AT AU BRI FE I A R nai. BT H B LS, ANTRAR ISR EH
LA B G AFRER EAT.  SUMER (4% 7 KEM T#H XM EZFBEEEY, Zee
B eI BRA Y B RE, RS G BRI AT, TR 3 U2 g 2R AT A AR, K
o HUE AT 3 X R S 42 (B R S A
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Hydrogen Lyman Lines Emitted from the Solar Atmosphere

TIAN Hui 13, XIA Li-dong 2, HE Jian-sen 3
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Abstract: Hydrogen is the most abundant element in the solar atmosphere and its resonance
lines, especially the Lyman-alpha (Ly—a«) 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—a line was used to observe the Sun since 1950s, when the era of space just began.

It was found that the Ly—a emission is enhanced at lanes of the chromospheric network, and
the brightest features in Ly—a« images are active regions. However, so far no continuous Ly—a
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—/ through Ly—¢) 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—() profiles are flat-topped
or even Gaussian-shaped. Recently, the Ly—a 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—« profiles are strongly reversed and stronger in
the blue horns. It is believed that the opposite asymmetries in the average profiles of Ly—« 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—« and Ly—/ 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



