F564: H5H K X ¥ Vol.56 No.5
2015%F9H ACTA ASTRONOMICA SINICA Sept., 2015

doi: 10.15940/j.cnki.0001-5245.2015.05.013 TR 2 1 SO L

K FHBEBT K S 50 71 5 B9 AN FO = 30
2 gl

(ARARFRXG ZEFFEFER B 210093)

X BHREBE A R A A2 KB KSR i — PR L TG Bh I %, R AL B AR R JLar B B L1508, HEBE
R KRR H ST R, WE s, BaEIG. MERHR K RSB K
e, Bk IR SE A 05 T R I T B B BT R AR T R I 2 b H R A LA (CME), A
T S6 2 )R M B AR5 3 2

FI AT FA TR B It P2 1 B AR IR AR AN A2 (B 1 U T ), G v 1) — e S0 ) BT A v, 035 MR DERE i
AT AT B R 87 RO RE RS T 2 K 87 BE BRI /AL S BB SR AT A7 MBS
RE B O WM R TR 7 S, FRATTEE X X 6 ) R, Ko B R A5 8 T A R AR B0 g 43 A AT T
PEANRIRIE L. AT o S0 R BE I T DT SEAE TR (B 15E), FRA 48 T A G IR RIS % (B 235 ) FH T A%
RI(EE3RE), ARJG MGl 50 /0 b 7 REBE b I (B ZE RO R (B4 3. FE T OBk R IMAT U &5 L, Fedi 1t
—ERFURBE 0N FAG R FRATIR Y R oW B T F I e 00T 5 AR BEERHEAT T AL (35 5), 19311
BRIl B I 25 S FEAAT &, TESLEER b, AT T EA R IR B R (6%, i
IS FRE IR KA, UL~ 4 T AR R S #3008 Bk 2 an T

FATH Hinode/EISIH Y&l BRI 5T 7 20074E1 H 16 HRRBE 19 (L BRZE K FE. 740 00T T HEBETY b
34 s, FeAR SIS S AL T IE AR X, 5524 3AN AL T S REAR X . FRAT TR BLAE R B Rk b AH , 31X 34 55
RIMHARPTAEE): ERIA FAL, K2 HEH SO ER, I iRk 4t W8 o S AR L -
IR S FEE AN AL, RASIRINBE5S K 17 g5 (upflow), MR, G Lk OF BUEE 12.5~5.0
MEK)#BEILH &2 1) 17 F 1250 (downflow); H34N RURIEE 24N s (W1 L840l FUZ M 1) IZ 3 I H B0
ZAHE A, 20 3A S ) PSS TR A BB R4 IE G . X3 s R T A F (9 (3R 28 K
AL RSO ERZE R AR R O ERFE R, W] ILREBE DI nT G847 465 AR I FA L.

BT 5 T 4 VEBTEL(EE T 44 16 8 (¥ F5E Ak ) A5 206 HR BE ISR 1 2)) ) S b AT T 09T, &
1934 7201142 H 16 H (19— M0 BE. WEUVEG AT LLA 1 I REBE PSR R Ge 4k, AERER)
TIRA TR LS VR A BRI R 57 x5 HLER. MOBAZ I KR, B/ UV 1600 Aj B (R EEk A
IR ) O P ) B S JLANEUVIR B a5 Ik B 5. X 2R G fe s P s iR, BB IR b
A L FATIE A B B I — AN i, RIDAERGH BT UVIRAR i 2 15 SR BE A 1 N FA R 2, 15 45
A EBTELAS AL SR 01 X P AR b 45 20 TR R4, @ Ao 5, A48 8] T 8 A EU VR B R
41, HE5SDO/ATAFIEISMIN i AE TR . 4R IR, BRAAEBTELS A B A7 /R, {H 2 AR
2B A8 i 2 55 000 R e A48 I 2 75 B 15 LU T T TR B AR R A E 3, e B e ma £ e B 2
. eAb, FRATIAE RS Y OF B (0 4 T B S EIS T & 1) 2 5 Bl A T XL, 45 RAF S AR I . X
AR, XA FIEBEER, A R UVERES SR T AR AR S, T8GR RIS,
BGRI T AR P AL S AL 10 XA 7] (4 38 A S 2R 0 RS UURT AL TRI #1545 380 17 0F 5.

12013-06- 133K FHE 42447, IR # R0 KRS S MIBHE S Be T WA HE. 58K M K2 Il
g ##%; yingli@nju.edu.cn



5 1] 2 B KBBR8l )22 O DI RS, 529

BATHRFERTHE RIS T 55— AN CATHRERE. MATA M EHEIRATIRA T P ER B R %
EISHI G A 7R, X P B B IR (0 s e Bk A B R B IR X BRI R Bl ) 2%l R R
WORA: HIEIRML AR IR (~10 km/s), 84925 minJG 548 W LLR; 2B ML M LI
BORIWER (~20 km/s), HFFE T L1/, SEACL BEREBE 10 BEA I Fe. KB I (1 85 8% U8 AT R 4L (19
P R, ATAIIUV 1600 AW 7R, 52238 1AL s A7 AEAIBR 15 min )95 UG5, 10 58 1R (12 A5
HAH IR, RATHXPHER L SAARUVIEA h 8 e 3, 455 EBTELB T T SR &5 5y
FRMEAL. SR ER, W T HIER, ST MNEUVIEAS ih4k 5 ATA K643 B LA K EIS 84 1 £k
BB A0S EL e A, RRETR 1 B0 2 0 TR R 5 TS M 2 ) 22 25 3ok R by bR — 35 {B% T4 iy
SE2BERSK UL, BT (GRS SO EEAE R, 54, AN e A L RS . R
D 2 57, — D7 T O] REVR T I #4 = ZEAE Fp E R B IR 2 S R, ITIX A e EBTELAE B I A 4bl; 59— 7
TP REVE FREBE X A7 A6 AR B 00 T NP B AR R AR BT A,

Observations and Modeling of Solar Flare
Atmospheric Dynamics

LI Ying
(School of Astronomy and Space Science, Nanjing University, Nanjing 210093)

Solar flares are one of the most energetic events in solar atmosphere, which last minutes
to tens of minutes. The eruption of a solar flare involves energy release, plasma heating, par-
ticle acceleration, mass flows, waves, etc. A solar flare releases a large amount of energy, and
its emission spans a wide wavelength range. Solar flares are usually accompanied by coro-
nal mass ejections (CMEs); therefore they could significantly affect the space environments
between the Earth and the Sun.

At present, we do not fully understand the whole flare process. There are still many
important questions to be resolved, such as when and where is the energy released? How
long does the energy release last? What are the main ways of energy release? And how does
the solar atmosphere respond to the energy release? To address these questions, we study in
detail the flare heating and dynamic evolution. We first give a brief review of previous flare
studies (Chapter 1), and introduce the observing instruments (Chapter 2) and the modeling
method (Chapter 3) related to this thesis work. Then we use spectral data to investigate the
chromospheric evaporation (Chapter 4). Based on the results, we further explore the flare
heating problem. With observationally inferred heating functions, we model two flare loops,
and compare the results with observations (Chapter 5). A consistency is achieved between
modeling and observations. In addition, we model two different sets of flare loop systems
with quite different heating profiles and dynamic evolutions (Chapter 6). The details are
described as below.

Firstly, we investigate the chromospheric evaporation in the flare on 2007 January
16 using line profiles observed by the Extreme-ultraviolet (EUV) Imaging Spectrometer
(EIS) on board Hinode. Three points with different magnetic polarities at flare ribbons
are analyzed in detail. We find that the three points show different patterns of upflows
and downflows in the impulsive phase of the flare. The spectral lines at the first point are
mostly blueshifted, with the hotter lines showing a dominant blueshifted component over
the stationary one. At the second point, however, only weak upflows are detected; instead,
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notable downflows appear at high temperatures (up to 2.5-5.0 MK). The third point is
similar to the second one except that it shows evidence of multi-component downflows.
While the evaporated plasma falling back down as warm rain is a possible cause of the
redshifts at the second and third points, the different patterns of chromospheric evaporation
at the three points imply the existence of different heating mechanisms in the flaring region.

Then, we study the flare heating and dynamics using the “enthalpy-based thermal
evolution of loops” (EBTEL) model. We analyze an M1.0 flare on 2011 February 16. This
flare is composed of two distinctive loop systems observed in EUV images. The UV 1600
A emission at the feet of these loops exhibits a rapid rise, followed by enhanced emission
in different EUV channels observed by the Atmospheric Imaging Assembly (AIA) on board
the Solar Dynamics Observatory (SDO). Such a behavior is indicative of impulsive energy
deposit, and the subsequent response of overlying coronal loops. Using the method recently
developed, we infer empirical heating functions from the rapid rise of the UV light curves
for the two loop systems, respectively, treated as two big loops with cross-sectional area of
5” by 5", and compute the plasma evolution in the loops using the EBTEL model. We
further compute the synthetic EUV light curves, which, with the limitation of the model,
agree reasonably with the observed light curves obtained in multiple ATA channels and EIS
lines: they show the same evolution trend, and their magnitudes are comparable within a
factor of two. We also compare the computed mean enthalpy flow velocity with the Doppler
shifts of EIS lines during the decay phase of the two loops. Our results suggest that the two
different loops with different heating functions as inferred from their footpoint UV emission,
combined with their different lengths as measured from imaging observations, give rise to
different coronal plasma evolution patterns as revealed in both models and observations.

With the same method, we further analyze another C4.7 flare. From AIA imaging
observations, we can identify two sets of loops in this event. EIS spectroscopic observations
reveal blueshifts at the feet of both sets of loops during the impulsive phase. However, the
dynamic evolutions of the two sets of loops are quite different. The first set of loops exhibits
blueshifts (~10 km/s) for about 25 minutes followed by redshifts, while the second set shows
stronger blueshifts (~20 km/s) which are maintained for about an hour. The long-lasting
blueshifts in the second set of loops are indicative of continuous heating. The UV 1600 A
observation by AIA also shows that the feet of the loops brighten twice with 15 minutes
apart. The first set of loops, on the other hand, brighten only once in the UV band. We
construct heating functions of the two sets of loops using spatially resolved UV light curves
at their footpoints, and model plasma evolution in these loops with the EBTEL model.
The results show that, for the first set of loops, the synthetic EUV light curves from the
model compare favorably with the observed light curves in six ATA channels and eight EIS
spectral lines, and the computed mean enthalpy flow velocities also agree with the Doppler
shifts measured in EIS lines. For the second set of loops modeled with twice-heating, there
are some discrepancies between modeled and observed EUV light curves at low-temperature
lines, and the model does not fully reproduce the prolonged blueshift signatures as observed.
The prominent discrepancies between model and observations for the second set of loops may
be caused by non-uniform heating localized especially at the loop footpoints which cannot
be modeled by the 0D EBTEL model, or by unresolved fine flaring strands in the loops with
quite different heating rates and profiles.



