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FERCRE TR, SRJE B AT RERIE L AR RV Ve IR RE R T AE R ERZ, T
MEERY R R, FE, RN RS aREE TR LiESEAH 2 S, BN
BRZER; HETIHETAE, SmECSWIHERY N 23, XTI BWRhasRES.

M, Milligan Ml Brosius &5 A 16~18] gak T Ag2E R 1920 | Wt kB R S RIKFEE
RGNS MR ZE K (gentle evaporation) kg A FAIZE K (explosive evaporation) ,
XA 4> JAF AT R IR AL A 4T A S X PR B

MM EoRE, AERFE R SRR L K AETERBEK b A 2122 (HAg i B 7 B AT A
MgAA 023 —fgoleit, FEMEBERKI AR Z BB R R ERRE LR (EEGERET
WRIKS) 2224 WAERTARA AR AR IR R EERER R EFIS p )R | Y
R, HENXBEARER Y ER, B AMMEEREREHE, ERFELE—DINAERT.

B T RN A7 B st A 3R 28 R AT A, R 2 AR T BUERLU AR, B35 RS Ay 5
PR 19200 B & ZR iy Z IR RAAL 26270 DI R DA 1 Bl 7 R AL 128:29) B A 4 T Y 4R
Stah frseas BOSY | RORAURE 40 A BB BRI IS T T € SR8 R AR, X PR K 1L AR Y
ABE IR EEMAEA.

FIHETH 1L, BBk E MR TI T ERR V2 WINRE, JTCHR B R T
£ X AL BUV #2600 SR Ho S5IREINLTES, (30 BURD Bk A S 7 | 1
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T LSRRI 45 R — e R, BEE LI O AAE BE B4 4 LA S R T ik k2
BERFRARMUSZE - T 58E, F RSN,

AR ICHE G AN AL 125 Hh BERZE R BOIESE, RJE A SR BEASER, it
PR IRAFAE R MR A, e f— R SR A B S R R

2 QERAER BTG LM

IR R BRI 2 UM sk i Lizsh, Eib, RikzE Ak mm i m 8 m i
ESE S MR G R 2 8 e . T T ST G UL 7 T R J /R ATEXT f BRZE R LR B 52
4ER.

2.1 P78-1/BCS %

Feldman I Doschek % A 451 FIfl P78-1/BCS (47 Wil s P53 6 31) BFFE T JL A EBRER
X SHEIEL, RITEMEBE LT Ca XIX fl Fe XXV 44 AR 1, HERE i 114>
HIRER 50% , FIAGHHTA R4 400 km/s A 28 E BB, b EE i B R IE
HWFJL? Feldman S ARIZEHEH T JLAER:: FTRERIEARIMERIEL, WATRES (AR,
M LR T RE R AR AR S R SF R TR, X 8 BRZE A R A L SE 9% .

2.2 SMM/BCS il

Antonucci 28 A 919 DI K Acton 8 A P4 Ff SMM | BCS B3 fik X G388, %A
ZE A ERU IR LR, 52T EiA 300~400 km/s By, XL LR B HH B 7E
BERKOhAE, BB AEERFER. MAL, Antonucc A PR T IS MEEE K i 4E H B IR
SN, A BURRAT RS M ERERLIAER, HIELRN P EBHEE HA 80 km/s 217,
PG, MATAK, BREBERSAW LR WHWEBERMBZEENSEER, mEEKRE
HYBSFEIATER X SR i T B ] — R
2.3 Yohkoh/BCS il

BCS B 7 5% H 25 [0 4 #E%., {H Yohkoh FIFHEE T IALEIRIHK X SR HITHE (XRT) M
il X FrERHEIE (HXT) . £551X 3 MUES, 0L Mees KIHRCE BIGCIEFM B, Wiilser
SN M St —A X GORBERRTAIEFT TS, 1A B Ca XIX BB KR, M Ho &
W, BIME]T r YRR (BBkzER) M TR (BERES) , JFHZH EFHRTRE
VBRI T F — X3, Fny, M3 T LAY R TR, 458 BRX P ENA
K, FIALRUARARSE, MSh, Ding %A PO AT 4 MESRIBEER Ca XIX J2R, RITH
BREBEE, 5 EERZER N BER SR —2.

2.4 SOHO/CDS i

HEIRZERBRRNE, PG RIE R EETTER X SRR, FHEE WM A & A
B, BFEEEIR EUV B . SOHO Ly CDS(H ZB2Wi 6B A THMEEE
WLk, [ RAE SRR R, EREIRZER AT R T —2.

Czaykowska % A 123 FIF CDS WEIELIE T —4 M6.8 Ky iese, ZEHAT OV
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(0.25 MK), Fe XVI (2.0 MK) fl Fe XIX (8.0 MK) %4k, I & B, FEMEBLZZAH, MBREW
W Bkt LL RS, TSNS HEA R, MI1H — KA EXIELMH ZiE kA T
AR X g A TR BE S, AR I BITES LA, Ul WG EIRIETE AT

Brosius S ATEIL T4 B CDS By BERIXT A BRZE R M T HIRAMBETE. (£8) CDS #ymiit[a]
TP, AR TR AEETA. AR DL R SR A SRR R T R R IR R AR L. T
2004 4F 4 A 24 H— PR RGAG R TR 7EHMH, ONII, OIV., OV fl He IT 3%£&
ATLAREI B R 2 40 ki /s 2 8 E R R, TAERK AR, XSG LRny 238 i B e h 21
%, [ Fe XIX . CaXIX ., SXV &4 (454 Yohkoh/BCS f%iiE) ¥R, HHm L
A PRI BGE ShBh AR S B8, AR, FES— B, 1A I Ol O
IV | Mg X fil Fe XIX Z5i8 k¥ I LIRS B9 | JF3k, Brosius ¥7% & i 2 B R A LA X
I EIRBER R AW ERER: VERTEARBEMLEXKIEL ENREERAEL) &
RIAEBRFAEMRZE RS, YX R ILLRE, T R e T 28t B 7 i U PR
ZABERZE R US| DL 2004 4E 7 A 27 HRAERBEBENR], Fe XIX FEE KA
RARRAREIRZELR, B TR N RN 2k . bt TR EE: —J7
FEAZEEYR LG, P REREEBARIGER, H—HEH TAEUERE, #%A%
REHLIRD, IR RE D B 2R S RE i,

Milligan & NTEERZE R I7THWA T H 20 LAE. ffiTF RHESSI Al CDS ¥ERHFTE T 5t
WA PR R SFE TR EER R, —JTH, AR AEREEEUE T 200346 A 10
H#—A M2.2 RAEBERETE, S8 FREE > 3x10% J- cm ™2 s71; 55—, 1L HE
WEBERI K ITAH,  Fe XIX ZAFAE 270 £ 28 km/s WEER 1, Ff HEBRM L I KEL B,
LN 3015 km/s 101 | SXBGILMILE AR 5 Fisher 45 A 19200 gERHTIA —3(.  Milligan
FNAAXE TRERWZE LR, MITXHR T F—4 CO.1 Sust, KBAEKMAH He I, O
V. Fe XIX LAFFEMERHEE, T HFIRMEE 2003 4F 6 A 10 HAEBEEAR (> 500 J- cm ™2
s7h) 07 G, TS T RBERK A R AR A R BRI R IR, Bk, AR
ST AR F ORI, A2 ATHR 2 R InRAL ] o JE R TRk,

2.5 Hinode/EIS il

Hinode TLE FIEE M EIS(HE MG 6 11) 140 5 AAE 9 i EL A 5 5 Y 3 4R B
FERE R, FIRE TR R Bk ZE K. Milligan 2 fJ EIS SR ¥ERMAGHE T —4
B7.6 REIHOEEE, bk I Fe XV REFEF N EBMLLES, HEHEAE 14 km/s . 8RBT
FEH Fe XV 2RI M B REBEEW HAF 45 km/s , FEFIANXZBIRMPERELR, 7IHE
G SIRS), FANEXA P REAE X HEES (GIRETHX) . 5k, Milligan
M Dennis 22 fF41AFET 2007 4F 12 A 14 HIHIH C FAMEEE, TR T 15 Kk
VRBERK AR 2 B B, KBUA 6 K%L (2~16 MK) HHER (22~ 268 kim/s) , HA Fe
XXIII #1 Fe XXIV KB HEER S, HAERE Liflbomb 15 HKHEZ (0.5~1.5 MK)
L (21~60 km/s) . MATINAX EBA RN ZE RS, HIEPRRF RIS, B LB
VERSTERS [ A 23 8] L 500 X STEREEATAE DS, FEMEAIRI4 RHESSI fYAF X GT45%5 519k
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PEFRERE >5x103 J- ecm™2- 571,

PLEAZT I ZE A A X 3Rz R BRI A5 R, & i IR A 2 AL AR Ol B 4
e 2 i (RAH T AR R) . S2hr b, BBEA AR, &I,
MR TR X S48, EUV DIK Ho SFE& AR B T BERERIETESN, WAES i BB T
AR A2 ORI e B N B e RS R AR T R A LR AR,

He HEII OI OV FeX FeXVI SXVCaXIX FeXXV
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Bl 2 TEMEBERKvhAH R Y 25 8 (085 B IR B2 1Y 20 A 17 00
B EE THRRERE, DLIR IS EEEE (HPEERRLY, MERRER) . EHARRSREARF (G
g,

3 BERZAE A Y B

BT DT S R 5T R 2 A S, o AT LA ISR L AR B A Bk R BIIEDE . Silva
SN BT 1994 4 6 A 30 HAG—MIRBE, RBUAERKARRRE X SHERIEME X 4
WA B, b FRBEA T H O, FMI g2 A IRE H i LKz 3k
HEHm LR, Lin A W4T 2003 4 11 A 13 HBBEFERK vl AH B #) RHESSI [&]
B, kI X G R AR L2 sh B8 AR (LK 3) 5 BEEMBEA R, BRI00IRH
DU X PRt v 1. fE= b, XMEBIEGA T H gk, He] ARG R I 2
MR TURE X MOFGi25). BT, Ning A W B—RIESE T FIME X GTR 2 S IEZ
W LGN — TR R, F HAER B R PRI E] T X R AR, R REXT Y
PR B ERZE R . MRS T T P R TR LS BE, 43508 175 km/s Al 347 km/s
HR BN BEREE. FREARERN X FREBETTSHHELEE .

BHIRE, RAFADRFEN @R LK BCS A B A Z R MR, HILITIERT H A
AR MR IR ALE, J5AH CDS M EIS {4 AT LA 3R ik 2 3 i B Ay 22 W) 70 A, (H il
TRAMGE], B IR > HEREAR. AR B A 8w A Ik 18] 7 9 A (] — i (] 4 ]
PERRE L. G TR J T 3 2 IR AR A, A BE B A AR L PR BR R B AR .
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B3 AFfERBERR RHESSI FGEEL
R SELRRGERBRTEERN 40% . 60% M 80% MR, MEHEFRIHIE & BAERBERK A, T HE 2 2R 7R MUK
IEE R —AITE 43

4 ERFEA R BUER

Fisher 55 N FL1E 1985 SRgEHTIL T AF L F SRR ERE PR RSB 3 2 iy, 1920491
AT T ARk PR A R AR B R R, KBS TR/ T 10° J- cm ™2 571 i,
RRERMAR OBRER, BEEBE R km/s; RZ, BETREEAT 3x10° Jem™? 57!
A2 IK S A & AR, BIRIE A m LS k/s #IEFILT k/s (YIBGZ3). J5
%, Emslie, Li A 101 H3f B3 F AN ABBER HEAT T 30 1 22800, IR BRI R Y
BCS (MBI T HAe, RIS Ca XIX BELRAE B S WMIARSF.  Gan, Fang S A 17451 ]
BT e Sl BT AR ER, FHFHWHET CaXIX | Ha fil CaIl K JEZRAYREES. i
MRS AR REAR A il b B Bk AR R A

BR BB B AR E — R, NSNS, XA U8 T, Hd TR
A, Hori FA PO IR RN DAR I T OhPTAERER], RIMBSOBEER t— RS
REPH ST B e A (R RS AR B BELER AR I A, X B W] DA SRR W SR A o RS E TR B
Fre 91 BESh,  Abbett FI Hawley B0 8 T PEAnAfR T 72, BISRApda it sl S m g, 18
BT RS A E AL ER . B R AR S RGBT IEATAR DL K R R B AR A
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TEMRAIAH, MAGERABORA T, RRIEMETIPRE, ML B2 EHO%; EHE R
KA, RAMAB e RIS G RRE R RS, S5, Alled A BY X %45 3) /1%
BARLEAT T 583 BR T BE K X SHEMBSL, B%5 BT UV M EUV gk, FHRA T EMRFE %
PREAERRL T AR, B AT T PSSR RO R (~M Z%) MERMEEE (~X 2%) Byiid,
FBN TP, RAARRREERY I ] ARXT i SV BE AR 22, N B 5 A MR B T REAS A7
TEMRANA, MATEEL AR, TERAA S BERAILL R XE L HBLZ) 120 km/s B IERSE
B, SR, RERZIELS DR 40 km/s LK. EH3) AR 2 IR 3l 1%
R AU, HiA —RIR, KA RGUNEE —EWEE, A5 T2k,

8 BR A& R 9 o R A T DA o R R B ) AR 92 BE. Yokoyama Fl Shibata (25:29) 3f
VEBER G E e B AT T 4 MHD #El, HEE T Hmkfé R, BRGE T HRERRE
B BB ERE R A EMR . Aad, 775 3] 89 28 5 B H I 3 7 2 A S Y 2D
— g

HAT, SRS RGN G RRR LA, Hei LR AERMA. —J7 Al g
SEXRIMRE R, 55— 07 I SAUT R R 58, MR A& M. AT, BREEF.

5 TFTERYIAIE

Xt EBRAE R E LR T ILTH4E, Tie R INE 222 77 T #ERG TR KR,
MR R BRI EREIE W, EATGIN, GRERRAEFFE— L, S5
T A 2 &, DA e —S6 38 IR p I 45 R 55, et xt B A b 7 78 8 J LA e
HEATR L.

5.1 fn#ALHRHEZIEHRITIE?

H A A Pl BRZA B IR AL AER A T AR AL S0, 5835 W — BlL i
EEEM, MESRWEREEM, Krsdh 20 XE—PRK HERER M.

EEIRERBEREBHEAA, Ohki PU BB TR X HRMEH, tRIANGE
S5 8 B TE SRR Bk el AR A Lk 2 R, X R IR S R WK B BR A R Y EEALH], AR
AEHL T . Datlowe P SZHET Ohki {9453, HIL, Milligan B2 FEAM T — 4 B R BOE SR
RHESSI fil Hinode ¥ AR A B A RE X S L4 4T, HItA iy R e S I3 T @Bk
K. X FAEREFRMMAHLE, Lin A Hudson P2 W RAGSRIE T HE M. 5L +4 4,
Brosius % A B85 i 48 1 E S iy AOUZ A E BRI T ZALH], By 2 BRIG LR A0 G IR 5T
T X SRS, ARl TA R @ REMPRZE KSR, Milligan Al Dennis 22§58 T —
A C GORBE, 15 IERAERRL TR IKS) T A Xy Bk &, O LR A W B R 72
BSF [ 1 2 [ A0 A0 XS AR AT A . BR T 23 SRR R S RO A BORL T 3R B B AL
Gb, A — B RBRX B E MR EEEM. Acton %A P BT — MEBEA K X H 4K
A X SRR, MATIA N B ERZE ARG PIR LA 78 8 BE K vh AR 2 00 7 I 3 2 & 5%
BTk, T7ERAAR MR RS SAE A4 T @RE R P . Witlser M 5@ 3 % — A~ B BE BT



160 X X ¥ # B 28%

FME D R ZHOHHE, Ay — SR SRR IR, T 5 — 88 R AT A 3 BORL T 0
AR, Sboh, FER LKL, 200 et Xt AR RO T RN BRI AL S 2 B BOE R 45 R
N, XA LK) R AR K

LRI, AERKLT SRR SR FLAR 25 A5 R BEBLHR A P — Al & e RE X S
Amat, XUTFPUREFERALTREEA; (ERBERERER, B SARMEREH
BE, XA SR TR G, S AW — ML R EEAE A ? B Er A IR 2.
AR HIEBE, FTRESA AR B IAALE . KEBEL T, TERBERKf A 2 2 d AE R BT
IR R s B BRZAE S, T AE RAR A A0 U AT REE iy B e AR iR AN iy B Bk
REZE R, A AERZE AR T DL i R A T ORI B, 5 r M BE AT AE R BLIE AN X
M EERZE . XA RE T BRI Gk —P ik, w HBTHERE, W LSS & RHESSI
F1EIS BERIRARSEDF TS X > I, (7] bl LAAE RS 20 ) R (B AR,
52 Aft4aSBEERBLSELSES?

MR BCS SN2 FLAE B B EIS #E 2, X Pl & (Z 84 Ca XIX |
Fe XXIII Ml Fe XXIV £, JEACERE X ® T 10 MK) , HA L# < 3R AR KA o i
(B BE P[5 JLE km/s) , (HAETRBE 1 1k 4 bk by 2§ 92250550 R o R FH R A 43 o
P ELRE (WA 4) . XA SRR B 5 AR5, A H ATt AR 2 M
B (1) SR\HEAART, ESRAR LYFREs; (2) i PRGBS, YR
2 ) JUF-TE ARy 1, JUAaT B 2808 8 10 i BEAR /N 22561, (3) (% B o] 43 kR 48
B, TE TR AE > HE A B Y, 5RO FEMERBERE Y (4) 2L 2 ) A HE R PR A,

10000 [ | I B I B B B | ]
8000:
6000:
4000-

2000

O.

| |
263.5

L1
264.1

2I69|,.7' ) é6é.9l
A/A
Bl 4 Fe XXIII {25 BRI A
HITERNEAE, SEEOR D B G RIUa R, BN ARRER S Bk &, HhlEBEE, 251.3 km/s , #
B &SIk BT 0.33 .
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SR B 2 L SR ERENT ZHEERS 2 FHER 2, XWHBE—-CRE LEET
BRIEL N 2% LM B8, (BOFRA SeMRX A S, BRES SR,
5.3 AENEZIBFAEBRETNEE

W& LIRS &, TN RO I LR AR &2, BUAE B A RERIFIR H A A DB
HIi%k. Kamio %A P8 fE T 4 MEBE R I Mg IX 28 FERIEE N 1 MK) R
DR EEEE, MEMKEERBERNABIASE. B, iR —a 7ETRE— N
RO BT —EAE, SR IER, KTXMEN IR, X 2 H 55 R R
FHy. JEE, Zanna S5 A U @EREMT 2002 4E 10 A 22 H REREE W F LS. ART,
Milligan (32 ZE— g SORBE R & BL Fe XV £ (2 MK) f77E 14 km/s WAL, ke iire
MREE R 200 J7T ERZR BB T 1 FTIES), XX Rz R BAE— PPk, Milligan
%N 220 XA EIS By 15 238485t —4 C OMBESEATIE, RITE 2 AR EMRT 1.5 MK iy
AR, s FIREMISR LR, NABMEBRNAFIRE R 1.5 MK A4,
Bl R LA H BLAE L MR LI R R B m g &, mHEREMBRETEN (HF 05
MK) &4 TABMIEBI R, XBUTFHRARFE ORAERBAMYIILHE. Miligan %
N P XA T R A AR TTREA LR A A, TS BRI IS AR, HiX
A ] R 0 S e — 2 DRI R B8 E SR E: A SRLL RS AR /S, TR A5 B 2y B I PR 3 X
TR 7 v S B,

6 BEMEEA

H AT B Ay Bk R AR 4T X THRBEL AR 1 5 1y, & ARV R BBk Z k. Ehr L,
AL BERZERIBTTE] AT KRR L, BIAHE TIPS ., R ER AR R,
M TR IR, Y5 LaEsh, S LRI SRR, XA A A AR N R, W0
KABBEBEIL (4 (Rarelike transient, 3REE I GOES C ZBEESH) ™ | B (jet) 0559 2§, Fif
HERRPE—HE, BT RS S IIRGE AR SRR RRA R A, XS ABRFE AT, ERR—
Bemfla ik & — A EER T . Bk b, GERZEA TR B TSR AR SE 3 THAENL
ML, wor R ER B 2 T SORE R TR B TARE i — PP R Gk R, ZWBHT
7. ZHERBRE EAADR R BT BRI A 1T B
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Progress in the Study of Chromospheric Evaporation

LI Ying, DING Ming-de

(Department of Astronomy, Nanjing University, Nanjing 210093, China)
Abstract: Chromospheric evaporation is one of the most significant dynamic processes in the
flare atmosphere. When a flare occurs, a vast amount of energy is released through magnetic
reconnection and transported to the chromosphere in the form of either high-energy particles or
heat conduction. The upper chromosphere is heated impulsively, resulting in a pressure excess
that drives plasma flowing upwards and filling in the coronal loops. Based on momentum balance,
the overpressure can also drive plasma flowing downward to the lower atmosphere. Observation-
ally, chromospheric evaporation is characterized by Doppler shifts in spectral lines. For the high
temperature lines, e.g., Fe XV, Ca XIX, and Fe XXIII etc., blueshifts are usually observed with
speeds of hundreds of km/s. While in the cool lines, such as He IT and O V, redshifts of about
several tens of km/s are often detected. The evaporation process can be classified into two types,
the explosive evaporation and the gentle one. When the lines formed in the upper chromosphere
and transition region are red-shifted and the hotter lines are blue-shifted, this case is considered
as an explosive evaporation. When all the lines appear to be blue-shifted, it is considered as
a gentle one. In some cases, chromospheric evaporation is also shown as a motion of the hard
X-ray source, that tends to rise above the footpoints and eventually merge into a loop top source.
So far, numerical simulations of flare dynamic models have clearly reproduced the process of
chromospheric evaporation. The models that have been developed include single loop models,
multi-thread models, and radiative hydrodynamic models. The simulation results are basically
consistent with observations, but there are still some quantitative discrepancies between them.
In this article, we give a brief review of studies of chromospheric evaporation, including obser-
vations by different space instruments in past decades and results from theoretical modeling. In

particular, we discuss some key problems that remain to be solved in observations and models.

Key words: flare; soft X-ray; UV radiation; Doppler shift



