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S AT 2, (ERRE L Fe FIFILE M ARBRVAE. B & PRS2t =0 & 0 5
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W 4, B 4a) N W XXV GRS T ROR TS, (H T 03 7 B BT R AR 1ok i 5 1%
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4 THEY, & BTHTHRETBRIRE X SR IMNE STt R 425

].0 B 0.3

1.0}

0.8} 0.8k 0.2
& el
0.6} B 0.6l o1 ‘
% 2 06 . ) _
H H Y10 12 14 16 18 20
0.4} = 0.4} i
: :
= 0.2} ] i 5 ]

,{ k 0.2 | "
0.0 e 0.0 e
b 10 15 20 25 30
FA /nm A /nm
a) b)

4 a) W XXVEVRHEESHERLE,; b) W XXVEIBEEsTRiERe g™

S, B AR SOV B AR AE MR ) B X i LA R R — W 4 SR B B T A Rt T —
S T A R T R, R R A3 1 B R A A S BO L A EALRL. — R, A
EEERR T R, RT3 @R A 3. AR I B2 W 1R K A
SEVE, RS IEW BUB OB T R AR 728, RO R, RO R £ R TR
TR, H X R kR TG T, ER @I Sz B G, Savin 25 A @i
LLNL F 753 PRI, 9t ihss B Wi gt TR i 2 sk, RN B st
TE SR, BRISERAHTFT, UL ) i R VS U A T A e DR E R AN R S T
PP R BRI AN IR SN R AR B ST E S A, I AR AN £ 50 Pk th VT B A Y 1) FRI T /R SOk
FERIBEFEAR (L, S BUR R RRR IR, 40, 5 B OB AR SO B P ) S SR A
T TSR T R A T DR R A P A B B, A RH 2R P AR TE KPR
B AT B b P A VR A A L T, R AT AT T A B TR A T R
PR ELAE PRt 4R 28 R A SRTIT AR B0 () P 7 A8 0 1 R R v AR LI I %, P
ML T — B GG IE . A T X LIS T £ B AR LA RS e R B, Betancourt 45
N U TR T R AOGHEAT T S S R A e R X AR T — AN S A T A
WERR R S BRI R BT O I A e AR 2R, I A1 PR 2 R P 1 2R e R
SR G AR FT AR R A FAT RS e . P SR T O T A R O S 1 ke A
RSB TR EEAS B B, Beiersdorfer 25 N F 2005 454 2 C€/1999 T1 [k flf
X B RSCE I X RGBT 7 =R, BT C, N A O M@ AN K 522
X BT HEAT IS, IRt Ne VITIRDGE AT T I, WP Ee R B, I i 5 00
FEAEEEE—F. AAMERIL Ne (585222125 010 X a5 ks SR — 34, X—
4 SRR 2 BT R LA h VA SRR SO R e MBSO HE 7 0 B 2L R 4
ELHEI 9 PE RGBS - B2 4 A5 AR 4



426 KX 2B 35 %

3 mgibREHS

KRIANET BFIRE T B X SRR SMRS ot . B, MCSARSe M5
& AR (1) B R GE T AR X ST ZRANAR S8 AN S (R TR IR DA R AFAE T IRl R, 551 H
L ENIER T, HR, Xt Fe XVIIf 3C/3D £k b i) 0 0 UE R 1 B 7 SR B8 1 B X i v B
RS RE MR M EEEH; &, @A TIERE, BRTSLREnE
WSS, FEVEAHHAN 28 T T IR B T B X S G AIR 5E A 1 4 S 7 )t g

BEARHE TS TR E DAk TIRZ RAR X 2R IR 2R AN ), {H 2 St 4 A
FEA IR ] T BOG UGB FEATI IR SZ AN 58 BERNASHERA 14 S 1 H50 0 1 52 ), 3 7 2 PR 1] 17 S i (1) o
S #. BT DAAERE T R I SE 58 2 0615 0 70 Hh B AN W7 R dk e R (] R, 9 FH S 30 ) 2k A
Wi e 35 S EIS AR, B ARSI AR T A AR REAE. AL, LI T T R R A B i o)
e, PANIESE 2 VR A WL A BLTE VL R A M 55 T 28, IR S, B TR RIS =
W& 2 (B BAR P, HARR S, EARGRRE R, il S50 = 6 I 2 1A 4 H 2 T AR 8%
i, X PEE L) T 9050 = PR DG AT S B TR RE S B s . BRI TP RR 8
Yook B AR B0 BE B R 2 ar B Sk, SR IRCUT Bk e A TR A B Ok R R S, (H
X AR B B T, A RIS BITUARI R, BRI, R B A HR AR AR
e JE e B — TR EE ) TAE. ShAh, TR B T BRGSO 5T 0 R B 7R S
FHOIE W RAR RS UL &5 B T AR B R S S HO AT &, (HR B IER R IRE
LHSLIG EIREA — 2 N, W s SR AR NS R TR, TR T2
KREHEE T LR ESE TR R — GRS T, MRS FIREZFICR
A5 AR AR, R I A1 2 R R S 6 =8 TR AR A B 6o 4 o ol R A ) B R v D 2B AR R P ) .

S WK

[1] Brown G V, Boyce R, et al. Laboratory Astrophysics at the LLNL Electron Beam Ion Trap EBIT-I and
EBIT-II. America: NASA, 2002: 38
[2] kA, BRI P13, 2000, 29(7): 393
[3] Drobnes E, Pesnell W D. Bulletin of the American Astronomical Society, 2007, 39: 893
[4] Rajiva S. Bull Astr Soc India, 1999, 27: 231
[5] Brinkman A C, Reflection Grating Spectrometer Team. Bulletin of the American Astronomical Society,
2000, 32: 1198
[6] Deluca E E, US-Japan X-Ray Telescope Team. Bulletin of the American Astronomical Society, 2007, 39:
171
[7] Domingo V, Fleck B, Poland A I. Solar Physics, 1995, 162: 1
[8] Singh K P, Tandon S N, Agrawal P C, et al. SPIE, 2014, 9144: 15
[9] Dmitriyev P B, Kudryavtsev V P, Matveev G A, et al. Geomagnetism and Aeronomy, 2009, 49: 1080
[10] Wu Y P, Ren D H, You Z. AdSpR, 2004, 34: 2667
[11] Del Zanna G, Mason H E. ASP Conference Proceedings, 2002, 277: 333
[12] Smith R, Brickhouse N S. Bulletin of the American Astronomical Society, 2008, 40: 186
[13] Bautista M A, Kallman T R. ApJ, 2001, 134:139
[14] Ferland G J, Korista K T, Verner D A, et al. PASP, 1998, 110: 761
[15] Kashyap V, Drake J J. B Astron Soc India, 2000, 28:475



4 THEY, & BTHTHRETBRIRE X SR IMNE STt R 427

(16]
(17]
(18]
(19]
(20]
(21]
(22]
(23]
(24]
(25]
(26]
[27]
(28]
(29]
(30]
(31]
(32]
(33]
(34]
(35]
(36]
(37]
(38]
(39]
40]
(41]
(42]
(43]
(44]
45]
[46]
(47]
(48]
(49]
(50]
(51]
(52]
(53]
(54]
(55]
(56]
(57]
(58]
(59]
(60]
(61]
(62]
(63]
(64]

Martin W C, Wiese W L. NIST Atomic Spectra Database. America: CfA, 1998: 182
Beiersdorfer P, Lepson J K, Desai P, et al. APJS, 2014, 210: 16

Friedman H, Lichtman S W, Byram E T. PhysRev, 1951, 83(5): 1025
Giacconi R, Gursky H, Rossi B B, et al. PhRvL, 1962, 9(11): 439

Voges W, Aschenbach B, Brauninger T, et al. A&A, 1999, 349(2): 389
Bowyer S, Drake J J, Vennes S. ARA&A, 2000, 38: 231

Pounds K A, Abbey A F, Barstow M A, et al. MNRAS, 1991, 253: 364
Lundstedt H H, Persson T. AGUFMSH, 2010, 23: 1824

Dere K P, Landi E, Mason H E, et al. A&AS, 1997, 125: 149

Dudk J, Del Zanna G, Mason H E, et al. A&A, 2014, 570: A142

Foster A R, Ji L, Smith R K, et al. ApJ, 2012, 756: 128

Landi E. A&A, 2007, 476: 675

Landi E, Young P R, Dere K P, et al. ApJ, 2013, 763: 88

Noble M S, Ji L, Young A, et al. ASPCS, 2009, 411: 301

Tashiro M, Morokuma K, Tennyson J. PhRvA, 2006, 74: 2706

Testa P, Drake J J, Landi E. ApJ, 2012, 745(2): 111

Liang G Y, Zhao G. MNRAS, 2010, 405(3): 1987

Liang G Y, Zhao G. MNRAS, 2008, 384(2): 489

Gillaspy J D, Lin T, Tedesco L, et al. ApJ, 2011, 728: 12

Bernitt S, Brown G V, Rudolph J K, et al. NATURE, 2012, 492: 225
Parkinson J H. TAUS, 1975, 68: 45

Phillips K J H, Fawcett B C, Kent B J, et al. ApJ, 1982, 256: 774

Waljeski K, Moses D, Dere K P, et al. ApJ, 1994, 429: 909

Brown G V, Beiersdorfer P, Liedahl D A, et al. ApJ, 1998, 502: 1015

Bhatia A K, Kastner S O. ApJ, 1999, 516: 482

Brown G V, Beiersdorfer P, Chen H, et al. ApJL, 2001, 557: L75

Chen G X, Pradhan A K. PhRvL, 2002, 89: 3202

Ness J U, Schnitt J H M M, Audard M, et al. A&A, 2003, 407: 347

Savin D W, Gwinner G, Grieser M, et al. ApJ, 2006, 642: 1275

Graf A, Beiersdorfer P, Brown G V, et al. ApJ, 2009, 695:818

Loch S D, Ballance C P, Li Y, et al. ApJL, 2015, 801: 5

Oreshkina N S, Cavaletto S M, Keitel C H, et al. PhRvL, 2014, 113: 14
Liang G Y, Baumann T M, Lopez-Urrutia J R C, et al. ApJ, 2009, 696: 2275
Marrs R E, Levine M A, Knapp D A, et al. PhReL, 1988, 60: 1715
Beiersdorfer P, Cauble R, Chantrenne S, et al. X-ray Spectroscopy with EBIT. Germany: ARI, 1993: 59B
Zschornack G, Kreller M, Ovsyannikov V P, et al. RScI, 2008, 79(2): 5
Levine M A, Marrs R E, Henderson J R, et al. PhSc, 1988, 22: 157

Xiao J, Fei Z, Yang Y, et al. PhSc, 2011, 144: 3

Crespo Lopez-Urrutia J R, Bapat B, Draganic I, et al. Hyperfine Interactions, 2003, 146: 109
Nakamura N, kikuchi H, Sakaue H A, et al. Rev Sci Instrum, 2008, 79: 063104
Fournier K B, Foord M E, Wilson B G, et al. AIPC, 2000, 547: 203

Lepson J K, Beiersdorfer P, Brown G V, et al. ApJ, 2002, 578: 648

Lepson J K, Beiersdorfer P, Behar E, et al. ApJ, 2003, 590: 604

Lepson J K, Beiersdorfer P, Behar E, et al. ApJ, 2005, 625: 1045

Peter B, Elmar T, Jaan K L, et al. ApJ, 2014, 788: 25

Jonauskas V, Putterich T, Kucas S, et al. JQSRT, 2015, 160: 22

Jonauskas V, Masys S, Kyniene A, et al. JQSRT, 2013, 127: 64

Gu L, Kaastra J, Raassen A J J, et al. A&A, 2015, 584: L11

Shah C, Dobrodey S, Bernitt S, et al. ApJ, 2016, 833: 52



428 KX 2B 35 %

[65] Lepson J, Obst M, Beiersdorfer P. New Identifications of Sulfur in the Chandra Spectrum of Procyon.
America: APS, 2010: D2001

[66] Savin D W, Arthanayaka T, Beiersdorfer P, et al. Understanding Solar Coronal Heating through Atomic
and Plasma Physics Experiments. Amecica: AAS, 2017:230

[67] Betancourt M G, Beiersdorfer P, Brown G, et al. Charge Exchange from the Laboratory to Galaxy Clusters.
America: AAS, 2016: 15

[68] Beiersdorfer P, Boyce K R, Brown G V, et al. Laboratory Simulation of the X-Ray Emission from Comet
C/1999 TI(McNaught-Hartley). America: AGU, 2005: P42A04

Progress in the Field of Research in Region of X-ray and
EUYV on Electron Beam Ion Trap

PENG Ji-min!?, ZHONG Jia-yong!, LIANG Gui-yun?, LIU Chang!

(1. Department of Astronomy, Beijing Normal University, Beijing 100875, China; 2. Key Laboratory of
Optical Astronomy, National Astronomical Observatories, Chinese Academy of Science, Beijing 100012,
China)

Abstract: Observed spectram is the basic data for celestial research. In recent years, with
the enhancement of space, equipment, imaging technologies and simulation techniques, spec-
trometers with larger effective area have provided abundant X-ray and extreme ultra-violet
spectra with high resolution. These spectral data which will post deep insights on different
objects, such as plasma heating, accretion of compact objects, energy storage and release,
emission structure, feedback of supernova, as well as kinetics and dynamics in X-ray/EUV
emitters, are mainly dissected by theoretical calculations. However, the models depend on
many elementary atomic parameters and there are different understanding for the same object
between different models, it is necessary to calibrate these models by laboratory measurement.
The electron beam ion trap which is an inexpensive compact device is an ideal facility for
spectroscopic benchmark due to its overlapping electron density and temperature with as-
trophysical plasma in stellar corona, supernova remnants and so on. Therefore, the spectral
measurement based on the electron beam ion trap greatly promotes the study of X-ray and
extreme ultraviolet radiation. This article will focus on the following: current situation of
spectra of satellite observations and theoretical calculation and the problems; the latest re-
search progress of the important diagnostic line ratio(Fe XVII’s 3C/3D) based on EBIT;
recent advances in laboratory measurement of X-rays and extreme ultraviolet radiation based
on electron beam ion trap. Finally, a brief prospect for the laboratory spectroscopy research

will be given.

Key words: EBIT; X-ray; EUV; atomic data; high-resolution
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