Chinese Physical Society

M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

IREABEEEETFHRPHLTIENHAR
sk EIFER O RER=E RA

Excitation processes in experimental photoionized plasmas
Han Bo Wang Fei-Lu Liang Gui-Yun Zhao Gang
5| {5 & Citation: Acta Physica Sinica, 65, 110503 (2016) DOI: 10.7498/aps.65.110503

FE£E 7 3L View online:  http://dx.doi.org/10.7498/aps.65.110503
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/111

TR RE R B E 3 E

Articles you may be interested in

PR R NBRIA KA Sy 1 2 K 701 80 ) A A
Molecular dynamics simulation of average velocity of lithium iron across the end of carbon nanotube
YE = 4.2014, 63(20): 200508  http://dx.doi.org/10.7498/aps.63.200508

(KA BRI AE PRI e i A o 0 N FH R )
Discussion on the application of entransy theory to heat-work conversion processes
PP 22 4%.2014, 63(19): 190501 http://dx.doi.org/10.7498/aps.63.190501

[ T A 25 B 477 NI SE 3
Cylindrical thermal concentrator: theory, simulation, and implement
V3 2E4R.2014, 63(17): 170507  http://dx.doi.org/10.7498/aps.63.170507

1E S Ia) PRYR A IEIAA BRI R 4y 2 R R AU AL BRI 5T 32k e

Progress in the study on finite time thermodynamic optimization for direct and reverse two-heat-reservoir
thermodynamic cycles

YE = 4.2013, 62(13): 130501  http://dx.doi.org/10.7498/aps.62.130501

A PtANR 2 25 K RUE AT NI 701 30 7 2 AL 7T

Structures and melting behaviors of ultrathin platinum nanowires
YH4.2012, 61(13): 130510  http://dx.doi.org/10.7498/aps.61.130510


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.110503
http://dx.doi.org/10.7498/aps.65.110503
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I11
http://wulixb.iphy.ac.cn/CN/abstract/abstract61182.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61182.shtml
http://dx.doi.org/10.7498/aps.63.200508
http://wulixb.iphy.ac.cn/CN/abstract/abstract61154.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61154.shtml
http://dx.doi.org/10.7498/aps.63.190501
http://wulixb.iphy.ac.cn/CN/abstract/abstract60715.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60715.shtml
http://dx.doi.org/10.7498/aps.63.170507
http://wulixb.iphy.ac.cn/CN/abstract/abstract54309.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54309.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54309.shtml
http://dx.doi.org/10.7498/aps.62.130501
http://wulixb.iphy.ac.cn/CN/abstract/abstract47501.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47501.shtml
http://dx.doi.org/10.7498/aps.61.130510

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 11 (2016) 110503

SEU S A T AR T AR 5T

Bt 2

FEEVI

% )%‘El)

A2

1) (FEBEEEAY E AR E (HXKXE), b5 100012)
2) (W E AR K RS 2 MR E SR, B 100049)

(2016 4£ 1 A 21 HY#; 2016 4E 3 A 2 HIkRIEHR )

FEEH B B TARTE T I AAE TORR I S M. IR R SR R I B R R, 1RSI
=N OB & B K. RCF £&— 3T The Flexible Atomic Code ¥ B 5 20 B 2 5
TR B S R AR BRI T AR B B e, R 45 R b B B A AR ADGIE S B A BIR
UF. FEERR Bl R I, B B AR B AR TR e BOMUR ARG ORI FE X B T A A R ARUR S AR A E
TS, SRS R T DU I b B IO B DU AS AT )2 B 28 5 Al R 0 R 4 DR g F -4
A B TIOR3 e B AR T /) 1) BRLIOR S T 0 1) 1 X 5 B AR AR RS . R BRI R BT DN SRR B 2R
BT DL, TR ORGSR S R 2R A T LR 2R L.

KR SR, OB, e, Otk

PACS: 05.70.-a, 32.10.—f, 34.10.+x, 34.80.Dp
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G B S5 B AR RO T A S TR
—MEENAEEL, FESMMTITERES.X
SRR RGANE D) B RIZTE KRR, XL R A
HOAFAE A SR 3, AR 3 V- 35 ok I A )
A 1 keV M) FEIXFEMIIABE R, o8R8 F2 ik
LS B SR ) 3 B R R S, —
i H L 23

L
= (1)
K ECECE B IR SRR MR R R, H
L (Js7 ) NSRRI, ne (cm™3) A T2
B, v (cm) 9% SR 5 1 e R 55 B 1 2 TR) Y R
B¢ MEUE R RSB S R R
TR R AR E 2, RSO A TE 2
1076—1073 J-cm-s—* 2. JE4ESK, B Chandra Al
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JE, FERLIN e A A2 38 AR H R AR A R B i 81
(radiative recombination continuum, RRC). i#id
X B HEL S A T AR R IT 5 RE 8 AR L0 D' 1 o
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. AN Lo ) 5256 43 7)) /& Foord 45 P4 Fi|
AT 36 1H e 4 [E 5 5258 % (The Sandia National
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A7 16 B0 B R Y SIS, SEIR AR A ) ME IR
F)2.5 x 1079 J-cm-s~!; Fujioka 2 ' ] F 7T H
AR IR K 2F ) Gekko XTI 85 F 6 S HL 25 1 1)
SIS, UEI T R YRR R A A A e R S
TR SOV AL 1 PR B AS R I XS R et B
WA R A 3 BN A SE 56 AT K GALAXY BP0l
NIMP &7 FLYCHK [, PhiCRE (9101 2 F1 7 F
T RIOEERF 7K CLOUDY M, XSTAR[12-16]
FISASAL U7 2% X su PR AL — PR R 5 8 1
R AbF A R sl T, fhtin = SRR SRS
HEE TR R E R A T PR, BRh2eE
(1, AN e T I PR USCAE . RSO sz 56 A
W=FH WA G FER I T8 S B AR

6 B FRL B A5 B T R M R e R e A R T
A (1 LSS R B /E A OO B T e
50 1) T FL S B B PN AR 2 LT, AT T ROSUR
BB, HES W [ e 5 s
A, A E R TN B UK AE AR AN RE
W ), RSO HR R B 2R N OB R
R A 18] EAR— MO B B S T R IR R
fiX, B RMEmT A R ST, HE— Lk
B 2 2 R ARl Jo B 3o R 2 B A 45 88 T AR )
556 9] RCF (radiative-collisional code based

on the flexible atomic code) PO & F A1 & 1 —A
BRSO BOE B AR T AR, Ak i
RCF X 1> 6 B 2 S 56 ADoK AR B 1806 3L
F, B 4 B 1 Ak O BOBOR R R i R S R X A S
T B A5 A B R RS R (s

2 EipEA
2.1 REFIE

RCF 5 8 5 — N R s 1R 16 57 3 1) 4 5l e 1

EASAY. e BT A R S 121
AN

dt
HAN, RSN A 680 % L,
populating 72 5 {57 I [8] Py A I A i 1 213K X A fe
AN ECE, depopulating A& BLA7 ] Y X AN
e 2 218 HoAh ge 20 R B RE SR/ B . S 3
RE 2 2 55 38 0 A ek 1) ah R A 4 AH A0 B8 TS I
BRI AR, (R RS A RS A] A UK AR UK it
. XL R O AR B R B R TR N,
I HE R 5 100 R 2 2 [R) 1 56 R A & A 30T
i35 U (detailed balance principle). & 1 H1%1H T
F A IX Se 72,

= populating — depopulating = 0, (2)

%1 RCFHEEHETIR
Table 1. Atomic processes in RCF.

J 87 Eilf

SUBNN

Xi,j = Xi,j’ + hv
Xl‘,j +e= Xi,j/ + e
Xi,j + hy = Xi+1,j’ +e

Xijte=X;p1 0 +e +e” L Thlb i HL 2 (Electron impact ionization)

Xij= Xiq1,50 +e

H K RIE (Spontaneous decay)

H #& (Autoionization)

HEH K (Photo excitation)

FL Pl 130K (Electron impact excitation) HFHEERE K (Electron impact deexcitation)
JEHUE R (Photoionization)

EHTE & (Radiative recombination)
ZMkE & (Three-body recombination)

K HF1F3K (Dieletronic captrue)

2.2 [EFEIEMKERMIRER

RCF A H () Jr A i -1 %4 #5 i The Flexible
Atomic Code (FAC) P2 it 55|, FAC & —/ 5%
AR TS R R T B AR, RS
Bz M TR AR B A SIS B AT . FAC )
SFAC Ft1 i S 25 7€ 1 B T AL S 2] - &1
RER B RBRIT I Z (A, 5.5 )~ H ik 4 0K K T
(ock)~ LAl B AR (ocr) D6 B0 B AR T
(opr)- 4T 2 EHN (ogr) A H HLEH 2 (Ray),

A op; Fl ogr 74 Milne X & (Milne relation).

RT3 P, A TR N AR
I R AMINAR A 3 5 R R AR R
AT 5 MR TR E R, R
L TR T NAERERE & T BRPIRES, a0 K H 2
DX HISE B T, X FE R AE B TR T B R R AR S
A SR A Sl R AL T RS

IR R R B S R v S AR R YO
(CE) J9fiil, £ HL-T U A T, HB T 5 N ne (55 9
T, — T B TR B T X,
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RENX; 5. BAIN R AAARRNN X, ; B X, 50 1)
SN RHEN
reactions
T?’/S = Nmneﬁc, (3)
Hn, NHETEE, & (cm3/s) ML R iR
R EE RPN ETTEA
+oo
& :/ f()ocg(v)dv, (4)

AE
Hordt f(v) Z& W7 12 o A, X B IRATER B Rk
MHLFIRE N T (22 58517 73 4 (Maxwellian dis-
tribution); AE ZIFFEMEK BEE; ook A& Ml
KA, EAR TAEFHFACTHHEAS]. 4)NH®E
THINGRER E R NAL N

8 oo E
(5)
Horm, NETHRE.

lf 4 FEL B R B 52 T R 1 S R T X A
PO R, #E— DT 5~ NE TR, X
AAE TR B S Tl X, BB X, 5
SWEAELEBTEETESH &, B X,
BN X, ;. HAt SR R A S R UL R
fR o~ 2k UM ). Al e o P R R 8 (T.)

8

+o0 E
Je = m— /AE Eoci(E)exp ( — E) dE,
(6)

Htoor(E) /& M X 5 B Xy 50 B A 88 48
TR R AR RE(R,)

R, = 8/+OOE (E) (—E)dE
r — TtmeTeS o ORR exXp Te ’

(7)
Hrorr(E) M Xy B X5 5 K5EH R &80,
Al O R T R AN X, B X 5 PR i IR
WO, ERERERE D, 5 & ARG 41 F
s, EATR RN
D. = gg:j/ exp (ATOE)EC (8)
=ARE G R B R, B R R E(Ry)
e S AT R U T 7521, BRI

1 /on 2\*? g ; AE
Ry == & Je. (9
¢ 2 < mCTC > gi-‘rl,j’ exp ( TC ) ( )

EHT=AEGLdREMNME TS - ME TR
JE, By DA G B A I ) B AT AR R N s B2 ok B ) T B
ASW)
i
I H Ry (AL A cmb /5.
SEHTHRPNENARKSEEAFEETRAEK
BRI AT B K BB AR, A XA R 1
AR (s M FACTHHES R, B ABKITERKE
I8 7 N BE BRI Y X 5 RS ERIT B g B AR
X W&, IR — RN E; j H6T. JFHAE
AR AR B R BRI B TR 06 T AN 9 55 8
TR H R BRIE I R 0 A e Bk
12, RN NS5, SCBUMUR L SR s
T RIONEERRSA N A, BB KL
FE 1 PIT AR IR A ) A8 B R T 1K AN B 1 1 FL B R I
— ORI AT N R R I R A W
R 3R S A 7E 2 BT DG B B A B S5
FEHCAT DL AR IR FE OGS B . R R
I, — AN b T O AS B LT ) R BRI B A 582 A
7R, BITRETBUR) RE Bk A1 2 ) — A R F S B T
LN & NP O R S =B UIBUR S D LR RS 22 7 S U N
R 30 5% A 2 o A A 0 E R R R
233, |

1 /2n 2\*? g ; AE
Ry == Y — Ra7.
d 2 <meTe> gi+1,j’ eXp ( Te ) Al
(11)

LB TR AN SRS R 3 B 4R
SRR R T B E R EE T, 6
HL 0 O SOOI R 1R 3R L 5 ol o bk il
AR, I A5 B T A AL Tl B B - - AT
17 (photoionizational collisional radiative equilib-
rium). @10 X FAXUE RGirh, BUR R 5
FETSAR 2R 4R 5 3, FLBE AR IR AR & AR R A

FRETIXFEHRES.
b QS W N A T R VAR N A I S YA
KEN
reactions
cmd s Nijfer
+oo
= Ni,j/ np(hv)copr(hv)d(hv), (12)
AE

ﬁ‘:F‘ AE IEé}‘AXi,j @J Xi+1,j’ H@%%ﬁé, hl/ 7\%)\%{"
T AR, opr(hv) £ CEUE B, ¢/,
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np(hv)d(hv) & [hv, hv + d(hv)] g & X 8 ) %+
R YIRS RN T,, ReESREEA I(hy)
(eV/(cm?-s-eV)) FIRRE T4 o ) BB A HE I

i) = () /(c-hw),  (13)
PG U
) —+o0 h 2
RPI = QW AE UPI(hV) e(,%l;l/) ] d(hV) (14)

FBOEOR R H R KT MR, X, #
X, R0 BT IR T B A7 A B e BOOR i R 1 R
% = NijRpg = Ny jhJ(h)Bij 0, (15)
H B,y & % K # B & % (Einstein B-
coefficient). 4484y R AATE IS
1

g'/

RPEZQ

2.3 WMASH

THE — NG E R B A5 B TR I B A A JE R
R R IR A b g A Z AR A,
EATT 73 ) 5 S AR A S U PR A R L T, R R
YW R R RS I IR R R o, AR S IR B
Ao N 0 AR L T R R, — R A SR R AN 2
AR 22 T P P A5 S AR 1) AN i W vk s s A TR
S5 T A B LTI BE T MR T T e, IR T
RIS A TR BEET. ARG T, XS
AP — 2812 Wi % BRI AR 2, 41 40 Fujioka
25 U B dbAT (0 6 0 B Rk 1 5258 4 1 T X P A
SR A SR 22 B B AR AH H T S SR A AT R
THANIE], 7E Foord 45 41 B EAT 1) 6 5 i B 2k 1y 5
o AT E Te. EREDBLRIBE T, T, dFa ST
PSRRI 1 IS AT 2, o AT DURSE RAK 8]
PE & B 5 R EE# (inverse square law) L B 4 &
753, TR NS5 B TR 0 T R ne AT DL — L8
ETE 2 2o 2 LEAR 21, BN 7 = H 2t
{8 O, oM S 5 A T S R — Pl 55 B T
PRI ) T 0

3 HRET®

W51 TR, MR WA PR E K
WL A5 BT I S, B A4 )2 Foord 4 B4 FIIH

a7 T 5 1] 2 4t . ] 5 S 6 2 ) 70 i 4 2 L 7 2
B AT DG E B R 1 258 Fujioka 55 1 I F Az
T H A KRR 2 1 Gekko XITH#OE 28 (1106 B &
FEMSEE. A SCRE H RCF A5 8L 43 i A 40X 7 A 5
R ER, JFARIE AU R HE e B B S B T
OGBS R ANRE RO S R A .

3.1 RHEEKAILE

2004 4F, Foord % BRIz E =4 T — 4
T ABL T 8 SR 9 165 eV BB AR R ) 58 SR, [
P AE SR g sl m 1.5—1.6 cm b7 4 7 — A
ne = 24 0.7 x 10" em ™3 K& B T4k, EI7EN
AN RCF HBEMANSH A, LN E#HE T 1,
Fine VG, BhAh, S50 RIS 7E SR 5 3718 B0
€A F 2.5 x 1076 J-cm-s™t, XAME AT kS
R . X T — N RAARES Y, € = 16n0T? /ne,
H.iv g & Stefan-Boltzmann # %, SLI6E 5FISE
Z IR HAE R B R T, B o = Eoxp/Etheo, M
AL o = 0.85%—1.76%. XFEHRF T T
5 FYE A o, o % AR A A 22 SR BT A
Z Ak

F 2, BB — B 2 SIS o I R U £ 45 Bk
B TEME, PR EE (Z) = 16.1 £0.2; H
fh 3 & RCF A At JLAMEAL 1 7E R se s 26 1 F
HIR TR E R, @it Lk, RCF 33 7t H AR
RE R TR M4 R RCF TR AN S
N T, =165 €V, ne =2 x 10 cm ™3, a = 1.4% M
T. = 150 €V. Ty, ne il o FRLE ST BT AR (1T FEl 2
W, 3 H T, = 150 eV 55 CLOUDY 1 FLYCHK #
RFT1S45 FAHIA.

T S A R S R 2 5 B A A AR
s, BATTAT LR A 6 Ji s e 7 S 56 B R IR AR
M. R3FER T A EMFER, XA T AR
ZIEHAF RS R, HEIA 5% 2% RCF
SERME, BETHER1IPNETF IR 5468
K TORBUURE R, 556 A B4 RAHL, Feldt
I FelST By Lb B 1IN, 252 TR -1 1) o BRI,
RIE S A oL Bk SRR R 3t T2 B TR
5. BB SRR S TR P R
HARER, 758254 Hohad 72 10 78 F ok 3L [5) 2 A
BATTHS L SR AN [F) L 2 S 2 2 5 I T B3 5 SR R
ilf e P B o R v B R B A AT JE ) S e AT
DLZAS (RAIH); Mo H BB R R3] T8
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AT 561 B IS5 2R, a3k 3 Th 541 D Pros, 7T LAUHE
WOREEOR S B B I R B 7 A A JE R A 2
RS E ;A E B R E R SR )5, B
P2 LR LS A AT T BRAR, (HAR IR KRN
TR LR B Fel O RS DG B B i RO A
Fe'®t R Fe! T+ [ s B A BRI, 456 LIRER,
AR I R 3 e e 2 1 O B XU
AL E B AR et 7R AR R, X
A RERDEBUEAIN H R (PE+AD), £5 7
Fe'4 Ml Fe' 5t ) i &5 T DGR B B LA XT FelOt Jz
S TR A N E B R RO Ot

TH5EFERR, HS5RNERB7HE L RIE
FHAET, B S0 ) TR S S T A A = LT
BOR B A EE BB, 7E Foord %5 1) 525
o BEAKRTE ) T IA E 165 eV, X FERIER I TR E K
T FelOt (1) HL B fE (1262.7 V) M RE B AR 0 Aii %
HEWRJET. RS T, A RER
TS WOR Fel >t K ULN I & 7 BIXUBUR ES, #ET
H R I AR RS T X B 1 T Fel6F K LA
ERET, BT ST IR D, BRI
BRI B HEOG S B I R R TE

F2 20044 Z 3 E FOUBUE BRI S PR IR A R AL S B AT A SR LA ((Z) e rh A & G
TR (1)1 35 B BT JBE s T A 25 B AR RY B A FH (1) HL I T )
Table 2. The charge state distribution of the 2004 Fe photoionization experiment, and comparison among
RCF, PhiCRE, GALAXY, CLOUDY and FLYCHK. (Z) is the average charge state, and T¢ is the electron

temperature used by the models.

BrA SEHAH RCF PhiCRE CLOUDY FLYCHK GALAXY
14+ 0.0053 0 0 0 0.02
154 0.0540.03 0.03515 3.00 x 1075 0.1 0.05 0.17
16+ 0.840.1 0.80244 0.80049 0.71 0.44 0.57
17+ 0.15+0.05 0.14631 0.18849 0.16 0.35 0.22
18+ 0.0540.03 0.01032 0.0108 0 0.09 0.03
19+ 0.000485 0.000190
(Z) 16.140.2 16.12 16.2243 15.74 15.36 16.23

Te 150 eV 92 eV 150 eV 150 eV 70 eV

#3 RCOF RkMIAREREZ GG RIS, 56 A% RCF U& AT R, K2 THgR; &
B R 1 OeEBOR AR, BB C o S IR O SR I TSR AR S D2 OGRS A R S

E oM VOB E LR (Z) 2T R

Table 3. The charge state distribution calculated by RCF without specific processes. Case A (solid line)

is the same result as Table 2; case B is the result without photoexcitation; cases C is the result without

collisional excitation; in case D, there are no autoionization; case E shuts down photoionization; (Z) is the

average charge state.

HE A IR HA Hp B 5l C HEID HplE
14+ 0.0053 0.06899 0.05009 0.008 0.00248
154 0.0540.03 0.03515 0.37414 0.28904 0.03875 0.01881
16+ 0.840.1 0.80244 0.5131 0.59236 0.86717 0.5005
17+ 0.1540.05 0.14631 0.04222 0.06529 0.08319 0.44059
184 0.05+0.03 0.01032 0.00149 0.00307 0.00289 0.03572
19+ 4.85 x 1074 6.99 x 1075 1.45 x 1074 2.99 x 1076 0.0019
(Z) 16.140.2 16.12 15.53 16.49 15.6884 16.03
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X LT, AT TR RS B R B T A
A R R LR, (E RS C ) Rl ok
i 1 5 P g i K B FeOF il F B8 31 Fel 7+ Al Fel8+
S E A, RITERER] A B, ORI R
THHEESFARBEREN, X5 ERSER S
P 1 46 8 7 oL S 0 R A . lE e 3 R i R
Z FT LRI XA AT A 5 TR T AR
REE A A 2. B THE A T, = 150 eV Al
T, = 165 eV, HF BN T F R ERK, H
SRR BEHE B K T MBSO 2R KT
FUEURAS, HVRE R8I e R — D Rl B i e
B MR H RO A S A E A RN, W
R M L B IX S B S B . I ELRE RO S R ek
TR E TR, K TR TR AR,
EITEX PRI T, BT 5T SESE TEH
B TERL T S5 KR R, BT B IR B 7 A i EOR 2
H B A TR0/ B SRR S, T T 56 B 1R )
HL .

XA S0 H 1 B AR AR ) 3718 31 165 eV, RCF
16 L TR N 150 eV I 15 31 1 B 4 i A 40 &5
FEIX A FRIR 25  8 6 3 ARG i 3o A 10 4 FH T 2 A
e ZUBE 1), SEBUBR N B B R TR E S
BT AN A BRI, T BB E B R
MTHEREENE FEIEYEE. B PRLTE
5 RS R RIS I 3% 4 0% R BT R O S
FEHNH] T 5 TR B S, FERBHBNE, Fihd
PR AR B R 5 L R AT L LT
B0, T 258 S A B S5 B R U R, —
S 3t FE BTk AR A2 T LA RS 1.

3.2 NAHEBEAISE

2009 4, Fujioka 2 ' Ff GEKKO-XIT # Jt #%
12 K WO W IBR =B T — A X5 2R 4R 3 TRk
BADL 0% R AR 1) % 5 3, [E) B AE AR B 1.2 mm &b
PR AN B IR AR 218 I K 0 A S T AR
SR AR UL R A B 30T 4 A R B A, AE L2 R IR S
5, R o G R R B e AR R I AR,
RE UL I 0 RE (1 B AL S B T e, SRS
PIFEAE R | 58 3 AR 1) LB Pl X AN SR ie
H1, RCF BT Z R DU N S E R il =15 21, &
I3 T, = 480 £20 eV, o = 6.5+ 3.5 x 1074,
T. = 27.5+1.5 eV Ml ne = (0.7540.25) x 10%° cm 3.

FHE=59438x1077 J-em-s™!, T KR
H R HUE.

W 1R, S 7E 1820—1880 eV AEEX M
W B) = A F 2R, 5 IR SOWI il o 868
FL B 2 B AR A el R A AL L R SC T A
NIXEE A FHEBHRAE T 121 — 1s* (I = s, p)
R JF HoOX Sk 28 (1 2 o 2 Lh g )T i
T4 85 AR 2 W 0924 szag & B B i
B 1250 e Ay R B — AN I U R SRR T IR S R
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Fig. 1. (color online) The silicon spectrum of Fujioka
et al. (1] 2009 photoionization experiment (black line)
and the simulation result calculated by RCF (red line).
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Table 4. Some intense lines in RCF simulation and their spontaneous decay rates.

BT - fEZR TR At BRIE A
He 1s2p ip, 1s2 1S 1864.81 3.87 x 1013
Li 1s(29)2p? 2815 1s22p %P3 /o 1856.07 1.21 x 1013
He 1s2p 3P, 1s2 1S9 1852.98 1.36 x 1011
Li 1s(28)2s2p(3P) 2P3/s 1s22s 2812 1844.8 3.26 x 1013
Li 1s(2S)2s2p(3P) 2P1/2 1s22s 2812 1844.22 3.06 x 1013
Li 1s(29)2p2(3P) 2Py s 1s22p 2Py s 1843.84 5.44 x 1012
Li 1s(2S)2p?(1D) D52 1s22p 2P3/o 1842.89 3.64 x 1013
Li 1s(2S)2p2(3P) 2Py s 1s22p 2P3/s 1842.85 4.67 x 1013
Li 1s(2S)2p?(1D) D52 1s22p 2P3/o 1841.9 1.65 x 1013
Li 1s(2S)2p?(1D) 2D5,2 1s22p 2Py 9 1840.24 1.81 x 1013
Li 1s(28)2p2(1D) 2Dy)s 1s22p 2P3/o 1839.13 1.75 x 1013
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Abstract

Photoionized plasmas widely exist nearby strong radiative sources in the universe. With the development of the
high energy density facilities, photoionized plasmas related to astrophysical objects are generated in laboratories accord-
ingly. RCF (radiative collisional code based on the flexible atomic code) is a theoretical model applied to steady-state
photoionized plasmas. Its rate equation includes five groups of mutually inverse atomic processes, which are spontaneous
decay and photoexcitation, electron impact excitation and deexcitation, photoionization and radiative recombination,
electron impact ionization and three body recombination, autoionization and dielectronic capture. All of the atomic
data are calculated by FAC (the flexible atomic code), and with four input parameters, RCF can calculate the charge
distribution and emission spectrum of the plasma. RCF has well simulated the charge state distribution of a photoioniz-
ing Fe experiment on Z-facility and the measured spectrum of photoionizing Si experiment on GEKKO-XII laser facility.
According to the simulation results, the importance of photoexcitation and electron impact excitation processes in the
two photoionization experiments is discussed. In the photoionizing Fe experiment condition, high energy photons not
only ionize the ions by photoionization directly, but also excite the ions to autoionizing levels, ionizing the ions indirectly.
What is more, far from ionizing the ions, electrons even suppress the ionization of the plasma by exciting the ions to
levels with small ionization cross sections. In the photoionizing Si experiment condition, because of high photoexcitation
rate, strong resonance line of He-like ion and some Li-like ion lines, which have similar spontaneous decay rates as the
resonance line, are emitted. Although the intercombination line of He-like ion has lower spontaneous decay rate than the
resonance lines, strong recombination makes them have comparable strengthes. Electron impact excitation can influence

the line ratio of He-like ion lines by affecting the distribution of 1s2l (I =s,p) levels.

Keywords: plasma, photoionization, atomic processes, spectrum
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