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X-ray diagnosis spectroscopy of laser-produced plasma
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Abstract: A new crystal spectrometer with high spatial and spectral resolution was designed to measure
very low emissive X-ray spectra of laser-produced plasma in the 0.5 nm to 0. 8 nm range. Twin channels
collocated perpendicularly with two different crystal materials and forms were utilized for simultaneous
measurement of spectral and spatial resolution. The imaging plate was employed to obtain high spatial
resolution with effective area of 30 mm X 80 mm. The basic parameters of crystals were analyzed and the
design parameters of the spectrometer are presented herein. The first experiment was carried out at the 20 J
energy laser facility of Research Center of Laser Fusion, CAEP. X-ray spectra were obtained from Al laser-
produced plasmas with a spectral resolution of 1 000 to 1 500 for the spherically bent mica crystal
spectrometer and spatial resolutions of 1. 73 mm to 6. 88 mm for the flat PET crystal in the same condition.
It is suggested that the device be used in high-density plasma diagnostics of a single laser shot.

Key words: spectrum spectrometer; laser-produced plasma; spherically bent crystal; spectroscopy; X-

ray dianostics

W5 HHE:2008-03-04
BEeWB :HFRARBEILEETH (10576041)
fEER A R EA976-) . 5, HRKKF M LA, BENF(E B KBS A FE OG5 A S 5T .

BUHBERI B B2 B LA S0, (Tel)023-65105287 ; (E-mail) xiaoshali@ cqu. edu. cn,
http://gks.cqu.edu.cn



% 8

ERAEF A THREEE TR X HKD 5 agiEAL 865

FE RO A 1 B AR U b, SRS O R
AR A e A ]y O R AR R M, R
WO Y T R B AT DUAR 25 5 8 9 5 i # #)
KeV ™A o) X F &S, X JE&nT LI 2 i
FH 12 Wi AR 2 380 1 DT BRI 7= A 25 8 1 1R 1
iBIX . BN X SRR 25 5 S B T A D9 0 0k s i
FLAS 2 5588 7 M v 7= AR 1 R F 3 ARG 3 1 g L X
SR th R 5T o 2 R R A B O T 0 TS
THY, BRSSP TIRESE TIREXR
T 108 K, JE 3 KT 1. 01 X 10" Pa, 4% 5§ 6 K T
3.5X10° K,

H T XGRS I U T R
KT ps B[R] R 7 45 5 /0N L A ) TR AR 1Y) S
B RS — Bl T BE . A5 1112258 3 A P4 483K 58 v
A DAl XS 2R 2 TR AN XS ZR RE G A X S 2R
JAG I A T AR OGS B AR LR
VR B TR B R B DL SR S R
RBEHEFDHSHES . B TAKEAR Z A0k
(10 SRR AL o AT L3 4 5 s () 4 56 14 4R Rk 2% B AR 93 07
B 5 stark 34 58 & 8 50 EI R A IR E (IR
fi X G 2R AE IS 10 AR SR LR ) .

L 06 55 8 R XS R R Tk 9% o A% R A
5% B A T 200 YR B 5 . Kim 28 A0 78 BF 5%
INE S TR RN A o ISy ¥ AR (PSRN
JCPFIAS TR T E MR E. s A
PET V@ E“EA7 R E Bl T Al 8 716K
B OGIEY HEAR 2R 800, LG % i1 4 3% A A FH SF-
T €2 F5 3 A AR ) B, SR AR B AR B A B Y PET
SR Mica BRI 5 Ok 40 BT 25 A1 RE X 54 5135 i
BRI 980 mm, SZHG AR T Al 45 8 11K
Sk Horp PET S [ dh 7R 48 B0 23 (8] 43 B 00 1.
73~6. 88 mm, [l Mica(002)FR a2 82 T 1906
T PER N 1 000~1 500, S8 £ IZIEIGE S T
WO B TR X LMot .

1 B RE

I3 AR R XU A T A O B R A TR
An R PERE I A DU FEAR S SR R BE d G R AT 5
S E 43 A 2 2 B T R WA A L DA AT S A S
OB R G R R (rad), X ES B kW
STHEMERA A KT VAT R A P AR R R
JE b T R A 41 43 G i IR 7 IO B RN s ()
), P FR AR I R AL BT i BB 5 A7
PR, B RO R R ST S ORI A A
i1 £ T 60 [ 0% T AL RO DLIICRE S o fv . X G2 A G

Bk b2 e A dn i B R ARG, B, R B
2 5 ) B A S 2 5 B e K s R A A AR 0 20 G
/2 Bragg AF 8
mA=2dsind, (D
Horbr: 0 5 Bragg AT 1 m AT KA 5t X LR
P
By sing> 1, Jir LA RE ¢ b 4 i S5 1 e Kk &
A A0 i T ) BELP) A5 B A = 20 30 52T 1 AR

1 € B IS R

AN)_  m

AX 2dcosf®

— I B BSOS X AR A R R,

T PRRE S B . SRR TR A W A I R) B

AT RE 55 A0 1 e R I R AR B I 1 AR SR 4 o

A . ARl e ol AR R R S R 1 45 TR
T3, AT DR B0% S AR 0 B RO R A S

_ o@d®)’ o« 1+ cos?20
R 1673 FHE) =G0y - &

Horr g S B R Y B AR I B B R B S
SRR F fF, &R a5 R4 5 .

H T LG TR S 9 0O e B B A 1 R L LAAT A
R A (AL XIID £ 2 H 19, xF T H — like, N
npnp—>1snp (P2 H F BT & FZE W KT WE . 8
M S B BB RE ORI BRAE T S BE T
AMEREAMF R RS 1/ 2EETHOH
L ELR LR,

(2)

x1 AMHEENENRKER

an {4 hkl @t /nm gk R/ nm
PET 002 0.874 1 0.44~0.71
Mica 002 1.984 2 0.49~0.92

2 BRIFELEH

TR H PET 1 Mica2 F g i A4E 40 S04, 24
X RS B i R b A TR Y R (B
5 R R F R 1 A5 AT 1) RO .
SR B AN BT W R AR RS . RGN A Al
SRR T B I B X K
Bl e 1. Hob = & R AR A RGF 9 3R e
PECCR 1T~ 10 G0 2 G SR L AL m B 2, 3
AT

AT AR G 2 B AE AnE 1 Bros. T
Mica BRI it {8 55 PET - i fh A A 5Ll 12056, —
A b R AR W] T B 7 10 1 Mica BRI 5 AOG B% . K

http://gks.cqu.edu.cn



866 TR KXKFFER

% 31 &

W 20 ik

JEATHE =AY X BHER VRO T I A ¥ kO L 4R
Ja BOGUE R A UG L A2 /2 Bragg &0 T &at i
R G2, Mica Bk fi /R 5 PET - fh AH 4B %
%, Hop Mica Bk M 4§ 2F 12 380 mm, Jiff 2
Johann JUfa] JgL BES e S0 3% A5 5 R FH 1R Al F
Fr M (AL T Mica BRI 25 & B9 % 22 [ B HAT i
FUR 30 mm X 80 mm, M X 2o R B A AR AR 1
HEAEK S 3K 980 mm., MR JL A AF B AR T4
BT R A I T AN 4 A s B L
K2 i,

B2 mikiEsy

3 XRERKDH

3.1 XWER

e T [E AR BRI BE O IR AR B AR PG 20 )
WOt E bR A BHOE R QUK R 0. 35 pm)
TR A PN [ A T G B SR L AR T O
SFE TR T R B A T AORTEN
BHAR/NTF 0.6 mm, $EA9 48 S 99. 99 % . MOk
REHREN 5~10 JLAEBEFH A2 N 200~250 pm., 0 ik
FEH 600~800 ps, AuIKS BT 4 LR AER AP IET S
ASHEOEE 90 By I 1) .

SO RE R R 6. 78 T, B B LA R Y
PET V- ih 15 2145 % 5 7R X B4 n bk . 7776 B i
) 4 43548 NP 3 FFzs . T Mica BRI 25 5 48 B

YT A7 5 500 B2 50555 » HATAE— 2R W B A 5 4k an ] 4
JR

B3 7 Al $E3REE PET FRIELE

4 AT ERNA Mica SkEZ RiE&E

3.2 RWERSW

EEETFRZE b RS RS TR
Wi IR SEAR 1 25 1 . SR B 25 A WinView32 4K
At B 3% 1 A KR B Ak B A5 30 U R AR A Y AR AT .
P 5 Wiy & PET SF- 17 a4 4K LAY 3% 260 1 Rk it
556 pyo¢ &, X E 5 A Microcal Origin 6. 0 9
I UEALHE A BE R (MR R E . AR
28w B R B WA 1623, (HE R KIE &K
(FWHNMD K G5 BRI A/ =59. D,
H W L 22 6 PR AF TR DU 26 o AL B 2Ry A
ALk = BRI 372,174 1 669, FIFH = A 4h
¥R A Matlab 805 B2 R 5 0R B Z H 1 C R
oK SR 2 B OE R L PET V- fh ik R 3= &
TELR ] Y 25 ) 43 JE R0 0 1, 73 ~6. 88 mm, T 7E
AT A9 A7 B BCE (1) Mica (002) B & 74 (5 6 an
6) » FH [ A 1 40 12 Ty o b L, 75 3] % v % 4% 06 {1
A 153, (H 2 e KAA 4 P (FWHMD £/, {5 W L
B I R A/ A =1 389 s L H R Hi A
TR ARG . 2 Bl R A3 6 8K PET F f 4K
B 72 b Mica BRI & i — 80 9. i H A
B 7 A3 8] 4y PR AR TS 4 HERAR

4o B

W] A 1% 43 BT A4S — T Y A B L 3 1 38
J6AE B TR SIS WAL R L HA B [ L 1R 2
SRR A JEER BT B, R IR B R OB SC 5 A
OGBS M TR IEE S 0.5~0. 8 nm [ 4K
X G4, Hoh PET 7 @3k A5 1925 (8] 43 BE %y 1. 73~
6. 88 mm, Mica 3K H 25 & 28 B 615 43 BE R (/A0

http://gks.cqu.edu.cn



% 8 E B F R THOEF & T4k X A& 07 69 3540 867
XIONG XIAN-CAI, ZHONG XIAN-XIN, XIAO
1800+ SHA-LI, et al. Design of soft X-ray elliptical crystal
Leoo | W spectromete [ J ].  Chinese Journal of Scientific
Instrument, 2005, 26(12). 1219-1222.
14007 [ 2] BLASCO F, STENZ C, SALIN F, et al. Portable,
. 1200 tunable, high-luminosity spherical crystal spectrometer
g 1000 | with an X-ray charge coupled device, for high-
g 800 r z resolution X-ray spectromicroscopy of clusters heated
B 600 | by femtosecond laser pulses [J]. Review of Scientific
400 + X Instruments, 2001, 72(4). 1956-1962.
200} \ (5] BRI A KR . OGS0 T X A
0 o045 f i BE 5T [T ] 4 2% L. 2000, 49 (12):
600 800 1000 1200 1400 1600 1800 2000 2389-2389.
TR/ eV YANG GUO-HONG, ZHANG JI-YAN, ZHANG
B5 PET FRiE&EENSHE BAO-HAN, et al. Analysis of fine structure of X-ray
spectra from laser-irradiated gold dot[J]. Acta Physica
Sinica, 2000,49(12) . 2389-2389.
1607 L4 1 e, skak iz o A 45 ALBUOR S & 7 KL 7%
w BERY 25 (8] 43 BRig W LT ). 3RO 5k F 8. 2005,17(5)
1or 703-706.
1201 YANG BO-QIAN, ZHANG JI-YAN, HAN SHEN-

—_

(=3

S
T

o J& /units
ES

60
401
20
800 1000 1200 1400 1600 1800
HTFHERE/ eV

B 6 HKETMMica BIFIELRBEDHE

1 000~1 500, 5455 R %8 DGE 7 #OESF
BT X L2

PET “Ffic 306 7 8 71 38 . R U e 7 M A
Mica BRTAI 2§y 1 — > BORE 9. (B DR 15 70 Bk R HEER
T AR 20 15 . DA SRR PET & Ak ks i i
SR AT X5 2 A 25 () T4 B 5 8 al LA ARG A5
T A ) O Oy B R E i X SOt g,
B o H1 T A5 B IS T] B A 9 D6 T 15 5 Bl I [H]
SRR 2R B IR DAL 2 % A3 HR B B AR AR AT
IR BRI S B BR . BC — P TARE R
SR i AR IR R EAR S bR B, DURE
B 5 IO A B TR X PRI IE S A

S E3HR
[ 1 RESCA Bl efs . MY B 45, B0 X S 2 M 13 5 A% AL 1
BT AL 284 22 4R , 2005,26(12) :1219-1222.

SHENG. et al. Space-resolved diagnosis for the electron
density of laser-produced High
Power Laser and Particle Beam, 2005, 17(5):703-706.
(5] RakZ . MER, 5. ALBOESEE 7R d 7|
BE BT [E] 43 BEi2 W [T, SRIO6 5K F 5, 2004, 16 (9)

aluminum plasma [ ] ].

1153-1156.
ZHANG JI-YAN, YANG JIA-MIN, ZHENG ZHI-
JIA, et al. Time-resolved diagnosis of the electron

temperature of laser-produced aluminum plasma [J].
High Power Laser and Particle Beam, 2004, 16 (9):
1153-1156.

[6]KIM J H, KIM D E. Measurement of the degree of
polarization of the spectra from laser produced
recombining Al plasmas[J]. Physical Review E ,2002,
66.: 17401.

70 b H L%, f /N B S STk 40 A (B 2 5t 20 A i 1)
PER AT, SesFRs e TR, 2007,15 (6): 824-828.
XIAO SHA-LI, SHI JUN, LEI XIAO-MING, et al.
Characteristic and application of elliptical curved LiF
crystal analyzer[J]. Optics and Precision Engineering,
2007, 15(6) . 824-828.

[ 8] TURNER D C, KNIGHT L V. Focusing crystal von
hamos spectroments for XRF aplications[ J]. Advances
in X-Ray Analysis, 2001,44 . 329-335.

Lo ReSEA . B HUE, & BirMHEERETH
KAP RS R g LT ], R 57556, 2005, 27
(3): 306-308.

XIONG XIAN-CAI,
http://gks.cqu.edu.cn

ZHONG XIAN-XIN, XIAO



868 ¥ K K F

SHA-LI, et al.
calculation of integrated reflectivity for KAP [J].
306-308.

Application of mosaic crystal model in

Piezoelectrics & Acoustooptics, 2005,27(3) .

[10] IMAZONO T, ISHINO M, KOIKE M, et al. Performance
of a reflection-type polarizer by use of muscovite mica crystal
in the soft X-ray region of 1 keV [J]. Review of Scientific
Instruments, 2005,76:. 23104.

[11] PIKUZ T A, YA A. Bragg X-ray optics for imaging
spectroscopy of plasma microsources[ J]. Journal of X-
Ray Science and Technology, 1995, 5. 323-340.

[12] NUBUSHI Y., NISHIMURA H., OCHIAI M. X-ray
polarization  spectroscopy  for  measurement  of

anisotropy of hot electrons generated with ultraintense

laser pulse [ J]. Review of Scientific Instruments,
2004,75(10) : 3699-3671.

(137 F2 %% . Y'J/J\QI Bm AR, . Ot a SR T 3d-

5£.3p-5s BRIT T M 3HE L], SRBOL 58 7 3. 1999,

F IR %31 %
11(1): 83-87.
CHENG XIN-LU. LIU XIAO-HONG. YANG

XIANG-DONG, et al. Calculation of the 3d-5f, 3p-5s
subarrays in the spectrum of a laser produced plasmas
of gold[[J]. High Power Laser and Particle Beam,
1999, 11(1). 83-87.

[14] WEINHEIMER J, AHMAD 1, HERZOG O. et al. High-
resolution X-ray crystal spectrometer/polarimeter at torus
experiment for technology oriented research-94[J]. Review
of Scientific Instruments, 2001, 72(6) . 2566-2574.

[15] PIKUZ S A, SHELKOVENKO T A, ROMANOVA V
M, et al. High-luminosity monochromatic X-ray

backlighting using an incoherent plasma source to study

extremely dense plasmas [ J]. Review of Scientific

Instruments, 1997, 68(1): 740-744.

Ui A #)

NPT NI NLDN DL NLDNZDNLDNLDNLPNLD NP LD NP NLD DL LDNZD DL NLDNZD NP LD NP NI~ NZD DTN LDNLDNZDNLDLDNIP LN ~LONLP~LD

(L5 863 T1)

[ 4] PAPEGAY Y A, MERLET J P. DANEY D. Exact
kinematics analysis of car’s suspension mechanisms
using symbolic computation and interval analysis [J].
Mechanism and Machine Theory, 2005, 40 (4):
395-493.

L5 BRaF-. ok =i . A2 TR 55, MUAR R 523 ) 2% 70 A I
ADAMS i fl # & LM db w0 W 4 K%l R
¥, 2005.

L6 1Kz ik BAR. T UG KM EFF AL RY I8
B, % THLB. 2006, 24(4), 74-75.
SHEN QING-YUN, SHEN ZI-LIN. The

2y 53 B 5

analysis
simulation for movement of four-link-lever mechanism
based on UG[J]. Light Industry Machinery, 2006, 24
(4), 74-75.

[ 71 WEI H X, Analysis of
kinematics of humanoid running robot [ J]. China
Mechanical Engineering, 2006, 17(13); 1321-1324.

[ 8 1 Bl RUASL, 45 4% 77, 7 T 3% AF HLAG 32 2l i 22 e T 52 1 4y
Bril. BEBHAHLM. 2003, 4. 25-27.

LU FENG-YI, XU GE-NING.

LIUM Z, WANG S Y, et al.

Analysis of reliability
and motion error of planar linkage[J]. Hoisting and
Conveying Machinery, 2003, 4 25-27.

[ 91 SLOCUM A, MATTOON R L.
[J]. Applied Mechanics Reviews,1993, 46(3): B42.

C10] A8 & e, 5K SOME . 20 55, HL&8 11 iR BE i+ 0], |
R A, 2007, 35(6) : 34-35.

QI FU-YAN, ZHANG WEN-HUI,

Precision machine design

YAN LI-QIN.

Precision design of machinery parts [J]. Scienfic &
Technical Information of Gansu. 2007, 35(6): 34-35.

[11] ERE, R, LR, VLR GOR B 40 B 597 0 5 ik
B FELT 1. AR BLAE 5 AR T8 45 2002, 30(8): 21-23.
YAN QUN, YUAN FU-CAI, WANG XIAO-XIA.
Research on the accuracy theory of mechanical system [J].
Machinery &. Woodworking Equipment, 2002, 30 (8):
21-23.

[12] PRESCOTT B. Accuracy measurements for modern dispensing
[J1. SMT Surface Mount Technology Magazine, 2006, 20(6) :
36-38.

(18] B IETE  B8/NE A7 3. (R B AT LAY B 8G BE 20 7 5 45
A0, P EE A B4, 2003, 32(2): 112-113.
GE ZHENG-HAO. CAI XIAO-XIA. YANG

LIAN. Precision analysis and synthesis of cam-linkage

FU-

mechanisms [ J]. Manufacture Information Engineering
of China, 2003, 32(2). 112-113.
[14] BRIZARD M, MEGHARFI M, MAHE E. Design of a
viscometer [ ] ]. Review of

2005, 76 (2): 025109-1-

high precision falling-ball

Scientific Instruments,
025109-6.

(157 222 0 #2 3, %303 5. ADAMS 32l 0 2 [ M. 4t

AL B TR 2F R AL, 2002,

(mE A )

http://gks.cqu.edu.cn



	自科0808-864
	自科0808-865
	自科0808-866
	自科0808-867
	自科0808-868



