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Fig. 1 Schematic of the experi-

mental setup
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Fig. 2 Spectrum  from the Ar puff
target irradiated by fs laser,
recorded with the soft X-ray
CCD camera and the 5000 1/mm
grating. The laser energy is

80 mJ, and the chamber pres—

3z 24 16
Wavelength/nm

sure is 0. 8 Pa

I G I1) X SR 2 1% ( G HIE i 355 5 7] (RO AT AR 3RAS) o X S 2k
CCD M5 5 MBI 2 20 8. MRS BRI Ar U0 X
O £GP K AL T 15~ 25 nm VS 1%Lk T EORIE T Ok
GG V. @l VIS G VII RS o] IR IR ) 55 56 4%

1% Lemoff & AR, WOGHRER K 80 mJ( TR AEN
5 A 2X 10" W /em?) B, ATAEGEATH B R AV, ALK
504 B — 3. (HAE 25 m] W, 63 i B AT AT 408 Gl <Ol S 2



344 it ¥ 7 i 20 4

ArlV, WRAZA X SRS, A, RATARIRAHEAE A N A n] 85 M A X S ekils, ix
Al e PR R RERE T X 4 ?ﬁﬁ"]f*m!l%‘:ﬂi; G X SRS T 5000 g/mm YEHIET (T
) IS G (1. 4~ 15 nm), TOAEMISRFRTS O ), i s &b, ok, S BT R
FILK.

BT AR AR R Ar (10 X S8R RS RRE, Wl 3 Fros. Jodr 4T S0 fig b A ok
80 mJ, BLorBfa)A 20 438k, WA FEE R ILA L5 54 0.1 Pas 0.6 Pas 0.8 Pa.
PSS R Ar 7E0. 1 Pa

1204 i

3: 01Pa i @) NI X WA NR/N, 0.6 Pa It
60; $ X I 4R R, B 0. 8
~ o] Vo AKesse py i X BHETREL .
§mfﬁﬂﬂ&ﬂﬁmﬂmugﬁMMﬁﬂﬁﬂ&ﬂtvawm-%ﬁ U
S em B33 R I RRIIT I UM X WA

% 60 g 3 g g § if' § ?? X B R B E R R 7,
e I A B T e
Z 04 S e G R Ar BB S
gt P I U T AN MGV L 4 VI G VIR %
20| : '“ ; z ? i g :ﬁ‘ i?:, z (e [t s o & 14 R P AAF
&0 33 13 30 iRl BB A, diFE 3(¢)
» (ST R : AT, AR I, A (37
N AP P . ) ALK edg — 3s4p)(17.6 nm)+ Ar’" (2p°3s
HoB X B veegtignm ™ P 0,044y (18 nm) ArT (2p%3d
- 2p°5)(18. 4 nm) . Ar" (3s3p
Fig. 3 Spectrum from the Ar puff targel irradiated by fs laser under — 354d)(19.2 nm) Ar™" (2p°3d
various chamber gas pressure condition, recorded with the soft X~ - 2 “5‘” ) (20 nm) X A5 i 2 i

ray CCD camera and the 1000 g/mm grating. The laser energy is E’ﬂ‘i iﬁlg I)‘IIHZ}EE%'? '.;Eﬁfﬂj()tﬁ’k{"[’i il%g

80 m]J. and the chamber pressures is (a) 0. 1 Pa, (b) 0.6 Pa, 0 (4 T g 2 80 AT A A — o 1

o ST LR F ) 5 76 5 25 T X
LG (10 Hz) 5 Ho= 2R B35 8 TR BT LUTHE X S RBOL i 8K, IXfEL
SEUG IR A, sl ANERBE N, BN O I e B SE

g AUHKTHAGE S S BOCIES W 1l R sm O K b4 T SR e 2 S 4K
X SRS, BT ARSI 4 AT T 1 XS RS i R AR 4k, 0L 5 21 Bl A5 0O A S RE S A s
U LRGN, GRS T X ST A s, RIS BT R R T AU AE D BULA
1 o BkpF RS Al A O AL t[ﬁfrje;!h‘ﬂ’]u-um}i’?"ﬁ?&fffl& X S EG
FH T A 2 56 v AT R AT 4 PR AT A T R SE B 2 W, A A 5 A S A s v A
S A 3 L AP TS R D ,JT?J%&JJLFI’JWI'I'H}{?EHTIJLbftsc;Lﬂ & k. L,
-TL}..I.BHIEU’] AR EE RN L SEE R0 R IR B AR BEE W, XA R R SR ( G X A 2R

PG R T B SR ) R TR R R R S



3 4] R R S O A A WEURE A X S R A 345

S e [ R 2 B 3 06 A R s MUBATE S I B o6 D' = I ORI 8 S =38 AT AL MK J0 5

Z % X M

[ 1] Chang Zengha, Rundguist A, Wang Het al..  Generation of coherent soft X rays at 2. 7 nm using high
harmonies. Phys. Rev. Lew.. 1997, 79(16) : 2967~ 2970

[2] Lemoff BE, Yin G Y., Gordon C L et al.. Demonstration of a 104z femtosecond-pulse-driven XUV
laser at 41. 8 nm in Xe IX. Phys. Rev. Let., 1995, 74(9) [ 1574~ 1577

[3] Ditmire T, Smith R A, Tisch ] W Get al.. High intensity laser absorption by gases of atomic clusters.
Phys. Rev. Lett., 1997, 78(16) : 3121~ 3124

| 4] Malka G, Lefebvrel E, Miquel ] L. Experimental observation of electrons accelerated in vacuum to rel-
ativistic energies by high-intensity laser. Phys. Rev. Lett., 1997, 78(17) © 3314~ 3317

[ 5] Chichkov B N, Eghert A, Eichmann H et al..  Soft=-ray lasing to the ground states in low-charged
oxygen ions. Phys. Rev. (A), 1995, 52(2) © 1629~ 1639
[ 6] Fiedorowicz H, Bartnik A, Matroro Z et al..  X-ray emission from laser-irradiated gas puff targets.

Appl. Phys. Lett., 1993, 62(22) 2778~ 2780

[7] #R%RE, Vigroux l.. Saviot F %%.  #iith 2 TW /45 fs MBS A8 Mk sl S WO R4, R (L
1997, 272(7) : 640~ 645

[8] A8 fd, Bhyhl, B 0E5%. B AAK X BFZRAEBOUHHE SO ETE]L SR, 1999, 19(10) 1114~
1117

[9] #RERE, sKIEMR, G FIAIE PR BOEE ™ 4 1 PO PR T80 X H . b7k,
1997, 17(7) : 957~ 958

[ 10] Lemoff B E, Barty C P Jet al.. Femtosecond —pulse-driven. electron-excited XUV lasers in eight—
times—onized noble gases. Opt. Leit., 1994, 19(8) : 569~ 571
[ 11] Augst S, Meyerhofer D D, Strickland D et al..  Laser ionization of noble gases hy Coulomb-barrier

suppression. J. Opt. Soc. Am. (B), 1991, 8(4) : 858~ 867

Soft X-Ray Emission Spectrum of Ar Puff Target Irradiated
by Ultrashort Pulse Intense Laser
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Abstract Experiment on the spectrum diagnosis of the emission characteristics
from Ar gas target irradiated by the Ultrashort pulse intense laser was carried
out, with a high efficiency, high resolution transmission grating combined with a
differential pump system. Enhancement of the emission spectra among 12~ 35
nm with the increase of chamber gas pressure is observed.

Key words gas puffs target, ultrashort intense laser pulse, transmission
grating spectrograph, soft X-ray spectrum.



