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Abstract of Thesis

Laboratory spectroscopy is widely used both in basic science and industrial applications.
With the developing of the advanced spectroscopy technology, it is possible to observe high
resolution spectrum data in full-wave band. In this research we are trying to apply the
spectroscopy technology to Laser-plasma experiment. Here we applied the spectroscopy
technology in two experiments: Zeeman splitting measurement in High-energy-density
magnetized plasma and Plasma parameters / H radical (H*) population measurement in
EUV-induced hydrogen plasma.

Generating a strong magnetic field with laser driven capacitor-coil target makes it
possible to achieve a strength of 102-103 T on the Earth. 102-103T is close to the surface of a
compact star like a white dwarf. Magnetic field strength is one of the most important
parameters for understanding the structure of the compact stars and the strength is inferred
from the Zeeman effect seen in the spectra observed with the telescope. However, the
Zeeman effect has never been successfully observed in the high energy density laser plasma
experiment. Laboratory experiments on the Zeeman effect will give astrophysicists valuable
information to deepen the understanding of the universe. Traditional astronomical research
relies heavily on observation, modeling, and numerical simulation. High power laser can be
a novel astronomical tool that makes it possible to generate magnetic fields strong enough
to cause Zeeman effect in the laboratory under controlled conditions. We provide the
experimental design and numerical simulations in this study.

Spectrum measurement provides the key parameters in a plasma. Here we trying to
explore the atomic process of EUV-induced plasma. An Optical Emission Spectroscopy (OES)
system was used to observe the atomic processing in the Hz / EUV interaction. The
hydrogen Balmer line profiles and absolute photon number are measured with the
spectrometer which gives a possibility to estimate the key plasma parameter and calculate
the hydrogen radical yield. The experimental results are also compared with the theoretical
calculation.

The first Chapter is the introduction of the thesis, In the second Chapter we intro- duce
the laser systems and experiment conditions in Institute of Laser Engineering, Osaka
University, and the principles of spectroscopy diagnostics. In the third Chapter we discuss
the physics behind the experiment phenomena, including the mechanism of generating a
strong magnetic with high-power-laser, plasma radiation transmission and atomic
procession in NLTE plasmas. In the fourth Chapter we talk about the first application of EUV
spectroscopy, the experimental design and modeling result of the Zeeman splitting
measurement and some data from the experiment. The fifth Chapter discusses the second
application of EUV project which focuses on the EUV-induce hydrogen plasma properties
and diagnostics, and potential application in industry. In the last section we summary the
results and discuss about the future researches.




BT
ML BEEOEROER K NHEYH

K v ( LIU Chang )
(%) K £
+ & Hi% B ES
B #& ¥z B A
RUEEAYE | B & Hi% i tH
B & ¥z T HEz
Bl A Bh# MORACE Alessio
B #& FREBh 2 Hf  OFL
BUBEBEORBEDES

BHET T A~ OYWHEEEZALNICTHIAEN D SEERHUFETHY, 7 A~vYWHER TIA
SHWHLRTWS., AR MLVOBERROME ERERNS 7T A~ DRE L EELZFRETH I LN TX
L. BIZ, B—<w U RICED AT MVOGEENS T T XA~ ORGREZRD D Z ENA[BETH
L. RGXIIREL DT CHMOERER->TEY, "U—L—F—FHOZEREFHYEHER O
PEEICHICB TS, 77X~ EHOTEERES>WTERL TN D.

BEETIE, ¥R T ATHRMOBE TICHHA A O —~ B BRERET HERICOVWTELE L
fTole. B—~ 2 RIFIRXLFICBITIMGREDORED—>TH L0, a7 b RIKEITHFTE
THEXOTRATNOEATT ATROBERKTHE =~ RITERICITBH SN TELT, HH
B I ab—va K FELTWD. RIFETIE, BRIV —EET T X~vhziihd KERT
AR LT 0.1 KT VL OFERES 2, 186 L72AERO S =X L F—HE T 7 X~ THEM L 10 kT IZF
THWBEHEZEMT 2 FIEERELL. B XLX—FET I AR L TERARKEET, HOXRFE
LTCEZEOHD VI a O (92 eV) IZEH L, KAFIETERAGERY 7 A~DIRE, BE, KO
SRRETRIBLAIZ:, B—~ BRSO s 2 L2 BEF R TR L. EEATEL KRR FHEOL X1
B —P—fifICEAL, ¥rTATROBBIZL DB -~ IGO0 IREEIR X 7. FERNRL, K
BUARER2Y 10 kKT OBBIC L2 -~ RBECTH D LIS T HITIEE S TR WD, WS ICL 58
—V U RERIET D ERTIEL L TABRORBICENDIRETH D,

N — L —HPF—THERLTIZAX(Sn)D T 7 X~ & fmEES i (Extreme Ultra Violet: EUV) O JEJR & LT
WD EUV YU Y7 T 7 4—TiE, AX (Sn) ® EUV ENXE~OHEREN K EERE THDH. Sn OHERE
WL > TEUVENRBEORNENMET L, AT LA0EIEI X MM KRKT I EAEHSND. RET%
FF O FHNTIEME KR 7 P VML, (LFEIS Sn+ 4H* -> SnHy (FIR CTXUAD A X o F ) DOff
BLLT, L Sn OHFKICAED TH D, H ETIE, EUV RICX > TEEHESNT-AKkETF T X
LB IND ALY —=RINDALT MAERIE L, BEZ L KRBT RAEEZE(LES N, &
TEE, BTRE., KBIFVINVEELZRE L. ERMOBLZICESNHNT, BUVRERHICLAKETT
AR HERRD AT =A% ELE LT, &I EUV L3 KER 12 CEBE L. 100 eV OEB) = K /L F —
EROEBMEBEINBEHEND. ZOFRBINE TN, 77 AERO Y —2AELETHLAD LR,
KBHEABIOKEA A L ZHAHEZEST D2 & CHEEEMEETOBLNRZ 5. EBRTIX, EUV
WHIZE > TSPaDKFENEFIRE eV CTETHEEIXxI0Pecm> DS T X~ &R0 BEAICELST
BERAKFET N (3.7x10%em?) DERSNTWDZ EA2MB L. AT, EUVETER SR
TAKRFBIIHNC KD SniEYDOBEL FEIELT-.

AL, HFE2E L CEREFHYHZR O — L —F—OREEISHOF - RBICET D
RETHY, O E G 25 OITHEIE LW &I L.
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