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Abstract Tile behavior of materials heated by X rays to high energy density state is a 

very interesting and active research field for application in inertiM fusion，astrophysics and SO 

on．Some new experiments Oll X—ray—ablated C8Hs samples were designed and performed on 

Xinggualtg one beam frequency·tripled Nd：gla．ss laser facility．The ablation velocity and the 

nlass absorption coe佑cient of C8H8 foam，and the self-enfission spectrllm of C8H8 foil were 

experimentally obtained．The experiments and results are briefly described． 
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spectrum 

1 Introduction 

X—．ray fluxes produced by high．·power laser 

irradiating high·Z targets can heat sample to a 

high—energy density matter．The characteristics 

of these plasnlas are very important in the field 

of inertial fusion，astrophysies and so on． 

Tllt X—ray fluxes can be obtained from the 

rear side of high·Z foil or the cavity target 

irradiated by high·power laser． According to 

then~selves condition and idea the experimen． 

tal investigations of the characteristics of mat． 

ter in hot dense had been performed based on 

the two kinds of target in American ，England， 

Japan．Germany and so on．I1 o】W e have also 

researched iI1 this field for some years．The ra,- 

diation heat wave driven by the intense soft． 

X．ray rad iation in a cylindrical cavity．which 

was heated by the intense laser pulse．was ob- 

served on Shenguan g Nd·glass two beams laser 

facility．[1oJ 

Recently we performed some new experi． 

ments on oFle beam frequency tripled Nd：glass 

laser facility．Using the targets based OIl Au foil 

and novel cavity·configuration，we primarily in． 

vestigated the ablation and absorption proper． 

ties of CsH8 foa,ln sample and the self-emission 

of Cs Hs foil．respectively． The foam material 

has been noticed in inertial confnement fusion． 

First，the velocity of heat wave has been mea- 

sured with 0．53tim laser beam by A har—rm1 

methodt ．Tlien we performe(1 the experiments 

with 0．35ran laser beam and measured the ab． 

sorption spectrum of the foaln in hot dense for 

the first time．The experimental idea．methods 

and basic results are briefly given in this paper． 

2 Experimental 

According to the condition of Xingguang 

facility，our targets based on Au foil and novel 

cavity．．configuration are schematically shown in 

Fig．X(a)and(b)，respectively． As shown in 
Fig．1(a)，the X-ray radiation from the rear side 
of Au foil kradiated by the intense laser pulse 

was used to ablate and heat the CsH8 foaln saln． 

pie．The thickness of Au foil is(170=t=2(I1 Dil1． 

The CsHs foam is of 0．085 g／cm0 density an(1 
about 20tim thickness．A supersonic heat wave 

can be maintained in low density foan1．By idea． 

suring the time．resolved spectrunl of radiation 

emitted from the rear of the sample，we call ob- 

lain the alflation velocity．Measuring an(1 COlll- 

paring the spectra of radiation emitted from 

the rear of targets with and without satnph：， 

we can primarily study the X．ray absorption 

of the salaple in hot dense．Defining the target 

shown in Fig．X(a)as the model of basic gohl foil， 
the targets of the radiation intensified model 

and senti．sample configurations have also 1)e‘：l1 

considered．Then a basic target．sample config． 
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uration wRs designed to observe self-emission 

as shown in Fig．1(b)．The novel cavity target 
which is~300#m All cylinder connected with 

a semi．cylinder is designed．The CsHs sample 

covered on tile diagnostic hole of the wall of the 

semi—cylinder is heated by the X—rays emitted 

from the wall of the cylinder heated by intense 

laser pulse．Ill order to observe the self-emission 

0f C8H8 foil we designed a special geometry of 

la．qer—beam-target—detector，with which the X— 

ray produced on the wall of target will be not in 

sight of detector．and the detector wa．q direct(!-(1 

towards AB{ shown in Fig．1(b1．It illeaJis that 
the X—ray source ablating the sample can not be 

detected．The experimental set—up is schemat— 

i(：ally shown in Fig．2． The set—up shown in 

Fig．2(a1 was userl to investigate the features of 
ablation of CsHs fosin．A transmission grating 

fTG1 with 1【)5【)L／mm was used to measure the 
speetruln of X rays emitted from the rear side 

of the target．An X—ray streak camera coupled 

with TG We'Lq used to diagnose the tinm—resolved 

spectra．A sut~keV X—ray spectrometer fDante) 

calibrated a1)solutely was also used to detect the 

spectrum and to deduce the x_ray flux．A pin— 

D1． D2： sllb-kcV 

X．-ray spectronte·- 

ter；Da： transmis- 

sion grating spee· 

trom eter；D4，Ds： 

pinhole trmmmis- 

sion grating spec- 

trom etcr； 

D6： tim e．resolved 

X-ray tr~msm ission 

gr ating spectronw- 

ter； Dr，Ds： pin— 

hole camera； D9： 

optical cMorimet,：r 

laser 

15 

hole CalIlera was used to monitor the X—ray spot． 

The experimental set—up shown in Fig．2(b)waS 
used to research the self-emi ssion of the CsH8 

foil in hot dense．A transmission—gratillg spec— 

trometer(D】)was used to measure the spectra 

and a pinhole camera(D2)to observe the radi— 
ation resolved spatially for the target． 

Basic ulate Au CsH． La~er 

·●●■——一  

(b) 

Fig．1 Targets and cavity-coufiguratiou 

(a)For ablation and absorption experiments；(b)For 

self-emission experim ents 

Chsmber 

Dl： trmmnfission-gaating 

spectrom eter，D2：pitdmle 

ca lxlcra 

Fig．2 The schematic arrangement of the laser beam-target-detector 

(a)For ablation and absorption experlruents；(b)For self-emission expca'iments 

3 The m ain experim ental results 

3．1 Ablation 

The temporal spectrum of soft X rays emit— 

ted from back side of CsHs foam，meas ured by 

the X—ray streak camera combined with T．G．is 

shown in Fig．3．Two groups of spectra，mainly 

from shine—through and burn—through，are ob— 

served．The spectra of radiation are mainly i11 

0 6—1．9 nlit and 2．6,-~3．7 nm range and the de— 

lay between them is f310+681 ps．Defining tlle 

this delay as burn—through time，we obtained 

that the ablation velocity is 6．4×100 cIn s Ac— 

cording to the results meas ured by the sub．keV 
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X．ray sp{mtrolneter．the X ray flux ablating the CsHs foam is about 1．1×i0 。W／cm。 

W avelength 
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CH 

Fig．3 Time-resolved spectra of CsH．filaln 

nm／CH 

ps／step 

Ⅵ)1．9 

The experinlents were performed with one O．68 IIS for the source and the absorption spec— 

beam of A= (J．351,m light from Xingguang laser 

facility．The typical laser energy was 29J with 

the pulse duration 0．6 ns． 

3．2 Absorption 

Tht SOllrc(}spectrum and the absorption 

spectrum ai'e shown in Fi ．4． They were ob— 

tained frOIll the targets．Iocated at the rear side 

()f AU f0i1 without and with CsHR foam，re— 

spectively． The CsHs foam was the thickness 

of 20Izm all(I the density of()．085 g／cm3．The 
k cr facility was operated with energy 32．4 J 

and 31．(J J all(I the pulse duration 0．62 ns all(I 

言10 
童 

6 

苫 
2 

X-ray vravelength／am 

Fig．4 The SDIIrce spectrum mtd the absorption 

spectrum 

tra．respectively．It should be noted that 1mtl1 

of them are almost the salIle．Therefore．('Oill- 

paring the source and absorption spectra，we 

can roughly obtain the mass absorption cocf- 

ficient a．q a function of wave Iength．a8 shown 

in Fig．5．The dots describe the absorptio11 foY 

thermaI C8H8 foam and the theoreticaI curve 

for the absorption of cold carbon． It Call hc 

seen that the absorption of thermal CsHs foam 

is Iower than that of cold carbon．It iS true l】e． 

(：allse the opacity of carbon in hot dense is lower 

than that of cold carbon． 

．  10 

102 

X-ray waveleagth／am 

Fig．5 The mttss absorption coefficients of CR IIH 

[Oalll：thermal carbon(·)and cold c~．rbon 
described by theoretical curve 
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3．3 Self-em ission 

Self-emission is a basic nature for a mate。 

rialin hot deuse．Thc experiments were carried 

out with one beam of 0．35“m radiation froIn 

the Nd-glass laser facility．The laser energy was 

about 4()J all(1 pulse duration abollt 0．7 DS．The 

laser beanl was injected into a novel cavity tar． 

get．Tile sample of CsHs foil covered on a di． 

agnostic llole of target was irradiated by the 

30 

目 
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葛 
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0 

x-ray wavelength[nm 
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X．rays produced iu tile wall of tile target．The 

spectra obtained from diagnostic hole with an(1 

without sample are shown in Fig．6．which were 

roughly obtained under the same condition of 

laser bean1．Thc spectrum obtained frOli1 diag． 

nostic llolc without sample can be COllSidere(1 

as background or noise．Thus，the self-elnission 

spectrum for CsHs foil sample(1lnn thick)Was 
obtained as shown in Fig，7． 

5 

x-ray wavelength／nm 

Fig．6 The spectra obtained from the diagnostic Fig．7 The self-emission spectrum for CHHR foil 

hole with and without C8H8 foil sample 

4 Sum m ary 

W have studied properties of CsHs Sanl- 

pie ablated by X．rays created in laser。plasma 

interaction．The ablation velocity and mass如  

sorption coemcient of Cs HR foam and the self- 

emission spectrlnn of CsH8 foil are obtained． 

It opens llp the possibilities for investigation 

on characteristics of matter in a state of high。 

energy density in the laboratory，which is of 

very inte．rest tbr obtaining a basic insight into 

the state of matter at high temperature and into 

the opacity ot’material in lmt dense．an d has po- 

tential apI)lications in inertial confinement fo。 

sion．Wlc are going to study them further． 

Acknowledgem ents 

W e would like to thank the group of making 

targets for fabricating the targets used in our ex． 

periments，the group of laser facility for operating 

Xingguang laser facility and all the people helping 

OUr work． 

References 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Celhers P， Eidmann K， Phys Rev 1990， 

41A：327I) 

Edwards J，Dunne M，Gizzi L et a1．Ruther． 

ford Appleton Laboratory Report．RAL．91． 

025．1991：13 

Schwands W ，Eidmann K．Phys Rev Lett， 

1992，69：3507 

Sigel R，Tsakiris G D，Lavarenne F et a1．Phys 

Rcv，1992，45A：3987 

A hat tad T，Dunne M ．Edwards J．Ruther 

ford Appleton Laboratory Report，RAL．93． 

031，1993：29 

W inhart G，Eidmann K，Iglesia．s C A e．t a1． 

Phys Rcv，1996，53E：R1332 

Springer P T，Fields D J．W ilsoll B G f：t r上己 

Phys Rcv Letts，1992，69：3735 

Perry T S，Springer P T，Fields D Jet a1．Phys 

Rev，1996；54Ef51：5617 

、ⅣlallE P，M acfarlane J J．Rev Sci htstru，1997； 

68：1107 

Ding Yao·Nan，Yao Zhen．Yu．Miao W el1．Yong 

e￡ⅡL Nudear Science and Techniques．1997； 

8：43 

皇I目目 盘一∞A1 一∞1王 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com



