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Abstract 

TLín plastic foihl 但"'-'10 ~lm thickness) werθìrradiated witb tbe iodine lasθ-r ASTERIX III (λ- 1. 3 

μm) ‘ Pulse energy was 100 J} pul抽 duration 3ωps; ↑挝 intensity 0 )1 target was varied in the range 
1014

",5 X 1016 W .cm-2. An active-p出sive mode-l，∞ked，自ash~lamp-pumped dye laser was synchronized witb 

tbe iodine ]aser pul田. A si lJgle dye laser pulse(rv l0 pS duration)was used to study the gasdynamic motion 
of the foìl material during and after irradiation by shadowgraphy. Besides the expected aCCele:ration of 
the foil under one-sidθirradiatjon wθalso find strong di吕turbances of 也be foil at di日tances far from the 
irradiated area , especially at bigb irradíances. Tbe resul也s wíIl be discnssed and compared with previous, 

calorímetric measurements of thin foil acceleration. 

In laser plasma experimen ts 山θpbe卫omeua occur on a 也ime soale of pioosecond9 

and a spatial soale of miOl'omeires. Pioosecond laser pulses in oombination wi也h high 

resolution optics oan provide the neoessary space and 也ime resoh川ion for 恼。 inve的iga

tion of 也hese phenomena. 

A solid targe古 is hit by a sho剖， in如nse laser pulse w hich 也ransforms a t leas也 pa时

of it into a dense, ho古 plasma. For studying the rapid motion of mat拍r aooompanying 

也is plasma formation and decay pr∞ess J picosecond pho也ography in 也he visi ble range 

has already proved a useful diagno的io method[h4J. The requiremen恼 for suitable pu1sed 

ligh古 SQurces are dicta臼d by the objeo也 under 的udy i相elf; 也hey are ra也her stringent 

aJld m的 only by lasers. 

A flash lamp-pumped dye laser 8y肘。m was ohosen beoause standard oommercial 

systems readily produce pulses of the required shor也neSs ("" 10 ps) in the visi ble. Such 

sys拍ms are also rela也ively uncomplioa协d; reliable and easy 也o handle. A particu]ar 

advaniage of suoh a dye la~er j3 也hat its usual mode of oper川ion ， namely passive mode

locking~ oan readily be combined with ac也ive mode-locking wi thou也 sacrificing the short 

pulse width; it should 出us be pos8i b1e 也o synchronize i t wi th 恼。 main laser beam. The 

* 1'his 寸ork was supported by Bundesministerium für Forschung und Technologie, FRG. 
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single pulse energies readily available from such a laser (mnltimode operation) are in 

the microjoule range, certainly enough for shadowgraphy. Interferometric meauremen相

may require addiiional arnplification; this is possible using eithe1' flash lamp-pumped 

amplifiers) nitrogen la.se1'-pumped amplifiers 01' a XeOl excimer laser fo1' arnp1itication 

of the frequency-doubled dye lase1' radiation[;] .... -7]. In the 1a机er case use is made of 也he

tunability of 也he dye 1ase1'; this p1'oper可 is a180 80me times nseful if fixed-frequencYJ 

narrow-band interferenoe filters are used for suppression of the plasma self-luminosity. 

1 t therefore seems to ns tha t the dye lase1' is 丑。也 only a suitab1e device for beginníng 

with plasma diagnostics but also has some po拍ntíal for further developments. 

rrhe physical resnlts of 1aser irradiated 也hin foil experíments wíll be díscussed in 

this pape1'. rrhe picoseconcl photography method itself and its application to 1aser fUHion 

experiments are referred 古o the }j右。ratureé7-的.

~[lhe observations were made in a series of single shots performecl with the iodine 

]aser ASTERIX III (λ=1.3μm) . '1'he laser radiation (pulse energy typically 100 J , pulse 

dura也ion 300 ps FWHM) was focused on to the surface of a 也in foil target. rrhe mean 

intensi可 ín the i1'1'adia如d area was 3 X 101':;W.cm-2 (corresponding to half-energy inio 

a 85 队m~diam. spot). r.rhrough a thin foil targ的~ at righ古 angle 怕也he incident iodine 

laser beamJ we took time-resolved shadowgrams of 也he foil targe也 using single--10 ps 

pulses from a mode-locked dye laser system for background illumination. Compared to 

a previous1y described versjon(l]由e dye 1aser system has been considerably imp1'ov叫;

i n particular) the dye laser pulse has been synchroniz叫 with the iodine laser pulse by 

a combination of activej-passive mod.e-locking. A古 present 古ho arrival 也ime of 也he dye 

laser pulse relative to the iodíne laser pulse can be preselected with a jitter of 200 ps. 

rrhe photogra phs were taken on Polaroid film wi毛h a spatial resolution of abou古 10 111m. 

rrhe experimenial sohematic arrangement ís shown ín 且g. 1. r:['he activej -passive 

mod.e-locked dye laser is synchronized with the active mode 100ked iodine laser by a 

OOIDmon driver souroo. For streak photography 吐1e ftash la皿p-pumped dye laser is 

operated. in 世1e long pulse ( "" 1 ns) mode. l!"'i g . 2"" 3 

G 

务f 川
Fig. 1 Expcrimental schematic 

a1Tagement 
T - target. 2", lO j.lm thick plastíc foil strip; 
C•C' amera; llS-- focal spùt; lL- jodine 

lGlser; SL-sÂnchronized dye ]aser 

show a series of still photographsy obtained at low) 

medium and high in如nsi可;也hein协nsity was va1'ied 

by placing 也he targe古 at various distances from the 

fooal plane of 也he lens. Besides 也he a∞elera也ed， 001<1 

foil material the pictnres also show complex pheno

mena like 也e forma古ion of "hairs月2 shocks and 

condu的ion phenomen乱 along the target surface. 

There is a tendency that these phenomena become 

mo1'e pro丑ounced. as the laser in tensi市 is increased. 

These phenomena are no古 yet under时ood; in parti-
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Fig. 2 A series of still photographs obtained at low intensity, focal spot 
diam. --1000 f..l.m, cþ~3 X 1013 W.cm- 2 . "1月一-smooth accelerated foil 

Fig. 3 A series of sti1I photographs obtained at medium intensity, 
，..... 400μm， diam. cþ=2 x 1014 W.cm-2 

1(1月一一咀ash-over' from target to bolder; 
('2" 一一-‘bairs' stretρbing away from target; 
"3"-一←sh∞1\s in expanding p]asma 

Fig.4 A 臼ries of still photographs obtained at high intensity, ，..... 100μm， 

diam. cþ=3xl015 W.cm-2 

"l"--already at this early tiroe the foil expands far from the focal spot; 
"2月一←regular disturbances have developed over large distanc四;
吗"一一切cond harmonics sp的 indicates f∞al spot 1∞al i阅tion

433 

cnlar i古 is unclear wh的her they are energ的ically important. Electrical discharge 

phenomena due to a large potential difference b的ween the plωma (note observa也ions

on breakdown in plexiglass, fig. 6) and 也he targei holder may be responsible for some of 

the observa也ions.

The expansion of 2μm and 10μm 也hick pla的ic stripes is followed in a quantita

ti ve manner by streak photοgraphy shown in fig. 5. 
Eig. 6 shows 也剖 a massive plexiglass iargei is irradiaied at high intensity. The 

froni surface is slighily curved(radius>>focal spot diameier)to ensure clear observaiion 
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Fig. 5 . Expansion of 2μm and 10μm thick plastic stripes measured by streak camera 

2 卷

of the vaouum/plexiglass interfaoe. Immediately after 七he pulse a d盯k， opaque oloud is 

seen in the plexiglass; this oloud forms during the irradiation (as was oonfirmoo. by 

s七reak photography). Tree-like struotures, resembli丑g the patterns fou丑d in ooro平a

disoharges from a positivè a丑ode point grow into the plexiglass. Only 、 at a later stage 

(60", 200 ns) the shookwa ve w hioh was released. by 古he impa的 of the laser beam breaks 

away from the heavily dis七or七ed area. Inspeotion of thetarget after the shot shows 

surfaoe damage in a star-like pattern around the orater (see Fig. 7). 

These phenomena are believed to be due to eleotrioal breakdown of the plexiglass 

nnder the intense eleotrio fìeld 节hioh surrounds the positively oharged laser-produoed 

plasma. Previous meaurements[10J have already shown 他的 a laser-produced plasma 

may be charged up 七o a potential of the order of U ~105 voH. If we model the plasma 

cloud as a sphere of radius R (生10-3 m) , we obtain for 恼。 e1eo忧io field at its surfaoe 

Eo = U I R~108 V 1m i. e. in order of magnitude the breakdown strength of insulaMng 

mate士ials. It seems not unlikely that 击he in ternal breakdown (七ree-like struotures) is 

acoompanied by surfaoe breakdown (star-like surfaoe struoiures). Fig. 7.-.8 show x-t 

diagrams of the dark/brigh七 boundaries on the rear and fro的 side of 2 ~m and 10μm 

foils as observed in the shadowgrams. Comparision is made with 尬。 oalculated mo七ion

of a fixed density (5 x 1019 om-S). 

The oaloulations were performed with a 1-D (planar) Lagrangian hydrooode. As 

parameters we varied. the heat flux limit fac 'bor f and 恼。 amoun古 of preheat 句 (range

5 X 10-4 gl cm2). The laser pulsθis assumed to be a sin-q.s squar e pulse with 300 ps half

wid th and 50 % a bsorption of φifI(J a t 'bhe ori tioal densi ty . 

on the fron t (laser) sj de of 饱。 foil it is diffioult to r~produoe the exaot shape of 恼。

measured -Lrajectory by a u丑ique set of oode pa.rame七ers. There are a number of reasons 

why .ihe fron七 side is probably not very well desoribed by the oaloulations: (1) The 

densHy gradien切 in the hot plasma are .rather flat leadi丑g 古o unoertain ties in 古he
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{叫 Ul"一-The ∞nvex front surface facilitates clear 
imaging of the vacuum/plexiglass interface 

(吵哈"--Tree-like structures resembling corona 
discharge patterns have grown out of the 

dark cloud 

(e) "5月一一-The fìow has deyeloped further 

(b) "2"一-The plexiglass becomes opaque in a zone with 
dimensioD8 much larger than the irradiated area. 

The dark cloud forms during irradiation 

(à) 饨"一-Tbe 自bock wave breaks away from the dark 
zone. Note disturbances abead of the wave. 

H5t'一-- A weak sh∞k wave is released along the 
target surfaβe. 

(j) (16"一←Internal da.mage after the 曲的

,lI'ig. 6 Internal breakdown in plexiglass; focal spot ，....，， 100μ皿 diam. ， lþ=3xl015 W.cm-9 
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aotually observed densHies. (2) Due to the high expansion velooity the plasma flow 

becomes rapidly two-dimensional making a 1一D simulation inapplicable. (3) '"rhe 

physical modelling of the laser-plasma in teraction 

with its consequences on the density profile may 

be too crude (profile steepening by pondermotive 

effects neglected~ for example). (4) Probably cold 

ma terial from the edge of the plasiio siri p 0 bsoures 

the motion 的 a laιer stage w hen the boundary 

recedes to the original targe七 position. (5) H 
seems that the leading edge of the actual laser 

pulse is not very well modelled by the pulse 

(Q) (b) 

Fig.7 Surface damage of the 
target after shot 

(α) Magnifjed detail(cra国r) ; 
(ò) Front view of the target 

t'i!!. 
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Fig. 8 X-T diagram of the darkjbr电ht boundaries on the rear and front side of 
2μm foil as observed in the shadowgTams 

(一-s仁reak. 0一-still photographs) 

Plasma Exponsôon 
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Fig. 9 X-T diagram of the darkjbr培ht boundaries on the rear and front side of 10μ皿
foil as observed in the shadowgrams 

(一-str铀k. .一-still photographs) 
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On the rear side of the foil the oonditions for a oomparision with the calculationg 

seem much more favourable: the expansion is slower and henoe planar for a longer 

time... complioated interaction phenomena with the laser do not ∞cur and the motion 

of the boundary is freely visible at any time. Most important, the density gradient at 

the rear side is very steep; thus an assumption on the density seen in the shadowgrams 

does not have a strong in fl.uence on the results. This is a computational result for 8p三
o . 2, i. e. the range w hich is consisten七 with the data. 

:From the oomparison of measured and computed trajootories in Figs. 8 ,....,.. 9 we 

conclude tbat only a small amount of target preheat B1'三5% occurs in the experiment; 

also strong fl.ux limitailion has to be assumed (0 .01运f;二 O.003)in order 切 simulate the 

resuHs. It turns ou t 七hat these parameters are 恼。 same whioh have been previously 

deiermined in our experiment by a oompletely independenb teohnique, namely 

measurements of the hydrodynamio e伍。ienoy using a oalorimeirio t∞hniq ue(llJ . 

rrhe main resuHs and conolusions are aS follows: (1) The fl.ow is one-dimensional 

at earl y times (t < 5 ns) with largß fi∞al sp的 diameters (d;?; 400 μm). (2) Flux inhibi七ion

of f~O.003 required to simulate results aiφ~1.5 X 1014W.om-2
• (3) rrarget preheat<< 

5% of absorbed energy required 击。 simula击。 resuHs at 4>~1.5 x 1014 W .cm-2
• (4) Strong 

elechical fields exist.. as evidenoed. by(a)Internal breakdown at φ--3 X 101
;; W .cm-2

; (b) 

Surface breakdown a tφ~3 X 1015 W -cm-2 ; 但)"Hairlike"discharge struotures in plasma. 

(5) Lateral heating and regular stru的ures are observed far from fooal spot. 
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throughoui this work. The ieohnioal assistanoe of H. Brändlein, Ch. Dorn~ P. 

Sachsenmaier, W. Fölsner, W. Schwanda.. E. Wanka and H. Baumhacker is gratefully 

aoknow ledged during the ex perimen拍. One of the author (Teng, Y. L.) also aoknow

ledges reoeipt of Alexander von Humboldi S七ipendium.
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提要

2 卷

激光等离子体实验中3 许多现象是在微微秒和微米范围内发生的。为了研究这些现象，

采用微微秒激光脉冲与高分辨率光学相结合的方法可以提供必要的空间和时间分辨率。实

验观察是在棋激光系统 Asterix III 上进行的生腆激光输出波长为 1.3μ血，脉冲能量最大

输出为 300J; 脉冲宽度为 300 pSo 靶面功率密度为 3 X 10.15 W.om-2} 相应的半能量点的

直径为 85 f.!mo 利用脉冲宽度为 10ps 的主被动锁模染料激光脉冲p 在与腆激光成 90
0 的

方向上，拍摄了时间分辨的阴影照片。 同以往的方法相比，染料激光系统作了相当大的

改进;特别是染料激光脉冲与腆激光脉冲的同步3 染料激光脉冲相对于腆激光脉冲的到达

时间可以预先选择2 其漂移时间为 200ps o 所拍得的阴影照片的空间分辨率为 10~mo 从

阴影照片可以看出p 除了被加速的冷馅材料之外p 还观察到"发丝"、"冲击"等的形成以及沿

着靶的表面传导等现象。 随着激光强度的增加，这些现象变得愈来愈明显。 由于在等离子体

与靶架之间存在着很高的电位差y 所以对于某些放电现象的观察可能更为可靠。用条纹相

机定量地测量了 2 和 10 11m 厚的塑料薄销条的膨胀。 在高强度激光照射下观察了有机玻

璃中等离子体云的形成以及由于激光束的冲击所释放出的冲击波。实验和理论计算表明，

激光产生的等离子体被充电到 105V 的电位，其表面电场为 108V1m} 即为绝缘材料击穿强

度的数量级。可以肯定p 内部击穿(类树状结构)将伴随着表面击穿(类星形表面结构)口

对于薄膜材料2 根据条纹照片的测量结果并与一给定密度 (5 X 1019 om-3) 所计算出的

运动作了比较。计算是用一维平面 Lagrangian hydrooode 进行的。改变热通量极限系数

.f 和预加热 êp 作为参变量3 激光脉冲假定为正弦平方脉冲，半宽为 300ps} 在临界密度时，入

射功率有 50% 的吸收。

解释了为什么在薄膜的前侧，用唯一的一组编码参量来重现被测量的轨迹的精确形状

与实验偏离的原因F 以及在薄膜的后侧与计算相比符合较好的理由。

根据实验测量和计算的轨迹比较，可以得出如下结论:在实验中仅有少量的靶的预加热

8J)~5% 产生;为了模拟实验结果3 还必须假定有一强的热通量限制 (0.01;去f~O.003) 0 这

样一来p 这些参量就与以前在我们的实验中所确定的参量完全相同y 以前确定的参量是一个

由完全无关的技术2 即使用卡计对气体动力学效率所做的测量所提供。

收稿日期 1981 年 10 月 27 日

"本项工作是，应回w马普学会量子光学研究所进行的.




