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. Abstract

A KMS laser experiment collides Aluminum (AI) and l,lagf_esium (Mg)

• plasmas. The measurements include electron density, time and space

resolved Ly-alpha and He-alpha lines of AI ._nd Mg, and x-ray images.
These measurements were analyzed with a hydr,.Tdynamic code, L.ASNEX, and ,._

special t_o-fl, uid code OFIS _. The results strongly suggest that at

early times, the A1 interpenetrates the co-tnterstr'eaming Pig and deposits

in the dense Mg r-egion, At late times, the AI plasma stagr_al:_s -._gairlst

the M(.] p].asma.

_E',_p e r i me n ____

T_o opposing disks, one Mg arid or_e with a 1 ko '2-.Inicror_ t:.f_'i.cl::
I'_5_-micron diameter dot of Al mounted on OH, _.Jer-eirradiated with I00 ,.;

o,f 0.53 micron light from the KMS CHROMA laser (figs. 1 arid 2). The
, disks were separated by 400 microns, the pu]se length t.Jas 0.7 to 1.3 ns,

and the laser intensity was C_.5 t.o l.O _( IL_14 W/c:m2. llne disks were

arranged so that the expanding AI plasma c:o]lided with the e,_',parldirlgMg

• p].asma in order to see the e,':tent to which the plasmas iln_er-r)er_etrated

each other. The experiment _as monitored bv :'-ray pinhole cumeras, an

_',-r'ay framing spectrograph, and holographic _nterTer'ometr'y to mr_asur-e
" electron density.

F'inhc._le images, showr_ in fig. ,3, show -.-ray emission r-r,._u]ting .from
' the p],asma collinion. A gated spectrogrnpl7 _._itl_ an im,:n.Qir_(._ slit _"].early

shows the Ly-alpha and He-alpha lines .tom H-like arTd He-.like AI and Mg
(fig. 4). Midp].ane ion temperatures of 10 to 20 t::ieV were calculated

from the spectral line widths (fig. 5). 1he He-alpha tri l_y--aJ, pha line
ratios imply that the elertron temperatures increase to_,_ar'ds the

midplane to a maximum of 700 to 8o0 eV (fig. 6).

In ttnis poster !session we cc_ncentrat.e o_ the variation of, _e-all-)h,_
and Ly-.alpha A1 l:ines _,_.th d_star, ce from tl_e A) ratget a_. 641.) p_..s, lr..)61)
ps and I..::70p!s (fig. 7). Most of the emission comes .from the initial

position of _lTe AI target. At 640 ps, one can see a prc)mir_erlt bump in
- ..... ion about 5,> micron,._ from _h(-_ ir_i_'.ial I'l,.]bnth He-alpha and Ly alpha emi_:_

sur'.face, At. 1,aEer- times, this bump dis:._ppr -_:-'_rs a_d instead we s_._L==
emissior] from the midplane, where the _:41art('_l l'Igplasmas would stagr_,_te

against each other, These features are e',',p]ained, at least

qL.ta! i t,'=_t"i vel y ._ by :i.nterpenet r-,--._ti on at m,_r- I ,y t i rnes ,-:_rtd 's _.,:_(.l_,at 'i ol_ ,:'_t
later" tilnes.

Modelinq the Experiment



We ,nodeled the e':per-iment L,_ith t_,ao codes: LASNEX, _hich has rnL._ch0_:
t.h_!_detail(-:ed physics but (::_n only mo:Jel =_itagrTation: i{17d (3Fl_3q _4hic:h can

model both staglT,i_tion and II-,te,r-penetratien but lacks electr'or] and ion

<oI_duc:ti_::_n,.r'adi..=Ltim_Jtr-ah'--_pc_r-t,and the pr(Dce,:i5_oT la:=.er absorptiIDn.
E_c]t.17 t;,JC]-(:J/_l]efl_{iE)Ina[ ailCJ of_e,---dimensioqa] LASNEX simulation. =, sho_ tlTat

the plasmas beqin to stagn_:_te :_:_t40'7 ps, Ai. line emissii:)n peaks strongly

in tf_e ,zt.agnation re_]ion_, .:_nd as e'.'pected in a one--fluid code., no) AI

l in_.-:,emis!';ioi_ is seen beyc:ir-,dthe midplane I.n this poster session., we

. concentrate on the r'est_it_ c_f OFIS because o. its abili, ty to model both

the case n.F stagnation ,and the case of interpenet.ration.

' OFIS is a or_e-di,me_,siorTal two-fluid code that allows two electron

temperatures and an ic)n tempe_ature but has no laser absorption.,

radiation _-ran_iport: electron conduction or ion conduction _. lt assumes

• a_) ]de,._i equat:ir._n _:)_,:itate. I_ o4r simulation, two disks of pure All

separated by 600 mitr'cns e;:pand due to a 0. 145% 800 eV electron

c_3_l_pi:ll7ent.in a I0 eV background. These parameters _,_er-eselected to

mat_.'h rite _-.,',perimenta] ,.,al_._eo+ 80o eV electron temperature and an

<-:.l_ctrnr', d_.:_.lT_it.;, r.)}, aLir._t "'_]0 =:° ,/ce observed 100 ir,icrons -From the
mic.lplarll._, at 800 ps (_i 9. t9).

Fig._Ire 9 sho_,_s the <_li::..ctrnnand ion density prc_-_iles in the case o#

,::tag_atir:_n..., In L.h_ c:'clidls,, th(.: ionization ha,=. been set L:.c'_11 . 5;, :so that
t he e Ie c:tr'(::_nd en s ity is ]u,_t I1.5 t im e s t17e ion d en s it;,. F ig ure 1()

_hcl_,_st-he elect.rcln and _nr-, density profiles iF, the case _.I:

int(.:.i:rper,et.F'at]on. Il_e (.:,l_,<tr-or, dens,ty is symmetric about the midplane.,

,:,_,d l,:, _::;Jm:il,._r L._.:)_h,._l _.i ':;,._.or, l r_ tl_u c--_,:_ r._f st.a(.]r_ati[)r_ e',.'ci:ept that the
d_'l"l_il.y _pil.::es near the ,nidplane are _]q:,e. ]he ion densities are
,,-:_im:ilar t:l_ the c;asF-, oi: _Jtat_nation _._ithin 150 microns o'f the initial
lc_c_tic)r"_ tj6 the AI. t4o_,_e,.'_:r-_ in the case of interpenetr'ation., no

. m:_dplaiTe rJer"_!_ity,spike z_ppi!_,_r-se:'cept __t late times., _lTen the plasmas

ar_-._ ,:_tagi_ating against earJl-_other. At .550 ps: a prominant density spike

a, I:)l._,-,r-c ne,.:,r t.h(:-: oppr.,,sit_-, plate. This _pil::e arises ._r'(3m the A1 p].asma
• I:li<_l-. p_:netr-ates the opposing _tream and dF-,posits il7 t.he dense material

i:)t: the ot:_po!_..itr ,'. plate.

' The ot..vtput from OFIS: consisting of electron and ion densities and
t_,rnpe_att_re!'i a:=.,_ function (_I:time, were run through [)SP, ,-_spectroscopy

pclst..pror:[:_ssur-developed by C.Keane: R. Lee and J.Grandy _, I)SF' calculates
''5 Li-likethe AI pc_pulatiuns .For l:] H-like levels, 19 He-like levels,

le,xel,i., and II other ioniz;:_i:.i_n states based on non-LTE ra're equations.

lt then ca].culates the opacities and emis!iivities in up to 2()00 photon

b_.n:..ibas_d (:._nt17e level pclp_Jations Figures II and 1__, ._ sho_ t-he spatial

va_iation _:_ emission _n the He-alpha and Ly-al_ha lines :in the case oT

rsta_]nat.:Lor_ ..-Trid inter-penetr_tion: respecti,veiy. As expected: in the case
_:,I_:t,__,_rl,Ttior-_,a 5.i(.]_ipil:e in emission comes from the stagnat.ion re_ion

r_c:,ar [.lle:_ ,n-idplar_e _itl-, 17_;__:ir,lsslon beyond that. In the (::ase o+
ir_t<,cpr.,r_etr,:._t.ion: at t : 650 ps there i_-, a stronc] spike in emission
r:o,_jng +rom LITe opposite lJl..-_te that becomes less prominant at later"
t L ml._,!-_,, (-_1 _2.]1]:, F):-_, or]e c:E_r] :-,oF . .'TCrei:_sel'] _Di __,si on comi nq from sta_]nation
,::t I.l_c, ,nl_ll:)la_i__.. 'lllt._s_ _l,..]_r':es _{re 1:o be (:::ompared _4it.17 _i_.:_L.Ir'¢._ 7, which

[)1%C_I":..._i [)[_ arl(l (7,onc:] I_ _] (]ti_-



ll_e c.le_.,_:_il,..i _-_f how the interpenetrating ions are slowed down and

l_:aptured in the dense counterstreaming plasma are not done correctly.

7l_s the _:alc:ulations of le,xel populations _nd line emission _rom the

i_:_F,sa:s they stagr_,a_.e and termalize .ar'e qualitative at best. As can be

seen iJ_ f_gua'-e 13, the AI ions are mostly Tully stripped as they

intt_,rl._enetr_.:_te the opl]osint_ stream oT ions. As they sl o_ down and

thermalize., bath the colder electron temperature and the higher electron

densit'.y they encountel _ der-tease the ionization state of the A1 ions and

lhey emit He-_alpha and Ly-alpha lines. Evidence of this _.s seen in the

, experiment. We conclude that our experiment and calculations strongly

,.=.u(_.)geststhat at early times., the AI plasma penetrates the

_::ol._rlterstreaming Mg plasma and deposits in the dense re,_ions. At late

. times., t.he Al plasma st.a(]nates against the Mg plasma. We are now

• impr'ovin(_ our codes, and hope to do an improved interpenetrating

experiment on the N(]VA laser.

L
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pp. 2-41 to 2-49.
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