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Abstract

A EMS laser euperiment collides Aluminum (A1) and Magnesium (Mg)
plasmas. The measuwrements include electron density, time and space
resolved Ly-alpha and He-alpha lines of Al and Mg, and x-ray images.
These measurements were analyzed with a hydrodynamic code, LASHMEX, and a
special two-fluid code OFIS*. The results strongly suggest that at
parly times, the Al interpenetrates the counterstreaming My and deposits
in the dense Mg region. At late times, the Al plasma stagnales sgainst
the Mgy plasma.

Evperiment

Two opposing disks, one Mg and one with a 1 to 2-micron thicl
12%-micron diameter dot of Al mounted on CH. were irradiated with 100 J

of 0.87 micron light from the EMS CHROMA laser (figs. 1 and 2). The
disks were separated by 400 microns, the pulse length was 0.7 to 1.3 ns,
and the laser intensity was 2.5 to 1.0 % 104 W/eml. The disks were
arranged so that the expanding Al plasma collided with the expanding Mg
plasma in order to see the extent to which the plasmas interpenetrated
gach other. The euperiment was monitored by 2-ray pinhole cameras, an
s-ray framing spectrograph, and holographic interferometry to measure
electron density.

Finhole images, shown in fig. Z. show »-ray emission reulting from
the plasma collision. A gated spectrograph with an imaging slit clearly
shows the Ly—alpba and He—alpha lines from H-like and He-like Al and Mg
(fig. 4). Midplane ion temperatures of 10 to 20 bFeV were calculated
from the spectral line widths (fig. 5). The He-alpha to Ly-alpha line
ratins imply that the electron temperatures increase towards the
midplane to a madimum of 700 £o 800 eV (fig. H).

In this poster session we concentrate on the variation of He-alpha
and Ly-alpha Al lines with distance from the Al target at 640 ps, 1060
pa and 1270 ps (fFig. 7). Most of the emission comes from the initial
position of the Al target. At 640 ps., one can see a prominent bump in
both He-alpha and Ly-alpha emiszion about 50 microns from the initial Mg
surface. At later times, this bump disappears and instead we see
emission from the midplane, where the Al and Mg plasmas would stagnate
against each other. These features are euplained., at least
qualitatively, by interpenetration at early times and sktagnation at
later times.

Modeling the Experiment
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We modeled the experiment with ftwo codes: LASNEX, which has much of
the detailed physics but can only model stagnation, and OFI8, which can
model bobth stagnation and 1nterpenetration but lacks electron and 1on
conduction, radiation Uransport, and the process of laser absorption.
Both two-dimensional and one-dimensional LASNEX simulations show that
the plasmnas begin to stagnate at 400 ps. Al line emigssion peaks strongly
1 the stagnation regiron, and as expected in a one-fluid code, no Al
lime emission l1s seen beyond the midplane. In this poster session, we
concentrate on the resulbs of OFIS because of i1ts ability to model both
the case of stagnation and the case of interpenetration.

OFIS i1s a one-dimensianal two-fluwid code that allows two electron
temperatures and an ion temperatuwre but has no laser absorption,
radiation transport, electron conduction or ion conduction?. It assunes
an ldeal epquation of state. In pur simulation, two disks of pure Al
separated by &£00 micrens exdpand due to a 0.145% 800 eV electron
component tn & 10 eV background. These parameters were selected to
match the experimental value ot 800 eV electron temperature and an
pleoctron denstty of aboot “¥10=° /oo obuerved 100 microns from the
micdplane at B8O00 ps (F1g. &). ‘

Figure 9 shows the electron and 10n density praofiles in the case of
stagnation. [ the code, the tonication has been set bto 11.9, so that
the electron density 13 juzt 11,5 times the ion density. Figure 10
cshows the electron and r1or density profiles in the case of
interpenetrration. fhe clectron demsity 1z symmetric about the midplane,
st e mimd Lar to o whol 1w scon an the cowe of stagnation except that the
densi bty spikes nesr the midplane are gnre. fhe ion densities are
similar to the case of ctagnation within 150 microns of the initial
locabion ot the Al. Howsver, 1n the case of interpenetrotion, no
mi1dplane density spike appears encept at late times, when the plasmas
are otagnating against gach other. At 550 ps, & prominant density spike
&, peare near the opposite plate. Thie epike arises from the Al plasma
Lhat penetrates the oppoging stream and deposits in the dense material
ot the upposite plate.

The output fram OFIS, consisting of electron and ion dencsities and
temperatures as a function of time, were run through DSFP, a spectroscopy
poustprocessar develaped by Clokeane, R.Lee and J.Grandy=. D&F calculates
the Al populations for 10 H-like levels, 19 He-like levels, 25 Li-like
ltevele, and 11 other ilonization states based on non—-LTE rate =2quations.
1t then calculates the opacities and emissivities 1n up to 2000 photon
bane bhased on the level populations. Figures 11 and 12 show the spatial
variation of emission in the He-alpha and Ly-alnha lines in the case of
stagnation and 1nterpenetration, respectively. As expected, 1n the case
of stagnation, a big spile 1n emission comes from the stagnation region
neaas Lhe midplane with no emesion beyand that. In the case ot
interpenetration, at t = 450 pe there 16 2 strong spike 1n emission
caming trom the opposite plate that becomes less praomninant at later

Ermies. AL 950 ps, one can ser acreaced emliesion coming from stagnation
b e mrdplane. These tigurzs dre to be compared with tigure 7, which

chows the experimental rewalt, .

7

Discus-on_and Conclusrans




The detaills of how the i1nterpenetrating ions are slowed down and
captuwred 1n the dense counterstreaming plasma are not done correctly.
Thus the calculations of level populations and line emission fraom the
iones as they stagnate and termalize are qualitative at best. As can be
seen N firgure 13, the Al 1ons are mostly fully stripped as they
interpenetrate the opposing ztream of ions. As they slow down and
tharmalize, both the colder electraon temperature and the higher electron
density they encounter decrease the ionization state of the Al ions and
they emit He-alpha and Ly-alpha lines. Evidence of this is seen in the
superiment. We conclude that our experiment and calculations strongly
sugoersts that at early times, the Al plasma penetrates the
cotinterstreaming Mg plasma and deposits in the dense regions. At late
times, the Al plasma stagnates against the Mg plasma. We are now

impraving ouwr codes, and hope te do an improved interpenetrating
evperiment on tne NOVA laser.

References

1. HR.Berger, J.R.Albritton, and C.J.Randall, "Stopping and
Thermalization £f Interpenetrating Flasma Streams", 1986 Laser
Fragram Annual Report, Lavrence Livermore National Laboratory,
pp. 2-41 to 2-49%.

2. C.Jd.reane, R.W.lee, and J.F. Grandy, "Detailed K-shell Spectroscopy
Fostprocessaor (DSF)Y Y, International Workshop on the Radiative
Froperties of Hot Denze Matter, Sarasota, Florida, Oct. 22-26, 1990.



A

I v T3P

S T S A : o
, “Wos e St - W\
Sy /0 \.ﬁu - M
swy  v7bpg -y

J 2 U\ ] \N\Jp\md\\w

J,\/\JJ M,S..Huvy Oms” .’M -
M,u.lru..ov& ..Wx/.ﬂf_\q %U qu\wa.ﬁ«d\.v

i
7or b7 F° Vo1 ym Ty e Sa R et v o Zéi%%/*M




$1 980802080

sdnour) oisoubely pue igse] ewoiyy -
UONoNpay puE UoNiSINboy B g

G wvesy O C uuewyney| 'Y ‘uopuqgyy ‘Isjewejaq N
| UI[SPOJj pue A
I9eD "3 “Iojie4 g ‘sieieyn 'O °Yyosng 'p ‘yosog 'y -
SEVEIE e
=l

Aq apew aiam suonnquiuos Wueoyiubig



- o ~ewse1d Ol ayjz
Jsurebe sajeubels ewserd (v syl ‘sawtl a3wr 3y "uotbsa B ssuap ayz urt
s31s0dap pue by Butwesuisas3iunco 843 Se3jrulruaddsiul 1Y ayl ‘sawiy Al.ea
3T 3E'y3 3s530Bns A7bBuouys synsad ay) "SI140 APO3 pINTi—0Mm} [Einads

€ pU®E ‘YINSYT *2P0OD D1tweudApodpAy © yjlim PIZATEUE S.48M 5ILUIWSINSESW 3531y
"ssbewt Aeu-x pus B pus 1Y 40 S8UIT eydiv--ay pue evydie—-AT] paajosad
aseds pur 3wWI3l ‘AJISUSP UOJI3B3[2 BPNIoOUT SIUWaINSEDIW . Y ‘sewsye 1d

By untsaubey pue (1Y) whuTwn Ty S2PITICD Judwi4adxa U3SE gl U

v



29RO

3ojy3 wirl g
wri gog x wirl gge
aienbs wnjsaubeyy

\

oy wil g _
majA doy Blp wil gzl ke MOy} wiri 62|
jop wrl gog x wrl gog
wnujwn|y - aienbs {49
all | sjabie} wie ejgnop

a1am slebier Apjeuoisijon Atewud ayy



T e1-SHlivoseg

sugl-20 pBusj asjng

JU/M, 01XL-G0  Aysue| sese ogly ydeiBonoedg
"Blp wrl 00g lods sese] pajeg
"Bjp wr gz} jop Iy
wigdy  uopesredss ys)qg /\/\
o emenbg Ho | ~
/.' //bw
| weegg —
a1enbg 6
BlBWE) 8joyuly
d 19S®8j] YWOHHO @u) Buisn wi g6 g=y

Je pajelpe.ld; aiam sysip Buisoddp



ol

Asyswoltapaiul oiydesbojoy
ydeibouoads buiwely Aei-x .
Selswed sjoyuid ABJ-X «

-18bie |

adeys asind .
1ebie] uo >9mcm .
119Se7

sonsoubelp Ajyjeuoisijjo)



paleuiwnij; siabie} yloq pajeulwny yebie) wnuiwne

(wrd) 37v0s | {(wr) 37vosS
00 00 002 001 0 00 00E 002 001

k. i
L] ¥

-4 1
i 3 ¥ B

- 10 -=—3J2nbg
wnisaubep wnisaubepy
- ]0Q —<— 10Qg
wnun)y wnuwn)y

=

uolstjjod ewsejd wouy Bunnsa.
uoissiws Aes-x moys sabew sjoyuig



pajeu
Paleuiwny) syabiey yloq Paleuiwn)s 1a61e) wnuiwne

[wo 9~ Ady 1 9] .
g LT
| !
21 FAN wmm. le
b3 p
H 5 3 m . sd 090t = 1
P2 |
2
. sdgrg =1
| - ———— et e . L.
. EROIEE S Pl S Pa X S
3ienbg By - B_ e ,.,...Arv,l it A J <
od gy = | g et S
:04dnS 136181 |y —pn- o ~ b 2 !
e > f sd 9gg = |
|
g |
Py :
sd pzp = 1

76
H)
o
[4
i?»
‘ |
. o

" HIs Buibewn yjm ydeibouloads pajeb
e buisn paniasqo asom sewse|d Buipijjos P



€1-1M06202080

su g°|} = as|nd 18se)

apiS ‘epis
v , BN

.%:Juii WLQQM

- .w'
y -

“lea 8ve 090L 221

gl uoneube}s pue uonjesjouadiajul ay} SMouys |y
| w0} uoISSIwd “sy pue "A7 paajosa: Ajjeneds ayl

I ,_—F



(sd) swn

00¢ 1 00Z! 00l 0001 006 008

I H T T I 0

1 c
3
a
o
Q
3
_ [¢))
oL _.
O
3
@
3
O
761 2%
e}
c
@
\u,U
10z mw

- GZ

yipim aul] [eljoads wouy pajejnoje
sem ainjeladwa) uoj auejdpipy

A~

;mmw“

1




AT ~ - ———
lb\,u 40 . LTrs PELS

11-9080Z08C

(wrl) 1394V IV WOHd 3DONY1SIA

00¥ 00 002 00t 0
_ I { OON
—4 00€ m
m
m
ooy 9
3
—00S =
L
m
—009 =
O
m
- 00, I
= sd 0/21 p
1008 3 sd 0901 - 9
m sd 06Q
006 % 9
sdog9 — e
A3N
q - sueidpiu mE lesu Buisealoul s} m._EEmaEQ co:om_m

mEmm_a sul ss]eo1pui ofjel auj| A1 0} 9H suL
o —



129408202080

sd 0/21 - (0}
sd 0901 ---(q)
sdoy9 — (g)
| Aoy
. (wii3oHvi iv WOH4 3ONVLSIA (wr) 1394V Iv WOH4 30NV1SId
00Z 009 00S 00% 00E 002 001 eo 00/ 009 00S 00F 00€ 00¢ 00} oc
e ——
m N ¢ =
c W b W
, a 9 =
= 8 3
m m
o & oL &
2 2t 3
. 8 pl
uoIssIwe “oH uolssiws A
&l aoeuns jabie] ay] wouy souelsip

Ylim uoilelieA Jiey ul Jayip uoissiwa A pue "sH ey



a)

ELECTRON DENSITY (10%%m-3)

== 800 ps
~=-1000 ps
0 100 200 300 400 500
RADIUS (um)

161

BBY0OATRS 15



p uoy ‘sd 0G6 = | ‘oyxj0d 13 uspas ”na omm = Ho_:oa u
p voj ‘sd pgg = § "ojxjod :g M”v” ”“ cs9 M i ‘MWHMMM ‘8
P uoy °“sd 06 = | "o3x10d :y P 0S¢ = 4 (] v
500 0- 010 0- €10 0- 020 0~ €20 0- 050 0- 0 $00 0- 0i0 0- S10°0- QNQ_‘on &i9°0- 0gQa o~
I SR I T U RS ER IR I B | ~ ,....u\_/...".._.~........._...._
- — 0243
- —61+]
- — 1243
—] — 0241
A
k- -
-— — 17+3 -
- — 7243 -
-..._...._...._....___..“..___ﬁ- b
s . g
i) w.\»u\,ngﬂ..s‘h 2vi 14 qfnu (owxr\cib p_) 5 o4 2 N
. T3 &. . v e v (s .L,\U
2995w Moy S 22 304 Grisvoe T pvo 4272
- R . b - . / . . .



~
fo' o 0° ¢ 10’0 "0 1070~ 0" 0- £0°0-

L N I T P B |

S — 0743

- Aot
/

N\

- - S — 1243
- - ! i —27+3
- {4 ny
] T W
- : W -
i - \. /Mr — €741
A \ :
* [ L U A porrrr e [ B I R LI
-
AT © L vo 2L ) d P 29 L + vosive b kS >0
52w > 4o NI»JUW —+ % v v) P 1
° ) . B P O
PINI P D . smoy S u\v«:urau\ns “.\fvﬁ\#.,mpmq‘.\.wlri.._ ol S21p 1oV _



T T T e
: L . . - T T L e T T
. - — 943
|“ — g2+1 - — 843
onu — B+3 L )
_ . J f.l . - f — 0143
N 1] + m 1 1] 1) 1 n . L] 1] L] — 1 11 . ] ' . 1 1’ 1 ' -
— — * L] — 1] 1 * 13 — 1] T * L] — 1] 1 1] . _ 1 . 1 . — 1 1
ACRET DIV T A >
|\~ (n._h‘u;._s\«w UI
A
- Peropva 51 verpvubnys )

y sy ooy
ut,v Plw Ly o N\ﬁvo\f*:w. _\u:v‘mk VeSSl v D u(..TN\ V\Q



_l'il‘ll'blllll|l||||~a|||||||u0|i|||l||

0 100 0 10°0- 70 0-
T T S T T T
L o3
Zoz+3

P+3

B1+3

Illil‘ll'lll|l|l|||d]|||t|

- Io_+w L,
T e BT e T S S I S T T S SO
”
vINISIVW D “,!N
—
e JPieppvarea oy M peRyvweayy 240
M*mh%c\.\nv 172 volSsIvr ) Nn.n\«\ru. U)JQJ.NV;

‘oo

w\\w)ﬂ r~

U<~W\\ W\Q

Sveo?)

YolSSl v D



[

N7




S——

W e e






