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Experimental conditions

Heating of low Z foams by means of hohlraum radiation

PHELIX Laser: 1o, 1.4ns, 250J, #~200-300pm, 10 W/cm?

Au-cylinder © 1.8mm
Target:

2mm
Au-foil 0.1mm

Ion beam E, m——r"> C———— > E, (1=3ns,d=0.5mm)

CHO-foam 2-20 mg/cm?

Areal density x=50-500 mg/cm?



The purpose of our report 1s analysis and simulation of
plasma parameters which are arising in foam matter
under action of soft x-radiation

B naHHOM pab0OTE TEOPETUYECKH UCCIEITYETCS
oOpa3oBaHUE IIa3Mbl B INIOCKOM CJI0€ HOJIMMEPHOM
neHsl (¢ rotHocTeio  p=0.002g/cm?, TommunoH 800
um) II0JI IEHCTBHEM BHEIIHEIO MCTOYHHUKA MSATKOTO

PEHTI€HOBCKOI'0 U3JTyUYECHUS B YCIOBHIX
IKCIIEPUMEHTOB Ha ycTaHoBKe PHELIX.



The experimental data are the

following:

X-ray spectrum on the plastic
foam layer was measured:

 T,.,4=30-40 eV
 Transmitted energy makes 10-
25% of the irradiation energy

« The incident radiation flux on
the plasma flow (experimental
data) is presented at the right

* The purpose is simulation of
plasma parameters for ion
beam deceleration.
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Code RADIAN:
two-temperature hydrodynamics plus radiative transfer equation
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boundary conditions 7,¢-=0,4)=0; 1,(r=R,u<0)=1,.

u 1is the matter velocity; r, space coordinate; p, and p,, the electron and ion pressure;
p, density; €, and ¢;, the electron and ion internal energy; K, the rate of energy exchange
between the electrons and ions; 7, and 7;; W, the radiation energy flow of the matter;

v, the radiation frequency; 4, the cosine of the direction of the photon flight and the

radius at the given point.



We use optical constants from code THERMOS (Inst. of Appl.Math.), DESNA (Lebedev
Phys.Inst.) for CH,. These constants we indicate below as “real”. We compare the absorption
coefficient for C with the coefficients simulated by Prof. Orlov N.Yu. ( T=5 and 10 eV). They
prove to be similar.

It is seen that the absorption coefficient drops with the temperature increase.

To determine the influence of the constants on the simulation results we use also

1) the spectral Bremsstrahlung coefficient, and

2) the model coefficient is obtained from the “real” coefficients by multiplication by number 1/5-2

- — —_— 3 h . 3
C: T=5eV, p= 2 mg/cm 104 C: T=10eV, p=2 mg/cm” |
10 5 3
4 B-
- ! — Orlov N.Yu. 10"
S— — _9 T - 1
e 10% ' THERMOS e 1 —— Orlov N.Yu.
o S 0% —— THERMOS |
g g
< o
5_
10° 1o
104 ¥ T T T T T T T T 1 103 T T T T T T T 1
0 20 40 60 80 100 0 50 100 150 200

freq, eV freq, eV



The absorption coefficient TAC (C,,H,,Oy) calculated by the prof. N.Yu. Orlov.
It coincides with CH,, by an order of magnitude. The absorption coefficients

differ structurally due to the presence of oxygen in TAC
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We can predict before demonstration the following numerical results:

1) An increasing radiation temperature T,_, of the incident flux leads
to a higher plasma heating. As the temperature rises the absorption
coefficient drops, so the transmitted radiation energy increases.

2) The results will depend on the absorption coefficients. If the
coefficients are greater the transmitted energy is smaller.

There are two possibilities to control the plasma parameters:

1) The lower the external temperature T,,, of the incident flux , the
more optically transparent the coefficients.

2) The higher the external temperature T, , the more optically
opaque the coefficients.



[IpenBapuTEIbHBIM AHAIN3 MAPAMETPOB MAMAFOIIET0 MOTOKA U3JTYYEHUS
U 3aBUCUMOCTEN ONTUYECKUX KOHCTAHT IIOKA3bIBAET CYIIECTBEHHO
HEJIMHEMHYIO KAaPTUHY B3aUMOJICHMCTBUS BHEITHETO TOTOKA
PEHTI€HOBCKOI'O M3JIYYEHMS C MUIIICHBIO U 00pa30BaHUs IIa3MBl.

e (C OIHOM CTOPOHBI YBEJIUYEHUE PATUALMOHHOU TEMIIEPATYPHI
MaJarolero IMOTOKA U3JIYYCHUST BEAECT K YBEJIUUYECHUIO HArpeBa U
MOBBIIIICHUIO TEMIIEPATYpPhI IIa3Mbl. C Ipyroi CTOPOHBI
YBEIIMYECHUE TEMIIEPATYPHI IJ1a3Mbl BEIET K YMEHBIIICHUIO
KO3()(UITHEHTA MTOTJIOMICHUS U3JTYUYCHUS U YBEIIMYCHUIO JIOJIH
MPOLIEAIETr0 Yepes IUia3My U3JIyUYEHUs

* [lapameTpsl 11a3MBbI ¥ OPOLIEANIETO CKBO3b MUILICHD U3JYUYECHUS
MOT'YT KOHTPOJIUPOBATHCS 32 CYET U3MEHEHUS JBYX (DAKTOPOB:

TeMIIepaTyphbl BHEITHETO OTOKA PEHTTCHOBCKOT'O U3IIYUCHUS 1
ONTUYCCKOM IMPO3PAvYHOCTH I1J1a3Mbl, HAIIpUMED, 3a CUET BEIOOpa €¢
COCTAaBa WU/WJIH INIOTHOCTH.



[locTaHOBKa PaCy4eTOB.: MNJ10CKad reomMmeTpun4

AR, T,, p,

Wr
<

e [lmockuil Ci10M HU3KOIUIOTHOU MOJIUMEPHOU MEHBI
(Tommuuoi 800 um, mrotHOCTRIO 2 MQ/CC) obygyaeTcs
[ JITaHKOBCKMM MCTOYHHUKOM PEHTIC€HOBCKOTO U3JIYUYCHHUS C
Temneparypoil T4, coorBeTrcTBeHHO oTokoMm W 4 3a
Bpems t_;.

* [lagaromuii HOTOK BHEIIHETO UCTOYHUKA COJAEPKUT HA0OP
yacToT. M3nydenue Ha 0ojiee HU3KUX YacTOTaX IOrJIOIIAETCS
ooJiee 3 PeKTUBHO, 00JIEE KECTKOE U3ITYUECHUE IPOHUKACT
rIyoke B IJIa3My.



The table of simulation examples

N | Tig, €V | Trags W4, 10" coef Eout

ns W/cm® /E a4
169 20 5 0,17 “real” 0.04
172 20 5 0,17 Bremss. 0.95
175 20 5 0,17 1/5%* 0.15

“real”

176 25 5 0.39 “real” 0.15
171 30 5 0.83 “real” 0.32
174 30 5 0.83 2% “real” | 0.10
170 40 5 2.6 “real” 0.64

AR, T, p,




The picture illustrates the results of modeling:
T.4~20eV, W, ,=1.7-101° W/cm?, t=5ns.

It is seen that during 5 ns the plasma is heated by the external source flow.
About 500 um of the foam is heated. After the end of the external source action
the heat transfer is realized by the electron heat conductivity flow. The plasma
temperature drops from 17 to 10 eV. In this case the thermal wave heats up the
matter for ~250 um during 5 ns.
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The plasma radiation spectra. Run: T,.,=20eV, W_,=1.7-10"° W/cm?, t=5ns.

rad rad

Fig.1. The plasma radiation spectra on the right-hand boundary (where the external flux falls) and on
the left-hand boundary (opposite side of a laser) at 1 ns and 4 ns. The radiation propagating into the
target is shown by a black curve; a green curve shows the irradiation coming from the plasma on the
left. The heated plasma is a source of thermal radiation. The spectra of the plasma thermal radiation are
also shown: the red curve - from the right-hand boundary toward the incident flux; the blue curve — from
the left boundary of the plasma. The self thermal radiation is generated at lower spectral frequencies as
compared to the spectrum of the incident flow. This is due to the fact that the plasma temperature is
lower than the external source temperature.

Fig. 2 shows the spectral energy generated up to 1,4, 5 ns. After 5 ns the plasma losses for the radiation
are decreasing.There takes place the energy re-distribution over the space coordinate. In this calculation
the radiation transmitted energy is 4% of the incident energy.
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The results of simulation: T.. =30eV, W__.=0.83-10"" W/cm?2, t=5ns.

rad rad

Plasma layer heated by incident radiation up to 5 ns.
Heated plasma extended and its density dropped.
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Hydrodynamics of CHO-foam heated by the external X-ray source

Run 170: Planck T __ .=40eV; t

rad

Density :

slow 1-D expansion starts at 3-5ns.
Only 15% density fluctuations

in the interaction region of 500um

X-Trays

ons; TAC 2 mg/cc, 800um

Temperature:
time =3-9ns Te=15-25eV
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Sensitivity of the calculations results in respect
of the optical constants

* Decrease in the optical constants leads to decrease in average
temperature of the plasma and increase in the plasma reradiated

energy.
« Maximum of the spectral intensivity is shifted to a softer region.
Run # 169: T,,,=20eV; "real” Run # 175: T,,4.=20eV; 0.2*real”
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Erad, 10° J/lcm? keV

Sensitivity of the calculation results in respect
of the optical constants

« Growth of optical constants leads to increase in average
temperature of the plasma and decrease in the plasma reradiated
energy.

 Maximum of the spectral intensivity is shifted to a harder region.

Run #171: T,,,=30eV; "real” Run#174: T _,=30eV; 2*real’
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The results of simulation: Bremsstrahlung coefficient;
T _.=20eV,W_ .=1.7-10"9W/cm?, t=5ns.

rad rad

We use Bremsstrahlung coefficient of absorption for simulation of thin
plasma. In this case plasma is optically transparent for external radiation.
Plasma absorbed only 5% incident energy.
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External source has narrow spectral range.

Suppose that an external radiation source 1s not a “black body” and
radiates in a more narrow spectral range. Then energy absorption
takes place in a more narrow spatial region of the plasma
corresponding to that spectral range. In our calculations we
simulate this case as a single spectral group radiation. The energy
1s absorbed 1n a relatively narrow spatial region. A shock wave 1s
formed 1n the plasma. It surpasses a thermal wave and makes the
matter heated and compressed. As a result, an essentially non-
homogeneous plasma is produced.

The same situation occurs if the energy transfer by an electron heat
conductivity wave is dominating.



Heating of matter due to a heat transfer from a hot wall (run #117). The
temperature is maintained at 50 eV during one nanosecond at the right-hand
boundary of a plane polyethylene layer of 500 um thickness
and 10 mg/cm? density.

Time 1s up to 0.9 ns
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Heating of matter due to a heat transfer from a hot wall (run #117, continued).
After 1 ns temperature falls. Profile of density is not uniform. Only 200 um
layer heated.
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AHaJM3 pe3yJIbTaTOB pacuyeTa MOKA3bIBAET, YTO

o KoadduiuenTsl moriomeHus IpeacTaBIsSOTC
COOTBETCTBYIOIIIMMH YCIOBHUSIM dKCIIEPUMEHTA.

* BHemHUN UCTOYHUK MITKOTO PEHTT€HOBCKOIO U3JIYYECHUS
UMEET TEMIIEPATYPY IUIAHKOBCKOrO criekrpa 30 3B

e JliIst TOPMOKEHUSA UOHOB CIIEAYET UCIIOJIB30BaTh IEHHBIE
muIieHu oonbiiero pazmepa (1000-1500mkm) di1st co3manus
0oJiee OJIaronpUsITHOM Cpeabl



3aKIrOYEcHUE

* IIpu BO3a€MCTBUM BHEIIHETO UCTOUYHHUKA PEHTICHOBCKOTO
M3JIYUYCHUS, IMEIOIIETO MJIAHKOBCKUM CEKTp ¢ T=20-40¢eV,
Ha HU3KOILIOTHOE nmopuctoe BemecTBo (p=0.002g/cc)
dopMupyeTcs ia3mMa ¢ OTHOCUTEIBHO OJJHOPOIHBIMU IO
IPOCTPAHCTBY NPOMPUIISIMH INIOTHOCTH U TeMmepaTypbl T=15-
35 ¢eV. Ilornomenue 3HEPrUUA NPOUCXOAUT OOBEMHO.

* Pe3ynbTaThl OKa3bIBAKOTCS YyBCTBUTEIBHBIMU K 3HAYCHUSIM
ONTUYECKUX KOHCTAHT, UCIIOJb3YEMBIX B YUCICHHOM
MOJECIUPOBAHUU.. [I03TOMY HCCIEOOBAHUE ONTHUYECKUX
KOHCTAHT BEILIECTBA HA OCHOBAHWHU CPABHEHUS
SKCIIEPUMEHTAJIBHBIX U PACUETHBIX PE3YJILTATOB I10
MIPOXOXKICHUIO U3JIYUYEHUS YEpE3 IIa3My ABJISAETCI BAXXHOU U
aAKTyaJIbHOU 3a7a4yei.



Conclusions

* QOur analysis and simulations demonstrate that it
IS possible to produce such plasma layer
parameters (temperature, density and their
distributions) that will be needed in future
experiments on deceleration of ions in the

plasma with density 2 mg/cm?3 and temperature
T=15-25¢€V.

* The calculation results are sensitive to optical
constants of the plasma. It is useful to perform
preliminary experiments for determination of
plasma optical characteristics.



Cnacunbo 3a BHUMaHume
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