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X-ray radiation temp.
(TR, ~ 80 eV)

aser bea
lation

Shingang Il (China)
SiO2 gel(40mg/cc)

g — ) Absorption Spectra

Au Backlighter

G

3w, 130ps,
100J (9th
beam)

Dog-bone cavity

8 laser beams (0.35um,1ns,2000J) were incident to the dog-bone Au cavity to produce a
80 eV x-ray radiation field. The 40mg/cc SiO2 gel were photoionized by the radiation field.
An additional Au x-ray source produced by the 9th laser beam was used as backlighter.
Absorption (with backlighter) or self-emission spectra were measured in the experiment.




Absorption by Photo-ionized Plasma
(Shanghal Chlna)

f Shingang Il
o =R ' (Shanghai, China)




Self-emission from Photo-ionized Plasma
(Osaka, Japan)
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1.

Two Type of Experiments have been
done with GXII and Shengaun IT

Opacity Experiment of Photo-ionized Silicon Plasma
(Shingan 11, Shanghai)

The Astrophysical Journal Letters 683, 577-583, Aug 2008

H. G. Wel et al.,““Opacity studies of silicon in radiatively heated
plasma”

Self-emission Experiment of Photo-ionized Nitrogen Plasma
(Gekko Xll1, Osaka)

Physics of Plasmas 15, 073108 (2008)

F. L. Wang et al., “Experimental evidence and theoretical
analysis of photoionized plasma under x-ray radiation produced
by intense laser”
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Why photo-ionization plasma physics
is important in Astrophysics

Photo-ionization of accretion disk material in X-ray binary

(Anomalous accretion rate: o)

— S. A. Balbus, and J. F. Hawley, Rev. Mod. Phys. 70, 1 (1998).
— H. Takabe, Prog. Theor. Phys. Suppl. 143, 202 (2001).
— B. A. Remington, R. P. Drake, and D. D. Ryutov, Rev. Mod. Phys. 78, 755 (2006).

Photo-ionization of surface plasma of companion star (Cyg X-3)

— K. Kawashima, and S. Kitamoto, Publ. Astron. Soc. Japan 48, L113 (1996).
— F. Paerels, et al., Astrophys. J. 533, L135 (2000).

Physics of line driven stellar wind. Possibility of very mass stars

— S.F.P.Zwart, and E. P. J. van den Heuvel, Nature 450, 388 (2007).
— S. E. Woosley, S. Blinnikov, and A. Heger, Nature 450, 390 (2007).
— |. Hachisu, and M. Kato, Astrophys. J. 590, 445 (2003).

Photo-ionization of HIl region
— A. Mizuta, et al, Astrophys. and Space Science 298, 197 (2004).
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X-RAY SPECTRAL STUDY OF THE PHOTOIONIZED STELLAR WIND IN VELA X-1

] 2 3 3 2 4
SHIN Waranage, Masao Sako,” Manasu Isuma,” Yosmraka Ismsaxs,” Steven M. Kamn,” Takavosin Koamura,

Fumiak NAGASE.I Freperk Pagrers,” anp TADAYUK TAKAHASHI
Recetved 2006 Febmary 13; accepted 2000 July 1

ABSTRACT

We present results from quantitative modeling and spectral analysis of the high-mass X-ray binary system Vela
X-1 obtained with the Chandra HETGS. The spectra exhibit emission lines from H- and He-like ions driven by
photoionization, as well as fluorescent emission lines from several elements in lower charge states. The properties
ofthese X-ray lines are measured with the highest accuracy to date. In order to interpret and make full use of the data,
we have developed a simulator, which calculates the ionization structure of a stellar wind and performs Monte Carlo
simulations of X-ray photons propagating through the wind. From comparisons of the observed spectra with results
from the simulator, we are able to find the ionization structure and the geometrical distribution of material in the stellar
wind that can reproduce the observed spectral line intensities and continuum shapes remarkably well. We find that
the stellar wind profile can be represented by a CAK model with a star mass-loss rate of (1.5-2.0) x 10~ M yr
assuming a terminal velocity of 1100 km s~!_ It is found that a large fraction of emission lines from highly ionized
ions are formed in the region between the neutron star and the companion star. We also find that the fluorescent lines
must be produced in at least three distinct regions: the extended stellar wind, reflection off the stellar photosphere,
and in a distribution of dense material partially covering and possibly trailing the neutron star, which may be associated
with an accretion wake. Finally, from detailed analysis of the emission-line profiles, we demonstrate that the stellar
wind dynamics is affected by X-ray photoionization.

Subject headings: stars: neutron — stars: winds, outflows — X-rays: binaries — X-rays: individual (Vela X=d)
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He-like Silicon Line Emissions from VELA X-1
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N. R. Schultz et al., ApJ 564; L21, 2602



Experimental Configuration
Gekko Xl (Osaka )

Spherical
plastic shell

Silicon target.._




Principle of Laser Fusion
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Time dependence of the laser pulse,
the electron temperature
and the average charge state

Radiation pulse

8E+029 — 12 — 60
6E+029 — 10 —
40
'3
2 ©
=
4E+029 —2 8 —&
>
-
- 0
= 20
2E+029 |— 6 —
OE+000 '— 4 '— 0
800 1600
time (ps)

17



Experimental intensity (arb. unit)

Intensity (counts/s/keV)
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Table 6.1 Annotation of the Individual Lines of the Satellite Spectrum of Helium-like Ion
Resonance Lines

Array Multiplet Line Key letter”

15 2p-152p" 2ph 2p 3/2-32
1/2-3/2
3/2-1/2
1/2-1/2

Pt ip 3/2-5/2
3/2-3/2
1/2-3/2
3/2-1/2
1/2-1/2

o ) 3/2-5/2
1/2-3/2
3/2-3/2

‘PP 05 3/2-1/2
1/2-1/2

15 2p-152¢" Py 3/2-12
1/2-1/2

15725 15252p iz iyt 1/2-3
1/2-1/2

S-(*PRP 1/2-3/2
1/2-1/2

‘g tp 1/2-3/2
1/2-1/2

15~ 152p g1 p0 01

I.S—3 PD [II—E

0-1
1571525 's s 0-1

R =0 o OR

M- 2 f =« B =@ =089 0 3 3 = F ==

D. Salzman, Atomic Physics of Hot Plasmas, Oxford
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H-like

o 1863 eV

He-like

~n” 1842 eV

1s2p — 1s?2 1863 eV resonance
Li-like 1s2/2/'— 1522/ 1842 eV satellites

N ~1810 eV
(outside the range

® of the
Be-like spectrometer)
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Experimental intensity (arb. unit)

Intensity (counts/s/keV)
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1. High-Mach Number Collisonless Shock

Theory & Simulation by T. N. Kato! Experiment by
Y. Sakawal, Y. Kuramitsu! and their group?,
International Collaborators
M. Koenig? and his group?, N. C. Woolsey? and his group?

~ Collaborators In Astrophysics
*M. Hoshino, °T. Tearasawa, °R. Yamasaki, 'F. Takahara,
5A. Mizuta et al.

linstitute of Laser Energetics, Osaka University, Osaka 565-0871,Japan
2LULLI, Ecole Polytechnique, Palaiseau cedex, 91128, France
3Department of Physics, University of York, Helington, YO105DD, UK
“‘Deaortment of Earth & Planetary Science, University of Tokyo, Hongo, Japan
SDepartment of Physics, Tokyo Institute of Technology,Ookayama, Japan
®Department of Physics, Hiroshima University, Saijo, Japan
'Department of Physics, Osaka University, Machikaneyama, Toyonaka, Japan
8Department of Physics, Chiba University, Chiba, Japan



Supernova Remnant

SN1006 (Newton X-ray S) Blg dlfference IS

not the energy
o But the physics

B. Ripin et al.

Synch. X-rays

30
(blue: tracing ~10TeV €)

Cassam-Chenai et al.(‘08)



Model Experiments
///KJF Solid Foil
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1s*1s2p, .=6.6529 A, A *g=1.2E14

10"

10" 1s™-1s2p, /.=6.6964 A, A *g=3.0E11

10" I

10"

AT Atomic data of Si

By HULLAC, Wang@08May

10° 4 3
107?; 15™-1s2s, 1=6.7489 A, A *g=1.1E6 ?
10° 4 a
1053. - 777
664 666 668 670 672 674 676 678  6.80

Wavelength [Angstrom]



What are the relevant atomic processes:

Photoionization y

Radiative recombination y

Spontaneous decay y

Electron impact excitation and n | the free electrons do not have sufficient
ijonization energy

Dielectronic recombination n

3-body recombination n density too low

Photoelectron impact excitation y/n | contribution less than 1%

and ionization




Photoionization

UK. { :;r, _}”: + oL {S{i.:: }}:L if w = Bﬂf
olw) =1 oy (2£)" if w > By,
0 otherwise.
photoionzations By
Cm3 .S — XongO-KOFa[ -Ilfg 1 Z—ad
r Fa (X) — XO(I y y
20(3) x e'-1
absorbed energy By
cm®-s ) IongGKoGa( TKg 15 e
r o (7Y dy
G (X)=—X
==
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Equation of energy balance

(1) . (2) (3)
algJ6t = HEZR“"'[TE+J_E}{’ir+[ri'_,:l{'iTL,+{'inETE'[r}+ri'ﬁ'[i"}{'iTE]

L.\..=I' ]

7 (4)
+ (Nt + 60 = N(0)) B
(1) Radiation absorbed from the field during dt;
(2) Emission through radiative recombination;
(3) Increase of thermal energy;
(4) Change in the internal energy.

ol
— solve for —¢
ot




Rate equations

ot | Xo(f)Ng—) { ogr— ¥ xiw)dw — aXolf)Ny { orlw)Vx(w)dw

L= L=

ON; =

+neNeni R L (Te) = neNe R, (To)|. £=0,....Z.
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__ | Experimental
—, | Data

Position (mm)
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Experiment Arrangement on Shengang Il

Crystal spec.i: Pinhole camera 2

Horth South

Pinhole
+ streak camera

Backlighte

4 laser beams 4 laser beams

Fest
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Theoretical Model

Detailed term accounting
(DTA) model

J. L. Zeng et al. Phys. Rev. E 70 027401(2004);
and references therein.

Flexible Atomic Code (FAC)

M. F. Gu, Astrophys. J. 597, 832(2003).

Line Profile  voigt Profile

Natural, Doppler(0.2eV), Stark, and
Autoionization resonance (~0.3eV)
+ Instrumental (0.89eV)

See Poster 8HE91 by Yutong Li et al.
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e Rate equation
— To describe the change of atom number of
level (1,1) with time.

— In unit time, the change of atom number of
level (1,1) is equal to the arrived atoms
minus left atoms.

N/ .
d_' = +IN ...From other levels to (i,l) level
dt - OUT ...From (1,]) level to others

— | o (PI+EINLi>1+1,1 |+1c (RR+E3R)I+1,1-51,i (EIDE)I,k—>i |
- _NiR ” +N1 S ” +Z(Aki+Bkiuhv+Rki )Nk

k>i

. Nil Z(Bikuhv n RiE(EIE)I,i—>k ) . Nil Z(Aik n Bikuhv n RiE(EIDE)I,i—>k)

k>i k<i

(EIE)| k—>i | (PI+EINI-1k—>l1nf1-1 | (RR+E3R)I,1->1-1k
+Z(Bkiuhv+Rki )Nk+ZRk Nk 5|,1_N15|,128k
k k

k<i



X-ray from Companion Star of Cyg X-3

Chandra Observation

caunls

Photo-ionization by X-rays
from BH
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F. Paerels, et al., Astrophys. J. 533, L135 (2000).
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