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Outline

* Why do we care about Non-equilibrium lonization (NEI)?

* What's our NEI code and its improvements in /S/IS?
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Basic structure of plasma emission models
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+ colliding wind binaries

+ accretion flow in AGN

+ super starcluster winds

+ galactic winds

+ radiative shock flows in IGM
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the archetype colliding-wind binary
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Eta Car

- the Galaxy’s most massive & luminous star (5x10¢ Lo ;100 Mo )
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Declination (2000)
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Arches cluster and its vicinity

super stellar clusters (SSCs):

* lie in extra-galactic star-forming
galaxies (e.g. M82) or in local

regions (e.g. NGC3603, R136in 30
Doradus, Arches cluster)

* mass and energy loss from

massive stars energize ISM by their
winds (stellar cluster wind)

+ Because of both the shock-
heating in the wind-wind collision
- and the fast adibatic cooling in the
IR 5 subsequent expansion, the wind
— gas is in highly NEI state.
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NGC253
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* abundance puzzle exists
In the analysis of X-ray gas
of starburst galaxies, such
as in NGC253 (Strickland
et al. 2002) based on
one/two temperature CIE
assumption.




« WHIM is too tenuous to be observed in emission

* Tracers for WHIM: various UV and X-ray absorption lines (e.g.
CIV, OVI, OVII, NeVlll etc.) from FUSE, Chandra, XMM-Newton.

 Radiative shock flow could be suitable scenario
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Column density maps
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Characteristics of our spectral code (Ji PhD thesis 2006)

+ based on the updated atomic data (CHIANTI, APED) the atomic data and the code are
separate

*+ fine structure energy levels have been regrouped and the collisional rate and A-rates

have been re-calculated in order to save computational time. In addition, it is flexible to
include fine structures for interested ions.

+ including the atomic process of cascading down following recombinations into highly
excited levels

+ allowing electron temperature evolution due to Coulomb interaction

* dealing with dynamics and ionization self-consistently
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ISIS --- Interactive Spectral Interpretation System
(Houck 2002)

» All XSPEC models + mathematical scripts of IDL/Matlab
(TCL in XSPEC is not mathematical
e.g. models may be scripts, not just C/C++ or Fortran

» Very extensible: easy to add new features by wrapping external
libraries (like LSODE) as importable modules (e.g. XSTAR)

» Fully programmable APED interface

» Distributed parallelism with PVM, and multicore parallelism
with OpenMP

Noble et al. 2007 in preparation



New developments in SIS (on-going)

1. Incorporate photoionization effects
--- Atomic data from XSTAR
--- Allowing atomic data to be queried and manipulated according to
different physical scenarios.
--- Facilitating time-dependent NEI photoionization modelling
e.g. NEI versions of XSPEC photemis/warmphot etc.

2. Develop template NEI models for simple dynamics

--- e.g. 1D steady-state adiabatic wind (Ji et al. 2006), single radiative shock
flow in IGM (Ji et al. 2007), a slab of photoionization plasma with time-
evolving ionization sources.

--- allowing self-consistent modelling of NEI plasmas

--- parallel computation (Noble et al. 2006)

--- friendly for custom users
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Comparisons for inner regions V,=500kms™

Cumulative spectrum within certain annulus
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CIE could be a fair good approximation for stellar winds with small in th¥ inner region




Comparisons for inner regions V,=500kms™
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M,=10"*M_, yr™*

V,_=2000kms™*
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Comparisons for outer regions V,=2000kms™
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An illustration
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An illustration
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Level balance equations
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