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Navigating AtomDB with ISIS
SEARCH options
❖ wl(min, max);!
❖ el_ion(Z[, ion]);!
❖ trans(Z[, ion[, upper[, lower]]]);

returns a boolean array, easy to combine!
use where to get a line list:

ll = where( wl(18, 20) & el_ion(O) );
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Navigating AtomDB with ISIS
SEARCH options
❖ wl(min, max);!
❖ el_ion(Z[, ion]);!
❖ trans(Z[, ion[, upper[, lower]]]);

returns a boolean array, easy to combine!
use where to get a line list:

ll = where( wl(18, 20) & el_ion(O) );

SCIENCE
❖ bl = brightest(n, ll);!
❖ line_em(ll, temps[, dens]);!
❖ ratio_em(ll[0], ll[1], temps[, dens]);

Get database INFO
❖ page_group(bl);!
❖ plot_group(bl);!
❖ s = line_info(bl[0]);









line_em gives sum of line-list emissivities!
as a function of temperature (or dens)
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How emissivity is calculated
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ratio_em gives ratios of emissivities as a function of temperature (or dens)!
and will keep line-list groups intact

Emissivity ratio for two he-like O lines
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Navigating XSTAR with ISIS:  
— XSTARDB —



XSTARDB extension to XSTAR
Similar philosophy to AtomDB navigation, except:!
1. Each model run produces a separate fits file database!
2. That database file must then be loaded into a structure!
3. Each function call acts on the database structure (instead of environment)

http://space.mit.edu/cxc/analysis/xstardb/
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Similar philosophy to AtomDB navigation, except:!
1. Each model run produces a separate fits file database!
2. That database file must then be loaded into a structure!
3. Each function call acts on the database structure (instead of environment)

http://space.mit.edu/cxc/analysis/xstardb/

SEARCH: ❖ xstar_wl(db, min, max);!
❖ xstar_el_ion(db, Z[, ion]);!
❖ xstar_trans(db, Z[, ion[, upper[, lower]]]);

LOAD: ❖ db = rd_xstar_output(“warmabs_1.fits”);!
❖ dbm = xstar_merge([“warmabs_1.fits”,”warmabs_2.fits”]);!
❖ db_grid = xstar_load_grid(filenames);

INFO: ❖ xstar_page_group(db, ll[; sort]);!
❖ xstar_plot_group(db, ll);

SCIENCE: ❖ xstar_strong(n, db[; wmin, wmax]);!
❖ xstar_run_model_grid(model_info, “path”[; istart]);!
❖ xstar_line_prop(db_grid, ll, “luminosity”);!
❖ xstar_get_grid_par(db_grid, “rlogxi”);

XSTARDB extension to XSTAR

http://space.mit.edu/cxc/analysis/xstardb/


Three essential examples
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single photemis model multiple warmabs models grid of photemis models 
(for line luminosity vs rlogxi) 
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Example 1: A single photemis model

wavelength

Einstein A

oscillator  
strength

equiv width

xstar_page_group( db, strongest; sort=“luminosity” );



Example 1: A single photemis model

xstar_plot_group( db, strongest );



Three essential examples

http://space.mit.edu/cxc/analysis/xstardb/examples.html

single photemis model multiple warmabs models grid of photemis models 
(for line luminosity vs rlogxi) 

http://space.mit.edu/cxc/analysis/xstardb/

http://space.mit.edu/cxc/analysis/xstardb/


Example 2: Multiple warmabs models
Example of two warm absorbers in spectrum of a Seyfert I galaxy  

Holczer et al. (2010) ApJ 708, 981

For sake of example,!
I set this to a high value!

compared to paper
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Example 2: Multiple warmabs models

xstar_page_group( db_m, slines );

notice extra column:!
warmabs system to which line belongswavelength!

(rest frame)



Example 2: Multiple warmabs models

keeps track of which file!
each line belongs to (integer array)
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model_binning = struct{ bin_lo=x1, bin_hi=x2 }
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Example 3: A grid of models

(x1, x2)      = linear_grid( 1, 40, 10000 );!
model_binning = struct{ bin_lo=x1, bin_hi=x2 }!
model_info    = @_default_model_info;!
set_struct_fields( model_info, “photemis”, “rlogxi”, !
! ! ! !   !! -2.0, 2.0, 0.05, model_binning );

xstar_run_model_grid( model_info, “/my/rlogxi_example” );!
!
fgrid   = glob( “/my/rlogxi_example/photemis_*.fits” );!
fgrid   = fgrid[ array_sort(fgrid) ];!
pe_grid = xstar_load_tables( fgrid );



Example 3: A grid of models

o_vii = where( xstar_el_ion(pe_grid.mdb, O, 7) );!
!
xstar_page_grid( pe_grid, o_vii );
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Example 3: A grid of models

o_vii = where( xstar_el_ion(pe_grid.mdb, O, 7) );!
!
xstar_page_grid( pe_grid, o_vii );

ftp://legacy.gsfc.nasa.gov/software/plasma_codes/xstar/rates/xstarlevels.text

To keep track among fits files, features are assigned an id  
based on ion and level id from xstarlevels.txt

35   = ion number (e.g. 01 for HI, 02 for HII)!
001  = lower level id!
0241 = upper level id
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Example 3: A grid of models

o_vii_F     = where(xstar_trans( pe_grid.mdb, O, 7, 1, 2 ));!
o_vii_F_lum = xstar_line_prop( pe_grid, o_vii_F, "luminosity" );



Example 3: A grid of models

rlogxi = xstar_get_grid_par( pe_grid, "rlogxi" ); !
plot( rlogxi, ovii_F_lum, 11 );



Caveats
❖ Need XSTAR version 2.22 or higher!

❖ Not responsible for performance of XSTAR models!

❖ RRC / Edges are computed from templates, so strong 
features from non He-like or H-like atoms (e.g. OV K-
alpha) do not appear in line list!

❖ Can supply your own ion population file (pops.fits), but 
cannot change between different files within a single 
ISIS session
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ismabs + ismdust



Resources
http://space.mit.edu/cxc/analysis/xstardb/!

!
http://space.mit.edu/cxc/analysis/xstardb/examples

- Source Code -

https://github.com/eblur/xstardb

^ see documentation folder for  
 tutorial ISIS scripts

http://space.mit.edu/cxc/isis2015/

- Master list of ISIS talks and tutorials, including XSTARDB -

lia@space.mit.edu!
dph@space.mit.edu

http://space.mit.edu/cxc/analysis/xstardb/
http://space.mit.edu/cxc/analysis/xstardb/examples

