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What Does X-ray Astronomy Need?
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AtomDB in the X-ray World
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Large collection of atomic data
used to model a range of X-ray
emitting plasmas

» Create useful spectra for data
analysis

« Ensure tight integration into
modeling tools

* Provide open access to all the data
and the models

 Ingest and update models with new
atomic data

* Identify atomic data needs and
communicate them to data
producers




Resonance Scattering (RSApec)

RS occurs when emission with a sufficiently large oscillator strength
travels through a material. It is resonantly absorbed and re-emitted in a
different direction, leading to a deprecation of the line intensity.

Bar model assumes redistribution due to scattering by thermally

distributed ions, so scattering loss is also Gau33|an--------b. _________________________________________________ |
| 107 ¢ T

Shigeyama showed scattering from a sphere (e. g
a galaxy) is different: scattering factor can be
much more reduced.
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Both models integrated into new RSAPEC model. :
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Uncertainties on Atomic Data

How well do we need to know atomic data?

Developed Variableapec, a tool for investigating
the effects of uncertainties on spectral fits.

lon Label’ Transition Wavelength | Error(transition probability) | Error(Collision strengths)

Fe XXV x 1s.2p (*P3) — 1s° 1.85541 1% 6%
Fe XXV y 1s.2p (*P1) — 1s° 1.85951 14% 18%
Fe XXV z 15.25 (?S;) — 1s° 1.86819 T% 12%
Fe XXV W 1s.2p ('P;) — 187 1.85040 2% T%
Fe XXIV s 15.25.2p (*Pas2) — 18%.2s (*S;/2) 1.86110 25% 20%
Fe XXIV r 15.25.2p ('Py,5) = 18°.25 (°S;,2) 1.85700

Fe XXIV t 15.25.2p (*Py/2) — 18°.25 (*S1/2) 1.86350

Intensity (counts/s/keV)

o

Doppler broadening

Suzaku CCD spectrum

Energy (keV)

6.6 6.7



o & Ne 0,000y
- % 5o o °*
o ¢ ow A.WHWN Fegee
® o8 $e0 o
* . R AL 8
o ° oﬂowv LA R
o ‘y’v 4
bt o N § PN
o e K e
L LR 00 oos‘ °*

* > L X3 *
* 03 ‘“00‘?0@’0“ *o%
° % Mt o o
¢ %0 3 8 W0 0 o 0 ¢
° 0%00 oS, 8.
oooo}o 0,500 AP O
* 7§ “ PO M
AT AR g SNBR IS

WY &
B & § § 49 §
(spy) ApopA weNgNL

1000

600

400

Run number

200

% 2 B DO
* ’»‘ PRod
»’%&0 o
<4 ° ¢
*

*

A
*

# oo PRI
P

*

e
R
4
%oroo xaoooo “og
&
PRI S £

*
$
000
* 3

600

400

Run number

800 1000

600

400

Run number

*

% %
%
£ .5
&8
oy
% %o
% 0%
ey
o0
®

°
°
3
o %
®
4
@
®
o°
&
&
&
(2
PR3
°
*»

*
*
*
*
4
p o @
0 %o %%
o0 *
008000 000
3o’y
P °
Po,®
et
o’ ¢ o
e PN
:}.’
VO
SoE,
A
b s
oo
b8 oo
*
*

600

400

Run number

*
200

475

(A9>]) @4njesadwsa |

(a)

wn
S~
-
b Q4
— ~—
>
=
(@)
¥ O
Lo 16
>
=
(@)
4 o
>
2
2
Q 8 R A Q ©
- —
SN0 Jo BN
mr
o
5t
2%
Y
(@)
I c
-
(O]
=
= ©
@)
n
Jo
¥)
c
©
o4 C
(@]
0
(V)
u S ~ n o~
SN0 o BOUINN
_|_|ﬁ_&9.
o
[ee]
S o
(v}
C
©
Lo—— ~ O
c C
)
O
<
©
[=)
3
E %8 § 5§ ¢ 8 & ©
o) Jo BNy
©
<
3
IV
£
_l4|\ N O
<
S
R -+
©
< =
- :
o
-
m
T
©
m
(=] [Te] m n Q n o
E u S ~ n o~

1000 runs of VariableApec with Hitomi Perseus Data.




Temperature (keV)

RS factor
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Underlying Uncertainties on Atomic Data

Uncertainties in atomic data have a series of (sometimes not obvious!) correlations

If we start by varying the atomic structure, and continue on to calculation of all
coefficients, we preserve these correlations
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Large, complicated datasets,
Need careful though on
presentation and use!
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Loading Python Models in XSPEC

C++ versions in XSPEC

« APEC/AtomDB models are written in python, only legacy models have

* New models (ACX2, resonant scattering, electron-electron

bremsstrahlung, non-Maxwellian electrons etc) have no C version.

XSPEC

* We have designed wrappers to allow use of python models in regular

— Generally applicable: works for all python-only models

XSPEC calling python model

(‘ avalderrama@MSI: ~

i

data and folded model :pyapecInfo:norm>

yapecInfo<1> . ctiv
Model Model Component Parameter Unit Value
par comp

1 pyapecInfo kT

1 pyapecInfo Abundanc

1 pyapecInfo redshift

1 pyapecInfo norm

Fit statistic : Chi-Squared 1.479427e+11

***Warning: Chi-square may not be valid due to bins with
in spectrum numb:

[Test statistic : Chi-Squared 1.479427e+11

***Warning: Chi-square may not be valid due to bins with
in spectrum number(s 1

ro variance

Null hypothesis probability of
Current data and model not fit yet.
EC12>cpd /xs

e+0@ with 2397 degrees of freedom

L L SPEC12>plot data
1000 1500 i Fit is not current.

Ch

using 2460 bins.

=1 chan™!

counts s

PyXspec calling python model

£ avalderrama@MSl: ~
data and folded model

lodel pyapec<1> Source .1 Active/

Model Model Component Parameter Unit
par comp

1 pyapec

1 pyapec

1 pyapec

1 pyapec norm

Fit statistic : Chi-Squared 1.479427e+11
**¥lJarning: Chi-square may not be valid due to bins with
in spectrum number: 1

Test statistic : Chi-Squared 1.479427e+11 using 2400 bins.

**¥jarning: Chi-square may not be valid due to bins with
in spectrum numbe

ro variance

of freedom

! !
1000 1500
Chanrel
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Arthea Valderamma



Flux (Counts cm =2 s~! Z\‘l)

M51 galaxy shows a curious ratio of the forbidden to resonance
lines in RGS spectrum — explained using charge exchange

AtomDB Charge Exchange
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Updates to the python
ACX2 model improve
speed and reliability,
allow for line
broadening, easier
maintenance and
addition of new data.

McKenna Blake




Future Plans

Redevelopment of apec code (almost complete) — more flexibility,
allows us to do all of the below....

Dielectronic Recombination line inclusion up to higher n & more
ions (Hiromichi Okon, Nigel Badnell, Martin O’'Mullane).

Inclusion of density dependent effects
Updates of L-shell ion data
Updates of M-shell ion data (?)

Continue collaboration with other projects, e.g. SPEX, ADAS,
CHIANTI

Work on SAO EBIT




Line energy/adf38

DR Satellite lines

Autostructure vs literature
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