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Introducing SPEX

« SPEX Is a fitting package for X-ray spectral
analysis

o Similar packages: XSPEC (Amaud et al. 1996),
|ON (Netzer et al. 2002), PHASE (krongold et al. 2003)

ISIS (Houck & Denicola 2000)

« SPEX is optimized for high-resolution
spectroscopy:
— Most updated atomic data bases

— Several multi-parameters absorption/emission
models —> accurate analysis of narrow features
produced by different astrophysical processes



‘Where to get SPEX

WWW.Ssron.nl/spex

spectra. It encompasses options for spectral modelling, fitting, graphical display and output. The
widely used Mewe-Kaastra-Liedahl {MEKAL) plasma model constitutes a part of the package. The
current recommended version is SPEX 2.0, but also the older SPEX 1.1 is still available.

_ The advantages of SPEX 2.0
‘COMIS fTTM There are several reasons to install the SPEX spectral code and analvsis package. Some reasons are

| given here:

SPEX
| Davitlead © Better atomic data have become available
© More transitions need to be included
@ More flexibility forincluding more complex models (e.g, for phota-ionized plasmas)
SPEX versien 1,10 @ More flexibility and easier user interface
SPEX version 2.0 © More computer memory for high-resolution ¥-ray data
e o Opt!ons for f\tt!nq gratl.ng spectra of spatially extended sources ) )
AL © Options for fitting multiple regions of extended sources simultanzously, taking psf effects into

account

@ Improved description of the response matrix for ¥-ray grating data

A paper by Kaastra & Mewe (appeared in Atomic Data Meeds for X-ray Astronomy, eds. M. A,
Bautista, T. R. Kallman, A. K. Pradhan) gives somewhat more background on this.

Currently, the new version is operational at SRON and a few other institutes, SPEX has been installed
succesfully on Solaris and Linux platforms, There is also a Dec/alpha version, but that will not be
updated frequently as we do not have direct access to such a platform. Unfortunately, we were not yet
able to port SPEX to the Apple OS5 ¥ platform. The update of the atomic parameters is still continuing.
It has to be decided when that will be fully included in the new releases,

Manual

Main differences with version 1.10
The main differences with version 1.10 can be summarized as follows:

© Version 1.10 used fortran77, version 2.0 uses standard fortran90. In particular features like
dynamical memory and derived data types are used freguently, as well as many other features
of f90 (array and matrix manipulations, modules, etc,) The advantage of fortran20 is here the
larger flexibility as compared to fortran?7, while keeping the backward compatibility; as
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SPEX Manual

http://www.sron.nl/files/HEA/SPEX/manuals/manual.pdf
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Quick-start documents

http://www.sron.nl/files/HEA/SPEX/manuals/spex intro.pdf
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A short introduction to SPEX

Jelle de Plaa
SRON, Utrecht

February 27, 2006

1 Introduction

SPEX is a spectral fitting program used to fit high-resolution X-ray spectra. The code contains several
simple and detailed models that are able to deal with the radiative transfer mechanisms observed in
the X-ray band. Because SPEX only has a command-line interface, a first-time user should get familiar
with the syntax of the commands to be able to work with it. This short manual provides some basic
commands and threads to fit X-ray spectra.

2 How to run SPEX
2.1 The SPEX data format

The data files containing the spectrum of the source and the response need to be in the correct format
(the files that are provided for this course are already in the right format). SPEX needs two files per
spectrum:

e <filename>.spo — This file contains the countrate per energy bin for the source (D;), as well as v




Downloading SPEX

* The latest version of SPEX is available for LINUX (and MAC-0OS)
o Older version available for SOLARIS and Alpha-Dec

File Edit View History Bookmarks Tools Help
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s e = Easy installation: download a
tar archive
Download = Unpack the tar

SPEX is available for a faw UNIX-type platforms. We only actively Important Note

support Linux installations, because that is the system we use *
el Wa-as St Sala and DEC/aloha voson, Sk T o s SPEX for e it Source the scri pt
because we do not have access ta these platforms, the binaries will will appear in a scientific

not be updated anymere, Currently, we are warking to port SPEX to publication, then please add a

the Apple OS X platform, reference to Kaastra, Mewe and
Nieunenhuijzen (1996). See ADS as - O r‘ C_S e

Linux for a full reference. L

ol we offer 32-bit and 64-bit versions of SPEX for the Linux operating
system, Download the tar file for the i686-platform or the AMD64-

platform below and procesd ta the installation instructions at the

bottem of this page. The current version of SPEX is 2.01.02,

© SPEX Linux 686 (32-bit, 12 MB) - Version for Intel/AMD - ~
Enee v o St oo pees The environment variables are set
O SPEX Linux AMDE4 (64-bit, 13 MB) - Version for Intel/AMD
based systems with a 64-bit operating system,

The binaries abowe were compiled with the Intel Fortran Compiler.

Discontinued versions

We note that the versions below do not have the readline
functionality.

O Sun Solaris 2.8/ spex-solaris.tar.gz (2,06 M8 20.11.2006

16:08)
© DEC/Alpha / spex-alpha.tar.gz (8.75 ME 20.11.2006 16:08) I R A FO

SPEX version 2.00.07 only!

Installation instructions S P EX

O Download the tar file for your platform from our website

O Uitk o vat files i e daktinatian directary (for starinld
Jusr/localf):
tar ufz spex-{dist} tar.gz A re rea d fo ruse |
Replace {dist} with the name of the platforrm. The tar file will y 4
Sfedte @ divaetaty dalied spes CouER i Bh Ahe BrOaTaR
will he installed

i

Search SRON

Done



Step 1: using TRAFO

e TRAFO converts normal fits files into
SPEX format 2 trimmed, slimmer fits files.

- new spectrum & response matrix
 Inputs:

— QOriginal spectrum (either binned or unbinned)

— Background

— Effective area

— Response matrix



Example: AGN
Galactic abs*black body

File Edit Wiew Terminal Go Help

Terminal Terminal

Mereid[30] /homeselisa/proc/mssl/sc
Welcome elisa to SPEX wversion 2.01.03

MNEW in this version of SPEX:
05-03-2009 Version 2.01.03 is now ste

redirect_control_c: spex keyboard interrupt (~C) handler installed

r1sPex> [




Example 1: fitting a black body

File Edit %iew Terminal Go Help

Terminal ¥ Terminal

= data bb bb
X: #----- defining range

iqg le-4:7. U a
lg 36.:1e4 u &

e P i
vBv Vv

(=
K=
W=
=
W=
=
=

=

e Spectrum and response matrix are names bb.spo and bb.res
e Use the RGS band: 7:35 Angstrom
 Display the data in Angstrom



Observed spectrum
MNane
SPEX Wersion 2.01 Fri 6 Mor 2009 14:22:13

20

Wavelength (&)

Save the plot:

SPEX> pl x lin

SPEX> ply lin

SPEX> plot adump data_plot

— data_plot.gdp ready for post processing with pgplot



Fitting the spectrum

File Edit Wiew Terminal Go Help

Terminal ¥ Terminal

define the model

01 z
ming HO = 70.0 km/s/Mpc, Omega_m = 0.300 Omega_Lambda = 0.700 Om

LU Ty C kpc Mpc redshift

1.332E+24 B8.502E+12 1.40BE+08 4.31cE+07 4.316E+04 43.1582
1.387VE+0B

rLSPEX=> com red
You have defined 1 component.
rLSPE! com abs
You have defined 2 components.
rLSPEX= com bb
You have defined 3 components.

rLSPEX=

rLsSPEX=>

rlSPEX= com rel 3 1,2
rLSPEX> #-------- set known
rLspe

rLSPEX= par 1 2z

rLSPEX=> par 2 nh

rLsSPEX=>

rLsp cal

rLSPEX=>




File Edit ¥iew Terminal Go Help

rLSPEX> elim 0.3 2
Fluxes and luminosities will be calculated between 0.300000

rLSPEX= cal
rlSPEX=> par sho

sect comp mod acro parameter with unit value status minimum maximum
m lpar

reds z Redshift 9.9999998E-03 Trozen .0 1.00E+10
reds flag Flag: cosmo=0, vel=1 0.000000 frozen .0 1.0

absm nh Column (1E28/m**2) 1.5837865E-04 thawn ol 1.00E+20
absm fcov Covering fraction 1.000000 frozen ) 1.0

bb norm Area (1E16 m*#*2) 599744.53 thawn 0.0 1.00E+20
bb t Temperature (kel) 0.1400371 thawn 1.00E-04 1.00E+03

Instrument 1 region 1 has norm 1.00000E+00 and is frozen

Fluxes and restframe luminosities between ©.30000

S| units

sect comp mod photon flux energy flux nr of photons Tuminosity

(phot/m**2/5) (W/m**2) {photons/s) (W) 1erg=1e-7jou|e
1 3 bb 135561. 1.206483E-11 3.606857E+54 3.112619E+38

Fit method: Classical Levenberg-Marquardt
Chi-squared value : 1074.00
C-statistic ; 1073.25

Cegrees of freedom: 1086

risPex> |




File Edit WView Terminal Go Help

Other useful types of plotting

Terminal | Terminal

o pl ty chi - residuals in terms of X
* pl uy rel = residuals relative to
the model
(data-model)/model

e pl ty model = plot of the current
model (ph m2s?! Ang?)

* pl ty data
epluyfa 2 ctss! m?2Ang!

— Model) / Errar

e pl uy counts > number of
counts in a particular emission
feature

@

(Obsen

I A useful command file is in your
exercise kit: plot._rgs.pro




A “live” example
Fitting a
star spectrum: AU Microscopii

AU Mic is a cool nearby star (9pc), with a
thermal spectrum.

 Plasma at different temperatures (coming
from different loops of the stellar corona)
produces a wealth of lines in the RGS
band.

- (Multiple) Collisionally ionized emission
model, CIE (see also E. Behar talk)



The RGS spectrum of AU Mic




CIE model parameters
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CIE model parameters

ne n¥x ¥V (1EB4,/m**3) 1 thawn

Tepaean i Liny ERE
tgma (Log T) .

Bl dens. LIEI0AMEE S G
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Temperatures:

-- Electron T,

-- lonic T, =2 line thermal
broadening (dependence on
the thermal velocity of the
ions and also on ion mass)

-- equilibrium T,
2InCIET,/T =1

Note: for non-equilibrium
use the NEI model.
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CIE model parameters

ne nx v fm#*#*3) ] thawn
Temperature (kel/) 0 thawn
Sigma ilog 1) aoug

El dens (1 *3) 9. ¢ 999BE-15

LTt )

Microturb vl linmis)

atom

H

He

Li
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g Width of the temperature

(Gaussian) distribution
0; = 0 = plasma is isothermal

Line broadening due to
microturbulence:

V_.=V2 0, where g, is the
Velocity dispersion along the
line of sight
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CIE model parameters

frozen
frocen
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Electron density

Lines which are sensitive to
density will be adjusted in
normalization



CIE model parameters

acro p

norm ne nx v fm**3) 1.¢ thawn

fhaw | se00e0 Abundances
T Ion temp L _ 1.00E-0: , Deafult is set to solar
vmic Microturb vel (k froze 05

geference 5 | o ;rozen 0 (Anders & Grevesse 89)

Abundance : froen el
Abunhdance He .oanat Tooen UE+10
Ablindance |1 1. trozen UE+10
Ablibcance Be .oonad frozen OE+lD

soundance e =t I Change abundances:

Atundance i Frozen
Abundance 1.000 o2 LUoE+10
Abundance o Bonon ooy oEalo S P EX> a b u #a
Abundance 1. fltazen LUiEL LG
Abundance Ne anoog frozen OBl D
Abundan ¢ 1. 000 frozen UiE+lo
OE+10
LOuE+ 1O

£ B 0y 0 By b B 0 s O 0 o
S e e e e
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Abundanc e pae o2
Ablindance nonoc frooen
Ablindance . & frozcp
Abundance 0L frozen
Adbundan = © 1000 frozen
Abunidance o frazep
Ablindance A1 1 o0 ftooen
Ablndanc: K 1.000 fra en
Abundance o frozen
Abundan. . ¢ 1 0 frozc
Abundance 11 oaoog frozep
Abundance Y . frocen
Ablndanc: Gue fra cn
Abundance Mp aoaoc frozcen
Ablindance e 1. frozen
Ablindance (o booond frozen
Abundabce NI 1. 0uoog frozen
Abundance Ly L ane frozen
Abundance in 1.0 & frozen
P e L e

Reference atom is H,

but for spectra with

strong lines (and weak
continuum) it’s

W better to set the refto

¢ = W the strongest line (Fe)
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