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Crash course in ISM dust



m Crash course in ISM dust

A large fraction of interstellar metals are locked up in dust grains
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m Crash course in ISM dust

Fortunately, interstellar dust grains are (mostly) transparent to X-rays
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m Crash course in ISM dust

BUT dust scatters X-ray light, and

extinction = absorption + scattering
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Crash course in dust scattering



Crash course in dust scattering

SGR J1550-5418 (NASA/Swift/Halpern)

Strongly forward ~ 10’
(small angle) scattering a(0.1 pm) E(keV)

Strongly sensitive

Osca X QT2
to grain size >



m Crash course in dust scattering

Dust scattering halo shapes depend on ...
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m Crash course in dust scattering

Dust scattering halo shapes depend on ...
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m Crash course in dust scattering

Dust scattering halo shapes depend on ...

grain

: R
size Q ‘§
0.07 um 0.1 um
>
location <>
= Ddust % :"
DSI‘C
0.1 , 0.9
(near) (far)
photon ﬂ <,
energy PN I\

1 keV 8 keV
>




m Crash course in dust scattering

Dust scattering halo effect depends on ... telescope aperture
(PSF size)
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m Crash course in dust scattering

Fraction of scattering halo captured within spectrum extraction aperture
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How does X-ray scattering
affect my science?



m How does dust scattering affect my science?

Experiment: Simulated datasets with dust and without dust, then fit without dust
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Corrales+ 2016
Table 4
Best-fit Spectral Parameters for GRS 1758-258
. . For continuum fitting,
Parameter Soria + (11) This Paper +xscat

mostly ISM column (NH)
Ny(gal, abs)® 0.75 0.75 0.75 is affected.

Ny(gal, scat)® 0.75
- +
T 7T o] whatlevel of precisior
avb (KEV) st : = ’ e are you seeking?
Noavi 166871, 1990 {5¢ 2628114
r 2.857035 2.85 2.85
N, 0.541953 0.61 £ 0.03 0.64 + 0.03

Smith+ 2016




m How does dust scattering affect my science?

High resolution spectra around photoabsorption features also affected
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m How does dust scattering affect my science?

High resolution spectra around photoabsorption features also affected
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How does dust scattering affect my science?

X-ray scattering fine structure (XSFS) appearance depends on
scattering halo shape and telescope imaging resolution
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How does dust scattering affect my science?

X-ray scattering fine structure (XSFS) appearance depends on
scattering halo shape and telescope imaging resolution
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How does dust scattering affect my science?
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ISMdust: a simple interstellar dust model

2 Utilizes Draine (2003) optical constants with MRN sizes
— dust properties for the continuum

2> Absorption + Scattering
— intended for Chandra and XMM-Newton

2 XSFS included
2> Good enough if you care about continuum science
2 |f your science goal is astromineralogy, use

SRON (Zeegers, Rogantini, Psadaraki, Costantini),
J. Lee, or other direct lab measurements

For low imaging resolution telescopes (NuUSTAR, Suzaku, NICER),
or if you want more dust model settings, use xscat



Exercise: Apply ISMdust to a
continuum fit to GX 9+9



Photons cm™— s~ ! keV™!

0.01

Exercise: Apply ISMdust to a continuum fit of GX 9+9

bit.ly/atomdb-2020-dust

0.1

LMXB GX 9+9 (Chandra Obsid 703) available in TGCat

L} L \J

l L)

xspec.AllData.ignore("**-0.3 8.0-**")

xspec.Xset.abund "wilm"
xspec.Xset.xsect "vern"

cmodel = xspec.Model("pow*tbvarabs*ismdust")

0.5 1 2

Energy (keV)




Exercise: Apply ISMdust to a continuum fit of GX 9+9

Model powerlaw<l>*TBvarabs<2>*ismdust<3> Source No.: 1
Value

Model Model Component

par

comp
1

WWWNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNPREe

powerlaw
powerlaw
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
TBvarabs
ismdust

ismdust

ismdust

Parameter

PhoIndex
norm
nH

He

C

N

0

Ne

Na

Mg

Al

Si

)

Cl

Ar

Ca

Cr

Fe

Co

Ni

H2

rho
amin
amax
PL
H_dep
He_dep
C_dep
N_dep
O_dep
Ne_dep
Na_dep
Mg_dep
Al_dep
Si_dep
S_dep
Cl_dep
Ar_dep
Ca_dep
Cr_dep
Fe_dep
Co_dep
Ni_dep
Redshift
msil
mgra
redshift

Unit

10A22

g/cmA3
mum
mum

10A-4
10A-4

ORPRRPORPRPRRPRPRRPRPRRPRPRRPRPRPRPREPPRWUSGONRPORRPRRPRPRRRPRRPRRPRRPRRERRPBRRERRR

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 200000
.00000
.50000E-02
.250000
.50000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0
.00000
.00000
.0

Active/On

+/- 0.0
+/- 0.0
+/- 0.0
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
+/- 0.0
+/- 0.0
frozen

powerlaw (2 parameters)

TBvarabs

NH: Hydrogen column density

Elemental abundance
with respect to abundance table
(17 parameters)

Dust model (4 parameters)

Gas fraction
(17 parameters)

Redshift

ismdust (3 parameters)




Exercise: Apply ISMdust to a continuum fit of GX 9+9

TABLE 2

MoOLECULAR WEIGHT, K EDGE ENERGIES, ABUNDANCES, AND DEPLETION FACTORS 1 — 8, FOR
THE ABUNDANT ELEMENTS

Wilms+ 2000

12 + log 4, 1—p8,°
Uz EKb
Element (amu) (keV) Solar® MMS83 Ride77

......... 1 12.00 1.0 1.0
4 10.99 1.0 1.0
......... 12 0.29 8.60 0.0 0.2
......... 14 0.41 7.97 0.0 0.5
......... 16 0.54 8.93 0.75 0.5
20 0.87 8.09 1.0 1.0
23 1.08 6.31 0.0 e
24 1.31 7.59 0.0 0.2
27 1.57 6.48 0.0 .
28 1.85 7.55 0.0 0.5
31 2.15 5.57
32 248 7.27 0.0 0.7
35 2.83 5.27 0.0 ...
40 3.20 6.56 1.0 0.5

40 4.04 6.34 0.0

48 4.97 4.93

52 5.97 5.68 0.0
55 6.55 5.53
56 7.12 7.50 0.0 0.2

59 7.73 4.92

59 8.35 6.25 0.0

"wilm" abundance model

gas phase fraction



M | Exercise: Apply ISMdust to a continuum fit of GX 9+9

ISMdust parameters

msil: dust mass
column of silicates

cmodel.setPars({5:0.5, 7:0.6, 9:0.25, 10:0.2, 11:0.02, 12:0.1, \
13:0.6, 14:0.5, 16:0.003, 17:0.03, 18:0.3, 19:0.05, 20:0.04}) mgra: dust mass

column of graphite

UNITS: 104 g cm-2

mdust = 1.0e22 * c.m_p.to('g’').value * 0.01 / 1l.e-4
msil = 0.6 * mdust Tie the dust mass column

mgra = 0.4 * mdust to NH by choosing a

cmodel.ismdust.msil.link = "{:.6f} * 3".format(msil) dUS:F*Qai”E%jfﬂk>
cmodel.ismdust.mgra.link = "{:.6f} * 3".format(mgra) (typically 0.




M | Exercise: Apply ISMdust to a continuum fit of GX 9+9

Model powerlaw<l>*TBvarabs<2>*ismdust<3> Source No.: 1 Active/On
Model Model Component Parameter Unit Value
par comp

1 powerlaw PhoIndex
powerlaw norm
TBvarabs nH
TBvarabs He
TBvarabs C
TBvarabs N
TBvarabs 0
TBvarabs Ne
TBvarabs Na
TBvarabs Mg
TBvarabs Al
TBvarabs Si
TBvarabs S
TBvarabs Cl
TBvarabs Ar
TBvarabs Ca
TBvarabs Cr
TBvarabs Fe
TBvarabs Co
TBvarabs Ni
TBvarabs H2
TBvarabs rho
TBvarabs amin
TBvarabs amax
TBvarabs PL
TBvarabs H_dep
TBvarabs He_dep
TBvarabs C_dep
TBvarabs N_dep
TBvarabs O_dep
TBvarabs Ne_dep
TBvarabs Na_dep
TBvarabs Mg_dep
TBvarabs Al_dep
TBvarabs Si_dep
TBvarabs S_dep
TBvarabs Cl_dep
TBvarabs Ar_dep
TBvarabs Ca_dep
TBvarabs Cr_dep
TBvarabs Fe_dep
TBvarabs Co_dep
TBvarabs Ni_dep
TBvarabs Redshift
ismdust msil 10A-4
ismdust mgra 107-4
ismdust redshift

.00000 +/- 0.0

00000 o7- 00 powerlaw (2 parameters)
.00000 +/- 0.0

.00000 frozen

.500000 frozen

.00000 frozen

.600000 frozen TBvarabs

.00000 frozen

.250000 frozen .
.200000 frozen .

/200000 - frozen NH: Hydrogen column density
.100000 frozen

.600000 frozen

.500000 frozen

100000  frozen Elemental abundance
.00000E-03 frozen .

.00000E-02 frozen with respect to abundance table
.300000 frozen

.00000E-02 frozen (1 7 parameters)
.00000E-02 frozen

.200000 frozen

.00000 frozen

.50000E-02 frozen

.250000 frozen

.50000 frozen

100000 frozen Dust model (4 parameters)
.00000 frozen

.00000 frozen

.00000 frozen

.00000 frozen

.00000 frozen

. frozen '

ggggg frozen GaS fraCtIOn

.00000 frozen

.00000 frozen (17 parameters)
.00000 frozen

.00000 frozen

.00000 frozen

.00000 frozen

.00000 frozen .

.00000 frozen Redshift
.00000 frozen

.00000 frozen

.0 frozen

.00357 = 1.003573*p3 .

1669049 = 0.669049%p3 ismdust (3 parameters)

.0 frozen

OCORORRPRRRRPRRRPRRPRPRPRPRPRPRPRPRPRPRPWONRPOPMUIOWVWWROOONCOORORPRORRLRR

1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3




Exercise: Apply ISMdust to a continuum fit of GX 9+9

10°

1071

photcm™2 s~ ! keV~!

1072

GX 9+9, Obsld 703, MEG = 1

Model powerlaw<l>*TBvarabs<2>*ismdust<3> Source No.: 1 Active/On

Model Model Component Parameter Unit Value
par comp
| 1 1 powerlaw PholIndex 1.27453 +/- 3.89176E-03
: 2 1 powerlaw norm 0.723264 +/- 3.15438E-03
| 3 2 TBvarabs nH 0.182066 +/- 2.09355E-03
| | | | | |
0 2 3 4 5 6 7/

Energy (keV)




Exercise: Apply ISMdust to a continuum fit of GX 9+9

10°

1071

photcm™2 s~ ! keV~!

GX 9+9, Obsld 703, MEG = 1

Model powerlaw<1l>*TBvarabs<2>*ismdust<3> Source No.: 1 Active/On

Model Model Component Parameter Unit Value
par comp
| 1 1 powerlaw PholIndex 1.27453 +/- 3.89176E-03
4 2 1 powerlaw norm 0.723264 +/- 3.15438E-03
| 3 2 TBvarabs nH 0.182066 +/- 2.09355E-03
: powerlaw * phabs
| Model powerlaw<l>*phabs<2> Source No.: 1 Active/On :%:
: Model Model Component Parameter Unit Value
par comp
| 1 1 powerlaw PholIndex 1.23256 +/- 3.49574E-03
powerlaw 0.675176 +/- 2.46542E-03
0.229269 +/- 2.65087E-03
| | | | | | |
0 1 2 3 4 5 6 7/

Energy (keV)




Exercise: Apply ISMdust to
Fe L shell photoabsorption
in GX 949



M | Exercise: Apply ISMdust to Fe L shell photoabsorption in GX 9+9

xspec.AllData.ignore("**-0.6 0.8-**")

edge_model = xspec.Model("pow*edge")
edge_model.powerlaw.norm = norm
edge_model.powerlaw.PhoIndex = phind

edge_model.setPars({3:"0.7,,0.69,0.69,0.73,0.73"})

edge_model.show()
xspec.Fit.perform()

xspec.Plot("ufspec res™)




Exercise: Apply ISMdust to Fe L shell photoabsorption in GX 9+9
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M | Exercise: Apply ISMdust to Fe L shell photoabsorption in GX 9+9

WARNING

i1smabs_model = xspec.Model("pow*ismabs")
ismabs_model.powerlaw.norm = norm
ismabs_model.powerlaw.PhoIndex = phoind

ISMabs uses
pure metallic

Fe L shell
absorption

ismabs_pars = dict(zip(range(3, 32), np.zeros(29))) (not gas)
ismabs_model.setPars(ismabs_pars)

ismabs_model.ismabs.H.frozen =
ismabs_model.ismabs.CI.frozen
ismabs_model.ismabs.NI.frozen
ismabs_model.ismabs.0I.frozen =
ismabs_model.ismabs.Nel.frozen
ismabs_model.ismabs.Mgl.frozen
ismabs_model.ismabs.SiI.frozen =
ismabs_model.ismabs.SI.frozen =
ismabs_model.ismabs.ArI.frozen
ismabs_model.ismabs.Cal.frozen =

xspec.Fit.perform()
xspec.Plot("ufspec res")




Photons cm™ % 570 ke

=1

normalized counts 5~ keY

Exercise: Apply ISMdust to Fe L shell photoabsorption in GX 9+9
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M | Exercise: Apply ISMdust to Fe L shell photoabsorption in GX 9+9

1smdust_model = xspec.Model("pow*1ismdust”)
1smdust_model.powerlaw.norm = norm
ismdust_model.powerlaw.PhoIndex = phind

ismdust_model.ismdust.mgra = 0
ismdust_model.ismdust.mgra.frozen =

ismdust_model.show()
xspec.Fit.perform()

xspec.Plot("ufspec res™)




Photons cm™ = s 0 ke

—1

normalized counts 5~ keV

Exercise: Apply ISMdust to Fe L shell photoabsorption in GX 9+9
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Quick Fe L shell
model comparisons
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m Fe L shell model comparisons
1 .

_AEM | 8 o WD suojoyd




I ISMabs

m Fe L shell model comparisons
1

uuuuuuuuuuuuu

NS 5 5]UN0Z pazlDwlou

argy (ke



' ISMdust
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When to worry about
dust and dust scattering



m When to worry about dust and dust scattering

Rule of thumb: Where is your dust?

location
PV %
B DSI’C
0.1 . 09
(nearby) (far)

Intrinsic to source?



m When to worry about dust and dust scattering

Rule of thumb: Where is your dust?

location
P %
B DSI’C
0.1 . 09
(nearby) (far)

Intrinsic to source?

yes

Ignhorance is bliss!
Use tbabs or ISMabs

E partial covering / dust clumps
1 like perhaps in AGN

: — use ISMdust

.

a m Em Em Emm .



m When to worry about dust and dust scattering

Rule of thumb: Where is your dust?

location
= Er @
- DSI’C
0.1 09
(nearby) (far)
Intrinsic to source?
yes k
Ignorance is bliss! Use dust scattering
Use tbabs or ISMabs rule of thumb in

the next slide

E partial covering / dust clumps
1 like perhaps in AGN
3

a m Em Em Emm .

— use ISMdust



m When to worry about dust and dust scattering

Rule of thumb: Is 7., (1 — fena) > desired accuracy?

NH E \ ?
sca "~ D T~
! & (1021 cmz) (ke\/)

10° |

m—  [Uniform P

—— Screen Q?&\/ -7

Enclosed Fraction
o

Energy [keV]



m When to worry about dust and dust scattering

Rule of thumb: Is 7., (1 — fena) > desired accuracy?

NH E \ ?
sca "~ D T~
! & (1021 cm2) (ke\/)

For example:

0
6.7 keV Fe line complex, 10 ; ' ' ' ' S IR
NH = 1023 cm-2, [ === Uniform ]
observed with Swift - . Qereen < ?&\/ 2
@ AW - d i
Tsca (1 _ fencl) ~ 10% = \®/ - "
< -,
— Z,
[L'i _1 7
= 10" F - _
—48 7 d i / 2 5" 1
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7 6\{ 7
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10 10
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m When to worry about dust and dust scattering

Are you worried about dust grains > 0.3 pm?

Intrinsic to source?



m When to worry about dust and dust scattering

Are you worried about dust grains > 0.3 pm?

Intrinsic to source?

_ yes
Use tbabs with

larger dust grain
Size parameters
(self-blanketing)



m When to worry about dust and dust scattering

Are you worried about dust grains > 0.3 pm?

Intrinsic to source?

yes k

Use tbabs with Use xscat or eblur/newdust

larger dust grain
Size parameters
(self-blanketing)

- xscat: Smith+ 2016
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m When to worry about dust and dust scattering

HMXB IGR J16318-4848
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m When to worry about dust and dust scattering

Choose your own dust model adventure
at github.com/eblur/newdust

UniformGalHalo

_ input to
optical N T

constants

ScreenGalHalo

dust grain

size distribution _
2 Calculate enclosed fractions

2 Simulate halo images

scattering physics
(Mie, Rayleigh-Gans) 2 Simulate dust echoes

dust grain population Collaboration welcome


http://github.com/eblur/newdust

