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Periodic table with atomic number, symbol, and atomic weight

[] Alkali metals [] Halogens

group [] Alkaline-earth metals [_| Noble gases
L [] Transition metals [ ] Rare-earth elements (21, 39, 57-71) 18

and lanthanoid elements (57-71 only) 2
[] Other metals i 1 8 i e 4!:252

[[] Other nonmetals [] Actinoid elements 8 9 10
2 N (0 F | Ne
1400728 | [15.99908, 1599977] | 18.998403163 201797

11 12 13 14 15 16 17 18
S|NafMg| ., , , s 7, g o 10 11 12 A [ESIEEERESHECE Ar

2298076928 | [24.304,24.307]
19 20 21 22 23 24 25 26 27 28
41 K Ca| Sc | Ti Vv Cr |Mn | Fe | Co | Ni

39.0983 40.078 44.955908 47.867 50.9415 51.9961 54.938043 55.845 58.933194 58.6934 . . 74.921595
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lanthanoid series 6

actinoid series 7

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC). © Encyclopeedia Britannica, Inc.



R-matrix electron-impact excitation data

Mao et al. 2020 and Del Zanna et al. 2025

level-resolved effective collision strength over a wide
temperature range N Il to Kr XXXI

590 fine-structure levels

targeted studies

Vs

All Experimental levels from are also included.
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[O 111] 88.35u (1-2)
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Solving Mysteries
Using Cloudy
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Some
Background




Emission line |hydrogen gas]







Reverberation Mapping

Estimation of AGN’s Mass

Two parameters needed:

1-velocity > from Dopplerline
broadening!

2-distance —> through
“Reverberation Mapping”
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NGC 5548

Distance: 245 million LY

Mass of BH: 7 X 107 Mg
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NGC 5548




What they expected to see:
Sample light curves for NGC 5548 from 1988-1989
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Also:
* The dimensionful ionization parameter ¢ is
defined as:

L
E - TlHRZ

[ergcm s7]

log € = log U + constant.
* The dimensionless ionization parameter U is

defined as:

U QH

4TcnyR?




Part 1I:

The Sad

Story
2014-2017




Results from the campaign
1- Emission Line Holiday (STORM)
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The Continuum CIV Emission Line

Goad et la. 2016
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2- Absorption Line Holiday (STORM)
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Dehghanian et al. 2019a
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3- Heavy Absorption in X-ray (Anatomy)
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: NGC 5548
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Mehdipur etal. 2015



Why are these results so important?

Continuous spectrum

_ - The correlation between the continuum and the

Absorption spectrum emission lines is the basic requirement for the

Bl Rv omethod

Emission spectrum

RM method is the only direct way to
measure the mass of black holes

Mass of BH 1s what everybody wants to know. It
controls the galaxy and it teaches us about the
evolution of the galaxies.
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Cloudy Team z%

Into Action

2017-2019




Dehghanian et al. 2019a
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Cloudy:

1- Takes the SED produced by the AGN

2- Passes this SED through the obscurer and
predicts the transmitted SED

3-Passes the OBSCURED SED through the absorption component1
and predicts the spectrum observed by HST



Cloudy:

1- Takes the SED produced by the AGN

2- Passes this SED through the obscurer and
predicts the transmitted SED

3-Passes the OBSCURED SED through the absorption component1
and predicts the spectrum observed by HST



AGN

Table SED "NGC5548.sed"
set save prefix "obsl"”
hden 10

xi -1.2

stop column density 22.08
save continuum units Kkev
save transmitted contnuum

'“.tran“

T
NGC 5548

2000 (24 Dec)
2001 (09 Jul)

vF, (Jy H2)

0.01 0.1 1
Observed Energy (keV)

Table Read
nuF(nu) 3.

!

"obsl.tran"

The Obscurer

23 V.2

set save prefix "cf99"

hden 4.72

#stop zone 1
stop column density 21.5

save line list ".1lin" "lines.dat" absolute no hash
save continuum units kev ".cone"

save continuum units angstorm ".cona"

save species column densities ".dens" no hash last

IIHII
IIH+II
IIH2+II
IICII
IIC+II
IIC+2II
IIC+3II
IISiII
Ilsi+ll
Ilsi+2ll
IISi+3II
IINII
IIN+II
IIN+2II
IIN+3II
IIN+4II
”HE“
IIHE+II
IIHE+2II
IIHe [2] [ 1]
end
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The Happy 2\\%~ @’

Ending

2019-2020




The Absorption-Line Holiday




There are two possibilities

1- Holiday is a result of variable
luminosity

2- Holiday is a result of variable shape



Table SED "NGC5548.sed"
set save prefix "obsl"”
hden 10

xi -1.2

stop column density 22.08
save continuum units Kkev
save transmitted contnuum
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There are two possibilities
1- Holiday is jable

luminosity

2- Holiday is a result of variable shape



Table Read "obsl.tran"
nuF(nu) 3.023 0.2
set save prefix "cf99"
hden 4.72
#stop zone 1
stop column density 21.5
save line list ".1lin" "lines.dat" absolute no hash
save continuum units kev ".cone"
save continuum units angstorm ".cona"
save species column densities ".dens" no hash last
IIHII
IIH+II
IIH2+II
IICII
IIC+II
IIC+2II
IIC+3II
IISiII
IIS]'-_'_II
10": LB BB R | LI S L BLSERLE ] | LT TR ILRLALY | LEL T N BB R, “S]:'+2“
: NGC 5548 i "51i+3"
') o~ IIN 41
IIN+2II
IIN+3II
IIN+4II
”HE“

Summer 2013
| IIHE+II
IIHE+2II

O, o W"W "He [2]"

0.01 0.1 1 10 en d
Observed Energy (keV)

2000 (24 Dec)
2001 (09 Jul)

vF, (Jy H2)




Changes in the obscurer affects the shape of the SED

Line of Sight Covering Factor 100 %

35



able Read "obsl.tran"
#in next line we make the coverage by obs—compl 80%
nuF(nu) 2.926 0.2

Table SED "NGC5548.sed"

#in next line we make the not-covered transmitted line 20
uF(nu) 2.340 0.2

set save prefix "cf80"

hden 4.72

#stop zone 1

stop column density 21.5

save line list ".lin" "lines.dat" absolute no hash
save continuum units kev ".cone"

save continuum units angstorm ".cona"

save species column densities ".dens" no hash last
IIHII

IIH+II

IIH2+II

Ilcll

IIC+II

Ilc+2II

IIC+3II

IISiII

IISi+II

IISi+2II

IISi+3II

IINII

IIN+II

IIN+2II

IIN+3II

IIN+4II

IIHeII

IIHe+II

IIHe+2II

ol IIHe[z]II

0.1 1 10
Observed Energy (keV) en d

e
NGC 5548

2000 (24 Dec)
2001 (09 Jul)

vF, (Jy Hz)

Summer 2013 : ‘

0.01




The effects of variable covering factor on the shape of the SED

| — LOSICF=0% LOSICF=75%
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The effects of variable CF on the absorption
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Soft X-ray SED Changes,
LOS CF Changes ‘ ‘ FU\X// Noes not &

@

He | Recombination
Radiation is affected

¥

‘ Photoionization of C* and Si* Changes ‘

¥

Abundances of C*2, C*3, Sj*2, Sj*3
Change
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The Emission-Line Holiday




The Emission-Line Holiday

NGC 5548

The equatorial obscurer

s L | The LOS obscurer

Accretion
Disk

Dehghanian et al. 2019b 4l



There are two possibilities

1- Holiday is jable

luminosity

2- Holiday is a result of variable wind



Changes in the BLR- considering the equatorial obscurer

1000 : .

100 g \
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Dehghanian etal. 2019b
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The disk wind mass loss
rate increases

\ 4

The density of the
equatorial obscurer
increases

¥

‘ Emission line holiday

Simultaneously

The extent of the LOS
obscurer increases

¥

Its LOS covering
increases

9

Absorption line holiday
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The EmiSSiOn'LineHOIiday |

The equatorial obscurer

s = | The LOS obscurer

L) b2 5% 31" . R s T [ ——
Accretion -3 - -
Disk
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Lets Go
Beyond

2021



Table SED "NG(C5548.sed"

set save prefix "LOC_casel"
hden 13 vary

grid 10 18 0.25

phi(H) 22 vary

grid 20 24 0.25|

NGC 5548




Table SED "NG(C5548.sed"

set save prefix "LOC_casel"
hden 13 vary

grid 10 18 0.25

phi(H) 22 vary

grid 20 24 0.25|

Warnings?

MMM M T TN ATA AN AN T A ANAATT T A AN T NI AN T AAA—S—TT T T T T TNNT

Exit code

warnings
warnings
warnings
ok
ok
ok
ok
ok
ok
ok

ok
warnings
warnings
ok
ok
ok
ok
ok

warnings
ok
ok
ok
ok

#rank

#seq
16

7

13

7

3

12
17

6

14

12

HDEN=%f L
[T0. 000000 |

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
250000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
750000
750000
750000
750000

ghi(h) %

20.
20.
20.
21.
21.
21.
21.
22.
22.
22,
22.
23.
23.
23.
23.
24.

20.
20.
20.
21.
21.
21.
21.
22,
22.
22.
22,
23.
23.
23.
23.
24,
20.
20.
20.
20.
21.
21.
21,
21.
22.
22.
22.
22,
23.
23.
23.
23.
24,
20.
20.
20.
20.

250000
500000
750000
000000
250000
500000
750000
000000
250000
500000
750000
000000
250000
500000
750000
000000

250000
500000
750000
000000
250000
500000
750000
000000
250000
500000
750000
000000
250000
500000
750000
000000
000000
250000
500000
750000
000000
250000
500000
750000
000000
250000
500000
750000
000000
250000
500000
750000
000000
000000
250000
500000
750000

grid parameter string

10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.000000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.250000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.500000,
10.750000,
10.750000,
10.750000,
10.750000,

20.000000
20.250000
20.500000
20.750000
21.000000
21.250000
21.500000
21.750000
22.000000
22.250000
22.500000
22.750000
23.000000
23.250000
23.500000
23.750000
24.000000
20.000000
20.250000]
20.500000
20.750000
21.000000
21.250000
21.500000
21.750000
22.000000
22.250000
22.500000
22.750000
23.000000
23.250000
23.500000
23.750000
24.000000
20.000000
20.250000
20.500000
20.750000
21.000000
21.250000
21.500000
21.750000
22.000000
22.250000
22.500000
22.750000
23.000000
23.250000
23.500000
23.750000
24.000000
20.000000
20.250000
20.500000
20.750000




Table SED
set save prefix
hden 13 vary

rid 10 18 0.25
phi(H) 22 vary
grid 20 24 ﬁ.25|

"NGC5548.sed"

"LOC_casel"”
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Dehghanian et al. 2020

A Novel Approach to Trace the D|sk Wind

24

23.5
23
22.5

S
s
I
s
o I
22 /
/.
/

loglp(H)Ifcms™]
Aepysi]

o1 7

20.5

10

10 11 12 13 14 15 16 17 18

logm(H)[ecm™]

51



oach to Trace the Disk Wind

LI NAN:

24

A Novel Appr
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Emission from the disk wind
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Temperature [K]

Light day

e
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Temperature [K]
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Dehghanian et al. 2020

Temperature [K]
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n(H)=12 cm3

N(H)=10%cm?
R= 1 Light Day
T=5 x 10* K

E=1ergcmst
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CIV (EWwind=EWBLR= 50% EWtotal)

—— Classical BLR (C V)
—— Equatorial Obscurer (C IV)
—— Sum of Both

A-Our Model

-15000 —10000 —5000 0 5000 10000 15000

- a CiV:B d+Med B d A
" | B-Observations I Ny D T

[ Kriss et al. 2019 Clv B+MB+VvB E

" 1 I " " " 1 " 1 " 1 1 "
— 10000 (2) 10000
Velocity (km/s)

Dehghanian et al. 2020

Fe Ka (EW,,ing=EWpgg= 50% EW,,))

—— Classical BLR (Fe Ka)
—— Equatorial Obscurer (Fe ka)
—— Sum of Both

C-Our Model
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Dehghanian et al. 2020



Atlas of UV and X-Ray Spectroscopic Signatures of the
Disk Wind
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Dehghanian et al. 2021



Atlas of UV and X-Ray Spectroscopic Signatures of the
Disk Wind

—  Metalicity = Solar —  Metalicity =10 x Solar
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Future:




vF, (Jy Hz)

102

AGN STORM2: Mrk 817

107
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Thank You

for Your
Attention!
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