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R-matrix electron-impact excitation data sets for C-like ions in the 
literature merely cover a few ions, and often only for the ground 
configuration→Mao et al. 2020 and Del Zanna et al. 2025

level-resolved effective collision strength over a wide 
temperature range for C-like ions from N II to Kr XXXI (i.e., N+ to 
Kr30+) with a systematic set of R-matrix calculations. 

For each ion, we included a total of 590 fine-structure levels in 
both the configuration interaction target and close-coupling 
collision expansion. 

Wherever targeted studies are available we used them: ex: Fe XXI, 
OIII

All Experimental levels from NIST are also included. 
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Some 

Background
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Swift

• Capability: < 0.1 ሶ𝐴 
• Launched 2004
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AGN S  T  O  R  M Project (2014)



Reverberation Mapping

Estimation of AGN’s Mass

M = r𝒗𝟐

𝑮

      Two parameters needed:

1-velocity    →     from Doppler line 
broadening!

2-distance    →     through 
“Reverberation Mapping”
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NGC 5548

Mass of BH: 7 × 107 𝑀⊙

Distance: 245 million LY
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The Continuum 

Peterson(1993)

Sample light curves for NGC 5548 from 1988-1989

The emission lines 

What they expected to see:



Also:

• The dimensionful ionization parameter ξ is 
defined as:

 ξ =
𝐿

𝑛𝐻𝑅2 [erg cm s-1]

• The dimensionless ionization parameter U is 
defined as:

 U =
𝑄𝐻

4𝜋𝑐𝑛𝐻𝑅2

log ξ = log 𝑈 + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡.



Part I: 

The Sad 

Story 

2014-2017
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1- Emission Line Holiday (STORM)

180 days of observations-2014

The Continuum CIV Emission Line

Results from the campaign

Goad et la. 2016
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2- Absorption Line Holiday (STORM)
0

0.2

0.4

0.6

0.8

1

Lyα	1215	Å
HST	Continuum	1367	Å

flu
x
	(1
0
-1
5	erg

	cm
-2	s

-1	Å
	 -1)

20

30

40

50

60

70

E
W
	(
Å
)

−0.9

−0.8

−0.7

−0.6

0

0.2

0.4

0.6

0.8

1

N	V	1238	Å
HST		Continuum	1367	Å

flu
x
	(1
0
-1
5	erg

	cm
-2	s

-1	Å
	 -1)

20

30

40

50

60

70

E
W
	(
Å
)

−0.9

−0.8

−0.7

−0.6

HJD−24400000

56700 56725 56750 56775 56800 56825 56850

Dehghanian et al. 2019a



17

3- Heavy Absorption in X-ray (Anatomy)

Mehdipur et al. 2015
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Why are these results so important?

The correlation between the continuum and the 

emission lines is the basic requirement for the 

RM method

RM method is the only direct way to 

measure the mass of black holes

Mass of BH is what everybody wants to know. It 

controls the galaxy and it teaches us about the 

evolution of the galaxies.



Part II: 

Cloudy Team 

Into Action 

2017-2019



Dehghanian et al. 2019a



SED

Observations











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

The Obscurer



Part III: 

The Happy 

Ending

2019-2020
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The Absorption-Line Holiday
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There are two possibilities

1- Holiday is a result of variable 
luminosity

2- Holiday is a result of variable shape
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There are two possibilities

1- Holiday is a result of variable 
luminosity

2- Holiday is a result of variable shape





0% 35
Line of Sight Covering Factor 10 %50 %100 %

Changes in the obscurer affects the shape of the SED
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Hard	X-RaySoft	X-Ray
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Si	III

Si	IV
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The effects of variable CF on the absorption 
lines 

Dehghanian et al. 2019a



LOS CF Changes Soft X-ray SED Changes, 
FUV Does not

He II Abundance 
Changes

He I Recombination 
Radiation is affected

Photoionization of C+ and Si+ Changes
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Abundances of C+2, C+3, Si+2, Si+3 
Change
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The Emission-Line Holiday



The equatorial obscurer

The LOS obscurer

41

The Emission-Line Holiday

Dehghanian et al. 2019b
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There are two possibilities

1- Holiday is a result of variable 
luminosity

2- Holiday is a result of variable wind



Case 1: Transparent Case 2: The Holiday Case 3: Changing Look
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Changes in the BLR- considering the equatorial obscurer

Dehghanian et al. 2019b





The disk wind mass loss 
rate increases

The density of the 
equatorial obscurer 

increases 

The extent of the LOS 
obscurer increases

Its LOS covering 
increases
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Absorption line holidayEmission line holiday Simultaneously



The equatorial obscurer

The LOS obscurer
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The Emission-Line Holiday



Part IV: 

Lets Go 

Beyond

2021
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A Novel Approach to Trace the Disk Wind
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A Novel Approach to Trace the Disk Wind
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55

Observed He 

II
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n(H)=12 cm-3

N(H)=1023cm-2

R= 1 Light Day

T=5 x 104 K

𝜉= 1 erg cm s-1

Observed He 

II

Dehghanian et al. 2020



Dehghanian et al. 2020



Dehghanian et al. 2020



Atlas of UV and X-Ray Spectroscopic Signatures of the 

Disk Wind

Dehghanian et al. 2021



Atlas of UV and X-Ray Spectroscopic Signatures of the 

Disk Wind

Dehghanian et al. 2021



Future: 

Not a unique 

phenomenon



AGN STORM2: Mrk 817



Any questions? Please ask.

Thank You 
for Your 

Attention!
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