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2.1 unified model
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Active Galactic Nuclei are accreting 
SuperMassive Black Holes

Seyfert type 1 or 2 depends on the 
viewing angle

In Seyfert 1 AGN SMBH vicinity is 
unobscured

In Seyfert 2 AGN SMBH vicinity is 
obscured by the dusty torus

Black Hole
&

Accretion disc

Dusty torus

Jet
Ionizing radiation

Gas clouds

Gas clouds

Seyfert 2

Seyfert 1
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2.2 [CII] emission line

UV

dust + gas

[CII] 158μm line -
one of the brightest in the Far InfraRed

UV

X-ray (?)Active
Galactic
Nuclei

Shock

Shock
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The [CII] line is an effective cooler of the ISM

but it is not sensitive to the heating 
mechanism

The usual mechanism in normal galaxies is 
connected to star formation

But what is the effect of AGN?

Star
Formation
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2.3 the observed sample

5

5 AGN Seyfert 1 hosts

SOFIA/FIFI-LS observations

MUSE cubes available

Close AGN Reference Survey 
www.cars-survey.org 

HE 0433-1028 HE 1029-1831 HE 1108-2813 HE 1353-1917 HE 2211-3903

http://www.cars-survey.org
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3.1 spatial analysis: first result
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HE 0433-1028 is a strongly 
barred galaxy

MUSE Hα is used as a prior for 
star formation map

Point source is used to model 
AGN impact on the [CII] map

Dr. Gerold Busch

FIFI-LS data MUSE prior point source

HE0433-1028
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FIFI-LS data MUSE prior point source

3.2 spatial analysis: complications

HE0433-1028

HE1108-2813
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...but this approach was not 
suitable for all the observed 
galaxies

Other galaxies have very little 
difference between 
the MUSE prediction of the 
star formation map 
and the point source
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4.1 total luminosity: literature background
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[CII] and FIR are correlated 
because both of them are 
tracing star formation

There is no significant 
difference between normal 
and AGN galaxies

The trend flattens out at the 
(Ultra)Luminous InfraRed 
regime

The reasons of [CII] deficit are 
still not well understood
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4.2 total luminosity: elephant in the room
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Four galaxies observed with 
FIFI-LS follow the relation

...but the fifth one is a strong 
outlier

Why is it so?
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5.1 spatial hint

MUSE i band [OIII] Hα FIFI-LS/SOFIA & PACS/Herschel
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FIFI-LS [CII] map shows that 
the excess comes from the 
central part of the galaxy 
rather than from the 
star-forming disc

Is AGN responsible for the 
excess?
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5.2 spectral hint

11

FIFI-LS [CII] line profile shows 
double-peaked feature as well 
as Hα profile

Why is the line so broad?

760 ± 60 km/s

Data     Fit

Mask     MUSE Hα
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5.3 spectral hint
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6.1 synergy with MUSE
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H II regions

AGN

BPT diagram is an emission line 
diagnostic diagram proposed by 
[Baldwin, Phillips & Terlevich 1981]

The demarcation lines:

[Kauffmann et al. 2003]

[Kewley et al. 2001]

[Cid Fernandes et al. 2010]

LINER
Mixed
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MUSE i band [OIII] Hα

AGN

SF Mix

6.2 synergy with MUSE
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BPT analysis helps to understand which 
spatial regions are ionized due to star 
formation or AGN

In HE 1353-1917   75% of Hα flux comes 
from AGN ionized regions
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6.3 synergy with MUSE
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The other 4 face-on galaxies 
in the sample are mostly 
star-forming

Is it a coincidence or edge-on 
apparent morphology makes 
the difference?
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7.1 multiwavelength analysis
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The detailed multiwavelength 
analysis revealed the massive 
multi-phase outflow

The jet goes through the 
galactic disc

Dr. Bernd Husemann

jet
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7.2 explanation: broad line
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Data Outflow CO (1-0)

Mask Outflow [OIII]

Fit

The [CII] line profile is broad 
because it also comes from 
the multi-phase outflow

[CII] emission in HE 1353-1917 
is connected to the shocks in 
the outflow
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7.3 explanation: the reasons
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typical Seyfert 1 observed Seyfert 1

Credit: ESA/Hubble & NASA/SOFIA/L. Proudfit
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8.1 other cases: local galaxies

AGN-driven

IGM 

[Appleton et al. 2013]

[Guillard et al. 2015]

[Appleton et al. 2018]

[Peterson et al. 2018]
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HE 1353-1917 has global [CII] 
line excess with [CII]/FIR ~ 4%

3C 326 is a radio galaxy with 
global [CII] line enhancement

NGC 4258 shows [CII] 
enhancement in local 
regions, connected to the 
AGN-driven jet

In Stephan’s Quintet and 
Taffy bridge the excess comes 
from the shocked 
intergalactic regions
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8.2 other cases: high-z galaxies

20

What is the nature of the 
wide [CII]/FIR range for the 
high-z galaxies?

Shocked intergalactic media?

AGN-driven outflows?
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LARS 5  [CII]/FIR ~ 9%

150 Mpc140 Mpc

HE 1353-1917

8.3 other cases: another FIFI-LS discovery

21

LARS 5 - a galaxy with strong 
wings induced by the star 
formation 

[CII]/FIR ~ 9%!!! Even more 
than 4% in HE 1353-1917

More surprises from the most 
distant galaxies observed 
with SOFIA 

The key is in data reduction[Puschnig et al. (incl. Smirnova-Pinchukova) in prep.]
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9. reduction tricks

Original Picture

smooth

We see

dither

Drizzled

[Fruchter & Hook 1997]

1

2 2 2

Telescope sees

3
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10.1 further investigation

23

HE 0412-0803 is an elliptical 
galaxy with no star formation 
but lots of AGN ionized gas

It is a good candidate to 
check AGN-driven 
mechanisms of [CII] 
excitation
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10.2 further investigation

24
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11. summary

➔ [CII] is an important ISM tracer

➔ HE 1353-1917 is a unique AGN host galaxy with the 
global [CII] line excess

➔ Global [CII] line excess might be an indicator for 
massive multi-phase outflows in AGN

➔ My personal webpage: http://SPIrina.gitlab.io/
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http://spirina.gitlab.io/
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12. other plans
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BPT morphology:

A new concept of shapes on 
the BPT diagram

Will help to calculate the star 
formation rate of AGN 
galaxies in a more precise 
way 
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