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Introduction

The bulk of galaxy/star formation occurred in the first 3 Gyr

of the Universe
Co-evolution of SMBH

Correlation Between Black Hole Mass and galaxies
and Bulge Mass B R

One - * Observations of quasars at
billi
Solar z>6: SMBHs form early,
masses g o ) ;
evolving together with the
galaxies;

One

mg.';ﬂ.'? e P MSMBH — O. (e.g. Magorrian et al, 1998;
masses : Ferrarese & Merrit, 2000; Gebhardt et al.

2000)

Black hole mass

* Simulations: SMBHs form
in the densest regions: the

icraasifig center of galaxies (e.g. Di Matteo

Mass of central bulge et al. 2008)
Credit: K. Cordes & S. Brown (STScl)
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AGN winds and shocks

* ldentifying and characterizing the processes that transform
galaxies from star-forming to quiescent is a fundamental goal of
extragalactic astronomy

* AGN winds/jets can be effective in suppressing star formation
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®* AGN outflows occur in multiple gas
phases, especially the most massive
(molecular) phases can produce P! GemiflobsenetonlALra i by Lynete Cock
shocks and affect the star formation in

their hosts.

.
L e

®* The multiphase nature of AGN
outflows is still not well understood.
What are their geometries and kinetic
powers?




AGN winds: observations

* AGN winds and shocks are
hardly resolved by
observations of distant
galaXIeS (where the bulk of Integral Field Spectroscopy
growth occurs)

* But they can be resolved in
nearby active galaxies (in
which the SMBH is accreting)

* Here, we look for outflows in
the inner kpc of nearby active
galaxies using IFS

CradizmMarc White { HSA0-AML )
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v' Electron temperature distributions and shocked gas emission - GMOS
— Riffel et al., 2021a (MNRASL, 501, 54), 2021b (MNRASL, 506, 11)




Electron temperature distributions and shocked
emission

(Riffel et al. 2021a, 2021b )

* Motivation: Shocks from AGN outflows may affect the ionization
structure and Te distribution, particularly in regions where the AGN

lonizing photons are shielded by the nuclear obscuration (e.g. zakamska & Greene,
2014)

* Lack of spatially resolved determinations of T_in the NLR of AGNs

* High quality GMOS-IFU observations used to map the T_ distribution in the
inner kpc of 3 luminous Seyferts




Electron temperature distributions and shocked

u____________________________ TT3

1829X[II 514
a129¥[11 514

aagov(l z:

=1
=1

argay(ll zi

7LE9Y(X ad

]
roeov(l oL
ooe9x(1 0]
3
LBOON[IIA ad]<
o
(Q\
- 9485Y1 8H{ ]
@©
) zzaev[on 2]
(D)
(7))
©
=
)
—
LL
Lo00s¥(mr o], ¥
sgery[n1 o]
989¥YII 2H
[ex]
™~
T
= goek[ 01 ouu
fand
._____________________________
Y] (=] [++] w =+ [AY I

emission In three nearby Seyferts iweieta. 20014, 20010

— —

(¥ ,,wo ;s Bao 5, 01) 4

[Ol11]4363 line is detected and

*Selected because the
spatially resolved, allowing

7000

6500

6000

5500

5000

4500

the production of Te maps

goesy1A 24]

002e¥[1 NJ3
acrev[oa a4] 1

2oosv(1ll o]

—_—

sse¥Y[11 0]

o
-

TFLPY[AL 2V]

£
STLPY[AT av] EOBF L H

o
TTTTTTITTT]TTTTTTITTI]ITTITIF TTTT TTTT TTTT T T 177
i _ _ _ _ = - I _ _ [
~
1e29¥(1r s]4
91L9V[1] muma: = 16291l sl
g129¥[11 8]
eegovlll NI gegov[ll NI
T ] =
graov !
[ NJ - groov(il N]
a
¥9e9Y[1 0] © 7LE9\([X 2d]
ooeox(I o] voeoxl o] zregy[in s]l-=
00E9Y[1 01
Lgogy[na 3.4] 2809¥[nA 24]
o
18
9LBSXI aJ © 9.8CY1 aH
sassx(il N
2aasv(1a 24] 1 zaLox[1Ia 24) =
gegey[a 24]
(=]
=]
uy
uy

5000

Mrk 348

i 7294:: ol M
[
jan)
________________,________

geesYlla od]y
80es¥[IA 34

gezev(n aul”

<oogv(ur ol

L ssery(IL 0]

aeavY[IA 24]1) |

F

T7LPX[A1 Y]
989¥YI[ 8H—

Mrk 607

goerv(ill 0] ]
£33
1111 _ 1111 _ 1111 _ 11| F_

2 = o
(Y pwo 852, 01)

o o (=] o] (=}

— —

Iy
AT@ L Wo s gae «-0T1) g

e9evy[0I 0]
m-.-...

4500

L
|

____
AY

___
—

___
o

6500

6000

5500

5000

4500




o B
ﬂ-' ]
n i
o N
B K
>

Z =

AY (arcsec)

AX (arcsec) AX (arcsec)

The are observed outside the axis




Voo

Wi Vis
]
|
|
:

2
1

0

AY (arcsec)

-1
-2

Waoronisoo7

1 o0 1

AX (arcsec)

800

700

600

500

Weoronjsoo7 (kms™1)

Velolcity(km/s)‘ McEIroy+ (2015, MNRAS, 446, 2186)

800 A

700 +

600 -

400 1

Teron(10%K)

[O116300/Ha

0.26

0.24 1

0.22 1

0.20 1

0.18

0.16 1

0.14 1

0.12

2

Teron(107K)



Where are the shocks?

Gemini GMOS data

log Fiomgsoo7 o Terany (10% K)
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v lonized outflows in the optical - GMOS
— Ruschel-Dutra et al. 2021 (MNRAS, 507, 74)




lonized outflows observed with GMOS guschelputra et at. 2021)

Sample: 30 local (z £ 0.02) AGN hosts that our group has collected over the
past decade via observations with the GMOS-IFU

Single slit mode: 13 objects Two slit mode: 17 objects
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lonized outflows observed with GMOS guschelputra et at. 2021)
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Outflows

- W80 > 600 km/s, excluding
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lonized outflows observed with GM

Mass outflow rates
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v Molecular and ionized gas distribution and kinematics — NIFS
— Riffel et al., 2021c (MNRAS, 503, 5161), 2021d (MNRAS, 504, 3265)
— Riffel et al., in prep.




Molecular and ionized gas from NIFS observations

(Riffel et al. 2021c,2021d)
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Molecular and ionized gas from NIFS observations

(Riffel et al. 2021¢,2021d)
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The HLR region is
produced by shocks
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Moular and ionized
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Molecular and ionized gas from NIFS observations

(Riffel et al. 2021¢,2021d)

Excitation Map
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Molecular and ionized gas from NIFS observations

(Riffel et al. 2021¢,2021d)

e Type 1 and type 2 AGN show

i Prs=0.011 similar emission-line flux
il i 2 distributions, ratios, H2 excitation
: J temperatures and gas
¢ il g : masses, supporting the AGN
Bl unification scenario.
5 B
H* :
4 : * Type 1 and type 2 differ only in
; : their nuclear Bry equivalent widths,
_..._i which are smaller in type 1 AGN
0 — = = I;l due to larger contributions of hot
EqQWgr, (4) dust emission to the K-band

continuum in type 1 nuclei.
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Molecular and ionized gas from NIFS o
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Molecular and ionized gas from NIFS observations

(Riffel et al., in preparation)

600 Vcen H, 100 VpeakH2 100 |'\naski-|2
= 500 o o 1y 1 KDR
1] i
O !
5 400 Of zk 0 of =+ 0 0
>
=

300 GD

=1y -100—1} —-100—1
-1 0 1 -1 0 1 -1 0 1

600 VeenBry - Vpeak Bry 100 Maskgry
3 s00 | 1 ' KDR
@
5 400 ok di 0 o! ok 0 0
=
<

300 GD

—1r - " A f§-100-1} —~100-1
-1 0 1 -1 0 -1 0 1
Aa (arcsec) Aa (arcsec) Aa (arcsec) Aa (arcsec) Aa (arcsec)

* For each galaxy we measure the H, and Brg flux distributions and kinematics

®* We define a kinematically disturbed region (KDR)
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Molecular and ionized gas from NI
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Molecular and ionized gas from NIFS

> Ruschel-Dutra+21
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Conclusions

v'Shocks play an important role in the observed electron temperature
distributions.

v'Shocks are more important in regions away from the AGN ionization axis,
where they can be easily observed as the AGN radiation field is shielded by the
nuclear dusty torus

v lonized outflows are detected in most objects (80%) with velocities of ~100 —
1000 km/s at an outflow rate of 10-4-102M_, yr*

v'Hot H, outflows are observed in ~55% of the galaxies with mass rates of 10--
10-1 Msunyr-l

v’ The outflows are not powerful enough to supress star formation in the host
galaxy.

v The observed outflow velocities and powers indicate a “maintenance mode”
feedback, where the outflows redistribute the gas within the galaxy, but it still
remains available for further star formation

, 30
A e
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