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1. Introduction

Multi-phase AGN outflow

<1 pc >10 kpc

UltraFast Outflow (‘UF'O)

b 1 pc-1 kpc

Molecular outflow |

Cicone et al. 2018

Outflows with different size and different wavelength

Accretion disc (<1pc)
-> Surrounding ISM (1pc-1kpc)
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1 Introduction

g A- ray UltraFast Outflow (UFO)
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Rest-frame Energy (keV) . :
H-like Fe ion (Fe26+)

‘Gas -> 7.0 keV line

v=0.1¢c-0.3c
“*%  .100-1000Ry (<<1pc)
Kinetic energy « v2

X-ray region Carry a lot of energy from AGN to galaxy ’
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z. mm/sub -mm molecular outflow
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1. Introduction

Schematic picture

AGN driven
Radiation or magnetic force mm/sub-mm
: molecular outflow
«-ray UFO o Bulge
50000 'u11/s i
UFO driven?
Ha AGN radiation driven?
. <).1pc starburst? SNe?
~1kpc

How are these outflows launched?
Are the two outflows physically connected?
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Introductlon

The snmplest mterpretatlon

mol outflow

shocked ISM
ambient ISM

Radiative cooling R

C
R
Richings et al. 2017

with efficient cooling -> momentum-driven wind
with inefficient cooling -> energy-driven wind

Motivation: Is this picture valid?
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2. Method

momentum flux vs velocity

5| (Cf TombeS| et al. 2015)
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Outflow velocity and momentum flux are needed.

| am familiar with X-ray, but not with mm/sub-mm.

:
T s I b T e T e v, s ¢ e Y O o - — —_— T T e T T T e T P D e o e T R e S 73 e s P - e e e eI et e ST PN R ——— = ———— e

7 /14



- S S 35 S g

S g S PN

BRSSP S

B N . A g NG b i g i

2. Method

I\/Iolecular outflcw

IR\\ FlO)()) 3118 ((11 p

1000

0 1000

velocity (km/s)

DOOO

3000

Cicone et al. (2014)

IRAM/PdBI: CO(1-0) emission
-> Constrain outflow parameters

of 16 AGNs

Observables:
- Total flux (wing)
- Radius

Assumption #1

conversion factor

H2 mass

Assumption #2

spherically symmetric

Mass loss rate
Momentum flux
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momentum flux

Molecular outflow

velocity
mass loss rate

Ly sl oy e LT

L S0 Sl gl ol v aganli 4 -

Object log(My, or)’ Vormax  108(Taep)” B 1028(Puinor)’  (Mu, 0rv)/(Lagn/c)’  [Refs.
(M) [km s~'] [yr] lerg s™']

(1) (2) (6) (7) (8) ) (10)
IRAS FO8572+3915 8.61 1200 6.10 44 .39 35 1
IRAS F10565+2448 8.37 600 7.42 43.28 40 1
IRAS 23365+3604 8.17 600 7.70 43.04 31 1
Mrk 273 8.24 900 6.92 43.86 130 1
IRAS F23060+0505 <9.56 (1100) >7.21 <44.16 <14 1
Mrk 876 <948 (1700) >6.57 <44 45 <35 1
1Zw 1 <7.67 (750) >7.41 <43.04 <6 1
Mrk 231 8.47 1000 6.71 44 .21 26 2
NGC 1266 7.93 - 8.66 362 7.71-6.97§ 41.51-42.25 54-300 3
M 82 8.08-8.25 230 7.56-7.38 § 40.58-40.75 >650-=>980 4
NGC 1377 7.29-8.03 140 7.29-6.56 8 40.73-41.46 34-190 5
NGC 6240 8.61 500 6.96 43.61 25 6

3 NGC 3256 7.34-7.51 425 8.64-8.48 8 41.34-41.50 >560->810 7

4 NGC 3628 7.36-7.54 110 8.88-8.70 8 39.55-39.72 >690->1030 8

- NGC 253 6.32-6.50 100 7.53-7.358 39.52-39.70 >870->1300 9

: NGC 6764 6.52-6.69 280 8.41-8.23 8 40.45-40.63 59-89 10
NGC 1068 7.26 250 7.19 41.77 27 11
IC 5063 7.37-8.10 450 7.48-6.758 41.82—-42.56 7-36 12
NGC 2146 7.68-7.86 200 7.78-7.61 8 41.00-41.18 >3300-=>4900 13

(Cicone et al. 2014)
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2. Method

X-ray UFO

IC5063 (Suzaku)

16 AGNSs in Cicone et al. (2015)
-> 8 AGNs have sufficient X-ray photons in M
. the archive data (Suzaku, XMM-Newton) : | 1, s MMHHH‘” Al qu_.h o
' -> 6 AGNs have UFO features with a 90% Ll Rl
significance level ) Y R s ILJ““H —
MWII’]d:Qer mpn(r) Vwind -155 6 7 8 9 ( 10
Q: Solid angle of the wind el
b: Filling factor Assumption 21
. NH = [n(r)dr ~ bn(r)r
Muwind=Q mMpNHVwindr T constant n(r) from r=0 to r
r=rmin=2GMBH/Vwind? Assumption #2
Mwina=2GMsr Q mMpNH(Vwind)-! 1 Escape velocity = wind velocity
. Q/4m=0.4 Assumption #3
I\/Iwind=:.'3.277.'G|\/|BHmpNH(Vwind)'1 T UFO detection rate

Pwind=MwindVwind |
_ (see Gofford et al. 20195)
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3 Results

momentum flux vs velocity

Mrk 231

IC 5063 —&— | . _
10" | Zw 1 energydnven
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. Results

Energy transfer rate
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z omentum driven 73 —v—
L NGC 1068 —a—
10-3 NGC 6240 —@— _
IRAS F11119 —>¢%—
102 10° 10* 10°
Outflow velocity (km s'1) MM+19

C=1 for energy-driven wind

C=(Vmol/Vur0)~0.007 for momentum-driven wind
Within C=0.007-1 !l
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Summary & Future work
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mol outflow
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Richings et al. 2017 Smith et al. 2019

- The simplest interpretation (UFO sweeps up the ISM and makes the
molecular outflow) holds.

+ Future work

- Increasing samples (IRAM/NOEMA, ALMA...)

- Conflicting with the theoretical studies: "Momentum-driven

solutlons do not easﬂy occur" (Costa et aI 2020)
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