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Future MOS facilities at ESO

MOONS/VLT 4MOST/VISTA E-ELT MOS

PDR: Oct 2015
Star of operations: 2019

PDR: June 2016
Star of operations: 2020

Phase-A of 24 months
Start: Mar 2016

time













Gaia
- astrometry for all stars with V<20
- Chemical abundances V<13
- Radial velocities V<17





























MOONS Summary
Field of view 500 sq. arcmin

Multiplex 1000 fibres

Low resolution mode R = 4,000-6000
! = 0.64"m – 1.8"m 
simultaneously

High resolution mode R=9,000 for CaT +
R=4,000 in YJ-band +
R=20,000 in H band

Throughput > 30 %

Galaxy evolution:
!Formidable SDSS-type survey for >1M galaxies at z>1. Unique insight into the

effect of environment, chemical and physical evolution.

Galactic Archaeology:
! Radial velocities and detailed chemical abundances  for  several million stars
over >500 sq. deg in our own Galaxy.

Synergies:
!Essential follow-up of large-area imaging surveys: Gaia, VISTA, Herschel, DES,

UKIDSS, LOFAR, eRosita, Euclid, LSST, SKA

Main science cases:

Construction phase started in June 2014
Operational by 2019
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4MOST – 4m Multi-Object Spectroscopic 
Telescope

P.I. Roelof de Jong (AIP)

VISTA
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AGN feedback studies: 
combining SINFONI and ALMA

Vincenzo Mainieri



AGN feedback: 
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“It has been realized over the past decade
that the black hole at the center of a galaxy
bulge is no mere ornament but may play a
major role in determining the final stellar mass
of the bulge. The process by which this
occurs is known as AGN (active galactic
nuclei) feedback”
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Does the AGN triggered outflows affect the gas 
reservoir and modify the SFE of its host?
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AGN feedback: radio mode 
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AGN feedback: local Universe

Fabian+03

Mrk231 (Feruglio+10)

Massive multi-phase outflows extended on kpc scales.

Molecular gas Neutral gasIonized gas

Mrk231(Rupke & Veilleux 11)

NaI DH!CO(1-0)
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AGN-driven outflows 
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AGN feedback: high-z
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[CII] @ z=6.4

v~1300 km/s
size ~ 16 kpc
Moutflow > 3500 Msun/yr

v~300 km/s
size ~ 8 kpc

[OIII] @ z~2
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Ha @ 1.5<z<2.4
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First: detect AGN-driven outflows

SINFONI/VLT

Brusa+15Kakkad, VM sub.

X-shooter/VLT
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X-shooter slit resolted spectroscopy

(a) centre

(b) outflow

(c) no outflow

XID2028

Perna, Brusa+2015, A&A

X-shooter 2D spectrum on [OIII]5007
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1.296-1.300 micron

Scale 250x125 mas, noAO
6 hours on target
z=1.594
L(AGN)~2 x 10^46 erg/s
q24=1.36
MBH(H!)~2.7 x 10^9 M"

[OIII] core

1.296<"<1.300 #m

1”x1”

AGN-driven outflows on kpc scale
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[OIII] blue wing

1.294<"<1.296 #m

1”x1”

1.296-1.300 micron[OIII] core

1.296<"<1.300 #m

Scale 250x125 mas, noAO
6 hours on target
z=1.594
L(AGN)~2 x 10^46 erg/s
q24=1.36
MBH(H!)~2.7 x 10^9 M"

AGN-driven outflows on kpc scale
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V10
- V10 ~  -1500 km/s
- Mion > 8.5 x108 M"

- Td ! Rout / vout ~ 8.5 Myr
- Mout,ion > 300 M"/yr
- Pkin,tot > 0.5 Mout vout

2 =5.3 x 1044 erg s-1

What powers the outflow?
P(SF) ~7 x 1041 x SFR(M"/yr)  [Veilleux+05]
Pkin,tot / P(SF) ~ 2.5

W80

AGN-driven outflows on kpc scale
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H+K archival observations
Scale 250x125 mas, noAO
20 min on target
SFR (narrow Ha) ~ 230 M"/yr
SFR (PACS Herschel) ~ 275 M"/yr

1”x1”

AGN feedback impact on the host: detailed studies
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o SF in blobs A&B: log([NII]/H!)<-1.1
o Casual connection outflow-SF # timescales

AGN feedback impact on the host: detailed studies
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SF(Ha)<10 Myr AGN lifetime 
~20-30 Myr1000 km/s x 1 Myr ~3kpc <<
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AGN feedback impact on the host: detailed studies

# Origin of “narrow” [OIII] emission?  AGN or Star Formation excited?
# K band observations targeting H! … subtract broad H! and outflow 

component … narrow H! residual
[OIII] velocity[OIII] velocity K band: broad H! subtracted Narrow H! flux

C
arniani+15
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Gas content of XID2028

B
rusa, Feruglio et al. 2015, A

&
A

IRAM PdBI observations
CO(3-2) observed 
@133.37 GHz; 5" 

detection in 2.5 hrs

RED: “ULIRG” !CO

BLUE: “MS” !CO

XID2028 has one of lowest gas fractions (<30%) for 
its sSFR at high-z, clear outlier in tdepl-sSFR plane, 

~x2 to x10 below expected position on plot  
Log L’(CO) ~ 10.55 K km/s pc2

Mgas~ 2-20 x 1010 M
(depending on !CO)

ALMA cycle 3
!"#$%&'()*+,

QSO feedback
Removing gas from the host ?



AGN feedback impact on the host: statistical studies
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Pis: Giacconi, Brandt

PI Comastri

PI Hasinger

Pis: Giacconi, BrandtSF
R/
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“Normal” galaxies at z>1: PdBI and now ALMA
(Daddi+10; Tacconi+10; Genzel+14)

SFE, fgas for statistical samples of AGN hosts
(sampling the MS) in comparison to “normal”
galaxies (e.g sSFR, z, M★)

ALMA (CO and continuum)

Does the AGN triggered outflows affect the cold 
gas reservoir and modify the SFE of its host?

Fabian+03
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(e.g. Genzel+14 ; Scoville+14)

Tacconi+13

Sargent+14
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ALMA Cycle-2 program

M-S @ z~1.5

Goal: compare the mean gas content in active 
and inactive galaxies on the main-sequence

11 “main-sequence” AGNs at z~1.5
• Secure redshift
• Herschel PACS detection –> SFR
• CO(2-1) @ z~1.5 (Band 3)

Molecular gas in AGN MS hosts at z~1.5

Previous CO studies of AGNs focused on 
high luminosity QSOs 

IPMU  seminar



Mgas & SFE

Previous CO studies of AGNs focused on 
high luminosity QSOs 

Goal: compare the mean gas content in active 
and inactive galaxies on the main-sequence

11 “main-sequence” AGNs at z~1.5
• Secure redshift
• Herschel PACS detection –> SFR
• CO(2-1) @ z~1.5 (Band 3)

Molecular gas in AGN MS hosts at z~1.5

ALMA Cycle-2 program
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Molecular gas in AGN MS hosts at z~1.5
Kakkad, VM

 + in prep.

Lower gas fraction and shorter tdepl compared to inactive MS galaxies
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Limitations of current AGN IFU studies

• Beam smearing

• Which fraction of the outflowing gas is in a ionised phase?

• There are uncertainties implicit in the ionised mass measured (e.g. 
electron density)

IPMU  seminar



Beam smearing: impact on outflow energetics.
Beam smearing: the compact NLR on <<1kpc scales is unresolved at >1 # need to 
model the PSF to properly study the extended emission.

Ty-1: use the broad Hb to 
sample the PSF

~6
 k

pc
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Liu+14 revised: [OIII] line width significantly 
smaller than prior of PSF de-blending

Outflow kinetic power reduced up to 
2 orders of magnitude
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Electron density and electron temperature

[OIII]4959,5007Hy [OIII]4363          HeII Hb [NII]+Ha    [SII]

IPMU  seminar



Electron density and electron temperature

Ne > 1000 cm-3: Villar Martin+14; Rodriguez-Zaurin+13
Ne =   500 cm-3: Carniani+15; Harrison+14,+12; Nesvadba+08
Ne =   100 cm-3: Brusa+15; Cresci+15; Perna+15; Liu+13; Genzel+14

Measured (assuming Te=10'000 K):
Rodriguez-Zaurin+13 (Ne > 4'000 cm-3)
Harrison+12 ( Ne =  500 cm-3  - staked ULIRGs)
Harrison+14; Westmoquette+12 ( Ne =  200-1000 cm-3)
Genzel+14  ( Ne =   80 cm-3 )
Perna+15  ( Ne = 120 cm-3  - single obj)
Nesvadba+06 (Ne = 240-570  cm-3 - single obj)
...
Measured:
Brusa+16           ( Ne = 780 cm-3 w/ Te = 13'000 - single obj [IFS])
Villar Martin+14 ( Ne =800-3200 cm-3 w/ Te ≈ 16'000 – 4 obj [SDSS spectra])
Nesvadba+08    ( Ne=500 cm-3 w/ Te ≈ 11'000 K – 1 obj [IFS])

IPMU  seminar



SUPER: a SINFONI Survey for Unveiling the Physics and the 
Effect of Radiative feedback 

280 hours in LGS/SE
(PSF FWHM ~0.2”-0.3”)

41 AGNs 
Comparison samples of inactive galaxies 

(SINS/zC-SINF)
z=[2.12-2.49] à Hβ [OIII]    Hα [SII]

SUPER

PI: V. Mainieri ; Co-Is: Fiore, Marconi,
Balmaverde, Bongiorno, Brusa, Carniani, Civano,
Comastri, Cresci, Feruglio, Georgakakis,
Husemann, Kakkad, Lamastra, Lanzuisi, Liu,
Mannucci, Menci, Menzel, Merloni, Netzer,
Padovani, Perna, Piconcelli, Popesso, Salvato,
Schramm, Schulze, Silverman, Vietri, Vignali,
Zamorani, Zappacosta

https://sites.google.com/site/supersinfonisurvey/ H K
IPMU  seminar



SUPER: a SINFONI Survey for Unveiling the Physics and the 
Effect of Radiative feedback 

CDF-S
COSMOS

XMM-XXL

- P96 (Oct 15-Mar 16) : 70h
- P97 (Apr 16-Sep 16)  : 70h
- P98 (Oct 16-Mar 17)  : 70h
- P99 (Apr 17- Sep 17) : 70h 

Observing strategy for P96:
first pass (1.5h) in H (Hb and [OIII]) 
and K (Ha) for all targets.Goal: 
verify the predicted [OIII] flux
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SUPER: a SINFONI Survey for Unveiling the Physics and the 
Effect of Radiative feedback 

X_N_160_22: Lbol=47.1 erg s-1

NH=21.7 cm-2
Edd ratio=1.0
MBH=8.9 Msun

2 hours 1 hour

!"#$%&'()*+,



SUPER: a SINFONI Survey for Unveiling the Physics and the 
Effect of Radiative feedback 

1 hour1 hour

X_N_115_23: 

Lbol=46.6 erg s-1

NH= 21.0 cm-2

Edd ratio=1.1
MBH=8.4 Msun

X_N_12_26: 

Lbol= 46.3 erg s-1

NH=20.9 cm-2

Edd ratio= 0.21
MBH= 8.9 Msun
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Type-2Type-1

SUPER: a SINFONI Survey for Unveiling the Physics and the 
Effect of Radiative feedback 

Blind survey: representative sub-sample of the AGN population.
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Summary and outlook

² AGN outflows are common: but do they really affect the ability of 
the host to form stars? [OIII] vs narrow Ha 

² Molecular gas content in MS AGN hosts seems to be lower than 
comparable inactive galaxies: indirect evidence of feedback?

Extend these studies to statistically-sound samples:
AGN outflows physics and AGN feedback impact

SINFONI-LP ALMA
IPMU  seminar


