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Molecular gas
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QSOFEED: Assessing the impact of quasar-driven outflows on 
galaxy properties with same dynamical timescales

Bessiere & Ramos Almeida 22 
Bessiere+24 

Credit: Almudena Alonso 
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◦ High luminosity AGN à good S/N & high probability of powerful outflows. 

◦ Nearby à resolve outflows and host galaxy properties. 

◦ Type-2 AGN    à BLR lines & AGN continuum obscured by dust.

QSOFEED team @IAC

Pedro Cezar

Jose A. Acosta Pulido

Donaji Esparza  
Arredondo

Patricia Bessiere

Anelise Audibert

Giovanna Speranza

All brightest (L[OIII] >108.5 L◉ ~ Lbol > 1045 erg/s) and most nearby 

(z<0.14 ≈ D<650 Mpc) sources in Reyes+2008 = 48 QSO2s.
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10 m Keck, Hawaii

ALMA, Chile 

7 QSO2s Cycle 6 ALMA

JWST

30 h Cycle 2 GO MIRI/MRS

8 m VLT, Chile

8 m Gemini North, Hawaii

7 QSO2s VLT/SINFONI 
2 QSO2s Gemini/NIFS

48 QSO2s SDSS

8 QSO2s KCWI

10.4 m GTC, La Palma, Spain

44 QSO2s EMIR 
 12 QSO2s MEGARA HST

12 QSO2s STIS & ACS

2.5 m INT, La Palma, Spain

48 QSO2s INT/WFC
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•ALMA subset of 7 QSO2s in CO(2-1) at ~0.2 arcsec resolution ≃ 370 pc.   

•L[OIII] >108.5 L◉ ~ Lbol > 1045.6 erg/s and z~0.1  -- QSOFEED sample (48 QSO2s from Reyes+2008).
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ALMA observations
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ALMA observations
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ALMA observations
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ALMA observations
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Proposal accepted
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ALMA C43-3 and C46-6 antenna configurations (compact and extended) to target CO(2−1) 
emission line and underlying continuum during Cycle 6.  

Angular resolution ∼0.2′′ (370 pc at z∼0.1) while recovering emission from the whole galaxies. 
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QSO2s observed with ALMA
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ALMA C43-3 and C46-6 antenna configurations (compact and extended) to target CO(2−1) 
emission line and underlying continuum during Cycle 6.  

Angular resolution ∼0.2′′ (370 pc at z∼0.1) while recovering emission from the whole galaxies. 
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QSO2s observed with ALMA

ALMA C43-3 and C46-6 antenna configurations (compact and extended) to target CO(2−1) 
emission line and underlying continuum during Cycle 6.  

Angular resolution ∼0.2′′ (370 pc at z∼0.1) while recovering emission from the whole galaxies. 
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red ETG red ETGInteracting Spiral

SpiralMerger Post-merger

A wide range of cold molecular gas masses/fractions driven by galaxy morphology (Husemann+2017) 
and radio-power/outflow properties.

QSO2s observed with ALMA
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•ALMA pilot sample of 7 QSO2s in CO(2-1) at ~0.2 arcsec resolution ≃ 370 pc.   

•L[OIII] >108.5 L◉ ~ Lbol > 1045.6 erg/s and z~0.1  -- QSOFEED sample (48 QSO2s from Reyes+2008).
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•Pilot sample of 7 optically selected QSO2s: radio-quiet but all showing a radio excess unrelated to star 
formation (see Jarvis+2019). 

ALMA observations
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QSO2s observed with ALMA

A wide range of cold molecular gas masses/fractions mainly driven by galaxy morphology 
(Husemann+2017). Not all QSO2s are in gas-rich galaxies!

Ramos Almeida+22
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A wide range of cold molecular gas masses/fractions mainly driven by galaxy morphology 
(Husemann+2017). Not all QSO2s are in gas-rich galaxies!
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● CO masses ranging from 4–18×109 M⊙ (spirals & interacting) to <4-7×108 M⊙ (red ETGs). 

● Central kpc contains ∼5–12% of total molecular gas in spirals, and 18-25% in the interacting systems.
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Ramos Almeida+22
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Position-velocity diagrams show non-circular 
motions of ~ ±350 km/s consistent with 
outflowing gas. 
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Disc model
Jet

outflow

Molecular gas kinematics

Ramos Almeida+22
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Combined action of AGN-driven wind + jet 
pushing molecular gas outwards and 
producing double-peaked morphology. 
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Jet

Molecular gas kinematics

Ramos Almeida+22
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No high-velocity wings detected in the CO line profiles. 
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Molecular gas kinematics
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J1010J1100 
J1356 
J1430 
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Molecular gas kinematics
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● Molecular outflows represent 0.2–0.7% of total molecular gas mass, max velocities of 200–
350 km s−1, radii from 0.4 to 1.3 kpc and outflow mass rates of 8–16 M⊙ yr−1.  

● Outflow properties intermediate between mild molecular outflows of Seyfert galaxies and 
fast & energetic outflows of ULIRGs. 

Molecular outflows
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● Outflow mass rate does not depend only on Lbol, other factors as jet power, jet/ionized outflow 
orientation, amount & geometry of dense gas key to produce massive molecular outflows.  

Molecular outflows
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● Outflow mass rate does not depend only on Lbol, other factors as jet power, jet/ionized outflow 
orientation, amount & geometry of dense gas key to produce massive molecular outflows.  

Molecular outflows
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● Outflow mass rate does not depend only on Lbol, other factors as jet power, jet/ionized outflow 
orientation, amount & geometry of dense gas key to produce massive molecular outflows.  

Or did we pick the boring QSO2s?

Molecular outflows
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● Be conservative with your assumptions when it comes to calculating exposure time.  

● Make sure about the angular resolution you need, but also about the maximum recoverable 
scale! combining configurations is usually the best choice depending on your science goals.  

● Be explicit in the proposal about all your assumptions, sensitivity calculations, angular resolution 
needed, etc. 

● Sometimes observations do not look as you expected, but still useful for your science goal or 
another! Sometimes you need to dig into the data to get what you were looking for.  

PID2019-106027GB-C42

EUR2020- 112266 

ProID2020010105 

Conclusions
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● Quasars of the same bolometric luminosity and hosted in galaxies of similar stellar masses (log 
M∗=10.9–11.3 M⊙) have CO masses ranging from 4–18×109 M⊙ to <4-7×108 M⊙  

● Outflow mass rate does not depend only on Lbol, other factors as jet power, jet/ionized outflow 
orientation (coupling) key to launch massive molecular outflows. 

● AGN feedback shapes the circumnuclear (<1 kpc) environment of AGN (Rosario+2019; García-
Burillo+2019,2021; García-Bernete+2021; Ramos Almeida+2022).   

● No significant impact of molecular outflows/AGN feedback on total molecular gas reservoirs/
SFR, BUT feedback modifying the molecular gas distribution in central kpc of galaxies.  

PID2019-106027GB-C42

EUR2020- 112266 

ProID2020010105 

Science conclusions


