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Background:
1. Massive and fast outflows are almost ubiquitous in luminous galaxies 
(ultrafast X-ray outflows; atomic, molecular and ionized gas outflows).
These outflows may suppress SF activity (removing and heating ISM).
[Not direct observation on how outflows affects SF.]
2. SF activities are peak at z~2 → AGN feedback is expected to reach
its maximum efficiency.
AGN-driven outflows depends on ISM properties and gas content.
[z~2: Difficult to be observed from ground-based telescope.] 
Target:
XID2028 (z=1.5930): one of the best-studied objects in feedback phase 
Type 1.8-1.9 quasar, Broad Line Region (BLR) are strongly obscured
𝑀∗~4.5×10""𝑀⊙, SFR~250𝑀⊙/𝑦𝑟
SINFONI-IFU: A massive ( ̇𝑀$%&,($)~300𝑀⊙/𝑦𝑟) and extended (~13 
kpc) ionized outflow, traced by [OIII]5007 emission. 
ALMA (Brusa+18): 𝑀*+,~10"-𝑀⊙, a galaxy-scale molecular outflow

HST/ACS in Brusa+10 SINFONI-IFU in Cresci+15

JWST observation: The Q-3D ERS Proposal
The NIRSpec IFU: Obs Time ~2.95 hrs, 0.97-1.82μm at R~2700, 3”×3” FOV with 0.1”×0.1” spatial elements

Result:
1.Bubbles and outflows: extended ionized gas kinematics
A prominent, collimated blue emission is evident in the most blue-shifted velocity bin. (Also seen in Cresci+15)
At lower blue-shifted (-600, -250), a cavity of suppressed line emission becomes evident between QSO and outflow, 
which also form a filaments-like structure.
From v90 map, gas is outflowing in opposite directions from the central source at Northwest. 
Highly blue-shifted emission at Northwest + a possible continuum source → A possible companion galaxy (not likely)
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W40 = v50 -v10, line width containing 40% of the emission line

3. ISM properties ([SII]6716,30 line ratio, H𝛼/H𝛽, BPT)
The electron density seems uniform (S/N > 3). 
The outflow region: 𝑛.~360 ± 180𝑐𝑚/0.
The extinction seems to decrease towards the nucleus. The extinction is 
also decreasing along the filaments, where shocks might contribute to 
destroying the dust. The outflow region: 𝐴1 = 1.1 ± 0.5
6. Outflow energetics and mass outflow rate
Ionized outflow (𝑛. from [SII], Hα based measurement)

For each spaxel, exclude the Gaussian components with |v|<300 km/s and σ < 300 km/s
Neutral outflow (NaID5890,5896)
Three distinct blue-shifted components in absorption

Molecular outflow (Brusa+18)

Difference from Cresci+15, 𝑛. estimation 
→ a large difference on 𝑀$%&

→



5. Modeling the observed gas kinematics with MOKA3D
To test if the shell and piercing jet geometry predicted by simulations can be applied 
to XID2028, comparing the NIRSpec XID2028 data to the 3D AGN outflow model 
generated using MOKA3D (Modelling Outflows Kinematics in AGN 3D).
How the observed gas geometry can be reproduced using an expanding bubble 
dragged by the jet and the wind, plus a collimated outflow where the radio jet 
escapes the host galaxy ISM.
The estimate of the intrinsic, deprojected outflow velocity in the best fitting model is 
1027 km/s, with an aperture angle α = 10°
The bubble and outflow system is reproduced with an inclination of ∼ 27° with 
respect to the observer’s line of sight.

6. Outflow energetics and mass outflow rate
Ionized outflow (𝑛. from [SII], Hα based measurement)

Excluding in each spaxel the Gaussian components with a velocity shift |v|<300 km/s and σ < 300 km/s
Difference from Cresci+15, 𝑛. estimation → a large difference on 𝑀$%&

Neutral outflow (NaID5890,5896)
Three distinct blue-shifted kinematic components in absorption

Close to the estimation from MOKA3D

Molecular outflow:
Brusa+18:

Suppose SFR = 250 𝑀⊙/𝑦𝑟

is remarkably smaller than typical gas depletion 
times in normal star-forming galaxies

2. A possible rotating disk in the host galaxy: Consistent with the molecular gas by B18 in CO(5-4)

4. Jet-ISM interaction in XID2028

VLA 3 GHz observations show two extended radio lobes broadly coincident with the bi-polar 
outflows, suggesting the presence of low-luminosity radio jets in the galaxy. The filamentary 
structure is a hot, expanding bubble filled with low surface brightness emission brightened at the 
edges, which is inflated and dragged by the jet into the galaxy ISM.
At a larger radius, the jet appears to have pierced the shell, and it propagates faster through the 
lower-density environment;



Cresci+15, SINFONI IFU observations CO(5-4) line profile from Brusa+18



Data Analysis:
5×5 spaxel (0.25”×0.25” )
Three BLR Gaussian components
For same region, each Gaussian 
component of all emission lines to 
have the same line profile shape


