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Part I: OH outflow energetics

Introduction



PRIMA : one of the Core Science Themes, Co-Evolution of Galaxies and
SMBHSs Since Cosmic Noon, involves far-IR observations of galaxies up to
z~2 to check for outflows & measure their energetics

I PRobe far-Infrared Mission for Astrophysics
) PRIMA provides broad continuous spectral coverage from 24 to 26tum, a critical
I I region of the spectrum that reveals the origins of planetary atmospheres, evolu-

tion of galactic ecosystems, and the buildup of dust and metals over cosmic time.

UNVEILING OUR COSMIC ORIGINS IN THE FAR INFRARED

their bupermaqblue black holes across cosmic time.

Decadal Goal: Probe the co-evolution of galaxies and & EVOLUTION OF GALACTIC ECOSYSTEMS

' PRIMA Objective: Provide a simultaneous measurement of black hole
and galaxy growth from the peak of their development at z=2 (cosmic
noon) up to the present day, and determine if winds in luminous
galaxies quench star formation.
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P-Cygni profiles in OH119 and OH79 from Herschel : Outflows
Many local ULIRGs show P-Cygni profiles in OH119 (Sturm+11, Veilleux+13, Spoon+13):
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OH is characterized by high level spacing and high transition
probabilities: it couples very well to the far-IR radiation field

We use the ground state OH 119 pum and 79um

- OH doublets, and also the excited OH 84 pum and 65um
1000 L I I to characterize the high-lying molecular absorption
i 2 e 1) OH119 is optically thick: covering factor fc
o2 x 2) OH79 is also ground, but optically thin: N,
800 |- 56 K 11/2 3) OH84 is excited (Elow=120 K): compactness, r
- - o 4) 0H65 Is high-lying (Elow=300 K): very compact
: 600 L 2 % and excited components, r
Q0 -1
g - Tium=ls K o2 The excitation of OH84 & OH65 is dominated
A 400 b 5/2 A 65 um—1.25”" by absorption of photons emitted by dust, requiring
99 ' high far-IR radiation densities
B A Y N3/2 J=312 - 512 - 712 -, 9/2
200 /1263 5 |B4um—05s™" _ _
 oum—0.0526- _ 5/2 The size of the outflow is computed
' 119um—0.13s~" from the predicted far-IR emission,
(e 3/2 which in turn depends on the

observed OH excitation

With the column density, size (and thus the outflowing mass), and the velocity field
obtained from the spectra, we can estimate the outflow energetics.
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ULIRGs: estimating the
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observed in at least 1
excited doublet (OH84
and/or OHG65)
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RT models : overall modeling results
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RT models : overall modeling results

Predictions for the far-IR continuum (red is total):
a fraction of the far-IR emission Is associated with the OH
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If'm__ {rorm OH [g o 5':"]

Comparison with CO
Lutz et al 2020, A&A, 633, A134
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Potential Problem: with
PRIMA, OH119 will not be
available at z>1

We have to deal with OH79,
OH¥84, and OH65: how will be
affected the outflow energetics?




IRAS 03158+4227

IRAS 05189-—-2624

182
11
1
0.9
87
06
11F
1 f
1.
0.

-1000 0 1000
IRAS 10565+2448

6LHO 61THO

¥8HO

6LHO 6ITHO

1000 1000

IRAS 20100-4156

S9HO yHHO

0 6LHO 6ITHO

-1000 ] 1000
IRAS 23365+3604

S8HO

I have used the same model
grid as with Herschel data to
fit the OH profiles in all 11
sources where OH79, OH84,
and OHG65 are available, using
only these 3 doublets (i.e.
disregarding OH119):
PRIMA-fits.

Energetics are obtained from
these new PRIMA-fits, and
compared with the energetics
that are obtained using the 4
doublets (Herschel-fits).

the sum of the
covering factors of all
components
for any transition.



Continuum—normalized spectra

IRAS 08572+3915: comparison
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Continuum—normalized spectra

IRAS 03158+4227: comparison
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Continuum—normalized spectra

IRAS 20100-4156: comparison
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Continuum—normalized spectra

Mrk 273: comparison
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Part II: Buried Galactic Nuclei
at (Nearly) Cosmic Noon

Introduction




ABSORPTION LINES: Herschel/PACS
LOCAL (U)LIRGs with high far-IR radiation densities have
far-IR spectra (50-200 pim) dominated by absorption in
molecular lines

M82 |
Arp220 |
4000 | [0 1] [c 1] x10 -

[0 1] NGC4418 -
x30

[N 1]

2000 [N 1] -

[0 1]

Flux density (Jy)
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Mostly light hydrides: H20, OH, NH, NH2, NH3, HF, H2S, CH, CH+, OH+, H20+, H30+



Continuum-—normalized spectra

ABSORPTION LINES
H,O lines in NGC 4418 & Arp 220 (GA+12, A&A, 541, A4)
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Continuum-—normalized spectira

Nuclear (warm Tdust)

A forest of absorption H,O lines (GA+12)

Total

:!. 'st'elooeu-lean ' 1r

xR 1F
0.8 [==for it |

T 1t .

bt )l | Red: ortho
0.6 Lt . N 1 A : . N & B ]

1036 104 1044 107.7 108 1083 111.3 1116 1119 Blue: para

: Nuclear regions:
586 588. 615 .618. . “632 ”634.636- NGC 4418:
SRR R I ST P Tdust~130-150 K

E‘ o.sf N(HZO)/T50~

I S D (2-6)x10*8 cm

g 132.3 132.6 1347 135 135.
PRV o Qﬁ”m_%y“— ; | Arp 220:
% ‘o {—~~—— Tdust~90-110 K
f9 0'8.I13;3.3. .13;3.6. I13I£;.9 1443 1446 144.-9.1425.7' 151:17I .14;.3 N(HZO)/T50~

uf L R °u 1 (0.8-6)x10% cm??
L 3:3—313 1t 1 13~ 404

' TU:' \{84 7 1F [lu 7
0.9 frer ik mantle-free dust grains
0.8 PR I | I S ) S 1 s 7 2

156 156.3 1668 167.2 1869 1872 187.5 i

1 Fp r;_:;nsoé—g,; I _I 1k qA‘s 1o — nz‘“?z“’ ] Or Undep {’e ted
09 - ; 08 - ChemIStl’y
08 PP 04|

94.6 94.8 X W 174.3 174.6 174.9 179.5 180 180.5

Aresl: (m) )‘raxt (/l'm)



H,O emission/absorption probes the

source structure (GA+12)

The far-IR continuum

EaI)III\IIGC 4418'
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- . - g
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submm H2O emission lines

The nuclear and extended regions may
We understand better the SEDs... have different SEDs

from the lines



Continuum—normalized spectra
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CONNECTING THE OH 65pm ABSORPTION WITH THE

Highest
outflowing
velocities are
found in buried
sources
(the opposite is
not true)
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At redshift ~1.5, the SFR of galaxies =MS is =30 Mc/yr, and is

probably maintained by accretion of intergalactic gas, which
drives galaxy evolution (Scoville et al. 2017, ApJ 837, 150)
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How is this gas accreted? How does it fall onto the galaxies?

Is it forming spatially extended structures (disks) with low Xs=? (no excited absorption)
Or is (part of) it falling towards the galaxy nucleus? (with excited absorption)

Do galaxies at (nearly) cosmic noon have local-(U)LIRG structure?



ABSORPTION LINES: Probing chemistry, excitation, ionization, columns,
compactness, SED, structure, radiation field, and kinematics.

Buried Galactic Nuclei:
can we detect them, if they are
present, at (Nearly) Cosmic
Noon?
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Identifying the strongest lines
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Stacking
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We can expect a
peak absorption of
12-18% of the
continuum for
Arp220 & NGC 4418
with Njpes = 16
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for the stacked line
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Estimating observing time for 1 source @ z=1-2 with Lix=2x10" Lo

FIRESS low-res point source ETC, for Nji.=16

z Finay Fs. (WIm?) terc  |tetc /Niines
(h) (h)
1.0 40 1.05x10*° 3.27 0.20
1.5 20 5.26x10%° | 13.05| 0.82
1.7 14 3.68x10*° | 26.66 | 1.67
2.0 8 2.11x10%° 81.09 | 5.07

The flux of the stacked line is

Fie — 103 A SR, BV Wil

where
Aym~190

EW, _.~50

Spectral stacking can be combined with source stacking @ z=1.5-2.0 to
approach as much as possible the MS.



Conclusions

* Outflow energetics will be reliably estimated from OH
doublets @ 79, 84, and 65 pm

* Buried galactic nuclei in galaxies at z<1.5 and Lr~2x10*? Lo
might be spectroscopically identified from spectral stacking
and FIRESS low-resolution in <1 hour.

Source stacking is worth considering for z~1.5-2.

Thank you.



