
= +

∼

+



= +

Now

Epoch of
galaxy

assembly

First
galaxies

M
ad

au
 &

 D
ickin

so
n
 2

0
1
4

M
ag

n
elli et al. 2

0
1
3

  ~ 0.9 billion yrs
Riechers et al. 201313

~ 0.5 billion yrs
Bialy et al. 2015

→

+



= +

Mrk 231 ad
ap

ted
 fro

m
 G

o
n
z
á
le

z
-A

lfo
n
so

 e
t a

l. 2
0
1
0

Mrk 231

≥

∼

+



= +

                                                   Herschel SPIRE/FTS archive survery: Yang et al., 2013
 

                                                                          (see also Master Thesis of Chentao Yang, 2013)
  

- First systematic study of submm rotational H
2
O emission lines in local infrared galaxies (45 out of 176)

 

- L
H2O

 is roughly proportion to L
IR
: Confirm the importance of IR pumping for the submm H

2
O excitation
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Efficiently choosing 
the lensed sources

Herschel-ATLAS (Eales et al. 2010):

 - Widest area survey with Herschel (570 deg2);

 - Covering 5 bands from 100 μm to 500 μm;

 - Selecting strongly lensed candidats by S
500 μm

>100 mJy;

 - Determining the redshifts by follow-up CO observations;

 - Follow-up imaging observations for bulding lensing model;
    (Sample with ~30 sources, Bussmann et al. 2013)
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240 GHz

21 good H
2
O emission line detections in 

16 high-z ULIRGs
  

- Largest study of high-z H
2
O; 

 

- z~2-4, cosmic star formation peak;
 

- μ
lens@880μm

= 2–15 (magnification, from BU13);
 

- L
IR
 = 0.4–2×1013 L⊙; 

- Σ
SFR

 =100–2000 M⊙ yr-1 kpc-2;
 

- Efficient to detect H
2
O in high-z ULIRGs.

SMA@880 μm

Bussmann et al. 2013 (BU13)

ΔRA (arcsec)

Δ
D

E
C

 (
a

rc
se

c
)

+



= +

+

-T

-W - L
IR
 and L

H2O
 are roughly propotional

    - Can be explained by the infrared 
      pumping model (González-Alfonso 
      et al. 2014)

- Good tracer of the IR radiation field
    - No AGN signature (mid-IR and radio)  
       --> Tracing the IR radiation fields 
            connected to star formation
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 Yang et al, in prep. (preliminary images we got yesterday) NOEMA, A-config. 

dust emission
   @263 µm 
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•   Comparing the spatial distribution of dust emission, H2O, H2O
+ 

   and CO(10-9) emission in sub-kpc scale (+lensing model).
 

   – Comparing the spatial distributions of different gas tracers.
 

   – Testing the IR pumping model, and better constrain the 
      physical parameters.
 

• Building lensing model for each line, “differential lensing free”.

+



= +

∼ . − .

≥

≥
+

+



= +

, ,

+



= +

high-z ULIRGs

loc
al 

ga
lax

ies

Gala
ct
ic 

YSO
s

+



= +

-T

-W

+



= +

E

q

/ /

+



= +

+



= +

+

van Dishoeck et al. 2013

Yang et al. 2016

+

+


	Background and Motivation
	Probing the physical conditions of the ISM in ULIRGs

	H2O in high-z Herschel-ATLAS lensed ULIRGs
	H2O/H2O+ emissions in high-redshift lensed ULIRGs

	Ongoing works
	On-going observations of J=4 H2O emission line via NOEMA

	H2O+ emission detections
	Understand the ionisation rate and H2O formation via H2O+

	Ongoing works
	On-going high angular resolution imaging of H2O and dust via NOEMA


