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Natures of galaxies with different Hi environments



ABSTRACT 

1. Cosmic Heterogeneity by Environmental Effects


2. Current spectroscopic results


3. Search for relations between galaxies and HI environment by HSC and SWIMS


-> MY PROPOSAL 

1 deg2 NB imaging & spectroscopic survey with HSC & SWIMS
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Environmental Effects 

1. Halo mass and environment derive quenching of star formation independently

2. Red early-type galaxies are formed within much shorter timescale than late-types

3. The peak of cosmic star formation density history in overdense region is earlier

4. 5. 6. …

SWIMS Science Workshop in Sep. 2015  —  Rhythm Shimakawa  

No. 1, 2010 MASS AND ENVIRONMENT AS DRIVERS OF GALAXY EVOLUTION 203

Figure 6. Red fraction in SDSS as functions of stellar mass and environment.

steadily with cosmic epoch and does so at a faster rate for the
higher density environments. The galaxy population therefore
occupies a shifting locus in ρ on the unchanging ερ(ρ) curve,
progressively broadening in ρ and extending further up onto the
steeper part of the ερ(ρ) curve as time passes.

Environmental effects within the galaxy population therefore
develop and accelerate over time as the galaxy population
migrates to a broader range of densities. This can be seen in our
earlier zCOSMOS analyses of fred in Cucciati et al. (2009), and
the analogous analysis of morphology in Tasca et al. (2009),
in which we split the galaxy population by environmental
density quartiles as here. Both analyses showed a progressive
development of differences between the highest and lowest
density quartiles as the redshift decreased from z ∼ 1 to locally.
Environmental effects are much weaker at z ∼ 1 than today
simply because many fewer galaxies inhabit the high δ regions
where the (unchanging) environmental effects are strongest.

4.3.2. Physical Origin of Environment Quenching

In the previous subsection, we showed that the environment
apparently imprints itself on the galaxy population in a way that
is uniquely given by the environment (over-density), indepen-
dent of epoch and of the mass of the galaxy.

A natural contender for this characteristic of the environmen-
tal effect is the quenching of galaxies as they fall into larger dark

Figure 7. As for Figure 5, but for the zCOSMOS sample at 0.3 < z < 0.6.

matter haloes (Larson et al. 1980; Balogh et al. 2000; Balogh
& Morris 2000; van den Bosch et al. 2008). Examination of
the 24 COSMOS mock catalogs (Kitzbichler & White 2007)
shows that the fraction of galaxies, at a given mass, that are
satellite galaxies, fsat, is strongly environment dependent, but,
at fixed ρ or δ, is almost entirely independent of epoch (at least
since z = 0.7), and of galactic mass, m (especially for m <
1010.9 M⊙), as shown in Figure 10. These are precisely the same
two characteristics that we have identified empirically for our
“environment-quenching” process.

If we suppose that “satellite quenching” quenches some
fraction x of satellites as they fall into larger haloes, then it is easy
to see that x will be given by the ratio of ερ/fsat. Inspection of
Figure 10 shows that x takes a value that increases from about
30% at the lowest densities up to about 75% for our densest
environments with log (1 + δ) ∼2. Interestingly, this is in the
same range as the estimate (40%) of the fraction of satellites
that are quenched from van den Bosch et al. (2008).

Ram pressure stripping and strangulation are usually consid-
ered as the physical mechanisms through which satellite quench-
ing operates (see, e.g., Feldmann et al. 2010). Such processes
may efficiently quench star formation, but would probably not
lead to morphological transformations. Incorporation of mor-
phological information into our picture could help us better
understand this process, but this is beyond the scope of this
paper.

Peng, Lilly et al. 2010
Galaxy Zoo: the green valley is a red herring 897

Figure 7. UV–optical colour–colour diagrams (corrected for dust) used to diagnose the recent star formation histories of galaxies. Unlike the sSFR diagrams,
these colour–colour diagrams constrain the rate of change in the sSFR, i.e., how rapidly star formation quenches in these galaxies. In each panel, the grey
contours represent the underlying galaxy population, while the coloured contours represent galaxies with (optical) green valley colours. In the top-left panel,
we show the entire galaxy population and the early- and late-type galaxies in the green valley (orange and blue, respectively). In the right-hand panels, we
show only early-type galaxies (top) and only late-type galaxies (bottom). Note that early-type galaxies in the (optical) green valley are significantly redder in
NUV − u than late types with the same green valley (optical) colours, indicating they harbour far fewer very young stars. On top of the right-hand panels, we
plot a series of evolutionary tracks. Each track follows the same star formation history: constant SFR until, at a time tquench = 9 Gyr, star formation begins
to decline exponentially with a quenching time-scale τ quench. The lower-left plot shows four such star formation histories, with an effectively instantaneous
τ quench of 1 Myr (blue); more moderate time-scales of 250 Myr (red) and 1 Gyr (orange); and a gentle decline with τ quench = 2.5 Gyr (green). We overplot these
colour-coded evolutionary tracks on the colour–colour diagrams on the right. For each track, we show 100 Myr intervals as small points and 1 Gyr intervals
as large points to give a sense of how rapidly galaxies transit the colour–colour diagrams. These diagrams show clearly that the quenching time-scales of
early-type galaxies must be very rapid (τ quench ! 250 Myr), while late-type galaxies must quench very slowly (τ quench > 1 Gyr).

We find a striking difference between the early- and late-type
galaxies. The green valley early-type galaxies are present in both
low- and high-mass haloes. The late types show a very dramatic
split: the blue cloud (i.e. main sequence) late types are mostly in
low-mass haloes, while the green valley and red sequence late types
(i.e. partially or mostly quenched) are almost exclusively in high-
mass haloes. In other words, early types quench in all environments
whereas the quenching in late types is clearly different above and
below a halo mass of 1012 M⊙ h−1.

Similar results were reported previously by Skibba et al. (2009),
who found that late-type quenching is associated with environment,
and that late types may be able to quench without an associated
morphological transformation. For an in-depth discussion of the
stellar mass to halo mass relationship, see Behroozi, Conroy &
Wechsler (2010).

3.6 Atomic hydrogen gas in green valley galaxies

We now turn to another aspect of quenching: the gas supply for
star formation. Based on the previous sections, we would expect

late-type galaxies in the green valley to retain sizeable reservoirs
of gas to sustain ongoing, though slowly declining, star formation,
while early-type galaxies should be gas poor to account for a rapid
drop in new star formation.

In order to test this hypothesis, we matched our sample to the H I

data base from the 40 per cent Arecibo Legacy Fast ALFA Survey
(ALFALFA; Haynes et al. 2011). In Table 2, we report the numbers
of early- and late-type galaxies in the green valley that were covered
and detected in the ALFALFA survey.

We find that 48 per cent of all green valley late-type galax-
ies were detected in H I by the ALFALFA survey, consistent with
many of them retaining significant gas reservoirs. In contrast, only
8 per cent of green valley early-type galaxies were detected in H I,
supporting the picture that their star formation was quenched rapidly
by removing (or ionizing) the available gas.

On a related note, we have an ongoing program to observe
the H I kinematics of green valley early-type galaxies and find
that most of them show highly disturbed gas kinematics con-
sistent with having experienced recent mergers (Wong et al., in
preparation).

MNRAS 440, 889–907 (2014)

 at U
niversity of H

aw
aii at M

anoa Library on D
ecem

ber 25, 2014
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 
Schawinski et al. 2014



Recent results by spectroscopic analysis of SFGs in high-z clusters 

- We see the enhancement of gaseous metallicities in less-massive galaxies

- The metal excess is likely more prominent at higher redshifts

- z=2-3 is the peak epoch of inflow/outflow rates, which may cause strong 

environmental dependence of chemical enrichments in high density regions

- But, conflicting results have been reported by Valentino+15, Kacprzak+15
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fresh gas accretion on to the galaxy which would have otherwise
diluted the high metallicity gas at the centre in the infall dominated
phase of galaxy formation (z > 2). Therefore, we expect that this
process can effectively increase the gaseous metallicity of galaxies
in cluster environment, as compared to isolated galaxies.

(3) Thirdly, there is an intrinsic (nature) effect that the time-scale
of galaxy evolution depends on environment, because densest en-
vironments such as clusters of galaxies start off from the highest
density peaks in the early Universe which must collapse first. Be-
cause of this bias, galaxy formation and evolution should proceed
earlier and/or faster, so does the chemical evolution. In this case, the
environmental dependence of gaseous metallicity seen particularly
in lower mass galaxies can be naturally explained by environmen-
tally dependent galaxy downsizing (mass-dependent time-scale of
galaxy formation and evolution; Cowie et al. 1996; Cattaneo et al.
2008), in the sense that the downsizing proceeds earlier in the pro-
tocluster regions, and hence the gas in protocluster galaxies are
more chemically enriched for a given stellar mass especially in less
massive galaxies.
One should note, however, that we are comparing metallicities

between different environments at a given ‘stellar’ mass, and not at
a fixed total or ‘halo’ mass including ‘gas’ mass. The same amount
of stellar mass means that they have synthesized the same absolute
amount of metals. However, the gaseous metallicity (O/H) depends
on gas content or fraction as well. Cluster galaxies can have the
same stellar mass as the field galaxies but with smaller gas fraction
and thus smaller total baryonic or halo masses, because of the
more advanced downsizing effect. Basically, we may be comparing
between the advanced stage of galaxies with low halo masses in
clusters with the less advanced stage of galaxies with high halo
masses in the field. Such difference is expected to be seen more
prominently in less massive systems, since massive galaxies are
already well evolved irrespective of their environments, and we do
not expect to see a sizable difference in the evolutionary stage hence
gaseous metallicity for massive galaxies.
This scenario, however, has a contradiction. Because the advanced

evolutionary stage should mean smaller gas fraction for cluster
galaxies for a given stellar mass, we would expect them to have
lower sSFRs compared to those of field galaxies. This is not consis-
tent with the observational results of Koyama et al. (2013a,b) who
show the environmental independence of sSFRs.

(4) A top-heavy IMF for cluster galaxies can also explain the
metallicity excess since it increases the intrinsic chemical yield. The
top-heavy IMF is actually preferred to account for high (α/Fe) ratios
of massive early-type galaxies (e.g. Baugh et al. 2005; Nagashima
et al. 2005a,b). However, the metallicity difference is seen only in
low-mass galaxies, and so this scenario is not favoured.

(5) Finally, different sample selections may be an issue between
this work (protoclusters) and Erb et al. (2006a) (general field).
Our NB selection of SF galaxies based on Hα emission line can
cover a broader range of SF galaxies in terms of stellar mass. Also
the dust obscuration effect can be minimized. On the contrary, the
UV-selected SF galaxies by Erb et al. (2006a) tend to be biased
to less dusty and relatively young populations (see also Steidel
et al. 2004). This may result in an apparent difference in the M–Z
relation between the two samples as discussed by Stott et al. (2013)
at z = 0.8–1.5. These two samples correspond to different stages
of galaxy evolution in the sense that Hα-selected galaxies are in a
more advanced stage hence could be chemically more enriched at a
given stellar mass. However, there is no environmental dependence
between field and cluster galaxies at z ∼ 2 as reported by Koyama
et al. (2013a,b). Moreover, the offset we see in the M–Z relation for

the protocluster galaxies (0.1–0.15 dex) cannot be accounted for by
the sampling bias alone that Stott et al. (2013) claim. In fact, for the
SDSS galaxies, the amount of dust extinction is largely determined
by the stellar mass, and at the fixed stellar mass we do not see any
clear dependence of the deviation from the M–Z relation on the
amount of dust extinction (see the appendix and also Zahid et al.
2014b). Therefore, we do not expect a strong selection bias between
the UV-selected SF galaxies (Erb et al. 2006a) and the Hα-selected
samples (this work). Furthermore, the fact that we do not see the
metallicity offset for massive galaxies which tend to be more heavily
obscured also suggest that the sampling bias should not be the main
reason for the offset of the M–Z relation for low-mass galaxies.

Following the above discussions, we suggest that the offset in
gaseous metallicity in dense regions may be driven by the envi-
ronmental dependence of ‘feeding & feedback’ processes of galaxy
formation at high redshifts. Cluster galaxies are formed within com-
plicated structures such as clusters, surrounding groups, filaments
and sheets, as simulated by cold dark matter-dominated cosmo-
logical simulations (e.g. Springel et al. 2005). Also, recent models
predict that the cold gas accretion is the dominant gas supply mech-
anism in high-redshift galaxies, and that such process of gas inflow
depends strongly on halo mass and redshift (Dekel et al. 2009).
Moreover, other models simulate gas outflow processes which are
dependent on galaxy mass and surrounding environment (Davé et al.
2011). Therefore, it is natural that cluster galaxies follow different
tracks of chemical evolution from the field ones in their vigorous
formation phase.

Fig. 8 represents the offset of gaseous metallicities of the cluster
galaxies from those of field counterparts. Here, we collect z ∼ 2
samples from Kulas et al. (2013) and Valentino et al. (2014) in-
clude them in this work, and local samples from Ellison et al.
(2009) (SDSS galaxies in dense region above " > 1 Mpc−2) and
Hughes et al. (2013) (Virgo cluster). We clearly see a metallicity

Figure 8. The offset of the averaged gaseous metallicities 12+log(O/H)
of protocluster/cluster galaxies from those in general fields in the literature
plotted against stellar mass. The red diamonds, squares, and a star indicate SF
galaxies at z ∼ 2 in dense regions reported by this work, Kulas et al. (2013),
and Valentino et al. (2014), respectively. The grey crosses and triangles
show local SF galaxies in dense regions above " > 1 Mpc−2 based on
SDSS sample (Ellison et al. 2009) and in Virgo cluster (Hughes et al.
2013), respectively. The dotted and dashed lines are the fitted lines where
#log(O/H) is set to be zero at log(M⋆/M⊙) = 11.16 for both local and the
z ∼ 2 samples except for the Valentino et al. (2014) data.
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Environmental effects on gaseous transferring at the cosmic high noon
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Ejecting enriched 
gas selectively Metal dilution by

primordial gas inflow

metal rich

metal poor
Fields

Gas recycling

Chemically
enriched gas moves back

Stripping halo gas
or evaporation

Stripping metal
poor envelope, or hot gas 
shuts out gas inflow

Clusters
(haloes are predominantly hot)

Hot gas
Cold streams
in Hot media

Cold gas

Mass growth of Coma
Chiang et al. 2013

Dekel et al. 2009

Gas feeding mechanism is varied at z=2-3

Study for cold gas content is a crucial key

to constrain such feeding mechanisms
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Search for relations between SFGs and HI environment by HSC & SWIMS 
Golden redshift range of z=2.1–2.6 can cover both Lyα and Hα emission lines 

SWIMS: 

NB imaging – Hα emitters 
MB imaging – DRGs

Spectroscopy – SF galaxies – line analysis 
HSC: 

NB imaging – Lα emitters/absorbers 
PFS: 

Spectroscopy – galaxies – line/absorption analysis 

Absorption line 
(Lyα absorbers)

Emission Line 
(Lyα emitters)

RS, TK, Kashikawa et al. in prep.RS, TK, Shibuya et al. to be submitted.

LAEs

HAEs
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Mapping IGM & HAE & LAE (preliminary result: individual galaxies) 
We can see that  Lyα absorbers follow galaxy distribution

There is a large filament of HI and galaxies through NE to SW?

Large red circles: zphoto=2.4-4.0

???
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Mapping IGM & HAE & LAE (preliminary result: self-absorption, CGM) 
We detect Lyα self-absorption systems (CGM) in 9 Hα emitters (/44: ~20%)

Further study (e.g. comparison with physical properties) is now going on…

HST images of 9 Lyα self-absorbers

1”
2”

HAEs at  z=2.5 
Dust-corrected by Koyama+15 method 

Filled: absorbers 
Opened: non-absorbers

Current small sample does not 
show any strong dependence
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B4000 UV absorptions

CVI1550

Lyα absorptions
B1000

Present big issue 
We do not have spec-z sample for background sources

This makes hard to make sure what these absorptions/breaks are

Photometric redshifts of NB428 absorbers

CGM

or IGM?
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My proposal 
1 deg2 imaging and spectroscopy with HSC&SWIMS


Pair filters of HSC - 3D density map of cold gas & 3D distribution of LAEs

Pair filters or spectroscopy of SWIMS - 3D distribution of SFGs


Follow-up spectroscopy by SWIMS 
- Redshift confirmation of HAEs & LAEs at z~2.2

- Identification of background UV bright sources at z=2.2-2.8

- Study for gaseous physical properties (Z,U,SFR,Dust)

# PFS has also a great capability to confirm Lyα emission/absorption


It provides us with unique results regarding environmental dependence 
of galaxy formation/evolution on number density & cold gas density  

Strong points 
- Combination of NB filters by HSC & SWIMS provides statistical sample

- SWIMS/TAO can conduct large intensive programs

- Wide wavelength coverage of SWIMS is suitable for z confirmation (z~2)
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Proposed fields 
COSMOS (ACS, MB/Scam&ZFOURGE, overlapping with CLAMATO) or SXDS

Redshift ~2.2 is preferred since SWIMS/TAO covers Hα line at z<2.8 (λ>B1000)

We have NB2095 data taken by MOIRCS in SXDS-CANDELS field (Tadaki+14)

I may be able to purchase an additional NB filter for SWIMS

Filter functions (for Hα and Lyα lines)

T
h

e
A

st
ro

ph
ys

ic
al

Jo
u

rn
al

,7
78

:1
14

(1
2p

p)
,2

01
3

D
ec

em
be

r1
T

ad
ak

ie
t

al
.

F
ig

ur
e

2.
Fi

el
d

co
ve

ra
ge

s
of

ou
r

N
B

su
rv

ey
s

w
ith

M
O

IR
C

S
ar

e
sh

ow
n

by
gr

ee
n

sq
ua

re
s.

R
ed

sq
ua

re
s

an
d

bl
ue

po
ly

go
ns

in
di

ca
te

th
e

ar
ea

s
co

ve
re

d
by

C
A

N
D

E
L

S
W

FC
3

an
d

A
C

S
su

rv
ey

s,
re

sp
ec

tiv
el

y.
(A

co
lo

rv
er

si
on

of
th

is
fig

ur
e

is
av

ai
la

bl
e

in
th

e
on

lin
e

jo
ur

na
l.)

Ta
bl

e
2

A
Su

m
m

ar
y

of
ou

rN
B

Im
ag

in
g

O
bs

er
va

tio
ns

w
ith

M
O

IR
C

S

Fi
el

d
E

xp
os

ur
e

Ti
m

e
Se

ei
ng

Fo
V

m
5σ

(m
in

)
(′′

)
(A

B
,1

.′′ 6
)

N
B

20
9-

F1
14

7
0.

5
4′

×
3.′

5
23

.5
N

B
20

9-
F1

R
14

0
0.

5
4′

×
3.′

5
23

.5
N

B
20

9-
F2

16
7

0.
6

4′
×

3.′
5

23
.6

N
B

20
9-

F2
R

16
7

0.
7

4′
×

3.′
5

23
.5

N
B

20
9-

F3
16

0
0.

7
4′

×
3.′

5
23

.6
N

B
20

9-
F3

R
12

7
0.

6
4′

×
3.′

5
23

.3
N

B
20

9-
F4

13
7

0.
6

4′
×

3.′
5

23
.6

N
B

20
9-

F4
R

17
7

0.
6

4′
×

3.′
5

23
.6

N
B

23
15

-F
1

18
0

0.
6

4′
×

7′
22

.9
N

B
23

15
-F

2
18

0
0.

6
4′

×
7′

22
.9

N
B

23
15

-F
3

18
6

0.
6

4′
×

7′
22

.8
N

B
23

15
-F

4
18

6
0.

6
4′

×
7′

22
.9

D
at

a
re

du
ct

io
n

is
co

nd
uc

te
d

by
us

in
g

th
e

M
O

IR
C

S
im

ag
in

g
pi

pe
lin

e
so

ft
w

ar
e

(M
C

SR
E

D
;

Ta
na

ka
et

al
.

20
11

).
H

er
e,

w
e

br
ie

fly
de

sc
ri

be
th

e
pr

oc
ed

ur
es

.F
ir

st
,a

do
m

e
fla

ti
m

ag
e

is
us

ed
to

co
rr

ec
tf

or
an

y
va

ri
ab

ili
tie

s
in

se
ns

iti
vi

ty
fr

om
pi

xe
lt

o
pi

xe
l

be
ca

us
e

a
sk

y
pa

tte
rn

re
m

ai
ns

in
a

se
lf

-s
ky

fla
t

im
ag

e
du

e
to

in
te

rf
er

en
ce

s
of

th
e

O
H

sk
y

em
is

si
on

lin
es

in
th

e
ca

se
of

N
B

im
ag

in
g.

T
he

re
si

du
al

pa
tte

rn
,w

hi
ch

is
es

tim
at

ed
by

di
vi

di
ng

a
se

lf
-s

ky
fla

ti
m

ag
e

by
a

do
m

e
fla

ti
m

ag
e,

is
su

bt
ra

ct
ed

fr
om

ea
ch

fla
t-

fie
ld

ed
im

ag
e.

T
he

n,
a

“m
ed

ia
n

sk
y”

im
ag

e,
w

hi
ch

is
m

ad
e

fr
om

so
m

e
ad

ja
ce

nt
fr

am
es

be
fo

re
an

d
af

te
rt

he
in

di
vi

du
al

im
ag

e
to

be
pr

oc
es

se
d,

is
al

so
su

bt
ra

ct
ed

fr
om

th
e

im
ag

e.
A

ft
er

ea
ch

im
ag

e
is

fla
t-

fie
ld

ed
an

d
sk

y-
su

bt
ra

ct
ed

,a
ge

om
et

ri
ca

ld
is

to
rt

io
n

is
th

en
co

rr
ec

te
d.

Fi
na

lly
,a

ll
th

e
pr

oc
es

se
d

im
ag

es
ar

e
co

m
bi

ne
d

w
ith

th
e

in
ve

rs
e

sq
ua

re
of

rm
s

le
ve

lo
f

ea
ch

fr
am

e
as

a
w

ei
gh

t.
T

he
ph

ot
om

et
ri

c
ze

ro
-p

oi
nt

of
ou

rN
B

20
9/

N
B

23
15

im
ag

es
ar

e
de

te
rm

in
ed

us
in

g
co

lo
rs

of
un

sa
tu

ra
te

d
st

ar
s

w
ith

in
th

e
Fo

V
s.

3.
TA

R
G

E
T

SE
L

E
C

T
IO

N

3.
1.

N
ar

ro
w

-b
an

d
E

m
itt

er
s

W
e

id
en

tif
y

em
is

si
on

lin
e

ga
la

xi
es

on
th

e
ba

si
s

of
flu

x
ex

ce
ss

es
in

a
N

B
as

co
m

pa
re

d
to

a
B

B
th

at
co

ve
rs

th
e

N
B

w
av

el
en

gt
h.

Fi
rs

t,
th

e
N

B
-d

et
ec

te
d

ca
ta

lo
gs

ar
e

m
ad

e
fr

om
th

e
im

ag
es

(H
,
K

fr
om

W
FC

A
M

an
d

N
B

fr
om

M
O

IR
C

S)
us

in
g

SE
xt

ra
ct

or
(B

er
tin

&
A

rn
ou

ts
19

96
).

T
he

pi
xe

ls
ca

le
s

an
d

PS
F

si
ze

s
of

th
e

B
B

im
ag

es
ar

e
m

at
ch

ed
to

th
os

e
of

th
e

N
B

im
ag

es
.

T
he

of
fs

et
be

tw
ee

n
th

es
e

im
ag

es
is

sm
al

le
r

th
an

0.
05

ar
cs

ec
.

So
ur

ce
de

te
ct

io
ns

an
d

ph
ot

om
et

ri
es

ar
e

ca
rr

ie
d

ou
t

us
in

g
th

e
do

ub
le

im
ag

e
m

od
e

of
th

e
SE

xt
ra

ct
or

.T
he

ex
tr

ac
tio

n
cr

ite
ri

on
is

ha
vi

ng
at

le
as

tn
in

e
pi

xe
ls

w
ith

flu
xe

sa
bo

ve
1.

5σ
le

ve
li

n
th

e
N

B
im

ag
es

.T
he

so
ur

ce
s

fa
in

te
rt

ha
n

5σ
lim

iti
ng

m
ag

ni
tu

de
s

in
th

e
de

te
ct

io
n

fr
am

e
(N

B
20

9
or

N
B

23
15

)
ar

e
re

je
ct

ed
.A

n
ap

er
tu

re
m

ag
ni

tu
de

w
ith

in
a

di
am

et
er

of
1.′

′ 6
is

us
ed

to
de

riv
e

a
co

lo
r

in
de

x.
N

ot
e

th
at

th
es

e
ca

ta
lo

gs
ar

e
us

ed
fo

rt
he

se
le

ct
io

n
of

N
B

em
itt

er
s

an
d

th
e

m
ea

su
re

m
en

ts
of

N
B

flu
xe

s.
Fo

rt
he

fo
llo

w
in

g
co

lo
r

se
le

ct
io

n
(F

ig
ur

e
4)

an
d

th
e

sp
ec

tr
al

en
er

gy
di

st
ri

bu
tio

n
(S

E
D

)
fit

tin
g

(S
ec

tio
n

4.
1)

,
th

e
te

m
pl

at
e-

fit
tin

g
ph

ot
om

et
ri

es
ar

e
us

ed
(s

ee
G

al
am

et
z

et
al

.2
01

3
fo

r
m

or
e

de
ta

ils
).

B
ec

au
se

th
e

ef
fe

ct
iv

e
w

av
el

en
gt

hs
of

th
e

N
B

20
9/

N
B

23
15

fil
te

rs
ar

e
sl

ig
ht

ly
di

ff
er

en
t

fr
om

th
at

of
th

e
K

-b
an

d
fil

te
r,

w
e

es
tim

at
e

th
e

co
nt

in
uu

m
le

ve
la

tt
he

w
av

el
en

gt
hs

of
th

e
N

B
20

9/
N

B
23

15
fil

te
rs

by
ta

ki
ng

a
lin

ea
r

in
te

rp
ol

at
io

n
be

tw
ee

n
H

-b
an

d
an

d

3

Tadaki+14



SWIMS Science Workshop in Sep. 2015  —  Rhythm Shimakawa  

Proposed survey - Plan A (sounds too expensive) 
1. Subaru pilot NB2137/2167 & Spec. survey for SXDS-CANDELS (~10nights)

2. TAO ultra-wide NIR imaging survey of COSMOS or SXDS filed (1 deg2)

3. Simultaneously, we also conduct spectroscopic surveys with Subaru & TAO

HSC 1 FoV (90’ diameter) 
SWIMS/TAO 49 pointing 

x 3 NB filters 
147 Pointing 
3 hrs exposure →  ~440 hrs 

+ ~420 hrs spectroscopy 

In total ~120 nights



SWIMS Science Workshop in Sep. 2015  —  Rhythm Shimakawa  

Proposed survey - Plan B (sounds more effective) 
1. Subaru pilot NB2137/2167 and/or Spec. survey for SXDS-CANDELS (~10nights)

2. TAO 1 deg2 spectroscopic survey of COSMOS or SXDS (B-mag limit <27.5) 
<- Wide λ coverage of SWIMS/TAO can detect Hα&[OIII]&[OII] at z<2.8 !!!

HSC 1 FoV (90’ diameter) 
SWIMS/TAO 105 pointing 

4 hrs exposure for each→  ~420 hrs 
+observe twice in a part of field (x1.5) 

In total ~90 nights

zphoto=2.1-2.8, B<27.5



Scientific goals 

1. 3D mapping of SFGs and cold gas 
2. Resolving velocity & spatial connections between SFGs and cold gas

3. Relationships between cold gas density and galactic physical properties


Observational requirements 

1. The large number of spec-z confirmations at z=2.2-2.8


2. Good target selection (i.e. accurate photometric redshift)


3. Collaboration with Ouchi-san’s team (holder of pair NB filters with HSC)


We should challenge this kind of study before the TMT/ELT era

SWIMS Science Workshop in Sep. 2015  —  Rhythm Shimakawa  

which only can be achieved by SWIMS/TAO

collaboration with ZFOURGE should work better


