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SWIMSrine

No Water!



The Cosmic High Noon tends to be hidden by dust!



Tadaki et al. (2013)

Comparison of dust extinction between UV and Hα

SFGs at z~2.2-2.5 (NB-selected Hα emitters)

Rest-UV is NOT a good tracer of SF in this critical era  Go for Hα and [OIII] at NIR!



20 nights for imaging, >15 nights for spectroscopy

MApping HAlpha and Lines of Oxygen with Subaru

Unique sample of NB-selected SF galaxies across environments and cosmic times
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Inside-out growth of galaxy clusters
revealed by 

: passive red galaxy

: normal SF galaxy

: dusty SF / AGN

z = 0 

z ~ 0.5 

z ~ 1 

z ~ 2 

Illustrated by Yusei Koyama

ΣSFR(R<R200) / M200 ~ (1+z)6

(Shimakawa et al. 2014)



Star forming galaxies at the peak epoch @SXDF-UDS-CANDELS

●：blue HAE (J-K<1)

●：red HAE  (J-K>1)

□：MIPS sources
(dusty star-bursting galaxies)

z=2.2 Hα emitters 

(NB2095)

Tadaki et al. (2013a)

z=2.5 Hα emitters 

(NB2315)

Strong clustering  “cosmic variance”

Limited to ~200 arcmin2

(SXDF-UDS and COSMOS)



• 6 Narrow-Band Filters (NBF)

SFR limited sample and AGNs at z=0.9, 1.5, 2.3, 3.3.

Hα & [OIII] dual emitters with pair NBFs.

• 9 Medium-Band Filters (MBF)

Stellar mass limited sample at 1<z<5 with improved

phot-z (⊿z/(1+z) ~ 0.01).

• 3 Broad-Band Filters (BBF)

 Tracking the cosmic histories of “mass assembly” 
and “star formation/AGN activities” back to z~3-5.

λ

“NIR version of COMBO-17”



Six Narrow-band filters (NBF)

Dual emitters ([OIII] & Hα) with 4 pair NBFs

 Redshift identification & Ionization states (ratio)

SFR-limited sample at z=0.9, 1.5, 2.3, and 3.3
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F i g u r e 3 . D ust extinction of Hα l ines as a function of stel lar

m ass based on the prescriptions of W uyts et al . (2013) . W hite

triangles and squares indicate the stacked spectra of HAEs in
PK S1138 and USS1558, respectively. R ed triangles, squares, and

blue circles show the indiv idual HA Es in PK S1138, USS1558,

and SX DF (fi eld) at z= 2.2 (Tadaki et al . 2013) , respectively. W e

use 2σ l im iting magnitude of B-band for each ob ject w ith the

detection signifi cance of 2σ or below for apply ing the UV flux

density, and also use 2σ flux i f Hβ fluxes of the stacked spectra
are less than 2σ detection to estim ate A H α , B a lm er . D ashed and

dotted lines represent the best-fi tted l ine and 1 sigma deviations

based on SX DF sample. G rey dots indicate the SDSS galax ies

(A baza j ian et al . 2009) located in the abundance sequence on the

BPT diagram (K ewley et al . 2006) , whose dust extinction are

estim ated using the Balmer decrement technique.

tio is almost free from dust extinction. I n order to derive
the physical quantities from the line ratios, many authors
have invented and improved the l ine diagnostics using the-
oretical models and/or the empirical cal ibrations based on
local galaxies. Among them , some traditional treatments are
widely used, such as BPT diagram (Baldwin et al. 1981, see
§3.3) and mass-metall icity relation (Tremonti et al. 2004,
see §3.4) . I n §3.2–3.4, we show the physical properties of
HAEs in the protoclusters based on several l ine diagnostics,
and compare them with SDSS local galaxies and the field
galaxies at sim ilar redshifts (z= 2.1–2.5) .

This M OIRCS spectroscopy not only confi rms the exis-
tence of Hα em ission line for a large number of NB-selected
HAE candidates, but also detects [Oi i i ] em ission line for
about a half of the confi rmed HAEs. I nterestingly, their
[Oi i i ] fluxes are as much, or more than their Hα fluxes.
T he fraction of [Oi i i ] detection is much larger than expected
from the typical [Oi i i ]/ Hα l ine ratio of local SF galaxies.
I n local SDSS galaxies (Abazaj ian et al. 2009) , for example,
most of the HAEs have [Oi i i ] l ine fluxes that are smaller
than a half of Hα fluxes (without dust correction) except
for Seyfert AGNs. I t indicates that the SF galaxies at z > 2
have much higher ionization states.

By studying the relationship between [Oi i i ]/ Hα l ine
ratio and stellar mass, we obtain a diagnostic which can
demarcate narrow-line AGNs from SF galaxies and discuss
the physical states of the galaxies. T his diagram is called
M ass-Excitation (M Ex) diagram which was fi rst discussed
by Juneau et al. (2011) . T he original M Ex is presented by
using a close-pair l ine ratio, [Oi i i ]/ Hβ. However, this work

cluster
field

cluster

F i g u r e 4 . M ass-excitation (M Ex) diagrams for individual and

stacked results. W hite triangles and squares indicate the stacked

spectra of in PK S1138 and USS1558, respectively. R ed triangles,

squares, and blue circles show the indiv idual HAE s in PK S1138,
USS1558, and SINS & LUCI data (fi eld) at z= 2.1–2.5 (N ewman

et al . 2014) , respectively. [O i i i ]/ Hβ l ine ratio of indiv idual ob jects

in PK S1138 and USS1558 is based on the prescriptions of W uyts

et al . (2013) and intrinsic Hα/ Hβ flux ratio (= 2.86) . W e show

the 2σ upper l im it for [O i i i ]-undetected (< 2σ) ob jects. M agenta

crosses are X -ray sources in Newman et al . (2014) sample. G rey

dots represent the SDSS galax ies (A baza j ian et al . 2009) .

alternatively employes the [Oi i i ]/ Hα l ine ratio to derive
[Oi i i ]/ Hβ ratio by assum ing the dust extinction and the
Hα/ Hβ l ine ratio of 2.86, because Hβ l ines are rarely de-
tected for individual galaxies.

F igure 4 shows the M Ex diagram . W e can see that the
[Oi i i ]/ Hβ l ine ratios of our sample are clearly high compared
to the SDSS galaxies. I t indicates that the ionizing states of
high-z galaxies are significantly higher than low-z galaxies.
Such high excitations of the protocluster galaxies at z > 2
are consistent with those of field galaxies as noted by re-
cent works (Newman et al. 2014; K ewley et al . 2013; Holden
et al. 2014; M asters et al. 2014) . To compare our result with
field galaxies at the sim ilar redshifts, the field SF galaxies
(and some X -ray sources) obtained by SINS and LUCI sur-
vey (Newman et al. 2014) are also represented. T he success
rate of [Oi i i ] detection (> 2σ) is poor in high-mass galaxies
and the 2σ flux is assigned to the ob jects if [Oi i i ] l ine is not
detected. T he absence of [Oi i i ] l ine in high-mass galaxies
is likely to be caused by high dust extinction and intrinsi-
cally smaller [Oi i i ] fluxes in massive galaxies compared to
lower-mass ob jects. T he stacked spectrum “PK S1138-high”
in the higher mass bin has a higher [Oi i i ]/ Hβ l ine ratio than
that of “USS1558-high” in spite of the fact that “PK S1138-
high” bin is more massive than that of “USS1558-high”.
I t may be caused by a significant contribution of Seyfert-
type AGNs, and indeed “PK S1138-high” and two massive
ob jects in PK S1138 are located at the sim ilar position of
X -ray sources in z > 2 field sample by Newman et al. (2014)
(F ig. 4) . However, all of HAEs in PK S1138 cannot be seen in

c 2014 RAS, M NRAS 000 , 1–14

[OIII]/Hα ratio  Ionization/Excitation State

Shimakawa et al. (2014b)

SDSS

High-z > Low-z 

(z~2)
(HβHα conversion)

(stacked)

Both higher sSFR and

lower metallicity are 

contributing to much 

higher ionization states

of high-z SF galaxies.

(Kewley et al. 2013)

SWIMS-18 can do this only by imaging !
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See Shimakawa’s talk

and Silverman’s talk



Passive

Star-forming

main sequence

Dusty starburst

(mergers?)

Stellar Mass (M*)
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Hypothetical galaxy evolution on the SFR vs. M* diagram

Starburst mode is

more prevalent

in proto-clusters?

Scatter of the main

sequence is larger

in proto-clusters? 



SF galaxies in the proto-
cluster at z~2 follow the same 
main sequence as the field one,

although the galaxy 
distributions on the sequence 
are different due probably to 
accelerated galaxy formation 

in the proto-cluster.

Ha-selected sample only 

M*-scaled dust correction for Hα is applied.
(Garn & Best 2010)

Environmental (In-)dependence
of the Star-Forming Main-Sequence at z~2 ?

Two difficulties in making the 
critical test on MS scatter:

(1) Too small statistics.

(2) M*-scaled dust correction 
cannot be applied.

See Koyama’s talk

Koyama+ ‘13



Hα mapping of a known super-cluster at z=0.9
CL1604+43 (z=0.895, 0.922)

This northern target can be observed

only while SWIMS is on Subaru.Kocevski et al. (2011)



NB1653: [OIII] emitters

NB2167: Hα emitters

HS1700+64 proto-cluser (z=2.30)

Bogosavljevic (2010)Steidel (2005)

SWIMS-18 NB filters

Hα and [OIII] mapping of a proto-cluster at z=2.3
This northern target can be observed

only while SWIMS is on Subaru.



High density regions of [OIII] emitters

at z=3.24 (HiZELS)

Towards higher redshifts (z>3) with [OIII] emitters

Proto-cluster at z=3.13 traced by [OIII] emitters

with NB207 (HzRG, MAHALO)

Courtesy: T. Suzuki

z=3.27, 3.33

See Suzuki’s talk

and Tanaka’s talk



Will open a new window to

4<z<5 with K1,K2,K3 !

M*-limited sample of galaxies up to z~5

Nine Medium-band filters (MBF)

SWIMS-18 MBFs

4.60

J1,J2,J3,Hs,Hl,   Ks

ZFOURGE (Magellan)



z range 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-4.0 4.0-5.0 5.0-6.0

w/o SWIMS18  22.7      9.9 7.8       13.0      14.8      11.4        7.2       12.4      26.6

w/   SWIMS18  15.5      7.9 4.1         6.5 6.0        6.9 4.5         8.2 6.3

Outlier fraction (%)

WITHOUT

SWIMS-18

MBFs

Δz/(1+z) >0.1

WITH

SWIMS-18

MBFs

U,g,r,i,z,y,

J,H,K,

CH1,CH2

U,g,r,i,z,y,

YJ12H123K123

CH1,CH2

Improvements of Photometric Redshifts @1<z<5.5

(Deep)

0              1              2              3              4              5              6

Redshift (z)

Δ
z
/(

1
+

z
)

Tadaki,

et al.

K<24.9

K<24.9

We should also have better estimates of dust extinction.



Mass assembly history of galaxies:
stellar mass functions to z~5

Muzzin et al. (2013)

100K galaxies over a 1.62 deg^2 field down to Ks=23.4 (AB)

Faint end at z<4? What about z>4???

ULTRA-VISTA (COSMOS)

z>4?z>4?

?
?

3<z<4

3<z<4



● DRG(J-K>2.3)

RG

● r-JHK  ● b-JHK

Growth/quenching history of (massive) galaxies:
LFs along the red sequence at 2<z<5

z~2, 10.5 Gyrs ago z~3,  11.5 Gyrs ago

Massive, red galaxies grow rapidly during 2-3 Gyrs after the Big-Bang.

Kodama et al. (2007)

(Subaru/MOIRCS observations of proto-clusters)

Medium band filters  Much less contamination at 2<z<5 (<1/3) !



@Magellan 6.5m (El. 2400m)

(FourStar Galaxy Evolution Study)

• Four Star Infrared Camera; Hawaii-2RG x 4

• One deep 10.9’x10.9’ field each in COSMOS, CDFS and 

UDS FourStar; Hawaii-2RG x 4) – 0.1 sq. deg.

• 30,000 galaxies at 1<z<3

• J1,J2,J3 ≈ 25.5, Hl, Hs ≈ 25, and Ks ≈ 24.5 (AB, 5σ, 

total mag for compact sources)

• ⊿z/(1+z) ~ 0.02



Why > ?

• More medium-band filters (from 5 to 9)

J1(Y),J2,J3,Hs,Hl  Y,J1,J2,H1,H2,H3,K1,K2,K3

• Existence of narrow-band filters                                          
6 narrow-band filters, 4 pairs (Hα and [OIII]), adjacent on/off bands

• Simultaneous observations of two passbands
λ<1.4μm (blue channel) and λ>1.4μm (red channel) with a dichroic mirror

• Large amount of time allocation to some dedicated programs

 １.5 yrs of observing time for 1 sq. deg. (10×ZFOURGE), 

optimal for environmental studies with clusters of >1014M◉

 Improvement of phot-z accuracy (in particular at z>3), Balmer break up to z~5

 optimized to strong [OIII] emitters at high-z, no contamination

 Survey efficiency is doubled

(TAO 6.5m) (Magellan 6.5m)



Survey Design for 

Requires ~500 nights of observing time at TAO
A few % of the survey will be conducted on Subaru as a pilot study

when SWIMS is mounted on Subaru for 3 yrs (2016-2018)

SFR-limited sample (HAEs) : 7.5 × 105 Mpc3 at each redshift

M*-limited sample: 1.2 × 107 Mpc3 (Δz=1)

SWIMS-18-Wide (1 sq. deg.)



(1) General Fields (120hrs=12 nights)

A part (80arcmin2) of ZFOURGE fields (UDS, COSMOS)

where deep Y, J1, J2, Hs, Hl, Ks already exist.

MB: H3, K1, K2, K3:  3hrs exposure each (or more?)

Balmer break galaxies@3.5<z<5: ~10 galaxies in 80arcmin2

NB: 1244/1261/1630/1653/2137/2167:  3hrs exposure each.

~50 HAEs & ~20 O3Es in 80arcmin2/NB

(100@z=1.5 & 2, 40@z=3).

(2) Clusters (120hrs=12 nights)

A super-cluster CL1604+43 (z=0.9) with NB1244/NB1261 (Hα)

A proto-cluster HS1700+64 (z=2.3) with NB1653 ([OIII])/NB2167 (Hα)        

+ MBFs (phot-z, red sequence galaxies)

~24 nights (?) over 2017B/2018A



I

• Large spectroscopic survey at the cosmic noon

Lots of spectroscopic follow-up needs for SWIMS-18 

galaxies and HSC selected galaxies/clusters at 0.7<z<3.7 

(with Hα or [OIII]).

c.f.) PFS to z~0.9-1.5  SWIMS to z~2.5-3.7

• Accurate line ratios with simultaneous observations of 

blue and red channels

e.g.) J ([OII]), H ([OIII], Hβ) and K (Hα, [NII], [SII]) at z~2-2.5,           

so we can get “accurate” line ratios (O32, R23, Hα/Hβ, etc…), 

free from a slit-loss problem.

See Shimakawa’s talk



Summary
is a super multi-λ (NIR) imaging survey of 

the “Cosmic High Noon” over a 1-deg2 unbiased field + 
some high density regions.

• Stellar mass-limited sample at 1<z<5 with MB filters. 
SFR-limited sample of star-forming galaxies (and 
AGNs) at 0.9<z<3.3 with NB filters.

• Balmer-break galaxies at 3.5<z<5, and Dual (Hα and 
[OIII]) emitters at z=1.5 and 2.3 are unique samples!

• The project will track the histories of mass assembly 
and star formation (and AGN activity) over the 
cosmic high noon and beyond with great statistics!


