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what can we learn from CANDELS to 
understand a larger sample from 

CLAUDS?
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HSC Deep Fields 

* HSC pointings

* MegaCam pointings

    u archives 
    u CLAU D S 

CLAUDS: the survey

new (CLAUDS)

archival u data

HSC fields
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u-old
u-new

u-newu-new

 CFHT observations

• Texp~16hr with u-old

• Texp~15hr with u-new

  Total:  ~300hr program

          * Dark Time + IQ<1”

          * 4 sem. (14B - 16A) 
          * based on PI  prog

                                 (C/F/S)   

* Located in Extragalactic regions with multi-wavelength  &  spec-z informations
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CFHT Large Area U-band Deep Survey

5

Extending Deep depth to u*
AB=27 over 27deg2: 60 nights required! 

Canada (Marcin Sawicki), France (Stephane Arnouts) and China 
(Seb Foucaud) 

- ~ 80h (15n) / semester for 4 semesters 
(tentative 30h/30h/20h) 

- regular proposal joint for the 3 agencies 
- China: Telescope Access Program 
- Involving 5 Canadian, 3 French and 3 

Chinese (in addition to PIs) + students & 
postdocs: External collaborators 

- Strong science cases (U-band driven): 
   SFR in z~ 1 clusters, LAEs (NB387), 

lensed/bright z~ 3 LBGs, … 
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 Lensing shape measurement is limited by
       low shear S/N   for sources at z>1   
 
      ⇨   CLAUD S+H SC-D eep perfect for 

            lensing magnification bias studies 
            with LBG sample  

over thethreeagencies: Canada, Franceand China.

DATA MANAGEMENT
Project team members have extensive experience in

handling optical and near-IR data sets. Initial data re-
duction will behandled in-houseusing established pipelines
for MegaCam data. For better compatibility with theHSC
dataset wewill also reducethedatausing theHSCpipeline.
Standard products, such as catalogs, photo-z’s and SED
fits, will beproduced using standard software (many of the
proposershaveextensiveexperience in thiswork).

Wewill sharedatathroughanagreementwith theHSC
SurveyConsortiumand in thenear-termwill carryout stud-
iessuchasthosein theScienceJustification. In themedium
term(starting in2017) boththeHSCandMegaCam-Udata
will bemadepublic through a seriesof SDSS-likeData Re-
leases. This combined dataset will provide a lasting go-to
science legacy which will be unmatched until LSST in its
combination of depth and area. It will also feed the cata-
logs from which thePFSSurvey sampleswill bedrawn.

Figure 1: Pseudo-Luminosity function (not renormalized to the
volume) for LBG, BX and BM galaxiesfor threeapparent magni-
tudecutsin u-band (u=27.0, 27.5, 28.0), basedon theHenriques
et al. 2012 mock catalogs. The grey areas indicate the locus of
M⇤

UV and M⇤
UV + 1 (with black dotted line) at these redshifts

(BM: z ∼ 1.7; BX: z ∼ 2.2; LBG: z ∼ 3.0). The blue and
red dotted lines indicate the 3⇥ completeness limit reached with
UAB = 27.0 and 27.5 respectively.
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Figure 2: Distribution of NB387-detected objects in the B-
NB387 vs. u-NB387 plane(adapted from Nakajima et al. 2012).
Red pointsareLAE candidatesand bluepointswith errorbarsare
spectroscopically confirmed LAEs. The vertical orange lines in-
dicate the detection limits for different limiting magnitudes. To
capture the full range of theLAE population, u band data must
extend past u=26.5. The inset shows the blue wavebands with
HSCNB387filter used for selecting Lyman-α emittersat z ∼ 2.2.

Figure 3: Photometric redshifts to thedepth of HSC-Deep with
U=25.5 (left) and U=27.0 (right). With U=27 the number of
outliers iscut in half and therandom scatter reduced. Theeffect
isespecially noticeableat z < 0.5.

Figure 4: Layout in the XMMLSS region of the five MegaCam
fields(black & grey) proposed for thissemester. Existing u-band
data areshown in red (3 squares) and HSCfieldsarebluecircles.8 TJ.pdf uploaded on 2014/03/20 22:23 UTC
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tightnessof theSFR−Mstars relation (Daddi et al. 2007)
suggests that for most galaxies star formation is driven
by smooth accretion (Noeskeet al. 2007) and motivates
empirical models in which SFR isgoverned by a gassup-
ply that is replenished through accretion onto their host
DM halos(Bouchéet al., 2010; Daveet al., 2012, Sawicki
2012, Lilly et al., 2013; Dekel et al., 2014). Somegalaxies
shut off star formation altogether (quenching) for reasons
that arepoorly understood but that, at z⇠0 at least, ap-
pear torelatetoeither their massesor environment (Peng
et al. 2010).

Tounderstand what mechanismsunderliethesepro-
cessesweneed to explicitly follow subsetsof galaxy pop-
ulationsover timeand in different environmentsas they
growalong thestar-forming sequenceor quench their star
formation altogether. To do so we will combine clus-
tering analysis, abundance matching, weak lensing and
HOD modeling (Foucaud et al. 2010; Ouchi et al. 2004;
Couponet al. 2012) totracegalaxy populationsand their
DM halos across cosmic time while using photo-zs with
⇥z < 0.03(1+ z) across 0 < z < 1.5 to enable environ-
mental analyses (Tal et al. 2013, 2014).

3.2.2 Evolution of the UV luminosity function

TheSFRD declinefrom z⇠2 to today isaccompanied by
a drastic flattening of the UV luminosity function slope
(from α ⇠ -1.8 at high z to -1.2; Alavi et al., 2013).
The faint-end slopeat any redshift is likely regulated by
feedback, so tracing the evolution of the slope will help
identify the main regulator of feedback in faint galax-
ies. The HSC+u data will explore the faint end of the
UV-LFsdown to M +2 since z⇠1.5 and will allow us to
observehow itsflattening dependson environment. This
could discriminatebetween theenvironmental quenching
scenario of star formation in the low massregime, which
should affect mainly satellitegalaxies (Peng et al., 2010)
and feedback mechanisms that reducestar formation ef-
ficiency in small DM potential wells (e.g. SN or stellar
winds), by disrupting or heating thegassupply (Bouché
et al., 2010).

3.2.3 Lensing magnification bias with LBGs

Measurements of total masses of cosmic structures are
key, but lensing shape measurements are limited by the
rapidly decreasing S/N of the shear signal above z ⇠ 1.
Thanksto theHSC depth and area, with the largeLBG
population at z = 3 (Table 3) we will measure the lens-
ing magnification bias (Broadhurst et al. 1995) behind
clusters above z ⇠ 1, pushing lensing measurements to
an unexplored cluster sciencefrontier. Themagnification
bias will also complement clustering measurements of
1 < z < 2 galaxies to study the relationship between
galaxies and their host halos (Leauthaud et al. 2012)
while below z ⇠ 1 our ⇠ 25deg2 will give an order of
magnitude improvement over the COSMOS SNR=4.9

Table 3: Expected number of objects
< z > sample Vol(Gpc3) M⇤(M ) N of galaxies
0.1 photo-z 0.001 108.7 7.2k
0.3 photo-z 0.008 109.3 38.3k
0.5 photo-z 0.019 109.8 71.8k
0.7 photo-z 0.029 1010.1 94.4k
0.9 photo-z 0.040 1010.2 137.3k
2.3 BM/BX 0.341 – 2.5M
3.0 U-dropout 0.340 – 0.9M
3.0 QSOs 0.340 – 1000
2.2 LAE / LAB 0.017 – 9k / 700

Figure 1: Fig 1: Limiting mag vsarea of recent, current, and
proposed U-band surveys. TheHSC-UD project — underway
with CFHT Taiwan time — neither overcomes cosmic vari-
ancenor iswell-suited for assembling samplesof rareobjects.
TheCFHTLS-D fieldsareboth smaller and haveworse image
quality than wewill achievewith thedome-vented CFHT.

results (Ford et al. 2012) that are based on 44 X-ray
selected galaxy groups (M200 ⇠ 1014M ), and 45,000
LBGs.

-4-SUMMARY

CFHT’s MegaCam, while now surpassed in many
aspects, remainsvery competitivein theUV. TheCFHT
u-band survey we propose will use that unique strength
and leverage thesuperb data of theSubaru HSC Survey
into opening up two redshift regimes, z ⇠ 2 − 3 and
z < 1 to a wide range of studies, some of which are
outlined above. The U-band and HSC data — along
with photometricredshiftsand other products— will be
made public in SDSS-like data releases, allowing a wide
range of science by the community. The combination
of U-band depth and area that MegaCam will provide
will beunprecedented, ensuring its excellence for a wide
variety of research for a long time to come.

6 SJ.pdf uploaded on 2014/03/20 22:23 UTC
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CLAUDS enables new HSC science

The samples assembled with H SC D eep will be unique 



LBGs  in XMM-LSS(CLAUDS+HSC):
A Large LBG sample at z~3

• 22400 LBGs with R<25.5

• 43200 LBGs with R<26.0

• 14400 LBGs detected at 3.6 micron----(SERV)

• 1015 LBGs detected at 8.0 micron ----(SERV)

• 509 LBGs detected at 24 micron----(SWIRE)

• 418 LBGs detected at 250 micron---(HerMES)



The “Red LBGs” puzzle in 
CLAUDS? Or photz Issue?
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IR properties of luminous LBGs 
in XMM-LSS

REDSHIFT SAMPLEPhotometry Sample



Issues with LBGs or galaxies 
at z~3

• Does photz really work for  galaxies at z>=3?

• Does (N+M)IR emission really come from LBGs?

• How bad is the confusion? Or what is fraction of 
close pair in LBG samples.

• LBG masses, morphologies, color bimodalities.



LBGs in GOODSN
Steidel et al. 2003  

• 144 LBGs in  GOODSN

• ~70 have Spec z, most around z=3



CANDELS Photz for LBGs in 
Steidel et al. 2003



LBGs  resolved by the HST 
image in GOODSN

• 22 LBGs in GOODSN have neighboring objects within 
1.2” distance.





The IR Color-Magnitude 
relation





Hidden Stellar Mass for red 
LBGs



Color-Color diagrams for LBGs 
in GOODSN



“Red Galaxies” in UV selecetd
LBGs?

X-ray Source QSO?



Stellar Mass segregation in 
the C-C diagram



Sersic Index





Summary 

• Lyman Break selection is probably better than photz

• There may be large stellar mass hidden behind dust 
in LBG.

• There are a few passive galaxies in the LBG sample

• We will detect a sample of ULIRG/HyperLIRG at z=3 
with Lyman Break technique.


