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 HSC :   3   Surveys 
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HSC Filters :   grizY  +  NBs 

• combination of area & depth will be unmatched until LSST
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CFHTLS -D “best IQ” represents 2”, S/N=5 depth 
of the stacks (the “25%-ile stacks”) with seeing 
comparable to that which will be delivered with 
the dome-vented CFHTused in this project, 
and thus well-matched to the Subaru HSC seeing

CLAUDS 
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The HSC Survey  &  CLAUDS

u CLAUDS
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The HSC Survey  &  CLAUDS
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CLAUDS  u band for HSC-D    

 U ~ 27mag  (5𝜎 , 2”)  over Area ~ 20 deg2

 Image Quality < 1 arcsec

 HSC :   3   Surveys 
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HSC Deep Fields 

* HSC pointings
* MegaCam pointings
    u archives 
    u CLAUDS 

CLAUDS: the survey

new (CLAUDS)
archival u data
HSC fields

9

u-old u-new

u-newu-new

* Located in Extragalactic regions with multi-wavelength  & spec-z informations

combination of area & depth will be unmatched  until LSST Deep  !!

 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)   
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•  direct measurements of rest-UV for SFRs at low redshift z<1.5
      (improved SED fitting and dust estimates)
 
•   a unique sample of star-forming galaxies at 2 < z < 3 
       based on color techniques [BM/BX/ U-dropouts]  
       will probe below M*UV  of  the UV Luminosity Function 

•  a significant improvement of  the HSC photo-zs 
      (fraction of catastrophic failures , scatter  and  critical at z<0.5 )  

•  a clean selection of LAEs and Ly𝛼 blobs (with NB387)  at z~2.2

CLAUDS enables new HSC science

In addition to the spectacular HSC Deep data, the U band will provide : 

•  PFS (Prime Focus Spectrograph) target selection may converge 
toward a photo-z selection :  CLAUDS + HSC critical     

          [ PFS : SDSS-like survey with a million galaxies z>0.7 and up to z~2-3 ]    
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✴ Lensing shape measurement is limited by
       low shear S/N  for sources at z>1   
 
      ⇨  CLAUDS+HSC-Deep perfect for 
            lensing magnification bias studies 
            with LBG sample  

over the three agencies: Canada, France and China.

DATA MANAGEMENT
Project team members have extensive experience in

handling optical and near-IR data sets. Initial data re-
duction will be handled in-house using established pipelines
for MegaCam data. For better compatibility with the HSC
dataset we will also reduce the data using the HSC pipeline.
Standard products, such as catalogs, photo-z’s and SED
fits, will be produced using standard software (many of the
proposers have extensive experience in this work).

We will share data through an agreement with the HSC
Survey Consortium and in the near-term will carry out stud-
ies such as those in the Science Justification. In the medium
term (starting in 2017) both the HSC and MegaCam-U data
will be made public through a series of SDSS-like Data 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 the PFS Survey samples will be drawn.

Figure 1: Pseudo-Luminosity function (not renormalized to the
volume) for LBG, BX and BM galaxies for three apparent magni-
tude cuts in u-band (u=27.0, 27.5, 28.0), based on the Henriques
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 points are LAE candidates and blue points with errorbars are
spectroscopically confirmed LAEs. The vertical orange lines in-
dicate the detection limits for di�erent limiting magnitudes. To
capture the full range of the LAE population, u band data must
extend past u=26.5. The inset shows the blue wavebands with
HSC NB387 filter used for selecting Lyman-� emitters at z � 2.2.
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Figure 3: Photometric redshifts to the depth of HSC-Deep with
U=25.5 (left) and U=27.0 (right). With U=27 the number of
outliers is cut in half and the random scatter reduced. The e�ect
is especially noticeable at z < 0.5.

Figure 4: Layout in the XMMLSS region of the five MegaCam
fields (black & grey) proposed for this semester. Existing u-band
data are shown in red (3 squares) and HSC fields are blue circles.8 TJ.pdf uploaded on 2014/03/20 22:23 UTC
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CLAUDS enables new HSC science

The samples assembled with CLAUDS + HSC Deep will be unique 

tightness of the SFR�Mstars relation (Daddi et al. 2007)
suggests that for most galaxies star formation is driven
by smooth accretion (Noeske et al. 2007) and motivates
empirical models in which SFR is governed by a gas sup-
ply that is replenished through accretion onto their host
DM halos (Bouché et al., 2010; Dave et al., 2012, Sawicki
2012, Lilly et al., 2013; Dekel et al., 2014). Some galaxies
shut o� star formation altogether (quenching) for reasons
that are poorly understood but that, at z⇠0 at least, ap-
pear to relate to either their masses or environment (Peng
et al. 2010).

To understand what mechanisms underlie these pro-
cesses we need to explicitly follow subsets of galaxy pop-
ulations over time and in di�erent environments as they
grow along the star-forming sequence or 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;
Coupon et al. 2012) to trace galaxy populations and 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
The SFRD decline from z⇠2 to today is accompanied by
a drastic flattening of the UV luminosity function slope
(from � ⇠ -1.8 at high z to -1.2; Alavi et al., 2013).
The faint-end slope at 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-LFs down to M�+2 since z⇠1.5 and will allow us to
observe how its flattening depends on environment. This
could discriminate between the environmental quenching
scenario of star formation in the low mass regime, which
should a�ect mainly satellite galaxies (Peng et al., 2010)
and feedback mechanisms that reduce star formation ef-
ficiency in small DM potential wells (e.g. SN or stellar
winds), by disrupting or heating the gas supply (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.
Thanks to the HSC depth and area, with the large LBG
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 science frontier. The magnification
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
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Figure 1: Fig 1: Limiting mag vs area of recent, current, and
proposed U-band surveys. The HSC-UD project — underway
with CFHT Taiwan time — neither overcomes cosmic vari-
ance nor is well-suited for assembling samples of rare objects.
The CFHTLS-D fields are both smaller and have worse image
quality than we will achieve with the dome-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, remains very competitive in the UV. The CFHT
u-band survey we propose will use that unique strength
and leverage the superb data of the Subaru 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 photometric redshifts and 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 be unprecedented, 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 data are quickly reduced  by Stephen Gwyn

 * photometrically & astrometrically calibrated stacked images at CADC

CLAUDS : Data reduction 

XMM-LSS
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XMM-LSS

CLAUDS: survey progress

 = 26.5 < uAB < 27.0

13

CLAUDS data are quickly reduced  by Stephen Gwyn

 * photometrically & astrometrically calibrated stacked images at CADC

CLAUDS : Data reduction 
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• Big effort in CLAUDS team to develop data-merging with HSC: 

     *  trick HSC pipeline to process CFHT stacks and

         to produce combined catalogs  CLAUDS+HSC-D  (Jean Coupon)

     *  backup plan also in parallel: using SExtractor in dual mode (Anneya Golob) 

CLAUDS : Data merging effort underway 

Illustration of u and i band at the Deep depth  (Tidal features)

• HSC Deep survey is on going  

     *  Agreement to use HSD-UD at the deep depth

          The first two Deep fields are now  available to the team for processing  
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Preliminary CLAUDS+HSC photo-z’s 

 * good agreement at this early stage 

    in our photo-z creation process. 

 * tie relation at z<︎0.5 thanks to u-band 

CLAUDS : Data merging effort underway 



S. Arnouts       CFHT-UM 04/05/201611

LBGs galaxy selection  at 2 < z < 3.5   with  CLAUDS+HSC catalog in XMM-LSS  

CLAUDS : Data merging effort underway 
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CLAUDS status

• Already 205 h of integration time 
• ELAISN1 : 15h  before completion 

• DEEP2-3 :  30h  before completion

DONE
DONE

51h (+40h) 77h

45h  + 15h 30h  + 30h 

Image Quality 

Great Seeing in u band !

       52% with IQ<0.85” 

         14% with IQ>1.05”
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CLAUDS after 2 years 

14B   BAD!               

16A   OK?

15A   OK!

15B   OK!

58% ⇨ 75% ? 

• Hope for the 15h in ELAIS field to be observed  before end of 16A  !

• We need 30h to finish DEEP2-3 field  (16B  Proposal Submitted) 
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• CLAUDS is u=27 AB (5σ, 2”) over ~20 sq. deg.  in  HSC-Deep Layer   

        exploits the unique UV capability of CFHT 

• Data acquisition is well underway but will be not done end of 16A   

         due to bad weather in 14B, we need an extension in 16B semester 

• HSC-Deep stacks in HSC-UD fields are combined with CLAUDS   

          first results will come soon after  …

 • CLAUDS  data will be available at CADC on regular basis  

• CLAUDS+HSC data will follow the standard HSC release (first one in 2017)   

CLAUDS summary 

on behalf of CLAUDS team :    MAHALO to the QSO team ! 
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The Influence of Cosmic Web on galaxy Evolution  

— SDSS      Spectroscopic Survey  (5000 deg2):  z<0.15    (Aragon Calvo +2010, Tempel+2013, … )
— GAMA    Spectroscopic Survey  (150 deg2)  :   z<0.3     (Eardley +2015 ,  Alpaslan+2014, 15, ….  )
— VIPERS Spectroscopic Survey (24 deg2)     :   0.5<z<1.2   

VIPERS : VIMOS spectroscopic survey 

*   Flux limited :  i<22.5 
*   color selected :  0.5< z< 1.2
* sampling : 35%  (one pass)
* 100,000 redshifts  in 2 fields 

state of art galaxy survey to map the
Cosmic Web at high redshift 

55,359 redshifts 

(63.6% of total) 

Colour cut to focus on z > 0.6 

(Guzzo + 2014)

•   Cosmic Web contains 80% of gas in IGM  

  Understand  galaxy evolution within
 this anisotropic network is a major challenge
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VIPERS/VVDS

PRIMUS

GALEX

WIRCam

CFHTLS

spectroscopy 

PRIMUS 
VVDS + VIPERS

WIRCam  K
GALEX    F/NUV 

… see the Poster  for other science cases with photo-z  …  

        WIRCam   Ks imaging  @ CFHT
 * 120h  Arnouts (F) ,Van Waerbeke (C), Morrison(UH)
 *  integration/pixel:  1050sec 

  GALEX  UV  (FUV & NUV)  
 *  100h Discret. Time  +  200h public release 
 *   integration/pixel: between 20 to 30,000 sec

  The photometric catalogues, photometric  
   redshifts and the images are released : 

http://cesam.lam.fr/vipers-mls/

Multi wavelength campaign in UV with GALEX   
 & WIRCam at CFHT  since 2010 to assess
 galaxy properties in VIPERS regions 

                       more details in  Moutard, SA, Ilbert et al. 2016a
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The Influence of Cosmic Web on galaxy Evolution  
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 First opportunity to measure the cosmic web at high redshift  
    and to investigate its role on galaxy evolution. 

The Influence of Cosmic Web on galaxy Evolution  

Malavasi, SA et al., in prep
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Critical lines : 

3= Special lines (intermediate between critical points (∇ρ=0) and total field)

ṙ = ��
critical lines from saddle to max    “crest lines”Skeleton of the Cosmic Web

Ridges of Marmot Basin topological feature 

Wednesday, May 25, 2011

19

The Influence of Cosmic Web on galaxy Evolution  

Malavasi, SA et al., in prep

    3D ridge  Extractor : 
       extracting the filamentary structures of the CW
       connecting maxima and saddle points of density field
       following the density ridge

code Disperse  (Sousbie+,09)



S. Arnouts       CFHT-UM 04/05/201620

The distribution of distances to filaments (weighed by 1/𝜌) reveals that   

 Most massive galaxies lie preferentially in the core of the filaments, 
 where they end up their stellar mass assembly (via merging) 

         in line with some theoretical predictions (Codis+15)              

The Influence of Cosmic Web on galaxy Evolution  

Distance to filaments vs stellar Masses

shift with Mass

Malavasi, SA et al., in prep
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The Influence of Cosmic Web on galaxy Evolution  

• Cosmic Web emerges from the gravitational 
instabilities : 

On large scales, matter departs from voids, 
flows through the walls, winds up in 
filaments and accretes into nodes  

winding of the walls 

• Simulations successfully reproduce the 
observed Large Scale Structure
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The Influence of Cosmic Web on galaxy Evolution  

 Evidences (theory/simulation) of  the  influence of CW on  galaxies :

•  Cold streams penetrate haloes and feed  high-z galaxies in fresh gas  (Katz+03) 

•  DM halos inherit some level of coherence from LSS
               with the advection of angular momentum
 

            —  Spirals / Low Mass : 
                    spin aligned with filaments  

                                 
                                                     observationally  confirmed in SDSS  !!   (Tempel+ 13)

•   CW contains 80% of gas in IGM  

  Understand  galaxy evolution within this anisotropic network is a major challenge

—  Ellipticals / high Mass: 
       mergers along the filaments,
       spin ends up perpendicular   
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Attach  to each galaxy  a CW property  (Nodes/filaments/voids-walls ) 

VIPERS 

Filaments 
Minima (void centers)

•  Nodes / Voids in highest /lowest density regions
•  Filaments are in intermediate density 

   But  CW environment  ≠    density environment

The Influence of Cosmic Web on galaxy Evolution  
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Critical lines : 

3= Special lines (intermediate between critical points (∇ρ=0) and total field)

ṙ = ��
critical lines from saddle to max    “crest lines”Skeleton of the Cosmic Web

Ridges of Marmot Basin topological feature 

Wednesday, May 25, 2011

    3D ridge  Extractor : 
       extracting the filamentary structures of the CW
       connecting maxima of density field (anisotropic estimators)

     code Disperse  

Upper skeleton: critical lines connecting maxima 
Lower skeleton: critical lines connecting minima

(Sousbie+2013) 

Density field with critical points :
Max : red  saddle: green  , Min: blue 

Extract the skeleton of LSS from spectroscopic surveys 
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 Distribution of distances of segments in 2 skeletons

 length of skeletons (Mpc / Mpc3)

S1
S2
S3
S4
S5

S1  vs S5 

S1  ->  S5 

S5  ->  S1 

S2  vs S5 

S3  vs S5 

How do we compare observed skeletons with simulations ?
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VIPERS  [ I<22.5 ]  part of W1 field [ 1.6x1deg2 ]  VIPERS  best LSS 

at high z  so far 

26

HSC-PFS  SuMIRe  surveys  

MOCK PFS [ J<23.3 & 75% SR]

PFS will improve the contrast of the LSS structures

PFS DEEP 
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0.5<z<1.0Full simulation (galaxies M*>107Mo) JAB<23.3 (75% sampling )

1.0<z<1.5

1.5<z<2.0

27

HSC-PFS  SuMIRe  surveys  

1.5< z< 2.0

1.0< z< 1.5

0.5< z< 1.0

JAB< 23.3   &  SR=75%

skeleton from “observation”


