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Introduction : questioning the formation of massive 
galaxy cluster

Cooper+08

• “cluster quenching”; 
morphology (color)-density 
relation 

• When and how or reversal? 
• Does it follow the 

hierarchical growth 
formation? thus, massive 
structure have more 
enhanced SFRs?



Data and observations

• z = 2.47 protocluster (PCL1002) in COSMOS field 
• 6 DSFGs from SCUBA-2 survey  

• spectroscopically confirmed with Hα redshifts z = 2.472 ± 
0.007 

• 4/6 have secured NIR counterpart 
• one DSFG may be a major-merger w/ multiple knots 
• one 24μm/radio/IRAC have position consistency 

• 1 DSFG from Herschel-SPIRE 
•  CO(1-0) detection at z = 2.4790 

• from zCOSMOS survey 35 spectroscopically-confirmed sources 
within 2.463<z<2.487 (via Lyα emission, FeII, SiII, CII absorption) 
(Lilly+09)



• > 30 photometric bands (Ilbert+13) 
• Chandra X-ray catalog (Civano+12) 
• radio 1.4 catalog (Schinnerer+07)) 
• Herschel PEP/PACS and HerMES/SPIRE (Lee+13)



grey : galaxies 
2.30<z< 2.66 
(control field) 
black : confirmed 
PCL member 
(from FOF)



Overdensity of DSFGs

Number of DSFG Δz = 0.02 within a 150 arcmin2 box λ = 0.58 (in 
a volume ~ 9000 Mpc3) 
→ probability of observing seven DSFGs in this interval is 0.002 % 
!
δDSFG = (7-0.58)/0.58 = 11 

c.f. HDF at z = 1.99 : δDSFG = 10,  
SSA22 at z = 3.09 : 5-6 DSFGs (δDSFG =?) 
MRC1138-256 at z = 2.16 : ~ 5 DSFGs w/ more compact 
distribution (δDSFG ≳ 100) 

!
0.0001 % of occurring by chance (not an artefact of 
incompleteness or survey bias)



Overdensity of LBGs

δg = 3.3 
← used FOF algorithm which LBGs are in fact 
members of the DSFG over density : selecting sources 
within 2 Mpc-comoving of the DSFGs or their 
immediate neighbours, or within 5 Mpc comoving of the 
DSFGs 
 (この値は high-zのnon-virialized structureをトレ〡スする
ために選ばれたもの Chiang+13) 



Control field

• limiting sources within ±200 Myr of observed structure 
(2.30 <z<2.66) 
• from zCOSMOS, 1072 galaxies are identified 
• remove within 20 Mpc of PCL1002 (x2 in comoving 

distance beyond the boundary of a proto-cluster) 
→ 401 samples
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AGN enhancement

• Four galaxies (9.5 %) are luminous X-ray sources (Lx > 1e43.7 
erg/s; Civano+12) (x82 compared to expected volume density 
of AGN of similarly high luminosities; Siverman+08) 

• 4/7 DSFG has AGN features in either X-ray, radio, optical or 
uv (57 %) (x2 than in non-clustered DSFGs; Alexander+05) 
• stacked Chandra but no X-ray emission 
• 1/7 and one LBG host radio-loud AGN 

• become BCG? — consistent with other high-z over 
densities that host single radio-loud quasars 

• three DSFG, one LBG have broad Hα lines or high [NII]/Hα 
ratio



Mstar and SFR

• MAGPHYS SED (da Cunha+08) 
• stellar synthesis template library as input, attenuation is determined from a 

mix of hot/cool/PAH dust grains 
• SFR not from only FIR 
• Mstar for all galaxies including DSFGs 
• compare field and member galaxies 

• to derive SFR; fit the SED with modified blackbodies (β= 1.8, α = 2.0) from 
MIR to submm and integrated from 8-1000 μm (Chabrier IMF, Kennicutt+98 
calibration) 

• for stellar mass, compare with H-band-based Mstar 
• rest-frame H-band magnitude for each DSFG 
• removing any MIR dusty power-law (on average ~ 50% contribution) 
• converting to stellar mass using LH/Mstar = 7.9 Lsun/mag (Hainline+11)

→ Mstar of LBGs are more higher than control LBGs



Submm stacking

!

• (PCL1002) LBGs versus (control LBGs) 
• S850 = 0.25±0.16 mJy vs 0.11±0.13 mJy ; likelihood 

of greater 850 μm in PCL1002 is 76 % 
• S450 = 0.42±0.85 mJy vs 1.66±0.69 
• suggestive that mass of cold dust and interstellar 

medium (ISM) is potentially higher for galaxies in the 
dense structure, despite their comparable star-
formation rates?; molecular gas reservoirs are deeper 
than galaxies living outside (follow-up molecular gas 
measurements is necessary)



Rest-frame optical morphologies

• HST H-band for 21/42 PCL members 
• use CANDELS visual classification scheme (Kocevski+12; 

Kartaltepe+12) 
• morphology class : disk, spheriod, irregular, or 

unclassifiable 
• interaction class : merger, interacting pair or non-

interacting



一部



• 10/21 of proto-cluster member galaxies are irregular or 
undergoing interaction (48±10 %) 

• And 7/16 (except DSFG) (44 %) 
• c.f. 5/25 of control shows interaction (20±8 %)



Halo Mass

• Abundance matching techniques from large-volume simulations 
• Mhalo > (8±3)×1e13 Msun at z = 2.47 

• w/ mass-dependent exponential growth : z = 0 halo mass to be 
(2±1)×1e15 Msun 

• ~ x2 larger than Coma Supercluster (2e15 Msun) 
• related notes on DSFG favouring the over dense region 

• Miller+15 argues DSFG are poor tracers of the most massive over-
densities at high-redshift (because Poisson noise dominates for low 
numbers of DSFGs) 

• rather, it is simply due to insufficient number of spectroscopically 
confirmed DSFGs around SB-enriched and AGN-enriched protoclusters 

• one more thing is to investigate LBG in large scale is very challenging 
• anyhow, it is already found four protocluster with DSFG, it is promising



Discussion and conclusions

• Overdense with AGN and DSFG is a rare phenomenon, given their short 
duration ~100 Myr 

• LBG is also over dense 
!

• Reason? 
• hypothesis 1 : DSFG and AGN are short-lived and triggered 

simultaneously via a process related to the over-dense environment 
• hypothesis 2 : DSFGs and AGN must be longer lived than expected 
!

• hypothesis 1 is more likely…because 
• increased interaction 
• larger ISM mass (albeit a marginal distinction) 
• lack of physical motivation for long QSO lifetimes



What we need for now

• large and deep > 100 deg2 SMG survey is crucial 
• spectroscopic follow-up at z>2 
• potential future large mm line searches targeting CO or 

[CII]



思ったこと/やりたいこと

• with ALMA (high resolution) 
• SFR and ISM mass will differ?  

!

• SED fitting 
• compare with simulation 
• metallicity


