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Outline 2

REFINE survey : Data and data products1

Group detection :  algorithmDETECTIFz2

Quenched fraction in groups and field at 
0.12 < z < 2.32
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DATA
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Data 4

σz ∼ 0.045 × (1 + z)

→ UKIDSS-UDS 0.63 deg2

 < 24.3K

σz ∼ 0.01 × (1 + z)

→ COSMOS/UltraVISTA  1.45 deg2

 < 23.4Ks

σz ∼ 0.035 × (1 + z)

→ VIDEO/CFHTLS-D1  1 deg2

 < 22.5Ks

Three of the deepest near infrared surveys

REFINE project

•  band selected photometric sample from Mundy+17 K
• 10 to 30 photometric bands from UV to IR

•   at . ∼ 3 deg2 0.1 < z < 3.5

• Homogeneously reduced data



Data products : probabilistic approach 5

• Mundy+17 : Photometric redshifts with  (Brammer+08)EAZY

• This work : Physical parameters with  (Duncan+19)SMPY
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• Use the information contained is these PDFs
 account for correlated uncertainties→

→ 2D joint distributions 
PDF(X, z)

In this work

 deal with degeneracies→ Probabilistic framework→
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• Concept • Realistic case



GROUP DETECTION
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 : DElaunay TEsselation ClusTer identIFication with photo-DETECTIFz z
7Basic idea is classical

What makes its specificity

Mean -  
density map 
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Nmc galaxy 
catalogues 
Nmc

• Density estimation
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Outputs
• Group members catalogue with 

probability memberships Pmem

• Group catalogue with 
 and PDFgroup(z) R200

• Monte Carlo sampling
Similar to VMC algorithm (Cucciatti+18, Hung+20)

Nmc = 100

 Photometric redshifts : group size in  → σz ≫ z

PDF(M⋆, z)



Overview :  performancesDETECTIFz 8
Mock data
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         + empirical photometric noise 

Purity and completeness of the catalogues

with  for each galaxyPDF(M⋆, z)

  applied to mocks→ DETECTIFz



Overview :  performancesDETECTIFz 9
Mock data
Henriques+15 lightcones 

         + empirical photometric noise   for each galaxy→ PDF(M⋆, z)

Properties of groups
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 estimate : bias 

( for clusters)

R200 +10 %
< 1 %

σ = 0.15 Mpc

  applied to mocks→ DETECTIFz

Mock data
Henriques+15 lightcones 

         + empirical photometric noise with  for each galaxyPDF(M⋆, z)

  applied to mocks→ DETECTIFz

competitive mass 
proxy

μ⋆ = ∑ Pmem × M⋆



Overview :  cataloguesDETECTIFz 10
DETECTIFz catalogues on REFINE data

 pure sample : 448 candidates groups at → 90 % 0.12 ≤ z ≤ 2.32
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 186 newly detected→
 53 groups at → z > 1.5

Sample for quenched fractions (total stellar mass selected) :

 407 candidates groups at → 0.12 ≤ z ≤ 2.32
 → log μ⋆ > 11.25
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Using  to study galaxy populations in groupsPDF(X, z)
12

N(M⋆, z)
Number counts

from      PDF(M⋆, z) →

Quenched vs star-forming
from     PDF(sSFR, z) → Pq(z)
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(Lopez-Sanjuan+17)

+      -  group galaxy numbers counts PDFgroup(z) → Ngroup(M⋆)
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Take away :

Pq(z) ∝ ∫
10−11

−∞
PDF(sSFR, z) dsSFR

N(M⋆, z) = ∑
i ∈

all galaxies

PDFi(M⋆, z) dM⋆ dz

• New formalism to study group galaxies from PDF(X, z)

• Using  : better treatment of correlated uncertainties and degeneraciesPDF(X, z)

quenched   ≡ sSFR < 10−11 yr−1



Quenched fraction in REFINE 13
Quenched fractions   in → f q

groups 0.5 × R200

  outside   of detected groups→ f q
field 2 × R200

Stellar mass limits : 10.25 < log M⋆/M⊙ < 11



Quenched fraction in REFINE 14
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  with confidence  up to → f q
group > f q

field > 1σ z = 2.23

Quenched fractions   in → f q
groups 0.5 × R200

  outside   of detected groups→ f q
field 2 × R200

Stellar mass limits : 10.25 < log M⋆/M⊙ < 11

Hierarchical Bayesian model

linear redshift evolution        f q
group(z) = 𝚒𝚕𝚘𝚐𝚒𝚝 [ f1 + αz × (z − 1)]

 linear model provides a good fit→

Adapted from 
Raichoor+12



Comparison to other works 15

 Good agreement with , → ZFOURGE ORELSE

 competitive constraints on  at → f q
group z > 1

 Lower  than , → f q Planck clusters GOGREEN
Lower mass groups have lower  than 
massive clusters at  ???

f q

0.5 < z < 1.4
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: Papovich+18zFOURGE  : van der Burg+18Planck clusters
:  Lemaux+19ORELSE  : van der Burg+20GOGREEN

Quenched fractions   in → f q
groups 0.5 × R200

  outside   of detected groups→ f q
field 2 × R200

Stellar mass limits : 10.25 < log M⋆/M⊙ < 11



Conclusions 16

• Group sample at z < 2.5

• Probabilistic framework to study galaxy properties in groups

• Quenched fraction is higher in groups than in 
the field at z < 2

What you can re-use

•  algorithmDETECTIFz

Main result

Perspective
• Galaxy stellar-mass function + Radial distributions
• How do our high  groups trace proto-clusters ?z
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Cluster / group catalogue
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Quenched fractions : groups and fieldf q

Bayesian model from D’Agostini+04, Andreon+06

 in f q
groups 0.5 × R200

 outside   
of detected groups
f q
field 2 × R200

Similar behaviour : we can study the joint REFINE sample !
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Binned

QFE =
f q
group − f q

field

1 − f q
field

Fraction of galaxies quenched in the 
groups that would have been star-forming 
in the field environment

→

 up to  ( confidence)→QFE > 0 z = 2.03 95 %

 increases with decreasing redshift→QFE

Interpretation is not straightforward

• Group  and  are constant with ⟨μ⋆⟩ ⟨δM⋆
⟩ z

 High  groups are not progenitors of low  ones→ z z
 Cannot disentangle for pre-processing→

Quenched fractions   in → f q
groups 0.5 × R200

  outside   of detected groups→ f q
field 2 × R200

Stellar mass limits : 10.25 < log M⋆/M⊙ < 11
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Adapted from Raichoor+12


