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Outline	

•  Introduction of stellar-to-halo mass ratio (SHMR) 

•  HSC & Hubble Data and LBG Selection 

•  Clustering Analysis with HOD Model 

•  Results of Halo Mass, SHMR, Com w/ AM 

•  Discussion: Evolution of SHMR 



Galaxy-Dark Halo Connection: SHMR	

•  Dark matter halo is a key for galaxy formation. 

–  Gas cooling is efficient in 1010-1013 Msun halo (Silk+93). 
–  SN/AGN feedback in low/high mass halo (e.g., YH+14). 
–  Merger rate is a function of the halo mass (Fakhouri+10).	
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Stellar-to-halo mass ration (SHMR)	

•  SHMR=M*/Mh: past star formation efficiency per Mh 

•  SHMR at z>1: not well studied by galaxy clustering 
•  Abundance matching (AM): SHMR at z=0-8 

 -> systematic uncertainty? 
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This Study	
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Data & Sample Selection	
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Lyman break galaxy (LBG) selection @z~4, 5, 6, 7	




 z~5 mUV<27.2 
Hubble	


Clustering Analysis w/ HOD Model	

Calculate Angular Correlation Function in Each Subsample	


 z~4 mUV<27.6 
Hubble 	


 z~6 mUV<27.4 
Hubble	


 z~7 mUV<28.4 
Hubble	


 z~5 mUV<25.0 
Subaru/HSC	




Clustering Analysis w/ HOD Model	

Calculate Angular Correlation Function in Each Subsample	


Fit w/ Prediction by the Structure Formation & HOD models	


Estimate Dark Halo Mass 	


 z~4 mUV<27.6 
Hubble 	




Dark Halo Mass	

•  Hubble: Mh~1010-1011 Msun. 
•  Subaru/HSC: Mh>1012 Msun.	
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SHMR	
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•  We estimate SHMR=M*/Mh at z~4-7 

Stellar	
  masses	
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(Shibuya+15). 



SHMR	


●z~4 
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○z~5 (HSC) 
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●z~7 

•  We estimate SHMR=M*/Mh at z~4-7 
•  SHMR evolution w/ redshift is found (>98% CL)	




Comparison with AM 

•  The difference is up to a factor of ~3 in Mh. 
–  AM is useful to estimate Mh of high-z galaxy, if one allows the 

systematic uncertainties up to a factor of 3. 



Discussion: Evolution of SHMR	


Decrease 
Increase 

•  SHMR (Mh=1011 Msun) 
–  Decrease from z~7 to 4, increase from z~4 to 0 



Comparison with Theoretical Studies	


•   z~0-4: trend is similar 
•   z~4-6: inconsistent with our results	




•  SHMR increase z~4->0: some model can explain 
•  SHMR decrease z~7->4: no model can explain 

 -> Another physical mechanism could be needed. 
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Comparison with standard models	


2.	
  Nega&ve	
  feedback	
  model	


3.	
  Posi&ve	
  feedback	
  model	
4.	
  Merger/accre&on	
  model	




Summary	

•  We select 10540 LBGs with Subaru/HSC and 

Hubble data. 

•  SHMR evolution: decrease from z~7 to 4, increase 
from z~4 to 0  (>98%CL for Mh~1011Msun) 

•  The difference between our results and AM results 
is up to a factor of 3 in Mh. 

•  No model can explain the SHMR evolution at z~4-7 
 -> Another physical mechanism could be needed. 



Discussion2 : Baryon Conversion Efficiency	


Increase up to 1012 Msun @z~4 due to gas 
cooling efficiency and/or feedback?	


●z~4 
▽z~4 
(Behroozi+13) 

•  Baryon conversion efficiency (BCE) =SFR/(dMb/dt) 
–  Conversion rate from baryonic gas to stars 
–  dMb/dt=fb x dMh/dt(z,Mh) (fb=Ωb/Ωm) 



Discusson3: comparison with AM	


•  Difference between our results (clustering+HOD) 
and AM is up to factor ~3 in Mh 

•  AM is useful to estimate Mh of high-z galaxy 
halos, if one allows the systematic uncertainties 
up to a factor of 3. 



Summary	

We investigate the galaxy-dark matter halo connection 
at z~4-7 by clustering analysis with Hubble and 
Subaru/HSC data. 
Main results are  
1.  SHMR evolution: decrease z~7->4, increase z~4->0 
2.  BCE: increase w/ increasing dark matter halo mass 
3.  Com w/ AM: difference is up to factor ~3 in Mh 



Results: Dark Halo Mass	

•  Dark halo mass estimates are consistent with 

previous HOD results.	




Details of HOD Model	

1 halo term	


2 halo term	


We assume, 
  DC(M)=DC (constant) 
  σlogM=0.2 (fix) 
  α=1.0 (fix) 
  logM0=0.76*logM1’+2.3 from Martinez-Manso+15 

  (logM1’=1.18*logMmin-1.28) 
Free parameters: Mmin, DC, (M1’) 
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HODモデル詳細	




HODモデル詳細 

•  ハロー質量関数 (Behroozi+13, Tinker+08) 

•  Bias factor (Tinker+10) 

•  Concentration parameter (Shimizu+03, Bullock+01) 





モデル詳細	


全てのモデルで、SFRをMh, zの関数としてモデル化 
->SHMRを計算 

1. ガス冷却モデル 

2.  Negative feedbackモデル 



モデル詳細	


3. Positive feedbackモデル 

4. Merger/accretionモデル 



すばる/HSC 測光カタログ	

•  測光カタログは、hscPipeで作られている 

•   hscPipeによる測光 ≠ 過去の研究 
–   z~5銀河の面密度が合わない 
– 本研究では、自身で測光カタログを作成	


hscPipe	


Hildebrandt+09	


Excess	


本研究 



すばる/HSC 測光カタログ	






Baryon Conversion Efficiency (BCE)	


●z~4 
▽z~4 
(Behroozi+13) 

•  BCE =SFR/(dMb/dt) 
– バリオンガス->星への変換効率 
– dMb/dt=fb x dMh/dt(z,Mh) (fb=Ωb/Ωm) 

ガス冷却 
フィードバック 



SHMR(Mh~1011 Msun)進化の予想	

シミュレーション 
 (理論) 
 z~6->z~0で単調増加	


アバンダンスマッチング 
 (観測+モデル) 
 z~8->z~2で減少 
 z~2->z~0で増加 

Behroozi+13	
  Thompson+14	
  


