
MEASUREING GALAXY BIAS 
FROM UNBIASED OBSERVABLE

SEOKCHEON LEE (KIAS)

4TH SUREY SCIENCE GROUP WORKSHOP

(JAN. 25. 2015)

@ High1 Resort 

(based on arXiv :1411.7475)



OUTLINE

• Structure Growth

• Large Scale Structure

• What we measure

• Redshift Space Distortions (RSD)

• Measuring Galaxy Power Spectrum

• Bias Factor

• Extract Bias Factor FROM Observation

• CONCLUSION
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STRUCTURE GROWTH

• Structure growth happens due to peculiar velocities 

randomly
distributed δ

starts from δ < 1 
(linear) , then reaches 

to δ >1 (non-linear) 
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LARGE SCALE STRUCTURE

• Evolution of background and the overdensity region
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WHAT WE MEASURE

• We measure galaxy numbers ≠ We calculate dark matter 
correlations (need bias factor)

• We measure in the redshift space ≠We calculate in the 
real space (need Redshift space distortions correction = 
l.o.s peculiar velocity)

• Our measurement also includes non-linear growth : need 
N-body Simulation or semi-analytic higher order 
perturbation theory
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REDSHIFT SPACE DISTORTIONS

• We measure distances from redshifts (velocities cz = Hx)

• Peculiar velocities misinterpreted as distance shift 
(Hubble flow + peculiar velocity)

• Coherent shifts affect correlation function (Power 
Spectrum)
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LINEAR PECULIAR VELOCITIES

• Assume galaxy with physical position x(t)

• peculiar velocity and gravitational acceleration

• continuity (linear approximation) and Poisson equation

• Solution for peculiar velocity & matter fluctuation

Need to be solved by using
1. N-body simulation
2. perturbation theory
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MEASURING GALAXY POWER 
SPECTRUM

• What we measure is in the redshift space (denoting with 
superscript, s) which is different from observable in real 
space

• Also what we observe is galaxy not dark matter, need to 
introduce bias factor, b(z)

Galaxies = a preferred locations
such as peaks in matter distribution
(definition for the linear bias, Kaiser 84)

What we measure (galaxies) 
is different from
what we calculate (DM)
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DATA ANALYSIS IN 
GALAXY SURVEYS : I

• First create random catalogue with same spatial sampling 
(same number of particles) as galaxies without clustering. 
define overdensity field as 

• Modeling the angular galaxy mask & radial galaxy 
distribution

2015-01-25 11Survey_Science_Group_Workshop_2015



DATA ANALYSIS IN 
GALAXY SURVEYS : II

• Change into the redshift distribution in bins (ex : 6dF GRS, 
arXiv:1204.4725) 

Fit to the redshift space 
2-point correlation function

Compare this with the theoretical 
2-point correlation function to 

obtain βσgal σgal
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BIAS FACTOR
• Definition of (linear) bias

• Nuisance parameter because we don’t understand δgal

• There exist several fitting formulae (ref arXiv:1405.5521)
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bias : a statistical in nature
galaxies & clusters : high peaks of an 
underlying initially Gaussian random field



BIAS MEASUREMENTS

SURVEYS 
[Reference]

# OF GALAXIES
Sky coverage

Z b(z)

2dFGRS
[0212375]

220,000, 
1500sdeg

0.15 1.0+-0.1

VVDS (VIMOS VLT 
Deep Survey)
[0802.1944]

10,000 faint galaxies 0.8 1.3+-0.1

SDSSII LRG
[1102.1014]

75,000 0.25, 0.37 >1

6dFGRS
[1204.4725]

81,971
17,000 sdeg

0.067 1.48+-0.27

WiggleZ
[1302.5178]

162,000 0.21,0.39,0.61,0.76 0.8~1.10
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Extract Bias From Observation

• Derive bias factor from its definition

From Observation

: Measurable

From theory
: Calculable
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SENSITIVITIES AND FORECAST
(SL.  JCAP14)

• b vs w, Omo • b vs w, Omo, gamma
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PREDICTION OF b 
FOR GR & MG

Predictions : break degeneracy btw w and Om0 (Peacock 9010.3834)
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CONCLUSIONS
• What we see is not what we have due to RSD and b(z)

• Bias was known as a nuisance parameter

• Bias can be obtained both from theory and observation

• One can investigate the cosmology and galaxy dependence 
on b

• Different gravity theories produce different b(z). Thus, one 
should consider these difference compared with data 
(because theory calculate Pm(k) not Pg(k)

• b(z) grows as z increases in GR but not in DGP or (in f(R))
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