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OUTLINE
๏ OBSERVATION : BOSS DR 12 

๏ DR12 

๏ Multipoles 

๏ THEORY 
๏ Peculiar velocity of  galaxies 

๏ Redshift Space Distortions : Kaiser effect + Fingers of  God 

๏ COMPARISON BETWEEN  OBSERVATION & THEORY 
๏ Linear prediction vs Quasi-linear results 

๏ CONCLUSIONS



GOAL

❖ Use multipoles data to reconstruct power spectrum (PS) : 
observation 

❖ PS can be calculated up to the 3rd order perturbations exactly 
(reduce systematic) : theory 

❖ One can constrain cosmological parameters from the fiducial PS 
with the better systematic



BOSS DR12

๏ Baryon Oscillation Spectroscopic Survery (BOSS) Data Release (DR) 
12 : 1.5M galaxies 

๏ BOSS : 3rd project (2008-2014) of  Sloan Digital Sky Survey (SDSS)  

๏SDSS : The spectroscopic redshift survey using a 2.5m wide angle 
optical telescope at Apache Point Observatory in New Mexico. 

http://www.sdss.org/dr12/



DATA



BOSS DR12 MULTIPOLES DATA

๏ Multipoles data

Beutler et.al arXiv:1607.03150



MEASUREMENT

linear non-linear

❖ l = 600 ⬌ k = 0.1 h/Mpc
15-20% error



OBSERVABLES

“the devil is in the detail”

perturbed quantities



OBSERVABLES
“the devil is in the detail”

perturbed quantities

    DEVIL



REPOSITORY 寶庫 
❖ (Devil or Angel)



THEORY : PECULIAR VELOCITY

๏ Redshift space vs Real space 



REDSHIFT SPACE DISTORTIONS 
: KAISER EFFECT VS FINGERS OF GOD EFFECT

๏ Kaiser effect : spherical distribution 
of  galaxies to look flattened along the 
line of  sight due to its coherent infall  

๏ Fingers of  God effect : random 
peculiar velocities of  galaxies bound 
in clusters through the virial theorem 
cause a Doppler shift to make galaxy 
distribution elongated toward the 
observer  

๏   



REDSHIFT SPACE DISTORTIONS 
: KAISER EFFECT VS FINGERS OF GOD EFFECT



MULTIPOLES
๏One can average these anisotropic effect by integrating over distributions of  μ 

to obtain the multipoles 

๏ One can obtain analytic solutions for multipoles when one applies either 
Gaussian FoG factor (can be applied for linear, quasi-linear theory, and non-
linear theory) SL  arXiv:1610.07785



MULTIPOLES

๏ Mutipoles and their ratios 

What we want to obtain from observation

3 Observables 3 independent unknowns 

Want to get P from P0,P2, P4



COMPARISON BETWEEN THEORY AND 
OBSERVATION



COMPARISON BETWEEN THEORY AND 
OBSERVATION

๏ R2 consistent with 
linear theory 
prediction but not 
for R4 

๏ Current error is too 
large to distinguish 
FoG from Kaiser



CONCLUSIONS

๏ Current error is too large to distinguish the Kaiser effect (linear) 
from the FoG effect (non-linear) 

๏ DR12 data is consistent with linear theory including FoG effect for 
monopole and quadrupole but not for hexadecapole 

๏ One needs to obtain matter power spectrum to study theory 

๏ Unfortunately, one cannot use DR12 data to reconstruct the 
galaxy (matter) power spectrum



新年快樂

Happy New Year! 


