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Zel’dovich Approximation (1970)

Ya. B. Zel’dovich

“Straight line motion”

v(t,q) = f(t)∇ψ(q)

determined by linear perturbation theory 
( ~ dD1/dt )

determined by initial conditions

(Movie: courtesy Sujatha Ramakrishnan)



image courtesy: Percival (2013)

Redshift Space Distortions



RSD: Linear Theory

Linear theory power spectrum  
in redshift space [Kaiser 1987]
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Tegmark+ (2004) [SDSS]

Nonlinear effects: `Fingers-of-God’



2138 N. Padmanabhan et al.

Figure 4. The LasDamas galaxy correlation function, averaged over the 160 simulations, as a function of the separation perpendicular (⊥) and parallel (||)
to the line of sight. The correlation functions have been scaled by r2 to highlight the BAO feature. The top panels show the unreconstructed correlation
functions, while the bottom panels show the reconstructed correlation functions; the left- and right-hand panels are real and redshift space, respectively. The
BAO feature is visible as a ring at ∼110 Mpc h−1 in the top-left panel. Redshift-space distortions destroy the isotropy of the correlation function (top-right
panel). Reconstruction both sharpens the BAO feature (highlighted in the bottom-left panel) and restores the isotropy (bottom-right panel) of the correlation
function on the BAO scale.

Figure 5. Left-hand panel: the angle-averaged correlation function in real space, before (red circles) and after (blue squares) reconstruction and averaging over
the 160 LasDamas simulations. The reconstruction algorithm assumes the default parameters described in the text. The acoustic feature is clearly sharpened
after reconstruction. Right-hand panel: same as the left-hand panel, except in redshift space. Also shown for comparison is the average reconstructed real-space
correlation (dashed line). In addition to sharpening the acoustic feature, the reconstruction algorithm also reduces the effects of redshift-space distortions on
the correlation function.

unreconstructed correlation function is larger on small scales, with
the trend reversed on intermediate scales. This is reconstruction
reversing the infall of galaxies into overdensities. The second is that
the unreconstructed correlation function is higher just before the
BAO feature, due to pairs flowing out of the BAO feature. These
flows are responsible for the smoothing of the BAO feature. The

fact that the reconstructed correlation function is lower just before
the BAO feature and then higher at the BAO peak is from the fact
that reconstruction has moved these objects back into the BAO ring.

One metric to quantify the degree of reconstruction is to compare
the values of !nl (see equation 10) before and after reconstruction.
While !nl is poorly constrained in any single simulation, we can
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Anisotropic Correlation Function

Power spectrum, and hence correlation function, is anisotropic. 

Anisotropy can be characterised in several ways. Common choices are: 
• Multipole moments 
• Dependence on r|| and r⟘ 
• Clustering wedges 2138 N. Padmanabhan et al.

Figure 4. The LasDamas galaxy correlation function, averaged over the 160 simulations, as a function of the separation perpendicular (⊥) and parallel (||)
to the line of sight. The correlation functions have been scaled by r2 to highlight the BAO feature. The top panels show the unreconstructed correlation
functions, while the bottom panels show the reconstructed correlation functions; the left- and right-hand panels are real and redshift space, respectively. The
BAO feature is visible as a ring at ∼110 Mpc h−1 in the top-left panel. Redshift-space distortions destroy the isotropy of the correlation function (top-right
panel). Reconstruction both sharpens the BAO feature (highlighted in the bottom-left panel) and restores the isotropy (bottom-right panel) of the correlation
function on the BAO scale.

Figure 5. Left-hand panel: the angle-averaged correlation function in real space, before (red circles) and after (blue squares) reconstruction and averaging over
the 160 LasDamas simulations. The reconstruction algorithm assumes the default parameters described in the text. The acoustic feature is clearly sharpened
after reconstruction. Right-hand panel: same as the left-hand panel, except in redshift space. Also shown for comparison is the average reconstructed real-space
correlation (dashed line). In addition to sharpening the acoustic feature, the reconstruction algorithm also reduces the effects of redshift-space distortions on
the correlation function.

unreconstructed correlation function is larger on small scales, with
the trend reversed on intermediate scales. This is reconstruction
reversing the infall of galaxies into overdensities. The second is that
the unreconstructed correlation function is higher just before the
BAO feature, due to pairs flowing out of the BAO feature. These
flows are responsible for the smoothing of the BAO feature. The

fact that the reconstructed correlation function is lower just before
the BAO feature and then higher at the BAO peak is from the fact
that reconstruction has moved these objects back into the BAO ring.

One metric to quantify the degree of reconstruction is to compare
the values of !nl (see equation 10) before and after reconstruction.
While !nl is poorly constrained in any single simulation, we can

C© 2012 The Authors, MNRAS 427, 2132–2145
Monthly Notices of the Royal Astronomical Society C© 2012 RAS

 at Inter-U
niversity C

entre for A
stronom

y and A
strophysics on June 13, 2016

http://m
nras.oxfordjournals.org/

D
ow

nloaded from
 

Padmanabhan+ (2012) [LasDamas SIMULATIONS]


