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Large-scale Structure (LSS) 

Baryon acoustic oscillation Redshift space distortion

Alcock-Paczynski testCluster 
abundance

Weak lensing

Topology



Why new methods?

80% LSS people mainly 
working on BAO

80% cosmology people 
ONLY use BAO

Far from exploring 
everything!



My work: designing new methods

BAO only probes ~100Mpc/h

A lot of information on non-
linear scales

But still 80% people only 
using BAO…

Far from exploring 
everything!



Outline

AP Test

Volume Effect

β-skeleton

Machine learning





The Alcock-Paczynski test 
Alcock & Paczynski, Nature, 1979

Shape distortion from 
the wrong H, DA :  ......



Credit:  Sloan Digital Sky Survey.







Galaxy peculiar motion produces 
strong anisotropy 

(no good solution for many years) 

Difficulty: Contamination from 
RSD



Redshift space 
distortion (RSD)

RSD produces very strong 
anisotropy.

RSD is usually 5-10 times larger 
than AP distortion.

RSD is non-linear, very difficult to 
be modelled.

To constrain cosmology, we need 
to overcome the RSDs. 



How to distinguish AP from RSD?
Li et al, 2014, ApJ, work with Prof. Changbom Park @ KIAS

AP observed in Ωm=0.26 ΛCDM
Observer located at (0,0)



Distinguishing AP & RSD in 2pCF statistics 
Li, Park, Sabiu, et al. 2015, MNRAS



Statistical Quantification via 2PCF
Li, Park, Sabiu, et al. 2015, MNRAS



Statistical Quantification via 2PCF
Li, Park, Sabiu, et al. 2015, MNRAS

RSD is larger than AP, BUT 
redshift evolution of RSD is smaller!

Test on N-body



Application to SDSS DR12
Li, Park, Sabiu, et al. 2016, ApJ

1/4 sky, z = 0.15-0.7, 
1.3 million galaxies 

有种的咱就来真的！



Systematics

But, we solved them, easily:
Just create mocks to 

simulate everything.





Simulation VS Observaton

Finger of God

Kaiser
Data

Nbody



Insensitive to Galaxy Bias





Methodology: 6-bin evolution
Li, Park, Sabiu, et al. 2016, ApJ

True cosmology: the one has minimal redshift evolution after systematics correction 



Tomographic Analysis





Cosmological constraints from SDSS DR12

AP

SNIa

BAO

BAO
+H0

CMB



Dynamical dark energy 
Li, Sabiu, Park, et al. 2018, ApJ

 w =  w0 + wa  z / (1+z)

Result consistent with cc

AP reduces the contour area by 

100%!



Nonparametric dark energy reconstruction
Zhang, Gu, Wang, et al. 2019, ApJ submitted

At z<0.8, AP reduces the error by ~ 

100%

Low redshift result as tight as with 
Zhao et al. 2017, Nat. Astron., 1, 
627 (they combine 16 datasets)



AP 
BAO 重子声学震荡

Q1: Why so powerful !? 

A: Information from small-scale clustering.



Q2: Why you are able to use 6-40 Mpc/h?

A1: 

We avoid modelling RSD in 

a smart way. 

A2 (guess, in study): 

We are making use of the FOG



We have to test the following options

Six redshift bins from 0.15 < z < 0.7

Fiducial: Omegam=0.26 LCDM

20-25 bins @ mu

s = 6 – 40 Mpc/h

mu = 0 - 0.97 (drop FOG & Fiber Collision)

2,000 PATCHY mocks for covariance matrix
Systematic correction from HR4 J08 galaxies

The systematics test 

took me half a year.

Check systematics



Include ~all FoG region Remove the FoG More conservative
binning

More conservative
clusetering scale

Number of mocks for covariance



* Breakthrough (Overcoming RSD!)

* Powerful

* Robust (no serious systematics)

* Simple (no complicated modelling)

* Unique (using 6-40 Mpc/h)

* Extra (independent from BAO, RSD, SNIa)

* Promising (applicable to future surveys)

Commetns from 
  Prof. Donald Schneider :

   “a major advance” 

   “extremely promising”

   “I believe it will indeed be   
    used in the future”

Numerous merits 



DESI Forecast
Li et al. 2019, ApJ

For DESI,

Planck+BAO+AP is 

10 times
more powerful than 

Planck+BAO



More stories ....

 * Volume effect　

 * β-skeleton

* Machine learning



Volume effect
Li, Park, Sabiu, et al. 2017, ApJ

Another consequence of 

wrongly cosmology:

Volume change depends on redshift!



Volime effect creates 
redshift evolution of 
2PCF shape!

Correct cosmology

Volume effect
Li, Park, Sabiu, et al. 2017, ApJ



Redshift evolution of 
volume effect leads to: 

Redshift evolution in 
2PCF shape!

Amazing constraints 

expected from LSST!

AP from BOSS

AP+BAO+
CMB+H0

Planck

Volume 
Effect from 
10% LSST

Volume effect
Li, Park, Sabiu, et al. 2017, ApJ



Cosmic Web is far more 

than a simple Gaussian 

field. 

Have to find some 

methods beyond 2-

point.

β-skeleton
Feng et al., MNRAS, 2018



Nina Amenta et. 1998

β-SKELETON



§ Sample: z=0 halo catalog of the BigMDPL simulation
• L : length of the connections
• μ ≡ |cos θ|



§ Sample: z=0 halo catalog of the BigMDPL simulation
• L : length of the connections
• μ ≡ |cos θ|



§ 4 BigMDPL snapshots at redshifts 0, 0.3, 0.6, and 0.9

β-skeleton
Feng et al., MNRAS, 2018



• Distribution of μ in different wrong cosmological models
can be used to constrain cosmology!
 

β-skeleton
Feng et al., MNRAS, 2018



Machine learning cosmology
In progress  ...

LSS is a very very complicated system

No man-designed statistics can capture 

everything

MACHINES should be better than 

human



Machine learning cosmology
In progress  ...

1. Learn to estimate the cosmological 

parameters (led by Xiao-Dong)

2. Learn to fast simulation: 600 hrs -> 1s

(Kwan Chuen Chan)

3. Learn to reconstruct BAO (Xin Wang)





Of course, it is important to construct powerful 
experiments...

People get very excited when 

they launched some big guy.



At the same time, having a good analysis method 

is EQUALLY IMPORTANT!



It is not easy to tackle 

the DARK ENERGY






