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Cosmological Measurements

LSS Lensing

Galaxy Number Temperature Gravitational
density fluctuations potential




Cosmological Measurements

WMAP homepage



Cosmological Measurements

MB

Galaxy Number Temperature Gravitational
density fluctuations potential
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Cosmological Measurements

Galaxy Number Temperature Gravitational
density fluctuations potential
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Cosmological Measurements

Lensing

Gravitational
potential

Galaxy Number Temperature
density fluctuations

Kinetic
Sunyaev
Zel’dovich
(KSZ) effect



Cosmological Measurements

Lensing

Temperature Gravitational
fluctuations potential




“Momentum

Field”

p = Up

alia

kSZ effect in CMB

Galaxy clustering




Importance of Velocity Information

e Sensitive to gravity theories.




3D Galaxy Distributions

Baryon Acoustic Oscillation Redshift Space Distortions
(BAO) (RSD)

Eisenstein et al. (2005) Alison L. Coil (2012)

Through RSD, the peculiar velocity
correlation function can be measured.






Observable

Density Correlation Function
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Particle positions




Observable

kSZ Correlation Function
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Hand et al. (2012) [See also Plank2015] [Princeton University’s Homepage]




Theoretical Modering
of Momentum Field
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Observation

WMAP, Plank
SDSS

Prediction Prediction

Simulation H Theory

N-body (Gadget2) Perturbation Theory

Complement
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Theory vs. N-body

Gravity Resolusion Box Realization Speed

Theory Perturbation

N-body Finite Finite Finite Slow



Theoretical Prediction:
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Theoretical Prediction:
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Theoretical Prediction:

2 ,
* ¢+ N-body
2.0 T T T T T T T C ««+ Linear
- a 0
1.5' z
1.0F -
§ 0.5p = -2
0.0 c ’
S T ,2 4/
SHy| X |
o |10 5
!M "1.5" : " o
IQ —2.0- - .2 _6
-7 1 1 1 1 1 1 1 ‘5 o
0 20 40 60 80 100 120 140 ?
L _g
Mpc S
-10
20 40 60 80 100 120 140
Scale [h"* Mpc]




Redshift Space Distortion

Coordinate transformation of particle positions




Simulation Result

Correlation Function [h'1 Mpc]
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Theoretical modering:

RSD ;AADIEHENKE,



Theoretical modering:
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Theoretical modering:

P
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Fourier transformation
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Theoretical modering:

Momentum Power Spectrum
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Theoretical modering:

Main result
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Theoretical modering:

Main result
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Infinite Mode-Coupling

Power Spectrum
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Infinite Mode-Coupling
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Infinite Mode-Coupling

Power Spectrum
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Infinite Mode-Coupling

Power Spectrum
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Analogy to oN formalism

Curvature Perturbation
N (p,p%) + ¢(Z) = N (p, ps(T))
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Perturbation Theory

= [/

1 3 5 7 ~ o~ Full
1 Linear ZA
(1-loop)
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Full N-body



Perturbation Theory

= [/

1 3 5 7 ~~ Full
1 Linear ZA
— Improved PT
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Full N-body



Zel’dovich Approximation
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Zel’dovich Approximation
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Zel’dovic proximation




Zel’dovich Approximation

Density Power Spectrum in
Gamma-Expansion method
( Wiener Hermite expansion (sugiyama and Futamase), iPT, Or etc.)
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Zel’dovich Approximation

Momentum Correlation Function  Momentum Power Spectrum
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Zel’dovich Approximation

Momentum Correlation Function  Momentum Power Spectrum
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Perturbation Theory

= [/

1 3 < 7 ~~ Full

1 Linear
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Third Order PT

Momentum Correlation Function Momentum Power Spectrum
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Higher order of Momentum Field

n-v; n-vj;

£(r) = szn ¥ — - ;] 5D( (fi—fj)—(aHz aH)n>

Linear Theory

(7T, 7-T)

Halo Bias Free



Higher order of Momentum Field

Momentum Correlation Function Momentum Power Spectrum

80

LIN

Power Spectrum [h? Mpc]2

Correlation Function [h™ Mpc]2

20 40 60 80 100 120 140 160 180 0 0.1 0.2 0.3 0.4
Scale [h"* Mpc] Wavenumber [h/ Mpc]




Future Work
* Covariance matrix (computing)

* Halo (computing)

* Measurement of kSZ power spectrum
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Fisher Analysis

oP™ (k) ; aH \ ! ,
s _ o pm - (n+1)
Y nP." (k) + (ZEﬁ) P, (k)

Measurable in simulations



Covariance Matrix

5(K)

S(n ~S(n ki,k ni)(n ni)(n
Cov (Pe(1 1)(I~C1), Pe(2 2)(kz)) = Nmo;e(zkl)c‘g“l"’)( 2)(kl) + Tg(lelz)( 2) (ki k2)

Gaussian term non-Gaussian term

Gaussian term
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S/N

z 0.0 and redshlft space
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Eulerian vs. Lagrangian

Perturbation Theory
Eulerian PT

p = O01)+0(L)+0(6F) +
7 = O(@6L)+0 (&) +

Lagrangian PT
p = Full,
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Eulerian vs. Lagrangian

Perturbation Theory

Improved Eulerian PT

p = 0(1)+O(5L)+#‘FU"
;= O(0L)+0 ()

vV =

Resummation of Lagrangian PT
p p—

» Expanding
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Perturbation Theory

lo

U~ W~ WU Density field
= (Continuity Equation)
2 1 3 5 7 _— Full
>
= >
8 "§ 1 Linear ZA
S g Improved PT
<O 3 3LPT
=
09
QO + 5 S5LPT
> =
‘g = . 7SPT
E - (3-loop)
& C
S © ~
0 I
» O
S Full N-body



Perturbation Theory
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~ W~V Density field

= (Continuity Equation)
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Zel’dovich Approximation

Density Power Spectrum in
Gamma-Expansion method
( Wiener Hermite expansion (sugiyama and Futamase), iPT, Or etc.)
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