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Cosmic power dilemma

e Power spectrum theoretically cleanest at low k

e Statistically best at high k

e Solutions: Modeling the nonlinearities? Sampling
at low density to bypass nonlinear effects?
Reducing nonlinearities?
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Reconstruction

e Standard (linear) BAO reconstruction:
r— o(x) > dxW(x) = s(x) = d-(x) =dg(x) — ds(x)

e fiducial cosmology, smoothing, linear flows

e Nonlinear reconstruction:

x — 5(z) = 6,(€) = —V2¢(€)

e non-parameftrically, no smoothing, nonlinear flows
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Algorithm

* Potential iso-mass gauge (constant mass per
volume element)

e Define a pure gradient coordinate transformation:

rt = §“5z + Az, Az = (‘?ﬁ/ o

* Positive definite, no grid overlapping, moving the
grid slowly

Vg = det(0z' /OEH) > 0, 0z*(€)/0E* > 0
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Algorithm

Op Opv*
ot Ozt

e Time-dependent coordinate transformation: * = x(§,1)

0

e Conftinuity equation:

e Conftinuity equation in curvilinear coordinates:

8\/§p | 0 | M { (9qb ) - _
ot oen _\/ﬁpe- (v 85’/5 _ =0

e Initial state: p(gatO) — ,0(.’15), ,U’L(w) — 07 ¢(£7t0) =0

e Evolution equation for the grid

B (p/Gel5™ D,08) = Mp, Dp=p— py/g
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Algorithm

e Perturbative solution: ¢ = ApM) + Ap? + Ap®) + ...

e Iterating the evolution equation:

0, (py/Gel 5 0,08) = Dp, Ap=p—py/3

e Reconstructed density (potential iso-mass gauge):

0r(§) = —qub(ﬁ)
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Hidden physics

e Schematic description:
o(x) =0(q) + s(q) - Vi(q)

 LPT interpretation:

17 2

6(x) = 01(q) + 5702(a) + (9) - Vo(q) + Z K () Kij(q) + -

e Potential iso-mass gauge eliminates nonlinearities
induced by coordinate transformation:

17 2

(@) = 00(q) + 5797(@) + - Kij (@) Kij (@) + - -
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Displacement

e Lagrangian displacement:

x(q,t) = q+ ¥(q,1)

e E/B decomposition: ¥(q) = ¥z(q) + ¥5(q)

e Further decomposition:

U(g) = ¥ (q) + 5 (q)

 Which dominates the shift from Lagrangian to
Eulerian coordinates?
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Power spectra
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Implementation

e N-body simulation: 2048”3 particles, 600 Mpc/h
 Densities on 512”3 grids as multi-grid input

e Reconstructed density field: §,(&) = —V2p(¢)
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Densities and grids

N |
N
AN =

LN

Nonlinear reconstruction

: ]
N
aaaan -
N
= Swi
NN

] 71 &
IR

/7
il
=07

=

16

150 Mpc/h

A
e, T

L
BrE 2 i ]

H.-M. Zhu, NAOC



Movie

2.0
i0001

1.5

1.0
)
+

0.5 =—
o
o

150 Mpc/h



Linear signal and noise

e Description of the density modes:

0(k) = C(k)oL(k) + n(k)

e Correlating with the linear density field:
(0(k)or(k)) = C(k){0L(k)oL(K))

* The propagator: C'(k) = C(k) = Pss, (k)/Ps, (k)

Ps(k) = C*(k)Ps, (k) + Py (k)
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Reconstruction results: power spectrum

! ' T
_____ P5 L w,.‘w'“’t:r::"‘;"ﬂwwmmm“ -
O — D f2 P5L /‘6‘6‘(‘(‘,‘»«
10° | - )
2 P
~ - Dr f T P 07 7
= 2
U Fof
2
/Q ............... Pnr fr
& 10t} _
g
~C
107 | ‘;
R < B I:: | | | | | | o A
10" 10°
k [h/Mpc]

H.-M. Zhu, NAOC 19 Nonlinear reconstruction



Reconstruction results: correlation
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Applications
e BAO, RSD
e peculiar velocity reconstruction

e neufrino mass, modify gravity, primordial non-
Gaussianity, and efc
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Halos
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RSD
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RSD

. Shifts by peculiar velocities: s — @ + —2\%) 2
aH
e Shiffed displacement:
zZ-v(q) .
5 (q) = ¥(q) -
(@) =¥(q) + ——42

e Reconstructed density field:

0(k) = C(k)oL (k) + n(k)

o Linear theory: C(ky,ky) =1+ fu°
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RSD

e Wiener filtered correlation (isotropic field):

. 5
5(k) = C(ki’?k”)ww, k)

e Raw correlation (anisotropic field):
Pss,, (k) = (14 fu®)Ps, (k), Ps(k) = (1+ fu®)*Ps, (k)

e Correlation in linear theory

1+ 5f
T“»:1+§fiéﬂ

~ (.99
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1.0

0.8}

0.0}

H.-M. Zhu, NAOC 30 Nonlinear reconstruction



RSD

1.0 —— —

0.8}

0.6}
N\
2
N—"
&~

0.4}

0.2}

— 4
0.0 — 0,
107 10 10°
k |h/Mpc]

H.-M. Zhu, NAOC

31

Nonlinear reconstruction



Peculiar velocity reconstruction
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Applications
e BAO, RSD
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