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Boosted small scale power  correlation between scales high-order statistics
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Local transforms are For weak lensing

» Useful in analysis Yuetal 2011, 2012
» Useful in producing mocks (LogN) Yuetal 2015

» Useless in recovering the early state
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Nonlinear evolution
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Baryon Acoustic Oscillation
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» bulk motion
» redshift space distortion

» nonlinear growth




Standard BAQO reconstruction
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heavy smooth to validate the
linear continuity equation
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» The initial condition of our Universe is homogeneous,
isotropic, and UNIFORM (~10-5 at z=1100).

» How about solving for a curvilinear coordinate, in which the
mass per grid is constant.

p(x) p(&€)d°€ = constant
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» QOriginally used in moving mesh simulation (N-body and
hydrodynamic; see Pen 1995 & 1998)

» solve for a mesh following the nonlinear density evolution
at each time step

> to keep (approximately) constant mass/energy resolution

> In our case, we need solve for a mesh consistent with the
highly nonlinear density field, perturbatively and iteratively.

» POTENTIAL ISOBARIC GAUGE/COORDINATE
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Displacement components
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Reconstructed density field Linear density field

o =—V - Vg or,

Reconstruction by real displacement

0op = —V Vg




Zhu, YU and Pen (2016) |

point to point comparison
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Acustic peak recovery

standard

Wang et al. (2017)




O O isobaric reconstruction

O O nonlinear o
O O ZA reconstruction

linear theory
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ZObS Zhubble + ~PV

Algorithm works with RSD

3 » f




» Thus, RSD resides in the reconstructed density field.

» Before reconstruction: nonlinear density + nonlinear RSD

» After reconstruction: more linear density + more linear RSD?




E-mode B-mode

» The E-mode part of shift velocity could be reconstruction (vsgz).

» Unwanted byproducts, vsgy, Vg




» 1D cross-correlation coefficient with linear field + linear RSD,
i.e., <OnL (1+fu2)6.> and <O&recon (1+1fp2)0L>




2D Cross-correlation coefficient
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Reconstruction with RSD

» Usually we use upto k=0.1 h/Mpc, since nonlinear RSD is not
well understood.

» RSD is more linear in the reconstructed ANISOTROPIC
density field.

» In principal, RSD could be modeled better. (not shown here)

» More linear RSD means more robust constraints on modified
gravity?
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7 ultipole moments

6°(k) = 6(k)(1 '8#2)

Fk) = —— 1 P(k, p)Li(p)dp

> 1=0, 2, 4 (monopole, quadrupole, hexadecapole)

(Po(k)) (1+§ﬁ+;52)
Py(k) | = Pss(k) 28+ 28
Py (k)

P2(k)/Po(k) —> P



P2(k)/Po(k)
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Velocity reconstruction

» Standard method: linear continuity equation
ik 55(k)
k2 b

mﬁkﬁéﬂm 2= Sge

v(k)=aHf

» Qur attempts: relation with displacement
de dW¥
= (v(q)¥(q))

’UZE

dt

v(q) v.s. W(q)



> Use the relation (transfer function) to convert the
reconstructed displacement to the reconstructed velocity field.
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Conclusion

» Nonlinear reconstruction is useful in

» extracting BAO signal in low-redshift high-density survey

» recovering more linear RSD effect




> Applying to real data (SDSS MGS, DESI BGS, 21cm IM, etc)
» improvement in differing gravity models ?

> theoretical supporting for NR ?

» quantification (fos)
» reconstruction of the initial condition (v.s. HMC)

> velocity reconstruction performance ? (v.s. linear continuity
equation)

» correspondence to halo displacement ?
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by transfer functions

power spectrum shape power spectrum shape

TFL= <05 05.>/<05: 05> TFe= <05 05g>/<05; 05>
ﬁ =TFL * asr & =TFE * 65!‘
P(ds.)/P(ds1) P(dsg)/P(dsE)




