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Introduction
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- Mapping out LSS through the 3D distribution of galaxies.

+ Galaxy Clustering at low redshift & Intensity Mapping at high redshift.
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Emission Line from young star-forming galaxies
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Large-Scale Galaxy Clustering

€ 3-dimensional galaxy map (ra, dec, z(redshift) )
— distance-redshift relation
-+ x=(XY,Z)

@ fluctuation in number count g, (x) = 8 (X_) ~ Mg

Ng

€ Two-point statistics
Power Spectrum in Fourier Space <5g (k) (5g (kl)> — (271‘)3(51) (k —+ k,)Pg (k)

Correlation Function in Configuration Space

(14 0g(x))(1 +0g(x +1))) = 1+ £(r)
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Redshift Space Distortion

+ (Any kind of) peculiar velocity of galaxies contaminate to their redshifts

real-space distance

line of sight

/ redshift-space distance — ?R%

Uz C
redshift space CLH(Z) line of sight direction

real space

peculiar velocity of galaxy

For a review, see my lecture note
at MPA.

+ Anisotropic clustering: the Redshift-Space Distortion

Real Space Redshift Space

Large-Scale (Kaiser squashing)

clustering becomes larger along l.o.s  Kaiser (1987)

small-scale (Finger-of-God)

Clustering becomes smaller along 1.0.s  j5:kson (1972)
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No detection of LyA IM yet!

1) QSO-LyAIM detection at z~2 in Croft+ (2016) 2) No LyAF-LyAIM detection in Croft+ (2018)
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Why Radiative Transfer matters?

 Large amounts of hydrogen everywhere*
 Huge cross-section

* Falls into ground-state (quickly)
> Scatterings (even if largely ionized) u i
. . . . . Brackett
> Region of emission # observed flux origin ¢ IJ Paschin series
e (H ayeS+13) Lya 1 O g Balr'n'e! series
25 Ho ALya = 1215.67A
o . > Scatterlngs AEW o108 et
0.0 yoa —
E ® Need RT i = 591071 (1) em
. AAARA;
N PrObe CGM Lyman series
| — ® OpenStax Astronomy
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Why Radiative Transfer matters?

Warning: Depiction dangerously oversimplified!

— ISM

- SM [ Multi Scale Physics! |

AN
>

N Y3, T US|
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MUSE, Leclercg+(2017)

AN=20.5 A |

AMUSE#1087
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Impact of LyA RT on the large-scale clustering

Q1) Is the IGM coupling introduced by Zheng+(2011) important at z~27?

Behrens, Byrohl, SS, Niemeyer (2018)

Q2) Can we really ignore the impact of the LyA RT at ISM/CGM scales?

Byrohl, SS, Behrens (2019)

Q3) Can we mitigate such impact?

Gurung-Lopez, SS+, in prep.
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IGM coupling in Zheng+(2011)

¢ The RT effect in IGM sensitive to velocity gradient BUT at z~5.7
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¢ The RT effect in IGM coupling result in

an elongation (negative Kaiser) at large scales

even in real space.
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IGM coupling in Zheng+(2011)
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Our LyA Radiative Transfer Simulation

_ Behrens, Byrohl, SS, Niemeyer (2018)
> Towards a better understanding of LyA

- run LyA RT on the lllustris simulation Vogelsberger+(2014)

- assumptions (focus on the large-scale clustering):
s : Gl . FR
- initial gaussian profile with virial velocity & L, = N?—/yr x 10*erg/s
O}

- Physical but Unrealistic: Inconsistent LyA LFs. Dust not included etc...
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RT resolution is important
Behrens, Byrohl, SS, Niemeyer (2018)
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What about Redshift Space?

Wy

go Zheng+k201 1) uhdereétirﬁétéd the RT effect ”at ISM/CGM sc“alfes:

- LAE’s radial ﬂpyo“sition is identified as a peak of its_ spectrum.
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What about Redshift Space?

Byrohl, SS, Behrens (2019)
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Modeling Nonlinear RSD

Byrohl, SS, Behrens (2019)
> Redshift-space density field (exact under plain-parallel approx.)

o (k) = /dsx {0g(X) = fOuz (D)} pik-Rifketz (3)

> Redshift-space power spectrum  Scoccimarro (2004), Taruya, Nishimichi, SS (2010)
R e e N I e
% {<e_ikaAuZﬂ(f)ﬂ(f,)>c
+ <e—iszAuZ ﬂ(£)>c < J-ifk: A ﬂ(f,)>c}

» Overall factor depends on 1pt cumulant. Zheng & Song (2016), Vlah+(2018)
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Diffusion induces an additional FoG

ku [h Mpc~!] Byrohl, SS, Behrens (2019)
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> Find a new Finger-of-God damping due to RT (diffusion).
- double peak leads to the oscillation in the damping.

- Caveats:
1) Neutral hydrogen in lllustris galaxies seems overestimated. Outflow is likely smeared out.

2) Our simulation is NOT realistic w.r.t. observations.
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Can we mitigate the impact of the diffusion FOG?

Byrohl, SS, Behrens (2019)

» Spectral information can potentially help us identify the original position. Verhamme+(2018)
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Switch to a more empirical simulation

> Better statistics from a SAM simulation. Gurung-Lopez+(2018)
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Correcting a radial position from its spectrum

Q3) Mitigation

Intrinsic

Intrinsic

<>
2) FWHM
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1) Global maximum
2) Verhamme et al. 2018
3) Neural network : Uniform

4) Neural network : Bright



Mitigating the FoG effect
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Mitigating the FoG effect in a more realistic situation
NN:Bright
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Towards simulating a more realistic LAE

» Chris Byrohl (MPA) has developed a new

RT code.
No RT
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RT

» Simple empirical rescaling works?

— At given galaxy propertles (SFR, Z etc),

Our current

Rescaling with p(SFR Z etc.)

Iy

This Proposal

/ﬂﬂ\ » AR

A

Fit to observed spectrum

Fit to
LyA halos

{Luminosity Function

LAE Clustering

Kusakabe et al. 2018

‘Stay tuned! |

Future direction
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» LyA Radiative Transfer involves multi-scale physics, and its impact on the large-

scale clustering cannot be ignored.

» Q1) The IGM coupling introduced by Zheng+(2011) was overestimated due to

their poor RT spacial resolution. Not so important at z~2.
» Q2) Diffusion could induce an additional FoG effect.

» Q3) Could mitigate the diffusion effect from spectral information.
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