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History of our Universe
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First billion years
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Diversity in observed galaxies

Various radiative properties of high-redshift galaxies
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Radiative processes

1/ CO lines

UV continuum (LBGs)

Lyman-alpha
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Simulations

Cosmological hydrodynamics simulations
Gadget-3 (Springel+05; Johnson+13)

%+v (pv) =0 Dark matter
o Star formation
P _E—F(U'V)U} :—vp+Frad+Fgrav FeedbaCk

Chemistry

p %""(U'V)@] =—pVuo+T —A

Multi-wavelength radiative transfer | “"'"*
ART? (Li+08; Yajima+12) — i

I
%—HL-VI: _Q]+€+%¢(Q’,Q)Idﬂ’
c




Formation of first galaxy
(Yajima et al. 2017, ApJ, 846, 30)

Zoom-in simulation
Lpox=20MpcC

L 0om~1MpcC
Mhaio=10"Mgyn

Yellow
(Metal-enriched

gas)

250 kpc/h (comoving)




log ng(r<200pc; cm=3) log SFR[M yr!]

Star formation history

Stable star formation mode

(Yajima et al. 2017, ApJ, 846, 30)
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Critical halo mass based on

a spherical shell model
Voutflow > Vesc ?
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~10-30kpc(physical)

Radiative transfer calculations

Surface brightness (z=10=»6)
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Redshift evolution_

of flux N
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Lya surface brightness
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Rapid change of radiative properties

Low-mass galaxies  Massive galaxies Clustering
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Lya intensity map

We consider Lya cooling radiation under UVB
(Stellar and AGN radiation are not included)
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Interdisciplinary science
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Optical/NIR bio-imaging

Medical diagnosis using near-infrared light
which is returned from a human body via
scattering processes

- >
No radiative exposure, fb ab:zztglgbfgaﬁe””g e
Non-invasive, !
No contrast medium required,
No side effect,
Low-cost, high-time resolution
So, OK for new-born babies

and infants
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Cancer gathers blood

Breast cancer
Opit.

Cancer

Increase of absorption efficiency
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Diffuse Optical Tomography (DOT)

’
Guess of distribution of
absorption/scattering

Radiative transfer calculation
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Comparison of numerical
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Numerical simulations of radiative
transfer in a human body

Basic equation
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* Scheme: ART method (Yajima+2009)
* Angle grids made by HEALPIx

* Parallelization: domain decomposition
Rank 0 Rank 1
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Test calculation

Pulse injection test for polyurethane
modeling biological tissues

From Prof. Hoshi
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Experimental data o,
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Simulation results




Simulation results

(Yajima, Abe, Umemura in prep.)
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Spherical wavelet

Usual radiative transfer simulations take huge memory

place (x,y,z), direction (theta, phi), time(~10) =>~ 1TB

Ad 1

By using spherical wavelet method, we reduce
memory and accelerate the simulations
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Formulation

7

level j=0
(Icosahedron)

i

J-1 3
SO = 40O ) + X, X rwih(w)

where

D5ty —
/lk (n) =

r(n) =

dQ' U+ )(;7)

Jj=0 m=1

.dw(jq.l)(i” ?)(pk(r!-l)(?) =

dQ' 19V (n’)

dn'l(f“’(?)wy}(?. )

' D v (f =
dQ' 1Y+ (n )wri'm(n.n)

dQp (T, () =

27



flux

Reduced memory

(Abe, Yajima, Umemura in prep.)
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Future plan

Acceleration of radiative transfer simulations
with FPGA/GPU on Cygnus
Simulations of huge parameter space

Data bank
(~PB)
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Summary

* We study galaxy formation and radiative properties
by combining cosmological hydrodynamics
simulations and radiative transfer calculations

* We find the galaxy evolve with supernova feedback
and the radiative properties rapidly change that
reproduce the observed diversity of distant galaxies

* We develop a new radiative transfer code to model
near-infrared bio-imaging, and show the simulation
matches the experimental data nicely



