LyA Radiative Transfer:
Modeling Spectrum and Surface Brightness Profile
of LyA-Emitting Galaxies at z=3-6

Hyunmi Song (KASI)
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- LyA emission through

E (eV)=13.6/n

e Collisional excitation
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« Recombination

» Hll regions - Strong emission from star-forming galaxies
- Probe of early universe (e.g., SILVERUSH, MUSE, HETDEX ...



+ Resonance line
* Huge number of scatterings
- Sensitively affected by

spatial and kinematic distributions
of medium
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LyA Spectrum
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LyA Halo
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LyA Radiative Iransfer

Dijkstra (2017, a review on LyA RT)

dl,(s,n)
ds N— N’

I: absorption IV: ‘destruction’ II: emission

= oy + o) (st uls) + [ [P a8 RE ).
N

III: scattering

This is analytically solvable only for simple cases.
(e.g., uniform, static gas cloud surrounding a central LyA source)

So, Monte-Carlo simulation !
(a succession of random scattering events)



Monte-Carlo RT

J 2

+/([V//([3ﬁ/ OVI(S‘)IVI(S‘.IAI,)R(M ’//-nsﬁl)' (58)

|.  Generate a photon (randomly draw r, K, and V).

2. Let the photon travel a distance d that corresponds to a randomly chosen T (T =[¢9 n(x)0 d|x]|).
3. After travelling d, decide whether to scatter (by hydrogen or dust) or destruct (by dust) the photon.

3.1. Destruct- Goto |I.

3.2. Scatter - Draw new k and Vv, go to 2, and repeat until the photon is escaping or destructed.



Galaxy Model

Our model

Dijkstra (2017)

Lya source

O

Expanding shell with constant velocity; . , ,
T Expanding halo with velocity profile;

Central point source Density distributions for sources and medium



Our LyA MCRT modeling

Medium temperature =10K
Intrinsic I_yA SPeCtr um =Voigt Pl‘ Oﬁle Table 1. Parameter Grid of Simulation
Source distribution =exp(-r/rscont)

Parameter Values
V(r) Medium density distribution scale radius rSHI 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8, 0.9]
Nopsaledisinin v oi 7’peakb 0.0,0.1,0.2,0.3,0.4,0.5,0.6]
AV  Velocity profile parameters &= Vpeakc 1100, 200, 300, 400, 500]
..................... \ Avd [_500 _450’ _400 " _100 —50, O]
3 s r Optical depth i 5.7,6.0,6.3,6.6,6.9, 7.2]
pe
: : Dust-to-gas ratio D@3t 0.0,0.2,0.4,...,1.6,1.8,2.0]
Momentum-driven wind :
in gravitational potential well Redshitt 25 zo +10.01,0.02,0.03,...,0.08,0.09,0.10]

LaRT 13,230 simulations
(Seon & Kim to be submitted) (10° photons/simulation)



MousQe

multi unit spectroscopic explorer

LyA Seen by

Examples out of 145 star-forming galaxies at 3<z<6
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Fits to Observations

Fit to spectrum only

Ar'est (A)

1217 1218 1219

rsuv=0.041
rem=0.7
rpeax=0.4
Vieax=300
AV=-100
log 175=T7.2
DGR=1.0
2=4.492
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Aobs (A)

010203040506 100 200 300 400 3500-500-400-300-200-100 0 5% 60 63 66 69 72
I'peak "poak AV l()g 70

e.g., MUSE #1185



Fits to Observations
Fit to SBP only

regmy=0.041
rem=0.3
rpeax=0.0
Vieax=400
AV=0

log 7=6.9
DGR=0.0
>=4.490
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Aose (A)

01 03 05 07 09 010203040506 100 200 300 400 500-500-400-200-200-100 0 57 6.0 6.3 66 69 72
TSHI T'poak Vieak AV log 79

e.g., MUSE #1 185



Fits to Observations

Fit to both

Arest (A)
1

1216 1217 1218 1219 1220 1221

rsuv=0.041
,'-\Hl =O-3
I'peak=0-2
Vieax=300
AV=-150
log 79=6.6
DGR=0.0
>=4.495
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Aope (A)

010203040506 100 200 300 400 500-500-400-300-200-100 0 57 6.0 63 66 69 7.2
I'poak ‘”poak AV l()g 70

e.g., MUSE #1 185



Fits to Observations

. Best-fit Parameter Values

4.4957 660

LyA source scale radius

o ana+0.000

MUSE # 7rscont”

: 0.001
3'098+0.001

3.88210-003

~ 4+0.001
2.974 5001

HI medium scale radius city change toward edge



Escape
Fraction

0.10.20.30.40.50.60.70.80.9 0.0 0.1 0.2 0.3 0.4 0.5 0.6 100 200 300 400 500 —500 —400 —300 —200 —100 0O 57 60 63 6.6 69 7.2

PSHI Ppeak Vpeax AV 108 To




Spatially-resolved Spectra

Arest (A) Arest (A)
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Summary

* This study is the first attempt to model the observed LyA spectrum and surface
brightness profile simultaneously with an expanding halo model.

» Best-fit results indicate that Hl medium has a much more extended distribution
than SF regions and accelerating-and-then-decelerating motion toward the edge.
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