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Introduction

Lyman Alpha Emitters (LAE

Low-z Lya profiles

Galaxies with strong Lya emission
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(Henry+ 2018)

Two third of photons below 912 A converted to Lya photons.



Introduction

Double-Peaked LLAEs at High z’s

Single-peaked LAE
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Diminishing number of double-peaked LAEs beyond z ~ 5.



Introduction

Doubled-Peaked LAEs atz> 6
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* cosmic mean: nyg ~ 104 cm-3
- xu1 = nai/nu < 106 required, but xpr = 10¢-4te-5 in HII regions.

Double-peaked LAEs not expected at z > 6!




High S/N SED from VLT
(Matthee+ 2018)

Introduction

Details of COLA1

Flux [10~'7ergs™' em=2 A~]

Rest-frame wavelength [A]
1214 1215 1216 1217 1218
Grism line centroids ”I :
8 — [OII] \5008 ”I :
— [O1II] 4960 ||| I
6 — HS I
=== Module A I" I
ab —-= Module B ||| i
1
i
2t I i
I 1
0 sl 2
L[
1
-2} -
Ill l 1 L 1 1 L 1
000 400 300 200 100 0 100 200 300 400 500 600
Av [kms™!]

—l Nearby galaxgl—

R, = 0.7 pMpc
//” N\\\
e N
7 (1) \

/ o (4) \
/ ® \
I/ \
I \
| COLA1 }
\‘ (2) . I

3 I/

\ ( )o ;

\\ //

“ (5) e
~ o] P4
\\N~ __”’
| 100 arcsec |
| |

Precise systemic z from JWST
(Torralba-Torregrosa+ 2024)

Powered by AGN? No.
Other nearby bright galaxies? No.

Recent Bursty SF? Maybe...

Underdense region?

Q: Do we see similar cases in the simulation?

What can we learn from it?




Methods

Cosmic Dawn 11l Simulation

z = 6 snapshot (80 % ionized)

HI density (80% ionized)
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Code: RAMSES-CUDATON (tracks full speed of light; bubble growth)
Box & Resolution: 94 cMpc & 81923 Icenn ~ 10 kpc (good for IGM studies)
Subgrid models: Star formation, stellar radiation, supernova, SF suppression ...
End of reionization: z = 5.5 (6.2 in CoDall)
3D outputs: density, velocity, ionization fraction, temperature, and photoionization rate (I')

Galaxy catalog (938 galaxies with Myv < -19)
(Ocvirk+ 2025)




Methods

Double-peaked Case from CoDalll

Flux [arbitrary unit]

Assuming gaussian intrinsic emission from viral radius
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Methods

Results forz=6 and 6.5

z=6; Ppp=0.3 % z=6.5; Porp=0%

log (nw/[cm~3])




Results

Physical Quanttes Along the Sightline

Physical quantities along a sightline with double-peaked emission

Galaxy #337 (Myy=—19.8); ¢ =32
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Results

How rare are these voids?

Cumulative baryon density distribution

Tail of probability distribution (< 1%); Rare, but possible.



Results

Connection to Lya Forest
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The same voids can also create transmission spike in the Ly« forest at z~6.
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Spatial correlation but double-peaked emission and Ly« forest?




Results

Strong I' Dependence
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Results

Muv & Local Density Dependence
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No significant dependence
Consistent with the COLA1 case




Summary

* 0.3% sightlines with double peaks for z = 6 (80% ionized)
0% for z = 6.5 (60% ionized)

* Double-peaked emission are associated with a void at a
right distance.

* Spatial correlation with Lya transmission spikes expected

“ Strong I' dependence -> probe of ionizing background

“ No significant Myv or A dependence



Discussion
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New probe of ionizing Baékground & reionization history
More observations to come from JWST, ELT, GMT, & TMT
Reionization earlier than in CoDalll? (~80 % at z = 6.5?)

Different reionization geometry?
(Fewer large HII regions vs numerous small HII regions)

Limited volume of CoDa simulation?
(missing >30 Mpc HII regions?)
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Planning to hire
1 - 2 computational cosmologists
later this year!




