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COLA1: An unusual Lya emitter at z = 6.6

S e - COLA1, a double-peaked
A Lya emitter in the COSMOS

kg field (Hu+16)
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COLA1: An unusual Lya emitter at z = 6.6

- Atz = 6.6 reionization is
iIncomplete:
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Does COLAT1 live inside a bubble?

/\[\ COLA1 ?
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Does COLAT1 live inside a bubble?

/\[\ COLA1 ?
; / If it does, can COLA1 power
Hi @ the bubble?

Lyais

redshifted
away from
resonance

Matthee+2018



JWST COLA1 field - Program JWST GO-1933 (Pls: Matthee & Naidu)
- NIRCam imaging: F115W, F150W, F200W, F356W

- NIRCam grism spectroscopy in F356W
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JWST COLA1 field - Program JWST GO-1933 (Pls: Matthee & Naidu)
- NIRCam imaging: F115W, F150W, F200W, F356W

- NIRCam grism spectroscopy in F356W
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NIRCam Wide Field Slitless Spectroscopy

NIRCam F115W+F200W+F356W WEFSS grismR modA (8.8 ks) WESS Filtered (EMLINE, scale x4)

[OI11 14960, 5008
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Matthee+2023
140 [Olll] emitters found in the COLA1 field



COLA1T’s optical lines

Hy [O111]x4364 3 [O111] y 4960 [O111] xs008
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COLA1T’s optical lines
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Systemic redshift

VLT/X-shooter Lya spectrum
Rest-frame wavelength [A] ‘ = Z[O|||] = 6591 7
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.| Grism line centroids
= [OII]xs008
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- Confirmed systemic Lya redshift!
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Systemic redshift

VLT/X-shooter Lya spectrum
Rest-frame wavelength [A] N = Z[OIII] = 6591 7 (mOdUIe A)
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Extent of the ionized bubble

-Av = -250 km/s Uniform bubble Neutral fraction oc r?

z,=7, T>10%, constant x, z;=7, T>10%, Xy ocr?

Accounting for the
contribution of a Lya damping
wing, the size of the bubble
must be at least
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Some extreme UV properties

Unresolved in the NIRCam

imaging!

R,y < 0.26 kpc



Some extreme UV properties

Unresolved in the NIRCam Star formation surface density 2
imaging!

SFR

« = Shibuya+15
= Shibuya+15 (re-scalec
COLAL1 (Hp)
COLAL1 (UV)
CIF (HB)
C1F (UV)

R,y < 0.26 kpc

Redshift




Some extreme UV properties

Table 2: The physical properties of COLALI.

Property Value

i 6.59165

10g;o(&ion0/Hzerg™")? 25.45+084

fcsc(LyQ')C 81+ 5%

Myv! 21,3509

Buv* -32+04
EB-V) 0.00:0%
T L7302 X 10FK
EWo([Om]+HB)" 870%%0

12 +log,o (O/H)z, 7.88:02

Ryv’ <0.26 kpc
SFRo(UV)* 9.6% % Moyr
SFRo(HB) 10.1133 Moy
log,o(Zser/Mo yr~' kpe™)(UV)"  >1.31

log,o(Zser /Mo yr~  kpe™2)(HB)"  >1.36




Some extreme UV properties

Table 2: The physical properties of COLAL. Moderately high ionizing photon production efficiency

Property Value

i 6.59165

10g;o(&ion0/Hzerg™")? 25.45+084

fcsc(LyQ')C 81+ 5%

Myv! 21,3509

Buv® -32+04
E(B-V) 0.00:0%
T.* LTS X IHEK
EW,([O m]+HpB)" | 870*%0

12 + log,, (O/H)7! 7.88¢0

Ruv/ <0.26 kpc
SFRo(UV)* 9.6% % Moyr
SFRo(HB) 10.1133 Moy
log,o(Zskr/Mo yr‘l kpc_z)(UV)'” >1.31

log,o(Zser /Mo yr~  kpe™2)(HB)"  >1.36
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Some extreme UV properties

Table 2: The physical properties of COLAL. Moderately high ionizing photon production efficiency

Property Value

2 6.59165 High f__ (Lya)

10g;o(&ion0/Hzerg™")? 25.45+084

fcsc(LyQ')C 81+ 5%

Myv! 21,3509

Buv* -32+04
EB-V) 0.00:0%
T L7302 X 10FK
EWo([Om]+HB)" 870%%0

12 +log,o (O/H)z, 7.88:02

Ryv’ <0.26 kpc
SFRo(UV)* 9.6% % Moyr
SFRo(HB) 10.1133 Moy
log,o(Zser/Mo yr~' kpe™)(UV)"  >1.31

log,o(Zser /Mo yr~  kpe™2)(HB)"  >1.36




Some extreme UV properties

Table 2: The physical properties of COLAL. Moderately high ionizing photon production efficiency
Property Value .
- 6.59165 High £ (Lya)
10g(Eono/Hzerg ™"y’ 25.45*005
fese(Lya)* 81+5% Bright UV continuum

Muyv? 2135107

Buv® -32+04
EB-VYy 0.00* 20
Te* L7302 X 10FK
EWo([Om]+Hp)" 870%%0

12 +'log10 (O/H)7. 7.8

Ryv’ <0.26 kpc
SFRo(UV)* 9.6% % Moyr
SFRy(HB)! 10.1133 Moy
log,o(Zskr/Mo yr‘l kpc_z)(UV)'” >1.31

log,o(Zser /Mo yr~  kpe™2)(HB)"  >1.36




Some extreme UV properties

Table 2: The physical properties of COLALI.

Property

74

log(&ono/Hzerg™")?
Jese(Lya)©

Myv?

Buv*

E(B-V)

T.8

EW,([O m]+Hp)"

12 + log, (O/H)y,’

RUV'i

SFRy(UV)*

SFR(HB)'

log o(Zser/Mo yr~" kpe™?)(UV)”
log,o(Zser /Mo yr™! kpc~2)(HB)"

Value

6.59165
0.04
25.451%.05
81 +5%
0.0
—21.35:01
-32+04
0.02
O'OOjO.(OO
L7302 X 10FK
90
870t88:z
788703
<0.26 kpc

9.6:“('):; Mg yr™!

10.1133 Moy

>1.31
>1.36

Moderately high ionizing photon production efficiency

High f__ (Lya)

Bright UV continuum

Very steep UV slope




Some extreme UV properties

Table 2: The physical properties of COLALI.

Property

74

log(&ono/Hzerg™")?
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Buv*

E(B-V)

T.8
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0.04
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81 +5%
0.0
—21.35:01
-32+04
0.02
O'OOjO.(OO
L7302 X 10FK
90
870t88:z
788703
<0.26 kpc

9.6:“('):; Mg yr™!

10.1133 Moy

>1.31
>1.36

Moderately high ionizing photon production efficiency

High f__ (Lya)

Bright UV continuum

Very steep UV slope

No dust attenuation



Some extreme UV properties
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Some extreme UV properties

Table 2: The physical properties of COLALI.

Property

74

log(&ono/Hzerg™")?
Jese(Lya)©

Myv?

Buv*

E(B-V)

T.8

EW,([O m]+Hp)"

12 + log, (O/H)y,’

RUV'i
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Value
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0.04
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0.0
—21.35:01
-32+04
0.02
O'OOjO.(OO
L7302 X 10FK
90
870t88:z
788703
<0.26 kpc

9.6:“('):; Mg yr™!

10.1133 Moy

>1.31
>1.36

Moderately high ionizing photon production efficiency

High f__ (Lya)

Bright UV continuum

Very steep UV slope

No dust attenuation

Extremely compact

Moderately high SFR



[Olll] emitters in the C1 Field

- 140 [Olll] emitters found in the COLA1 field
(5.3<z<7)

Some examples:
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[Olll] emitters in the C1 Field

- 140 [Olll] emitters found in the COLA1 field
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Can COLA1 ionize its bubble?

- LyC escape fraction?
Jesc(LyC) Method Reference

28fé0% Lya peak separation Izotov et al. (2018)
12 +4%° fese(Lya) Begley et al. (2024)
56 + 7% Jese(lLya) Maji et al. (2022)

45 + 10% Tl Lya@) Kimm et al. (2022)

> 20% feen(Lya) Naidu et al. (2022a)

> 44% SSFR Naidu et al. (2020)
844277 %" Buv Chisholm et al. (2022)

Every indicator suggests high f__ !



Can COLA1 ionize its bubble?

- LyC escape fraction?

Jesc(LyC) Method Reference

Lya peak separation Izotov et al. (2018)
Jesc(Lya) Begley et al. (2024)
fesc(Lya) Maji et al. (2022)
Jese(Lya@) Kimm et al. (2022)
feen(Lya) Naidu et al. (2022a)

LSFR Naidu et al. (2020)
Buv Chisholm et al. (2022)
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Takeaways

- COLA1 has an unusual double-peaked Lya at z = 6.6, which can be explained by
the presence of an ionized region.

- It has all the signs of an extremely luminous LyC leaker.

- Extreme properties cannot be attributed to a particularly large overdensity.

- We could be witnessing a luminous galaxy directly ionizing its:surroundings

Paper: arXiv:2404.10040 E
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COLA1’s neighbors
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Is COLA1 powered by an AGN?

- Narrow Lyaq, Hf
HB broad+narrow component fit

Module A Module B Module A+B

= Narrow = Narrow = Narrow
= Broad = Broad —— Broad
=== Total === Total === Total

36700 36800 36900 37000 37100 36700 36800 36900 37000 37100 36700 36800 36900 37000 37100

Observed wavelength [A] Observed wavelength [A] Observed wavelength [A]

> Broad HB component can only explain
<30% of UV luminosity



Backup slides

All C1F Average C1F
All EIGER @ Average EIGER
COLA1 (Prospector) ‘

Median (C1F + EIGER) == COLA1 (Phot.+grism) §
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NIRCam Wide Field Slitless Spectroscopy
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Backup slides
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