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And so it begins... "Who's there?"
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In the meantime...



Two Remarkably Luminous Galaxy Candidates at z ~ 11 — 13 Revealed by JWST
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Early Results from GLASS-JWST. III. Galaxy Candidates at z ~9-15"
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Revealing Galaxy Candidates out to z ~ 16 with JWST Observations
of the Lensing Cluster SMACS(0723
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The evolution of the galaxy UV luminosity function at redshifts z ~ 8 — 15
from deep JWST and ground-based near-infrared imaging
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A Comprehensive Study on Galaxies at z ~ 9 — 17 Found in the Early JWST Data:
UV Luminosity Functions and Cosmic Star-Formation History at the Pre-Reionization Epoch
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Yet, these be only candidates

how to spectroscopically confirm them?
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Spectroscopic confirmation

Monochromatic Luminosity vL, [Lg]
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Galliano et al. 2017
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Spectroscopic confirmation

Monochromatic Luminosity vL, [Lg]
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Spectroscopic confirmation with ALMA at 2~9

=
2 |2
1 IIIIIIII 1 IlII6IIII 1 IlIIIIII 5_2 I
Galliano et al. 2017 S 5

s 10°|- N

=, :

Y

= 8

o} 10 |

>

o

£ 107

.

&

10% 4

)

:S

©

§ 10°

- \L

e

@)

@)

cl

@)

=

gBand 7
-Band 5

IIIII 1 lllIIIIII 1 1 lIII\II

0.1 1 10 100 1000
Wavelength [um]



Spectroscopic confirmation with ALMA at z~13
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Spectroscopic confirmation with ALMA at 2~16
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Previous spectroscopic confirmation with ALMA

dec. (J2000)

[0 111] 88 pm emission of MACS1149-JD1 at z=9.1 (Hashimoto+2018)
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ALMA Band 6 observations of HD1

Harikane et al. (2022
( ) Redshift
14.2 14.0 13.8 13.6 13.4 13.2 13.0 12.8 12.6
& 1 ] I Ll 1 1 I L T ] I 1 1 ] Ll 1 ) 1 l ) 1 1 '
’;‘ -
L
s l
>
—
& 101l 13 :
() IR
~ |
E e
spectrum within 1" = Y S Lo,y . | | Il
. 225 230 235 240 245 250
circular aperture Vops [GHZ]
(equivalent to ~3.5 kpc °
atz=13.27) Redshift
13.3 13.2
beam size: 0.51" x 0.87" 2 )

[OIIT]88 um?

237.8 GHz

Flux density [mJy]
-

236 237 238 239
Vobs [GHZ]




New ALMA Band 4 (DDT) observations of HD1

Kaasinen et al. (2022)

expected based on tentative [O I1I]
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New ALMA Band 4 (DDT) observations of HD1

Kaasinen et al. (2022)

expected based on tentative [O I1I]
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ALMA Band 6 observations of HD1

equivalent to ~3.5 kpc

Kaasinen et al. (2022) beam size: 0.51" x 0.87"
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We recover the same tentative 3.85 [0 111] 88 pm as Harikane+2022, although the
spectrum extracted from ~beam size is not convincing



ALMA Band 6 observations of HD1

Kaasinen et al. (2022)
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Though this be madness, yet there be
method in't

Hamlet, Shakespeare



ALMA noise properties - pixels outside source

Joshiwa van Marrewijk (Kaasinen+2022)

Real, Band 4 data
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ALMA noise properties - pixels outside source

Joshiwa van Marrewijk (Kaasinen+2022)

Created 10 pure noise cubes each by jack-knifing -
i.e. randomly inverting sign of data in uv space and re-imaging
- make moment-0 maps over different integration widths



ALMA noise properties - pixels outside source

Joshiwa van Marrewijk (Kaasinen+2022)
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ALMA noise properties - pixels outside source

Joshiwa van Marrewijk (Kaasinen+2022)

Real, Band 4 data
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Line finding

For real and mock noise cubes,

find lines of = potential [0 111] 88 um feature S/N

**Line-finding code from Béthermin et al. (2020) and Ginolfi et al. (2022)
+ FindClump (Walter+2016)



Line finding

For real and mock noise cubes,
find lines of = potential [0 111] 88 um feature S/N

loop over line widths of 200-800 km/s

- collapse over this width and search for peaks in
moment 0 map

- extract spectrum at moment-0 peak position and
determine the spectral S/N
keep feature if also over spectral S/N threshold
remove any duplicates

**Line-finding code from Béthermin et al. (2020) and Ginolfi et al. (2022)
+ FindClump (Walter+2016)



Line finding

Nineg(S/N)
NooslSIN)
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Line finding

fidelity(S/N) = 1-

Real Band 6: 200-800 km s~ !
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Line finding within 10 kpc of expected source

‘ ' For real and mock noise cubes,

r find lines of = potential [0 111] 88 ym feature S/N

(3~
P



Line finding

Band 4 noise cubes:
 5/10 cubes have =1 positive =3.8 o feature

® 3/10 cubes have =1 negative =3.8 o feature

[CII] line 50% consistent with being noise

Band 6 noise cubes:
* all cubes have =1 positive =3.8 o feature,

mean of 6 features per cube
e all cubes have =1 negative =3.8 o feature,

with a mean of 7 such features
[0 1] line is fully consistent with being noise



Matching peaks: <1000 km/s, <10 kpc

Real data: 1 matched positive peak (the two tentative lines)



Matched “peaks”: <1000 km/s, <10 kpc

J ack—khifed: matched negative peaks
Jack-knifed: matched positive peaks
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Matched “peaks”: <1000 km/s, <10 kpc
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Nmatched (> S/N) within 2.9

Matched “peaks”: <1000 km/s, <10 kpc
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What is the likelihood of picking up two,
> 3.8 features, neither of which are real

line emission?

at least 50%



3 redshift solutions

z~0.3

e HCN(2-1), CO(3-2), potentially covered

* |ines too faint for a dust-rich but barely star-forming dwarf
® lack of line and continuum detections consistent
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z~13
e no [0 Ill] or [C II] detected
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Figure 2. L{om)/SFRratio as a function of Ujo, for SERRA galaxies (z =11-
14, black circles) along with the results from single-zone CLOUDY models
(lines) for different gas density, n, as shown in the legend. The purple (green)
lines correspond to Z = 0.2Z5 (Z = 0.05Zp).

e |[ow metallicity, low ionisation parameter and/or high gas density

e [ack of line and continuum detections consistent
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14, black circles) along with the results from single-zone CLOUDY models
(lines) for different gas density, n, as shown in the legend. The purple (green)
lines correspond to Z = 0.2Z5 (Z = 0.05Zp).

* [ow metallicity, low ionisation parameter and/or high gas density

e [ack of line and continuum detections consistent

® could also simply be at z>14.3 in which case [O Ill] and [C Il] not covered

Line upper limits provide no more constraining power!



Take-away

1) We cannot rule out that HD1 is a z~ 13 galaxy, but the current data do not confirm it.
In this there is nothing either good or bad, but thinking makes it so (Shakespeare)
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1) We cannot rule out that HD1 is a z~ 13 galaxy, but the current data do not confirm it.
In this there is nothing either good or bad, but thinking makes it so (Shakespeare)

2) To discover where and exactly what type of galaxy HD1 is will require deeper spectroscopy,
most likely with NIRSpec
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Lessons

1) Know thy data!
All too often, we are willing to trust a 3 - 4o peak at the position where we

expect to find it. But without testing how likely this is to be a noise fluctuation,
we may be sorely mistaken.

2) ALMA is not a redshift machine. With only 1-2 h on source, there are no
convincing detections of z>10 candidates yet

melanie.kaasinen@eso.org



Stay tuned

We - - are developing tool for the

community
— testing underway for z>10 candidates with ALMA DDT observations

D HDT  GLASS:z12 GLASS-210 $5-717-1

Paper reporting

, , Harikane+2022 Bakx+2022 Yoon+2022 Fujimoto+2022
tentative detection

Paper reporting

: , Kaasinen+2022 Popping+2022
tentative detection

SIN of tentative [0 lII] 3.8 5.8 4.4 5.1

z proposed 13.27 12.12 10.38 16.01

Spatial offset 0."5(1.9 kpc) 0."17 (0.7 kpc)






Finding high-z candidates via the Lyman Break

Credit: S Dunlop
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Z|Zs logio(M/Mg)  logio(Min Age/Gyr)

AVdust/ mag

Bdust

logio(Max Age/Gyr) = 0261333

0.81
Z/Z =186

Fitting with Bagpipes

® 3 possible solution, with
z~0.3 dwarf the most likely

® depends hugely on prior
used for Av!
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First spectroscopic confirmation with JWST

2=9.76 galaxy
Roberts-Borsani+, Oct 2022
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More recently, 4 ¢

alaxies atz>10
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