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Motivation

-

Submillimetre galaxies (SMGs): .An exarnple SMG SED
* dusty, star-forming galaxies at high-z —

z=2.54

° 1 | log M«/M, =10.4
extremely high SE Rs | log oMo ~104
* extremely IR-luminous. | Av=2.7mag

SED fit to data

log F, [p]y]

Studying their environments can provide insight
into their evolution.
Model
. . L. d SED
This study: do SMGs typically reside in _ umatenaer

100 100 102 103
protoclusters?

log A [um observed-frame]

Aravena et al. (2020)
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SMGs: Early-Type Galaxy Progenitorss

An example of a galaxy cluster.

* Local early-type galaxies are...
* massive
* thought to have formed most
of their stellar content 1n short
bursts before z ~ 2
typically found 1n galaxy
clusters.
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SMGs: Early-Type Galaxy Progenitorss

e SMGs are...
* massive
* undergoing intense bursts of
star formation at a median
redshift of z ~ 2-2.5
typically found 1n ???
environments.

Thomas Cornish

SIS 2

False colour images of various SMGs.

ALESS-003.1

F160/ALMA

ALESS-045.1

-

F814/F160/ALMA

Red: ALMA

ALESS-010.1

F814/F160/ALMA

ALESS-067.1

- 4

F814/F160/ALMA

Green: F160

ALESS-015.1 ALESS-029.1

» ~
@

F814/F160/ALMA F160/ALMA

ALESS-073.1 ALESS—-112.1

F814/F160/ALMA F160/ALMA

Blue: F814 or F160
Hodge et al. (2016)
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" Protoclusters

-

Supergalactic structures usually found
at z < 2.

Evolution of a simulated protocluster.

By z = 0 they expected to evolve into ME=0 — 10154 hoi M

the galaxy clusters we see locally.

Not usually virialized, nor containing a

hot ICM.

z=0
Characterised by an overabundance of Muldrew et al. (2015)
galaxies.
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SMG Environments: What Do We Know?

* (lustering measurements suggest SMGs typically reside 1n overdense regions, but...
* many of these are uncertain, being largely dependent on photo-zs
* non-uniform coverage requires complicated modelling to bridge the gaps
* typical SMG environment not yet determinable with clustering measurements.

* SMGs have been observed 1n protoclusters, but...
* existing SMG samples are inherently biased towards overdense environments.
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This Study

Using VLLI'/HAWK-I narrowband imaging to measure ALESS SMG environments.
* two photometric filters used: one broadband (Ks) and one narrowband (Bry)

The photometric filters used for this study.
No prior knowledge of these environments. 100

—— Broadband
—— Narrowband

80 =

Data covers two 7.3"X7.5' regions within the i
ECDFS, containing 3 SMGs: g
» ALESS 005.1 (z = 3.303)
* ALESS 075.2 (z = 2.294)
* ALESS 102.1 (z = 2.296). |

0 T T T T T T T
1800 1900 2000 2100 2200 2300 2400 2500

SMGs selected because of their redshaifts... Wavelength (nm)
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Searching for Potential Protocluster Members

Bry image

* Star forming galaxies => strong

emission lines.
(Bry - Ks) image

e el 1=

* Emission lines redshifted into Bry
wavelength range:
* Ha(z=2.3)
 [OII] (z = 3.3).

* Expect ~15 Ha emitters per pointing,
based on blank-field estimates.
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Candidate NB emitters: Colour Magmtude
D1agrams

Pointing 1 Pointing 2

T T T T T T T T T T T T
<& SMG; z outside NB range Target SMG
SMG; z outside NB range

X NB excess
NB excess

All sources
All sources

05— . : ' ' . ' : ' ' ' ' ' 29 23
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Cdndidat’e NB Emitters: Redshitts

So far, had only identified candidate line emitters in general
* these could include several possible lines at various redshufts.

Needed to 1dentity any line emitters at the same redshifts as the SMGs
* 1i.e. are they Ha([OIII]) emitters at z = 2.3(3.3)?

Done by cross-matching our data with a reference catalogue which contains
multiband photometry and photo-z’s across the entire ECGDFES.
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Cdndidat’e NB Emitters: Redshitts

Pointing 1

| #HEYH zam%w

1 1
° K own phot [O ] dd
®  Unknown ph

Pointing 2

WM 33 $ $$$_

1 1 1 1
®  Known photo-z ® Ha candidate
®  Unknown photo-z

P90 R TR MR B B 100 0 1

Thomas Cornish

1 ! 1 1 _ 1 1 1 1 1 1
250 500 750 1000 1250 1500 1750 2000 2250
ID

1 1 1 1 1
750 1000 1250 1500 1750 2000
ID
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Candidate NB emitters: Positions

Pointing 1 Pointing 2

1 T 1 T 1 T 1 T 1 T 1 T 1
Target SMG O Ha candidate
SMG; z outside NB range X NB excess; unknown z
NB excess; known z NB sources

T T T T T T T T T T T T T
Target SMG O Ha candidate

SMG; z outside NB range X NB excess; unknown z
NB excess; known z NB sources

[O111] candidate

i X xX >2<
XX | x% &
X X%
. X
« X x X X
X
X Xx X

.

ALESS 102.1
z = 2.296

X
X
0

=
X
X
X
X ™
P ALESS 005.1

1Mp°(2:23) 27330 ’ - lMpc(zf23)
52 98 02 96 52 94 02 92 52 90 52. 88 02 86 52 84 52.82

IR WU R R N
RA (d 03 44 53. 42 53. 40 53.38 53.36 53.34 53.32 53.30 53.28
(degrees) RA (degrees)
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' Conclusions & Future Work

-

We have conducted a narrowband study in search of overdensities of star-forming
galaxies around three known SMGs at z ~ 2.3 and z ~ 3.3.

Our results hint at a substantial overdensity around at least one of the SMGs.

Further analysis required to determine 1t the other two SMGs reside 1n significant
overdensities.

Next steps:
* try to determine photo-zs for candidates at currently unknown redshatts,
* analyse any significant overdensities statistically,
* fit SEDs to NB emitters, derive SIFRs and stellar masses.
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Selection 'of Narrowband Emitters

o PG

Data were reduced using a custom Python-based pipeline.
Bry detections were used to define the aperture positions for photometry.

Photometry was extracted from the Ks and Bry images.

1 — 10—0.4(BB—NB)

Magnitudes in Ks and Bry were used to compute: 2=

.. 10— 0-4(ZP—NB)
* the significance of the Ks-Bry colour excess, 2.

7Tr'“c%io(a%\/'B +0%p)

* the observed equivalent width, EW. EW — A fnB — fBB
NP B — fne(AANB/ANBB)

Sources were 1dentified as narrowband emitters if:
e >3

¢ EW > EW(B0k. g |
Thomas Cornish ( KS'BYV> Physics %%%%%gitg@ 2




Colour-colour Diagrams

e Stll lots of candidates
with unknown 2.

e (Can be esttmated

using cuts in colour-
colour space.

Thomas Cornish

NBy; emitters (zpo

< 1.0)

NBy; emitters (2,0 ~ 1.5)
Selected Ho (2 = 1.47)

NBy; emitters (z,50 >

2.0)

NBH

PR R

°

°Q

x

O

°

NBy emitters (zq <

NBk emitters (z.
Selected Ha (=

~
2.2

1.5
2.2
)

Sobral et al. (2013)
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