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Motivation

-

Submillimetre galaxies (SMGs): An example SMG SED.
+dusty, star-forming galaxies at high-z PPy E——
* extremely high SFRs | log M«/Mo=10.4

. 1 SFR =233 Mo/yr
* extremely IR-luminous. | Av=2.7mag

SED fit to data

Studying their environments can provide insight
into their evolution.
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This study: in what environments do SMGs
typically reside?

oo o 1er 10
log A [um observed-frame]
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SMGs: Early-Type Galaxy Progenitorss

The galaxy cluster Abell 1689.

* 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.

I Physics | Lancaster EE3
Thomas Cornish Y University ®




SMGs: Early-Type Galaxy Progenitorss

SIS 2

False colour images of various SMGs.

ALESS-003.1 ALESS-010.1 ALESS-015.1 ALESS-029.1
e SMGs are...

y - .

* massive " - o A
* undergoing intense bursts of .
star formation at a median o Y it ", ol AT

redShlft Of Z ~ 2_2 5 ALESS—-045.1 ALESS-067.1 ALESS-073.1 ALESS-112.1
* typically found in ??? - "
environments. B v

F814/F160/ALMA F814/F160/ALMA F814/F160/ALMA F160/ALMA

Red: 870 um  Green: Igy4
Hodge+2016
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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
* difficult to obtain uniform coverage e.g. with ALMA

* provides a picture of the SMG population as a whole, rather than individual cases.
(e.g. Hickox+2012, Wilkinson+2017)

* SMGs have been observed 1n protoclusters, but...

* existing SMG samples are inherently biased towards overdense environments.
(e.g. Casey+2015, Oteo+2018)
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This Study

* ALESS: ALMA follow-up to the LABOCA ECDFS Submillimetre Survey (LESS)
* produced a catalogue of 131 SMGs, many of which now have spec-zs.

The photometric filters used for this study.

* 6 ALESS SMGs were chosen for observing with 0
VLT/HAWKA-I based only on their redshifts —
+ Ha ([OIII]) line shifts into HAWK-I Bry

coverage at z = 2.3 (3.3).

* Only 3 were observed, 1n two 7.5'X7.5' pointings:
« ALESS 005.1 (z = 3.303) } o |
Pointing 1 | | | | | | |

e ALESS 075.2 (Z — 2294‘> 1800 1900 2000 2100 2200 2300 2400 2500
* ALESS 102.1 (z = 2.296). _} Pointing 2 Vol (om)

I Physics | Lancaster EE3
Thomas Cornish Y University ®




HAWIK-I Pointings -

Pointing 1 Pointing 2

T T —r T
All sources All sources

A simulated
protocluster at z = 2

40

ALESS 075.2

7z = 2.294 ALESS 102.1
3 z = 2.296

30

20

Muldrew+2015
ALESS 005.1 h i |

z = 3.303

" 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
52.98 52.96 52.94 52.92 5290 52.88 52.86 52.84
RA (degrees)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T
53.44 53.42 53.40 53.33 53.36 53.34 53.32 53.30 53.28
RA (degrees)
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Candidate NB Emitters: Colour Magmtude
D1agrams

Pointing 1

Pointing 2

T T T T L T T T T T

& SMG; z outside NB range Target SMG

e NB excess OF SMG; z outside NB range
All sources NB excess

All sources

Method: cf. e.g.
Bunker+1995,
Geach+2008,
Sobral+2013.

—0.5l

Thomas Cornish

Physics - Lancaster &3
University ©



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-zs across the entire ECDFS.
(photo-zs: Simpson+2014)
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Cdndidat’e NB Emitters: Redshitts

Pointing 1

Pointing 2

LIS LI B

—TTT T -
Ha candidate ®  Known photo-z

[O111] candidate ®  Unknown photo-z A
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(Prelimindry) Luminosity Functions

-

Ha (corrected for [INII]) [OI11] (+ HB)

L a1 Loy s e T I R T T PR RN T TR N TR SN TR R [N T T 1
42.0 42.5 43.0 43.5 . . : : 42.5 43.0 431.5
logio(Lpg,/erg s7") logio(Ljor).Hy/ere s™)
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(Prelimindry) Luminosity Functions

-

Ha (corrected for [INII]) [OI11] (+ HB)

z = 3.24 (Khostovan+2015) -

| T T T T T S TR T L a4 o a e ] I T T T PR RN T TR T TN TR TR T [N TR T R PR
R0 BR5 13.0 135 . . - - 42.5 43.0 135 14.0
logio(Lp,/ere ") ogio(Lio]  Ha/or8 5 )
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(Prelimindry) Luminosity Functions

-

Ha (corrected for [INII]) [OI11] (+ HB)

® ALESS 5.1 (z = 3.303)
z = 3.24 (Khostovan+2015) ]

| T T T T T S TR T L a4 o a e ] I R T T PR R TR TR S T S S T I N T L | PR
R0 BR5 13.0 135 . . - - 42.5 43.0 135 4.0
logio(Lp,/ere ") gL (o Hs/ore s ™)
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(Prelimindry) Luminosity Functions

Ha (corrected for [INII])

-

7 =223 (

Sobral+-2013) ]

[OIII] (+ HR)

® ALESS5.1(z = 3.303)
z = 3.24 (Khostovan+2015) ]

PR T | TN T O T I T TR RO 1 PR T
42.5 43.0 43.5 44.0

1.0

Thomas Cornish

loglo(LHa/erg s_l)
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(Prelimindry) Luminosity Functions

Ha (corrected for [INII]) [OI11] (+ HB)

O ALESS 75.2 (z = 2.294) |

® ALESS 5.1 (z = 3.303)

z = 2.23 (Sobral+2013) 7 [ z = 3.24 (Khostovan+2015) ]

- [ PR T SR T [N TN TR T T T T TR L P I
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(Prelimindry) Luminosity Functions

-

Ha (corrected for [INII])

O ALESS 75.2 (z = 2.294) |
A ALESS 102.1 (z = 2.296) ]

z = 2.23 (Sobral+2013)

-
.

\\\\\\ _[:'_
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[OIII] (+ HR)
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® ALESS 5.1 (z = 3.303)
z = 3.24 (Khostovan+2015) ]

1.0 25 130 15
logro(Lyg,/erg s71)
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(Prelimindry) Luminosity Functions

-

Ha (corrected for [INII]) [OI11] (+ HB)

ALESS SMGs at z ~ 2.3 | I ® ALESS5.1(z = 3.303)
ALESS 75.2 (z = 2.294) 7 [ z = 3.24 (Khostovan+2015) ]
ALESS 102.1 (z = 2.296) |
z = 2.23 (Sobral4-2013)

p [ 1 1 1 1 " " " L 3 3 3 | - " ) ) ) ) )
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logio(Lyy, /erg s™') 1Og10<L[OIII]+Hﬁ/erg s7)
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Conclusions

* We have conducted a narrowband study 1n search of overdensities of star-forming
galaxies around three known SMGs at z ~ 2.3 and z ~ 3.3.

Our results suggest a substantial
overdensity around at least two of
the SMGs => potential
protoclusters.

Further analysis required to

determine 1t the other two SMGs
reside 1n significant overdensities.
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