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PC candidates from the SPT survey
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SPT survey– 2500 deg2 0.5’’ resolution10'' x 10''

FoV 10’  resolution 19’’

SPT colors 2/1mm APEX 870µm

ALMA redshifts

SPT – APEX/Laboca point sources => lensed DSFGs (z=2-7)

ALMA imaging

APEX 870µm ALMA 3mm cont

ALMA 870µm

Extended Laboca
Sources => PC candidates
(in particular if they are multiples)
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Proto-cluster	SPT2349-56	@	z=4.3	
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Proto-cluster core SPT2349-56 @ z=4.3

update on Miller T.B., et al. 2018, Nature, 556, 469 
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Witnessing  BCG formation
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SimulationMock JWST

z=4    dt=120 Myrs

z=3.3    dt=500 Myrs

z=2.7    dt=1 Gyr

BCG in place after
~500Myr  

M* increases
4x  in this event

z=0: 
log(M*) 12-13 Msol
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Proto-cluster	SPT2349-56	@	z=4.3	
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5 additonal sources identified in the northern Laboca structure; total 27 confirmed members



Deep APEX/LABOCA 870µm imaging
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Laboca: 3,4 & 5 s contours
ALMA:  4 s contours

Images:
Laboca & ALMA SNR 

Laboca rms contours ALMA primary beam
& sources

SPT0303-59 (zph=3.8)

50mJy

SPT0348-62 (zsp=5.656)

AB

13mJy

10mJy

9mJy

SPT0457-49 (zph=4.0) SPT0553-50 (zsp=5.323)

51mJy

SPT2018-45 (zph=2.9)

40mJy
25mJy

8mJy

10mJy

SPT2052-56 (zsp=4.255) SPT2335-53 (zsp=4.757)

ALMA 850µm

8mJy17mJy

72mJy

15mJy
12mJy

9mJy

9mJy
10mJy

APEX Laboca 870µm

SAlma 27mJy

A
B

C

48mJy
19mJy

14mJy

10mJy
12mJy

6mJy10mJy

SAlma 15mJy

C A
B

D

52mJy

7mJy

19mJy

12mJy

7mJy

9mJySAlma 35mJy

A

B

36mJy

14mJy 8mJy

10mJy

12mJy

15mJy
SAlma 30mJy

A

B C

30mJy

13mJy

11mJy

17mJy

8mJy

9mJy

SAlma18mJy

SPT0311-58 (zsp=6.900)

14mJy
13mJy

10mJy
21mJy

57mJy

9mJy

SAlma 59mJy

A
B

C
D

4M
pc



Ongoing ALMA line follow ups
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SPT0348-62 (z=5.6)

5/7 ALMA detected source are PC members
(non-detections could be due to limit v-coverage)

CII lines

SPT2052-56 (z=4.2)
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Figure 1 | Continuum, [C II], and [O III] emission from SPT0311–58 and the inferred source-plane
structure. (a) Emission in the 157.74 µm fine structure line of ionized carbon ([C II]) as measured at
240.57 GHz with ALMA, integrated across 1500 km s�1 of velocity, is shown with the color scale. The range
in flux per synthesized beam (the 0.25⇥0.3000 beam is shown in the lower left), is provided at right. The rest-
frame 160 µm continuum emission, measured simultaneously, is overlaid with contours at 8, 16, 32, 64 times
the noise level of 34 µJy beam�1. SPT0311–58E and W are labeled. (b) The continuum-subtracted, source-
integrated [C II] and [O III] spectra. The upper spectra are as observed (“apparent”) with no correction for
lensing, while the lensing-corrected (“intrinsic”) [C II] spectrum is shown at bottom. The E and W sources
separate almost completely at a velocity of 500 km s�1. (c) The source-plane structure after removing the
effect of gravitational lensing. The image is colored by the flux-weighted mean velocity, showing clearly
that the two objects are physically associated but separated by roughly 700 km s�1 in velocity and 8 kpc
(projected) in space. The reconstructed 160 µm continuum emission is shown in contours. A scale bar in
the lower right represents the angular size of 5 kpc in the source plane. (d) The line-to-continuum ratio
at the 158 µm wavelength of [C II], normalized to the map peak. The [C II] emission from SPT0311–58E
is significantly brighter relative to its continuum than for W. The sky coordinates and rest-frame 160 µm

continuum contours of Fig. 1(d), (e), and (f) are the same as in panel (a). (e) Velocity-integrated emission in
the 88.36 µm fine structure line of doubly-ionized oxygen ([O III]) as measured at 429.49 GHz with ALMA.
The data have an intrinsic angular resolution of 0.2⇥0.300 but have been tapered to 0.500 owing to the lower
signal-to-noise in these data. (f) The luminosity ratio between the [O III] and [C II] lines. As in the case of the
[C II] line-to-continuum ratio, a significant disparity is seen between the E and W galaxies of SPT0311–58.
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SPT0311-58 (z=6.9)

Marrone, D.P., et al.,  2018, Nature, 553, 51



Summary

8

• Discovery of these PCs  is only possible due to 
the synergy between large area surveys and 
sensitive interferometers in the submm

• SPT-PCs are unique systems to study the earliest
phase of massive galaxy and cluster formation. They
allow to study the evolution of the most massive DM 
halos out to z=7!

• BCGs form earlier than expected from
most simulations and current observational wisdom
(z~3 vs z~1-2)

High-z PCs will allow to study the evolution of the 
CO, CII and dust luminosity functions in cluster
environments to investigate differences in the 
evoluti0n between cluster and field galaxies.


