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ALMA:	
  Atacama	
  Large	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (sub-­‐)Millimeter	
  Array	
  

ALMA	
  gets	
  into	
  Nature	
  



SPT:	
  South	
  Pole	
  Telescope	
  	
  

•  Funded	
  by	
  U.S.	
  NFS	
  
	
  

•  10m	
  telescope	
  

•  1	
  deg2	
  FoV	
  

•  ~1	
  arcmin	
  beam	
  	
  	
  

•  3	
  bands:	
  1.4mm,	
  	
  2mm,	
  	
  3mm	
  

•  Rms:	
  ~	
  few	
  mJy/beam	
  

•  Survey	
  of	
  2500	
  deg2	
  
	
  

ALMA	
  gets	
  into	
  Nature	
  



§  AGN-­‐powered	
  radio	
  sources	
  

SPT-­‐detected	
  sources	
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  galaxies	
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§  AGN-­‐powered	
  radio	
  sources	
  

§  z	
  ~<	
  0.1	
  late-­‐type	
  galaxies	
  

§  dusty	
  LENSED	
  galaxies	
  at	
  z>1	
  

SPT-­‐detected	
  sources	
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100mJy	
  	
  
@	
  500μm	
  

Negrello et al. (2007)	





H-­‐ATLAS:	
  first	
  lensed	
  galaxies	
  

ASTROPHYSICAL	
  
TERAHERTZ	
  
LARGE	
  
AREA	
  
SURVEY	
  

hMp://www.h-­‐atlas.org/	
  

Area	
  =	
  550	
  deg2	
  

•  100	
  μm	
  
•  160	
  μm	
  
•  250	
  μm	
  
•  350	
  μm	
  
•  500	
  μm	
  

SDP	
  field:	
  first	
  15	
  deg2	
  



SDP.81	
  

SPD.130	
  

SDP.9	
  

SDP.11	
  
SDP.17	
  

5	
  candidate	
  lensed	
  galaxies	
  
with	
  F500μm>100	
  mJy	
  
	
  

(Negrello et al. 2010)	
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H-­‐ATLAS:	
  first	
  lensed	
  galaxies	
  



Sub-­‐mm/mm	
  lensed	
  galaxies	
  

LENSED	
  SOURCE	
  

DUSTY	
  STAR	
  FORMING	
  GALAXY	
  

Herschel	
  500μm	
  



Sub-­‐mm/mm	
  lensed	
  galaxies	
  

LENS	
   LENSED	
  SOURCE	
  

DUSTY	
  STAR	
  FORMING	
  GALAXY	
  PASSIVE	
  ELLIPTICAL	
  

+	
  

HST/WFC3	
  (1.6μm)	
  
Herschel	
  500μm	
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lens	
  
	
  subtraction	
  

Negrello et al. (2014)	
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LENS	
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  LENSED	
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HST/WFC3	
  (1.6μm)	
  

Negrello et al. (2010, Science)	



Sub-­‐Millimeter	
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  Telescope	
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SDP.81	
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Negrello et al. (2010, Science)	
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Bussmann et al. (2013)	



SMA	
  data:	
  PI:	
  S. Bussmann (CfA)	
  
HST	
  SNAPshot	
  data:	
  PI:	
  M. Negrello 	
  

Hours	
  of	
  integration	
  on-­‐source	
  	
  
(compact	
  +	
  extended	
  configurations)	
  

SMA	
  follow-­‐up	
  

z=2.951	
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z=1.676	
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SPT:	
  2	
  ALMA	
  proposals	
  accepted	
  in	
  cycle-­‐0:	
  
	
  
	
  

Ø  	
  ID:	
  2011.0.00958.S;	
  PI:	
  Dan	
  Marrone	
  (Univ.	
  of	
  Arizona,	
  USA)	
  

	
  	
  	
  	
  	
  “Imaging	
  the	
  brightest	
  starbursts	
  in	
  the	
  Universe”	
  
	
  
	
  
	
  

Ø  	
  ID:	
  2011.0.00957.S;	
  PI:	
  Axel	
  Weiss	
  (MPI,	
  Germany)	
  

	
  	
  	
  	
  	
  	
  “The	
  ALMA-­‐SPT	
  Redshift	
  Survey”	
  

Targets:	
  	
  47	
  lens	
  candidates	
  with	
  F1.4mm>20mJy	
  

Targets:	
  	
  26	
  lens	
  candidates	
  with	
  F1.4mm>20mJy	
  

ALMA	
  follow-­‐up	
  of	
  SPT	
  sources	
  



Vieira et al.  2013, Nature	



Imaging	
  (Nov.	
  2011):	
  
	
  
Ø  band-­‐7:	
  275-­‐370GHz	
  
	
  	
  	
  	
  	
  	
  (~870μm)	
  
	
  
	
  

Ø  ~0.5’’	
  resoluSon	
  

Ø  few	
  minutes	
  on-­‐source	
  (!!)	
  

8’’	
  

ALMA	
  follow-­‐up	
  of	
  SPT	
  sources	
  



Vieira et al.  2013, Nature	



8’’	
  

Imaging	
  (Nov.	
  2011):	
  
	
  
Ø  band-­‐7:	
  275-­‐370GHz	
  
	
  	
  	
  	
  	
  	
  (~870μm)	
  
	
  

Ø  compact	
  configuraSon	
  
	
  	
  	
  	
  	
  	
  (14-­‐16	
  antennas)	
  
	
  

Ø  ~0.5’’	
  resoluSon	
  

Ø  2	
  minutes	
  on-­‐source	
  (!!)	
  

ALMA	
  follow-­‐up	
  of	
  SPT	
  sources	
  



The	
  lens	
  is	
  invisible	
  	
  
in	
  the	
  sub-­‐mm!	
  

	
  
	
  
	
  

It	
  is	
  easier	
  to	
  model	
  	
  
the	
  lensed	
  galaxy	
  

Optical	
  (HST)	
   Sub-­‐mm	
  (ALMA)	
  

Spot	
  the	
  difference	
  …	
  	
  



ALMA	
  follow-­‐up	
  of	
  SPT	
  sources	
  



What	
  to	
  expect	
  in	
  the	
  future?	
  

SOURCE	
  PLANE	
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  PLANE	
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zlens	
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  0.5	
  

5	
  clumps	
  of	
  ≈	
  300-­‐800	
  pc	
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What	
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SOURCE	
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What	
  to	
  expect	
  in	
  the	
  future?	
  

SOURCE	
  PLANE	
  

zsource	
  =	
  2.5	
  
zlens	
  =	
  0.5	
  

5	
  clumps	
  of	
  ≈	
  300-­‐800	
  pc	
  

FWHM=0.05”	
  

OBSERVED	
  IMAGE	
  



ALMA	
  data:	
  useful	
  for	
  what?	
  

	
  
Ø 	
  	
  Studying	
  faint/high-­‐z	
  galaxies	
  	
  
	
  	
  	
  	
  	
  	
  (e.g.	
  Swinbank et al. 2010, Nature)	


	
  
Ø 	
  	
  Measure	
  the	
  mass	
  profile	
  of	
  the	
  lenses	
  	
  
	
  	
  	
  	
  	
  (e.g.	
  Dye, Negrello et al. 2014)	
  
	


Ø 	
  	
  Quantify	
  dark	
  matter	
  substructures	
  in	
  the	
  lens	
  	
  
	
  	
  	
  	
  	
  (e.g.	
  Vegetti et al. 2012, Nature)	
  

Ø 	
  	
  Constrain	
  cosmological	
  parameters	
  	
  
	
  	
  	
  	
  	
  (e.g.	
  Grillo et al. 2008)	
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Tail	
  extending	
  to	
  z	
  >	
  1	
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  Measuring	
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  (e.g.	
  Dye, Negrello et al. 2014)	
  
	


Ø 	
  	
  Quantifing	
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Source	
  reconstruction	
  

Andrea	
  Enia, Tesi magistrale 2015,	
  UniPD	
  

Pixelized	
  source	
  	
  
no	
  assumptions	
  on	
  
§  Source	
  light	
  profile	
  
§  Number	
  of	
  clumps	
  

REGULARIZED	
  SEMILINEAR	
  INVERSION	
  METHOD	
  (Warren & Dye 2033; Suyu et al. 2006)	









Spectroscopy	
  	
  
(Nov.	
  2011-­‐Jan	
  2012):	
  
	
  
Ø  Band-­‐3:	
  84-­‐116GHz	
  
	
  	
  	
  	
  	
  	
  (~3.5-­‐2.6mm)	
  
	
  

Ø  compact	
  configuraSon	
  
	
  	
  	
  	
  	
  (14-­‐17	
  antennas)	
  

Ø  ~6’’	
  resoluSon	
  

Ø  10	
  minutes	
  on-­‐source	
  

Weiss et al. 2013,  ApJ, 767, 88	



ALMA	
  follow-­‐up	
  of	
  SPT	
  sources	
  



ALMA	
  follow-­‐up	
  

Messias et al. 2014, A&A, 568, 92	
  

ALMA	
  cycle-­‐0:	
  project	
  2011.0.00476.S	
  (P.I.	
  Orellana)	
  
	
  

§  Band	
  3	
  (84-­‐116GHz)	
  
§  Band	
  6	
  (211-­‐275GHz)	
  	
  
30	
  min	
  on-­‐source	
  in	
  each	
  band	
  

zSOURCE	
  =	
  1.027	
  
zLENS	
  =	
  	
  0.218	
  

H-­‐ATLAS	
  lensed	
  galaxy	
  (230mJy	
  @	
  500μm)	
  

HST/F110W	
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§  Band	
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  (84-­‐116GHz)	
  
§  Band	
  6	
  (211-­‐275GHz)	
  	
  
30	
  min	
  on-­‐source	
  in	
  each	
  band	
  

zSOURCE	
  =	
  1.027	
  
zLENS	
  =	
  	
  0.218	
  

H-­‐ATLAS	
  lensed	
  galaxy	
  (230mJy	
  @	
  500μm)	
  

HST/F110W	
   Continuum	
  @	
  234GHz	
  

CO	
  (2-­‐1)	
   CO	
  (4-­‐3)	
  

CI	
  (P1-­‐P0)	
   CS	
  (10-­‐9)	
  



ALMA	
  follow-­‐up	
  

Messias et al. 2014, A&A, 568, 92	
  

ALMA	
  cycle-­‐0:	
  project	
  2011.0.00476.S	
  (P.I.	
  Orellana)	
  
	
  

§  Band	
  3	
  (107GHz)	
  
§  Band	
  6	
  (234GHz)	
  	
  
30	
  min	
  on-­‐source	
  in	
  each	
  band	
  

zSOURCE	
  =	
  1.027	
  
zLENS	
  =	
  	
  0.218	
  

H-­‐ATLAS	
  lensed	
  galaxy	
  

HST/F110W	
  

CO	
  (2-­‐1)	
   CO	
  (4-­‐3)	
  

CI	
  (P1-­‐P0)	
   CS	
  (10-­‐9)	
  

Continuum	
  @	
  234GHz	
  



H-­‐ATLAS	
  in	
  red	
  
SPT	
  in	
  blue	
  

median	
  =	
  50	
  mJy	
  
median	
  =	
  73	
  mJy	
  

H-­‐ATLAS	
  vs	
  SPT	
  lensed	
  sources	
  


