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Giant Steps  I: Frequency  and res o lution
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Giant Steps  II: Sens itiv ity

Index= 1 .7



Giant Steps  II: Sens itiv ity
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Giant Steps  II: Sens itiv ity

Index= 1 .7
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z > 2

Cu rren t  
z > 2

1e9 M_sun

5e10 
M_sun

Line: 0.1mJy in 
1hr at 230GHz



Giant Steps  III: Im age  quality  – 50+  ant, ACA, TP

Optical/ ESO IR/ ISO CO 3- 2 / CSO

 T_line =  sub- K at  0.25 arcsec res .

 T_con t  =  m K at  0.25 arcsec res .



Giant Steps  IV: Site  
quality

0.5 at 0.9 THz



Birth of s tars : phy s ics / chemis try  of s tar formation in 3D

Line confusion  lim ited  = >  new m od e of op erat ion : targeted  line s tud ies

 Select  lines  as  p robes of: d ensity, tem p eratu re, excitat ion , evolu t ionary 
s tate, or  d ynam ics

 Pu ts  p ressu re on  laboratory as trop hysics , and  d ata 
analys is / visualiz at ion  S/ W



HST

ALMA 850 
GHz

•  Mp lan et /  Ms tar   =    1.0  MJu p  /  .5  Msu n  

•  Orbital rad ius :  5AU at  50p c 
d is tance

•  Disk m ass  =  circum stellar  d isk 
around  the But terfly Star  in  Tau rus  

Birth of planets

5AU        
Wolf 

Williams +  



Subm m  surveys: Probing the ep och  of  “galaxy 
form at ion” (z = 1.5 – 3)

 Com p arable SFR at  z > 2 in  d u s ty s tarbu rs ts  (“su bm m  gal”) as  op t ically 
selected  galaxies  =  form at ion  of la rge ellip t ica l galaxies?

SMA/ Sp itz er
SCUBA 
20m Jy

HST

20mJy at 350 GHz



ALMA Deep fie ld: ‘normal’ galaxies  at high z

HST

ALMA

z  <  
1 .5

z  >  
1 .5

 Detect  cu rren t  
su bm m  gal in  secon d s !

ALMA d eep  su rvey: 
3d ays , 0 .1  m Jy  (5σ), 4 ’ 

 HST: few 1000  Gal, 
m os t  a t  z < 1 .5

 ALMA: few 100 Gal, 
m os t  a t  z > 1 .5

 Para llel 
sp ect roscop ic su rveys , 
100  an d  200  GHz : 
CO/ oth er  lin es  in  
m ajor ity of sou rces  

 Red sh ift s , d u s t , gas  
m asses , p lu s  h igh  res . 
im ages  of gas  
d yn am ics , s tar  
form at ion



1e9  M_sun in dus t, 1e10  M_sun in mol. gas  
= >

 Hyp er  lum inous IR galaxy (FIR =  1e13 L_sun  )
: SFR  =  1e3 M_sun / yr  ?

 Coeval form at ion  of SMBH/ Galaxy? 

 Dust  form at ion  by m assive s tars? 

 Break- d own of  M- σ relat ion  at  h igh  z ?

 Early en r ichm ent  of heavy elem en ts  (z _sf >  8)

 In tegrat ion  t im es: hours  to d ays  on  HLIRGs

[C II]

CO 6- 5

J1148  VLA: CO 3- 2

1”

2.5”

IRAM

SDSS J1148+ 5251: Du s t  an d  m olecu lar  gas  in to cosm ic reion iz at ion

z = 6.42

[CII]

CO 6- 5

Fan +



ALMA in to the EoR
Spectral s im ulation o f 
J1 14 8+ 5251

Detect  d u s t  em is s ion  in  1 s ec  (5σ) 
 a t  250 GHz

 Detect  m u lt ip le lin es , m olecu les  
p er  ban d  = >  d eta iled  
as t roch em is t ry

 Im age d u s t  an d  gas  a t  su b- kp c 
resolu t ion  – gas  d yn am ics !

Study ing 1 s t galaxie s  

 Detect  ‘n orm al’ (eg. Ly α), s tar  
form in g galaxies , like M51, a t  z > 6 , in  
few h ou rs

 Determ in e red sh ift s  d irect ly from  
m m  sp ect roscop y

z = 6.55

SFR> 10M_su n / y
r

HCN

HCO+

CO

CCH

SFR> 10 
M_sun/ yr



ALMA – p anchrom at ic view of galaxy form at ion

cm: Star 
formation, AGN

(sub)mm 
Dus t, 

molecular gas

Near- IR: Stars , 
ioniz ed gas ,  

AGN

Arp  220  vs  z



http:/ / www.oan.es/ alma2006/



END SHOW



Very wid e field  surveys: role of bolom eter  cam eras

 Bolom eters  (+  
EVLA, Sp it z er ): 
su rvey large 
areas  to  su b-
m Jy sen s it ivity

 ALMA: d etailed  
SED an d  CO  
follow- u p

 ALMA: u Jy, 
n ar row field  
su rveys



Summary of detailed requirements

 

1.4 to 0.015” at  300 GHzAngular resolut ion

0.2 mJy in 1 min at 345 GHz (median 
condit ions)

Flux sensit ivity

64 antennas of 12m diameterAntenna complement

All cross products simultaneouslyPolarizat ion

10000:1 (spectral); 50000:1 (imaging)Dynamic range

31.5 kHz (0.01 km/ s) at  100 GHzSpectral resolut ion

8 GHz, fully tunableBandwidth

30 to 950 GHz (init ially only 84- 720 GHz)Frequency



UV selected  galaxies  – large range in  bolom etric 
lum inosity, bu t   lit t le correlat ion  of L_uv and  L_bol 

 

Adelberger 2000



Millim eter  VLBI – Im aging the Galact ic cen ter  black 
hole (Falcke 2000)

Kerr

Schwarz sch il
d

Model: 
opt. thin 
sy nch

0.6  mm VLBI 

16uas  res

1 .3  mm VLBI 

33  uas  res

R_g =  3  
uas



Birth of Galaxies : Magic o f (s ub)m m

L_FIR =  1.5e12  L_sun   

1m Jy



CO 3 - 2   z =
6.4

1e9 M_s un in Dus t, 1e10  M_s un in m ol. Gas  = >

 Hyp er lum in ous  IR galaxy (FIR=  1e13L_sun  )

 Early en rich m en t  of h eavy elem en ts  (z _sf >  10?)

 Dus t  form at ion  by m ass ive s tars?

 M_dyn  (r= 2.5kp c) =  2.5e10 M_sun  

 coeval form at ion  of SMBH/ Galaxy?

 Break- down  of  M- σ relat ion  at  h igh  z ?

 In tegrat ion  t im es : h ours  to  days

SDSS J1148+ 5251: Dust  and  m olecu lar  gas  in to cosm ic reion iz at ion

[C II]

CO 6-
5



(s ub)m m  as tronom y : 
unv e iling the  co ld, obs cured 
univ ers e
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