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Atacama Large Millimeter Array 

1.  Detect and map CO and [C II] in a Milky Way galaxy at z=3 in less 
than 24 hours of observation 

2.  Map dust emission and gas kinematics in protoplanetary disks!
3.  Provide high fidelity imaging in the (sub)millimeter at 0.1 arcsec 

resolution 

è  At least 50x12m Antennas !
è  Frequency range 30-1000 GHz 

(0.3-10mm)!
è  16km max baseline (<10mas)!
è  ALMA Compact Array (4x12m 

and 12x7m)!
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ALMA Early Science 
■  ALMA Early Science C0 & C1 

Ø 30-70% of the total number of antennas 
Ø Maximum separation 1km (6% of final ALMA) 
Ø Already the most powerful submm observatory 

■  Enormous pressure to use ALMA worldwide 
Ø Requests for 9 times the available time 
Ø Top 8% science projects selected (ESO) 

Report'of'the'ESAC'Mee/ng''
Ac/vi/es'since'last'STC:'
JAO$ASAC'telecons:'21'Nov,'10'Jan,'03'Apr'(+'subsequent'days,'ASAC$only)'
ESAC'telecon:'22'January'(re:'ZEUS$2'and'low$freq.'large'programmes)'
ASAC'face$to$face'meeJng:''15$16'February,''NAOJ$Mitaka,'Japan'
ESAC'face$to$face'meeJng:'22'April'

24th'April'2013,'ESO'STC'
ALMA seen from peak of Chajnantor, 2013 (courtesy M. Lindqvist, Onsala Space Observatory)!
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ALMA Science Results 
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ALMA Bands Useage 
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ALMA SV+C0 Results 

■  Many results in published papers: 
Ø High-z, Disks, ISM, Star Formation, Local Universe, Solar 

System, Stellar Evolution, Supernovae, Cosmology, 
Fundamental Physics 

Ø  For a sample, the First Year of ALMA Science Conference: 
•  http://www.almasc.org/2012/ 

Ø Planning for two major events next year: 
•  Submm Astronomy Symposium at EWASS – Geneva, July 2014 
•  ALMA Science Conference – Tokyo, December 2014 

■  ESO MS are very much engaged with ALMA Science 
Ø  First authors of ~40% of papers so far 
Ø  Involved in >75% of papers 
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ALMA Science Papers 
■  Only refereed papers 

Ø  Collected data as of November 19, 2013 from telbib.eso.org (many, 
many thanks to Uta Grothkopf and Felix Stoehr, ++) 

Ø  Only printed papers on refereed journals appear on the list 
Ø  We know of more submitted/accepted papers, but we cannot be 

complete on those 

■  Database 
Ø  75 refereed publications 
Ø  32 based only on SV data 
Ø  43 used Cycle 0 data 
Ø  ~10% Nature/Science 
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Distribution by Region 
■  Very different use of SV data in the various regions 
■  Cycle 0 publications are well balanced 
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Science Verification Publications 
■  Data was released for 10 SV projects 

Ø  No Star/Solar System project so far 

■  Publications were produced for 7 projects (32 papers) 
Ø  All high-z (1) and ISM-StarPlanForm (4) produced papers 

■  NB. Papers are not a goal of SV projects!! 
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ALMA SV Science Results 
■  Star formation in the Early Universe: [CII] at high z 

Ø  Wagg et al. 2012; Carilli et al. 2012; Lentati et al. 2013; Carniani et al. 2013 

ht
tp

://
al

m
as

ci
en

ce
.e

so
.o

rg
/a

lm
a-

da
ta

/s
ci

en
ce

-v
er

ifi
ca

tio
n 

SMA: 340GHz continuum and line 
Iono et al. (2006), [CII] (N only)+cont 

z=4.69 
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ALMA SV Science Results 

■  Infall and pre-biotic molecules in IRAS16293 
Ø  Jorgensen et al. 2012; Pineda et al. 2012; Persson et al. 2013 
Ø  Kristensen et al. 2013; Zapata et al. 2013; Loinard et al. 2013 

■  First glycoaldeheyde detection in solar mass protostar 
Ø  From B9 first released dataset. This simple sugar is found within ~25~AU 

from the central protostar and infalling into the inner regions of the disk. 
Ø  Water isotopomers in Band 9 
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ALMA SV Science Results 
■  Orion-KL Spectral Scan - Band 6 

Ø  Zapata et al. 2012; Hirota et al. 2012; Fortman et al. 2012; Chepherd et al. 2012; Niederhofer 
et al. 2012; Galvan-Madrid et al. 2012; Neill et al. 2013a & 2013b 
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29SiO(5-4) 
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Cycle 0 Publications 
■  Overall ~30% of the 119 projects for which data was delivered 

have resulted in a printed publication (43 papers) 
Ø  No Solar System publication yet 
Ø  Galaxies/AGN slightly lower than average (but coming up!) 

■  Publication fraction uniform across frequency band 
Ø  Beware double counting. For ESO more B3. 
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Cycle 0 Publications 
■  Major impact so far in Cosmology/high-z and ISM/

StarPlanForm/Astrochemistry 
Ø  No Solar System publication so far (CASA tasks available since May) 

■  High impact pubs in all four areas! 
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Cycle 0 Publications 
■  Major impact so far in Cosmology/high-z and ISM/

StarPlanForm/Astrochemistry 
Ø  No Solar System publication so far (CASA tasks available since May) 

■  ESO – (NB. Only 19 Pubs from 12 Proj) 
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Time from data delivery 
■  Time from data delivery to submission of paper 

Ø  Note: this is very biased I have only “printed” papers and I am showing 
“submission” times (time difference can be several months) 

■  Most of C0 data delivered ~10-11 months ago 
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Comparison with other facilities 
■  Data from ESO and HST databases 

Ø  NB. Apai et al. (2010): HST database is incomplete for first 7yr (?) 

■  Year 2 of ALMA is still incomplete 
■  Nature/Science first two years (ALMA 7/75  ~10%): 

Ø  Paranal: 1/81  ~1%; HST: 4/101  ~4%; Herschel: 6/327 ~2% 
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Cosmology/High-z 
■  1 Nature paper on the STP lensed SMGs 

Ø  New redshift distribution 

■  Other results in many areas 
Ø  Deep galaxy counts, GRBs, metals in QSOs and first galaxies 

(Hatsukade et al. 2013) 
(Vieira et al. 2013; Weiss et al. 2013) 
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Galaxies/AGN 
■  1 Nature paper on NGC 253 

Ø  Molecular wind driven by starburst 

■  Other results 
Ø  Dense gas feeding AGN nuclei (Iono et al. 2013) 

(Bolatto et al. 2013) 

(Fathi et al. 2013) 

(Combes et al. 2013) 
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ISM Star Formation 
■  Several important results 

Ø  Molecular outflows, disks around high mass protostars, IRDCs 
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Fig. 3. Peak intensity maps of 13CO (left) and C18O J = 3–2 (right). The peak intensity denoted by color includes
the underlying continuum. The white contour shows the 5σ level. The Tb for the continuum is also plotted with
black contours indicating 5, 10, 15, and 20 K. The cross denotes the stellar position. The faint arm-like feature is
seen in the 13CO map in northwest at the disk outer edge, which corresponds to the arm detected in scattered light
(Fukagawa et al. 2006).

the radial Tb peak, and this relation can be naturally understood by the situation that the line emission
comes from optically thick surfaces in the upper and lower layers for 13CO and C18O, respectively.
Moreover, the radial positional shifts of the highest Tb for the lines from that for the continuum can
be attributed to the inner, warmer emitting surfaces for the gaseous component exposed to the central
star. Therefore, the line intensity, at least for 13CO, reflects the physical (kinetic) temperature, not the
column density under local thermodynamic equilibrium (LTE). The emission can be approximated
by the LTE conditions because the density discussed here (see Section 4.1) is well above the critical
densities for 13CO and C18O J = 3–2 (Pavlyuchenkov et al. 2007). When estimating a temperature of
the optically thick surface, the continuum needs to be added since it is non-negligible for this object.

4. Discussion

4.1. Constraint on Surface Density

The bulk of grains are expected closer to the disk mid-plane, and it is unlikely that they are
warmer than the emitting surfaces in 13CO and C18O J = 3–2. Therefore, we conservatively regard
36 K, which is the Tb(13CO) at the radius of continuum peak, as an upper bound of the grain temper-
ature (Tdust). A lower limit of the surface density can thus be estimated with Tdust=36 K. The dust
optical depth (τ ) was derived by comparing Tdust with the continuum Tb. In the northern horseshoe
peak, using τ = 0.9 along with κ336 = 0.034 cm2 g−1 for a g/d of 100 (Section 3.1.2) , the surface
density was calculated as Σpeak = 28.1 g cm−2. In the SW minimum, the same assumption of 36 K
resulted in Σmin=0.7 g cm−2, giving a density contrast of 40 relative to the northern peak. Integrating
the surface density yielded a mass for the entire outer disk of 0.09 M⊙, which turns out to be con-
sistent with the previous estimate of 0.1M⊙ obtained by the conventional, optically thin prescription

7

Protoplanetary disks 
■  2 Nature, 2 Science papers 

Ø  Dust evolution, gaps, gas chemistry and snowlines 
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Stellar evolution 
■  1 Nature paper 

Ø  Post AGB stars, pre-planetary nebula, SN 1987  

(M
ae

rc
ke

r e
t a

l. 
20

12
) 

(K
am

en
et

zk
y 

et
 a

l. 
20

13
) 

(S
ah

ai
 e

t a
l. 

20
13

) 



Leonardo Testi: ALMA Science Highlights, CD-C2 Garching, 19 Nov 2013!

Summary 
■   ALMA is producing transformational science! 

Ø Key role of the ARC Network in Europe (thanks!!) 
Ø The Archive is there for you to exploit! 

■   ALMA ES is just the beginning! 
Ø Cycle 2 – 5 Dec 2013 – additional capabilities and time 

(bands, pol, spectral scans) 
Ø Full Science Operations in 1-2yrs 

■   ALMA is a long lifetime observatory with a healthy 
Development Plan 
Ø Participation in the ALMA Upgrade Studies is important 
Ø New cycle of studies will start in early 2014 


