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Origins

® National Radio Astronomy Observatory (NRAO) : MMA
® European Southern Observatory(ESO) : LSA
® National Astronomical Observatory of Japan (NAOJ) : LMSA

Why not working together? — At the end of 2003, ALMA comes out.




Brief Look

> Fifty 12 meter Dish:
moveable, so the baseline can be changed
from 150m ~ 16km.

> twelve 7-m antennas and four 12-m
antennas:
Atacama Compact Array (ACA)

In ALMA’s most compact configurations, the
level of detail it can see ranges from 0.7" at
675 GHz t0 4.8" at 110 GHz.

> In its most extended configuration, ALMA's
resolutions range from é mas at 675 GHz to
37 mas at 110 GHz.

Costing about USS1.4 billion!

ALMA 1 (antenna size exaggerated)
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Location: the Atacama Desert
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How does ALMA work?




Interferometry & Correlator
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U-V Plane

» The baseline changes as the
source moves a function of time

> The baseline length can be
parated into two orthogonal
directions, referred to as “u” and

\\, /7

\'

> If all of the (u,v) plane can be
filled with data, we can obtain
almost the same detail as that
measured with a filled aperture of
the same size




ALMA Science

ALMA Deep Field No. of papers per year
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ALMA deep field

» Jt shows the number of low redshift (z<1.5) and high redshift (z>1.5)
galaxies expected from a simulated deep ALMA observation
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Early Galaxy Formation

» How could we get information about the first generation of galaxies?

» Space telescopes : registering the huge light issued by the explosion of this
type of stars

» More realistic method: detecting the DUST. The first appearance of dust is
our best evidence of the life and death of the first stars

Dusty Star-Forming Galaxies at High redshift!



“Rewrites History of Universe’s Stellar Baby

Boom”
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Mean redshift of our sample is z=3.5. This finding is in contrast to the redshift
distribution of radio-identified DSFGs, which have a significantly lower mean
redshift of z=2.3 and for which only 10-15% of the population is expected to be
at z>3.

A. Weiss et al. 2013



Ancient Galaxy Megamergers

SPT: a bright spot

APEX: a little more details

ALMA: a group of 14
merging galaxies
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SPT 2349-56(Distant Red Core,DRC)
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= Protoplanetary disks:

born stars with lifetime of a few Myrs

» To zeroth order, the disk can be

nderstood as being in Keplerian

rotation with vertical hydrostatic

equilibrium

» Disk evolution is driven by angular
momentum transport(turbulence and

magnetic field).

» dusty gaseous disk surrounding newly

Star and planet formation

centrifugal

Vertical gravity:

(z<<R)

~ —0%2

__ GM, z
T TRt 22 (R + 7)1

Pressure support (assuming isothermal EoS P=pc ?):




(a) 2.9 mm (B3)

» remarkable pattern of bright and
dark circumstellar rings in the
continuum images and spectral index.

> An increase in eccentricity with
radius and numerous resonances.

the dark rings are gaps arising from the
process of planet formation?

(e) 1.0 mm (B6+B7) ]
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under hot debate... g

C.L. BROGAN et al. 2015

The structure of protoplanevdlsk

(b) 1.3 mm (B6)
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First Protoplanetary Water Snow Line

V883 Ori

» Snow lines are the regions in those
disks where the temperature reaches
the sublimation point for most of the

olatile molecules.

> A dramatic increase in the
brightness of the young star heated

the inner portion of the disk

Lucas A. Cieza et al. 2016




ALMA Sounds




Summary

®» ALMA’s antennas can be configured in different ways, spacing them at distances
from 150 meters to 16 kilometers

®» ALMA is currently the largest radio telescope in the world and has much higher
sensitivity and higher resolution than earlier submillimeter telescopes

® The purpose of ALMA is to study star formation, molecular clouds and the early
Universe, closing in on its main objective: discovering our cosmic origins
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