’ Previously-Known
b ) Gas (from CO)

Newly-Discovered
Gas (from C*)
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The Life Cycle of matter in the Galaxy
remains poorly understood.

arm neutral
cnwd ionizeléi gas/ some UV, X-rays

21 cm radio
N N
formation of
cold HI clouds K distruption of
|
molecular clouds - 27
A ‘//
?7?
\7,,
visible light
formation of ﬂ stellar
molecular clouds evolution

star formation  infrared and mm waves

We need to see how material cycles between gas and stars to understand
the origin of stars & planets and the evolution of entire galaxies!
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How and where are interstéllar "-'Hflfls‘, ;mr,d_.
how: leng do they live? T
Under what conditions do clouds form stars’? |

How do stars return enrlched materlal back to the
~ Galaxy? ' N -

tithe evolution of

. * 4 B = 7
We need a new tool to explore the cosmos — to see the }‘
universe in a different (far infrared) light S Y

1 ~



These questions can be well studied In
the far-infrared...

warm neutral
and ionized gas/ 158 um [C”]

158 um [CII] 205 um [NII]
formation of
cold HI clouds K disruption of
molecular clouds - 158 um [C||]
> a 370 um [CI]
158 um [CII] *
370um [CI]
- S
visible light
oot A s,
- - 370 um [CI] and CO
star formation 205 um [NII]

Large-scale THz imaging and spectroscopy of carbon,
nitrogen & oxygen is needed to observe the full life cycle!



Established THz
Observing Sites...

Mauna Kea
4100m elevation : i
Median PWV: 1.5mm « & & 88ee

Chajnantor Plain (ALMA site)
5000m elevation

=




Transmission

0.5

... are simply not good enough.

We need to go higher, drier, and colder...

370 um 205 um 158 um [CII]

200

CO 7-6 [NII] 145 um [OI]
[Cl]
\/ \/ \/
Chajnantor
Mauna Kea
TN T, W .
1000 2000

GHz

2000



(Sub)orbital Platforms for THz Astronomy
Expensive, w/ limited access and observing time
Herschel (2009-2013)

..~ *.. 3.5m aperture at L2
0 $120,000 / hr

SOFIA (2010-2020+)
2.5m aperture at 12 km
$100,000 / hr...

...if it can fly 1000 hr/yr

Long duration balloons
1m aperture at 35 km
$15-25,000 / hr

14-30 day missions




Atlantic Ocean : Indian Ocean

Ridge A

Antarctica’'s role
as a pivetal THz
platierm

et

s 1

re altitude
 Submillimeter (< 1 THz) observing-conditions all of the time
. » Super-THz (>1.5 THz) observing conditions 25% of the-time
1« By far the best THz transmission and stability on Earth
* You can land a Twin Otter aircraft at Ridge A
"¢ ~$100 / hr observing time!
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High Elevation Antarctic Terahertz (HEAT) telescope
prototype telescope deployed in 2012 to Ridge A with PLATO-R




HEAT is...

... a 62 cm off-axis telescope

s . ...with cryogenic
2 Pt e __ . heterodyne receivers
Vol X T TR 1 in the far-infrared
A W W (150-600 um)

...performing a focused spectroscopic
survey of the Milky Way in its most
Important THz lines of carbon, nitrogen == 50 w2, 204 B2




HEAT is a complete THz telescope... in a box

rotating 60x85cm
flat primary mirror

elevation
drive &
encoders

polarization
grid diplexer i
Y

1900 GHz
receiver

24 vDC 810 GHz

bus power receiver
>

power & *

PLATO-R ethernet

distribution

IF processor

cat5 ethernet & total IF power detector

>

A

drive &
enclosure
heaters

A

1

digital FFT spectrometer

embedded ARM
control computer




Crucial features...

First autonomous cryogenic (50K) receivers on the
plateau, or anywhere! Receivers achieve good
sensitivity with only 80W DC power

First digital wideband FFT spectrometers (up to 3
GHz, 30W typical). 5 GHz in design.

A complete THz observatory for <200 watts!
Autonomous data pipeline over Iridium.

Publicly available data with no proprietary period.
Builds technological readiness for future spaceflight
hardware (cryocoolers, microwave synthesizers,

amplifiers, detectors, optomechanics & control
systems)




The Ridge A site is truly exceptional!
(daily averages so far in 2014)

l Good for ~1 THz

Good for 1.5 THz
75% of winter)
1 1 | 11 1 1 | 1 1 1 | | 11 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1

20 40 60 80 100
2014 day number




And far better than Atacama...

APEXI/ALMA (Chile)
Ridge A - 2014

20 40 60 80 100 120 140 160 180
2014 day number




Zooming into July 2014, so far...

T T T T T T T T T T T T T LT T T T TT1]
APEX/ALMA (Chile) 2014
Ridge A - 2014

Best day in 2014 Worst day in July

<0.2 mm for 12 hours >0.2 mm for 12 hours
s—0

]
|
...___'-

' ——o—,
1 | 1 1 1 1 | 1 {— 1

196 198 200

2014 day number




Rescaling to Ridge A: Clear, dry & stable!

High transparency, low sky noise, ideal for mapping and interferometry

7 days straight
<0.1 mm

T
T /J'_"\T

[ ] T -
T T/ lhi :

0 I 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | | I I I 11 1 I 1 1 1 | I I I
182 184 186 188 190 192 194 196

2014 day number




Yes! New atmospheric windows open over Ridge A

Ridge A, best 25%
Ridge A, median

Chajnantor, median
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GL 4182
CO J=13-12
1497 GHz

-80 —40

—-B60
Velocity (km/s)

— (N

GL 4176
CO J=13-12
1497 GHz

< > eelocity {(km/ 5540




High resolution (heterodyne) spectroscopy turns ordinary
2D maps of the sky into a 3D map of the Galaxy...

v 75000W o




High resolution (heterodyne) spectroscopy turns ordinary
2D maps of the sky into a 3D map of the Galaxy...

Valume
Var: Cl

R

g 05 10 18 20

Integrated intensity of HEAT '"‘a_ n—
atomic carbon line emission at
809 GHz over ~1 square degree. -

Analogous to numerous infrared
continuum surveys (Spitzer
MIPSGAL, Herschel HIGAL,
2MASS extinction mapping, etc.)

G

LAT

clouds along a line of sight?

How to disentangle the many . \ '
- \




High resolution (heterodyne) spectroscopy turns ordinary
2D maps of the sky into a 3D map of the Galaxy...

Volume

Var. Cl With the data cube viewed in velocity space,

spiral arms are immediately visible and structure
00 05 10 15 20 along the line of sight disentangled.

Galactic

latitude . J
L]

IrFI

velocity

Gl AT



Atomic carbon is actually
more extended than CO
emission.

Much of the Galactic H2 1S

faint or absent in CO but is
recovered in [CI] and [CII].

Volume
Var 13C0

Volume
Var: Cl

Volume
Var: H

— P——
0 25 60 75 100

13CO 1-0
00 05 1.0 1.5 20 Mopra
e - —- i=\"
v
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[CI] 2-1
00 05 10 15 20 HEAT
:1._ -
L :
L e
— HI
Parkes/ATCA
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First Science Results

For 40 years, astronomers have used mm-wave CO emission to determine the
properties of star forming clouds. HEAT shows that much of the elemental
carbon in dark clouds is actually atomic carbon. There is maybe 50%
more star forming gas in the Galaxy than previously thought!

Implications:

- Clouds are fractal, filamentary, complex in structure, letting UV light
permeate and keeping more of the cloud's carbon atomic (but hydrogen
molecular).

- 30 to 50% of molecular gas is bound up in translucent clouds that have been
completely missed in CO surveys.

- We may be observing the formation of molecular clouds for the first time.
Newly formed molecular clouds haven't had time to form CO yet... and are
seen best in atomic (and ionized) carbon.

- Atomic and ionized carbon will be even more crucial in metal-poor star
forming gas — HEAT's observations of the LMC can be used as a template to
explore how the very first stars and galaxies formed.

Much more to come!
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AI I S Ite-testl n g an d 5] The High Elevation Antarctic Teraherz (HEAT) telescope on Ridge A - Nightly x
File Edit Wiew History Bookmarks Tools Help
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period. We want o O
eve ryo n e tO u Se It! Home The Site The Science The Hardware Data Releases Live! from Ridge A Contact Us

Exploring the Life Cycle of Galactic Matter from the HEAT and PLATOR at Ridge A

Bottom of the World
Data Release 1 Antarctica's newest far-infrared cbservatory is now in operation at Ridge A, the
- - highest, driest, calimest place on the ice plateau. Established in a collaboration
DR1 IS aval Iable between the University of Arizona (US) and the University of New South Wales
(Australia) the exceptional site is dedicated to international astronomical exploration.
Building on the legacy of the AST/RO and Herschel observatories, the 60 cm HEAT

and D R2 Wi II arrive telescope is constructing spectroscopic maps of the Milky Way in frequency bands

from 0.5 to 2 THz (600 to 150 microns wavelength), where the extremely cold and

' dry conditions of the Antarctic plateau provide an exceptionally clear view. The HEAT
by end Of JUIy. telescope is exploring star forming regions, some of the most important yet
enigmatic regions in our Galaxy, and aims to solve the mystery of how interstellar
clouds are formed and evolve. The maps that HEAT constructs provide broad
context (essentially "finding charts") for large facilities like ALMA, CCAT, and SOFIA
and represent some of the newest, most comprehensive views of interstellar matter Cliclk for a larger image

8 Sq uare deg rees Of in our Milly Way Galaxy. Learn more...

A Robotic Observatory at the Coldest Place on Earth

the Galaxy so far e |
] The HEAT telescope is combined with the Australian PLATeau Observatory

(PLATO-R), | t "spacecraft bus", f hich HEAT deri d i
l, analogous to a "spacecraft bus", from whic erives power an S MatEbR e U= Brakel e B Tk

pl u S strl p map Of communications. The combination of HEAT and PLATO-R were first installed at Ridge forl e firse e In 2013E Frecintable

A in January 2012: they comprise a robotic observatory that bears closest

resemblence to a satellite observatory: it must operate in a remote, extreme R veRon reached a new low of
the LMC environment without direct human contact for a year at a time. A cube of solar Gl 2w, ol el gt

panels provide up to 1 kilowatt of power during the summer, and two small diesel betwleen IR S A § HERRE

generators provide redundant power during the long winter night. Two Iridium e e

modems using USAP DoD SIM cards provide 24/7 contact with PLATO-R and HEAT

o

21 February: 3 days without a breath

and allow uplinking of commands and downloading of instrument telemetry and of air! Watching the SCAR flag makes for
Da’ta releases 1_2 science data. Learn more... a boring pasttime. PLATO-R's image from
16h UTC on 20 February shows that a
. Ridge A: Where the Stratosphere Goes all the way to the Ground more lunar landscape would be hard to
t“ I IeS per year for the The Ridge A site was selected from satellite data to be the best location for an find...
sctrannmical nheanmtan: an the Antarctic nlatasii and indead srmauhars an Earth E

life of th ject. -
e orihe projec http://soral.as.arizona.edu/heat/



~* HEAT and PLATO-R are deployed to Ridge A and are delivering
excellent data. DR1 was May 2014, DR2 in July 2014!

* PLATO is revolutlomzmg S&Entlflc Ca‘Dablll’[leS on theshi hit
Plateau (R o4 IEHES
* The next major servicing mission to Ridge A should increase e
again the complement of HEAT receivers, throughput, and
- high frequencies £
* 2015-16: First [Cll] spectra from the ground, with the first =
autonomous helium temperature (4K) receivers? R
J b
* 2017-: Deploy both HEAT telescopes as a THz i
. interferometer... %
3 EXCItlng tlmes ahead — stay tuned! <
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