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ALMA Signal Path

Correlator
Array Operations Site (AOS)

Upto 16km

of optical fiber Operations Support Facility (OSF)

Analog signal | Digital signal Credit: ALMA (ESO/NAOJ/NRAO)



ALMA Recelver Bands

ALMA
Band

10

Wavelength
coverage (mm)

6-8.6

2.6-4.5

2.6-3.6

1.8-2.4

1.4-1.8

1.1-1.4

0.8-1.1

0.6-0.8

0.4-0.5

0.3-0.4

Noise Temperature (K)
Specification

32

47

82

105

136

219

292

261

344

Frequency
(GH2)

35 - 50

67 -116

84 -116

125 -163

163 - 211

211 =275

275-373

385 - 500

602 - 720

787 — 950

Produced by

ASIAA (Taiwan) / NAOJ (Japan)

0S0 (Sweden) / NOVA (Netherlands) /
INAF (Italy) / NAOJ (Japan)

HIA (Canada)

NAOJ (Japan)

0S0 (Sweden) / NOVA (Netherlands)

NRAO (US)

IRAM (France)

NAOJ (Japan)

NOVA (Netherlands)

NAOJ (Japan)

Receiver
Technology

HEMT

HEMT

SIS

SIS

SIS

SIS

SIS

SIS

SIS

SIS

light

2021

2023

2009

2013

2016

2009

2009

2013

2011

2012



My advisor (Adam Ginsburg) @ ALMA
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San Pedro de Atacama

Operations Support Facilities
OSF

1
_Nakel

Credit: ALMA (ESO/NAOJ/NRAO)
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ALMA Proposal Process

* 10% of observing time allocated to Chile

 90% for partners accd. to financial support
North America, Europe, East Asia

 "Open Skies" time: any affiliation
* Annual call for proposals (Cycle 11: April 25
* Distributed peer review process helps prevent bias

 Astronomers don't usually visit to take data

» Calibrated data products delivered to users,
so no need to hand-flag data :'-

ALMA CYCLE ||

The Joint ALMA Observatory UAD) will start Cycle 11 observations in October 2024, A Call for Proposals with detailed information on Cycle 11 was isswed on March 21 and the deadline
for proposal submission is April 25, 2024, at 15:00 UT,

GENERAL INFORMATION

ALMA Tyede 11 waill start in O taber 2024 and will span 12 moeths, The JAG anticipates bavirg 4,300 o oo approved soence abscevations oo e 1200 Aaray aned 3,300 hours oo Hhe Alecanse
Conr pact Array |ACA), aleo known a5 the Morita Array. Antenna confiqurations C-1 to U-10 (uith maxirum caselings between 016 and 16 2 keng w il be offered curning this cpcke Dbservations that
A particubdy encoumoed nclisde: ACA, expecially a the Lacal Sidered Time 1L ST mnge of Ah ta 106; High Fequency (Bands 8, %2, and 101 in any configu ation, Low freauency (Bands 1, 3,and
a4) A long basalines (C-7, C-8, &9, and C-10).

KEY DATES
25 April 2024 August 2024
P U SSOn Ged R0 CONn. (e 10 Bl
224 2055

21 March 2024 1 October 2024 30 September 2025
Rodaxaz of the ALIY. Oocie 11 S for Fropesals Sy of Cucde | slervasors el
37d Chardrg ool inc onening of ®earchiac o0 Mg T3 anity
srom ol subrizien

PROPOSAL TYPES
o Tha propocal Types in Cyela 11 wi | e the same 35 in Cycle 10, Frincipal Investgator:s subm 11ing a proposal 1o ALMA for Very Long Baseline Intecferometny (VLA aosenvatons in ALMA
hands 1 or 4 made in conaert with the Glebhal reeme V1AL Srray (GMVY) 2t 2am and 3 mm mnst 3 5o hawe submittad & amposal to the GRIVA netwark by 31 linvary 2024,
=Inthe main 12-m Array, antenna conhgurations C-1 to C-70, with maximum basalires beraeen 0.5 and 162 km, will be offered.
« Laree Frogram proposals can be suzmmetad for o sabset of ckaerving modes Gee the Coll Tur Proposal formore details).

= oy Proposals can he submimad including requasts ar FSONVT T, NRAOWT A and IWST

TECHNICAL CAPABILITIES

The anticipated Cyce 11 capabilitisy are: The ‘ol cwing technical capabilities will be available this Crcle for the st dme:

Number of antennas s Fur | polanization in Band 1 o0 the 12 m Ay, | he polanization accaracy and copability will
_ ‘ b the same as o Banes 47,
AL l2ast 43 antennay wll 2e available e the 12-m Anay.
) : : = Band 7 an the 7-m Array for Stokes | ondy (no Stokes SAJN).
=Mt l2ast ton S-m antennas far short Baselines) and theee 12-m antennas (for singla-disn
magsh will e svailablein v ACA. » Hgh-lrequenicy and long-baseline oboervations w 15 Band 9 in C-10cenhgaretion. end

Bano 10In confguradon: of C9and L0,
Receiver bands ' : B
_' _ » Axd-sit gpecira made an the 7-m Aray (Woal podarzation]. The 4x4 meade s availabbe for
= Recelver Bands 1,3,4,5,6,7,3,9 ard 1C lwavelengths of atout 7, 3.1, 2.1, 7.6, 13,087, the J-m &nay and allovs spectral setups that ara fully compatible with those of tha 12-m

(.74, 0.44 and 035 . recpactivaly). heray.
12-m Array Confiqurations = Alse, thare are ro longar thre caps exceps for the S0 hour lim it on Phasad Array, tha LP
caps, and COT caps

« Maximum basalines f2- the antanna canfguratizns #ill vary frem 016 km o 162 km.

NEW IN CYCLE Il

The fallowing technical capabilities will e available this Cycle for tha firss time:

e
v

T I

Aand | Polarization an 12-m High-Frequendies on Lora Besedinegs Rand 1an 7-m

THE PROPOSAL REVIEW PROCESS

« Al propasals requesting fewer than 50 hoursan the 1 24m Amay, and &CA stand-alcre » Large Programs will be reviewad by 3 panal of axperts
proposalt rsqusdting feaes than 150 haurs on the 7-m Arcay w ll be reviewed teaugh

the distributed PeEr review SysTam, » AICYyCE] :(cposals wilk be rev awad (hfou; h a dual-2 nchymous pt’oced.l"e.
O | AU
mma | Y weeaide WO



ALMA and
Star Formation

* Optical telescopes can't see areas of
star formation due to dust

 See Milky Way dust lanes (dark)

* |R telescopes can see light from young
protostars...

e ...but only mm/sub-mm telescopes
can observe collapsing cores (before
stellar ignition)

* [nterferometers specifically give us ang. res.

ALMA REVEALS THE
BIRTH OF PLANETS

The Young Star HL Tauri and its Protoplanetary Di§\!sm

)

Credit: ALMA (NRAO/ESO/NAOJ); NRAO/AUI/NSF,
C. Brogan, B. Saxton, J. Hellerman
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Break for questions about ALMA?



Defining some acronyms

w

e Star formation = SF

» Galactic Center = GC: the inner part of the Milky Way

 Central Molecular Zone = CMZ: molecular material within R, ~ X00 pc
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ic Center star formation
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N

CMZ

Extragalactic
CMZs
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Star formation, log10(SFR/Mgyr—1)

Kennicutt (1998) R e
Bigiel et al. (2008) Lot O Lada et al. (2012)
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Galactic Center star formation
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G0.253+0.016

The Brick

Walker+2021 -

$
4 t i
| - ' " Non-thermal
5 . 1 SR 0.940.1 0 .-t".".""‘ fil t
_- i MeerKAT+GBT » e /AT &?Fe:)s
] _ Supernova B o A £ | | . )
remnants k b
- = (SNRs) ——¥
V]
. T
2 pc 2
T 35
o
ALMA 3mm dust continuum 8 &
- . - T O
Spitzer 8 pym emission S e
] . . . . 0.0° -0.3°
Herschel dust column density Galactic Longitude

Henshaw+2023



The Brick
Line Survey

(3L.5
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 \Which spectral lines
trace what physical
processes In the
Galactic Center?

TRy B P

Declination

 ALMA Bands 3, 4, 6
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» 1" angular res.,

~0.25 K sensitivity
in 1 km/s channel S
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ALMA

17h46™158 108

Right ascension




Rathborne+2015 and
Walker+2021 >

The Brick it
Line Survey

 \Which spectral lines
trace what physical
processes Iin the
Galactic Center?

e ALMA Bands 3, 4, 6

« 1" angular res.,
~0.25 K sensitivity
in 1 km/s channel

« LAS=5"-10"




3%

* S I f .
ALMA Cycle 11 molecules in missing *

%

Proposal bandwidth \Q

. N
Cover larger angular ALMA

* Subm. in ALMA Cycles 8, 85, 9, 10, 11 scales with ACA/TP

Covered and Proposed Spectral Range
X

o .08 ALMA N ALMA ALMA ALMA ALMA 7 12m only

o Band 1 Band 4 Band 5 Band 6 Band<7 1 ACA/TP only
_(% 0.06- K Xl 12m + ACA/TP
],

— 0.04 )
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=

50 100 150 200 250 300 350
Center frequency [GHZ]




Methanol Dasar in The Brick
Bulatek et al. 2023, ApdJ, 956, 2

 Population inversion: excess population of molecules in
upper energy state

* A photon knocks a molecule out of the upper state

 Needs source of coherent amplification

 DASAR = Dark "Amplification" by "Stimulated"
Absorption of Radiation

 Pump drives molecules into lower energy state, that then
absorb photons
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CHgOH 31 — 40 A+ at 107 GHz

—28°41'40"

Methanol Dasar in The Brick
Bulatek et al. 2023, ApdJ, 956, 2

Declination

Integrated intensity [Kkms™!]

36 GHz CH30H 4_; — 3¢ maser flux [mJy]

« If the pump gets 7, cold enough, the molecule
could even absorb the CMB!

42/00"

Declination

Integrated intensity [Kkms™!]
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Declination

Planck Collaboration
accessed via IRSA 1763 120 118 100 09°  08°

Right ascension




a —05TK <«Tp < =003 K - g
== Tp=—-0.016 K _0255
—= Tg=-0117TK 5
Methanol Dasar 3
- - 06 5
In The Brick 1
- - 0.0 —«48%
Bulatek et al. 2023, ApJ, 956, 2 el Tmtmmeeeemeemn I
107 |
_ . — 101" 2.73
* Modeled physical conditions of =
dasing using non-LTE modeling E 236 &
< 101 =
- 1.99 =
» Evaluated the use of this line for o H 2
detecting/measuring dasing regions 2 10 1k
In high-redshift galaxies : 125 5
, 3 113 I I
« Preference for edge-on spirals -0 o
. 101 2 100
* The ngVLA will be able to observe —‘ N
this line (and others) in starburst 1015 - B

galaxies up to at least z = 5

' :\\\m | 0.1
» Poster at New Eyes on the Universe: 101 \
SKA and ngVLA in Vancouver, Canada ™~~~ 0.01

Optical depth, 7

0.01

Gway2023) .<4<Tf 0.001

10* 10° 10° 10° 107

Density, ng, [em™

101:5
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The ALMA CMZ Exploration Survey .

ACES O
O
ALMA
The Brick k
j ,. «; HNCO peak intensity
£ N
s 3 "‘:t‘\

" 2
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Mosaic made by Dan Walker
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Green Bank Telescop

Recelver turret

RAO/AUI/NSF




MUSTANG-2

Credit: GBT documentation



Thank you!

Image credits appear next to images;
all uncredited images were either made
by me or are in the public domain.

B abulatek@ufl.edu
abulatek.github.l

WE'RE MOVING TO 89

LS “Moving Day,” March 29th, (we
go from 870 1o 890) has been amply
publicized, to insure no*listener loss™

to advertisers—nor missed service to listeners.

Three full page, two-color advertisements in
Prairic Farmer, totaling more than 1,020,000
circularion, largely in the WLS four-state, Major
Coverage Area, have impressed the new location
on Mid-West farm homes—and merchants. In
addition, on several pages in the March 22 issue
mention was made of the new WLS frequency.

For Chicago listeners a total of eight full-col-
umn ads in the Chicago Times have told the same
story. A full page back coverad in Radio Varieties
spread the news farther, and every daily and
weekly newspaper in the four-state area received

*+

* X o
2 *:#

50,000 WATTS

NBC

AFFILIATE

REPRESENTED B8Y

JOHN BrLair & CompPany

a news story, written from the WLS angle, but
telling the full reallocation story.

15,000 cards explaining the change were dis-
tributed to visitors to the WLS National Barn
Dance and studios. We supplied servicemen with
WLS tabs for push button sets, to assure the sta-
tion being represented on every radio.

WLS and Prairie Farmer are using stickers on
all outgoing mail. And to complete the job of
getung the story to everyone, we are using every
possible moment on the air 1o announce the new
frequency and explain the reasons for the change.

S0, when WLS moves up to 890, we'll have our
same full-size, loyal audience moving right along
with us—for rhey all £now that we're moving. ..

why we're moving . .. and where, too!

The

PRAIRIE
FARMER
STATION



mailto:abulatek@ufl.edu
http://abulatek.github.io

