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ALMA has three roots

e Started more than 30 years ago

—LMSA (Japan, 1983-) 10-m x 50 antennas at a high
altitude site in Chile, submillimeter wave

—MMA (USA, 1983-) 8-m x 40 antennas at Hawaii,
millimeter wave

—LSA (ESO, 1991-) 15-m x 50 antennas at medium
altitude site in Chile, millimeter wave






2002
2003
2004
2007
2008
2009
2009
2011
2013
2014

Construction of ALMA

North America and ESO part funded
Groundbreaking

Japanese part funded

First antenna at the 2900 m site
First receiver at the 2900 m site
First antenna at the 5000 m site
First fringe between two antennas
Early science operation started
Inauguration

66t antenna at the 5000 m site
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# Atacama CompaCh rray

(Morltamy)

Japan contributes 25%

The Atacama Compact Array (ACA) Receiver cartridges installed in all ALMA
System antennas (three bands at wavelengths 2mm,
* Four 12—m and twelve 7—-m precision 0.6mm, and 0.35mm)

antennas
* ACA correlator (ultra—high speed Computing software (joint development)

computer)
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Receiver Bands

RF range IF output L /71-'3?)(% - Responsibility

1 31.3 - 45 GHz USB 4-12 GHz x 2 17 / 28 K EARF &
2 67 - 90 GHz LSB 4-12 GHz x 2 30 / 50 K -

3 84 - 116 GHz 2SB 4-8GHz x 4 37/ 62K NA, NRC
4 125 - 163 GHz 2SB 4-8GHz x 4 51 / 82K JP, NAOJ
5 163 - 211 GHz 2SB 4-8GHz x 4 65 / 108 K EUEZEH
6 211 - 275 GHz 2SB 4-8GHz x 4 83 / 138 K NA, NRAO
7 275 - 370 GHz 2SB 4-8GHz x 4 147 / 221 K EU, IRAM
8 385 - 500 GHz 2SB 4-8GHz x 4 196 / 292 K JP, NAOJ
9 602 — 720 GHz DSB 4-12 GHz x 2 175 / 263 K EU, NOVA
10 787 - 950 GHz DSB 4-12 GHz X 2 230 / 344 K JP, NAOJ




atmospheric transmission
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Atmospheric transmission at Chajnantor, pwv = 0.5 mm
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ALMA Receiver Frontend




Receiver cold cartridges

Band 4 Band 8 Band 10
125 - 163 GHz 385 - 500 GHz 787 — 950 GHz
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Current Status of the
Band4 Cartridge Development

S. Asayama

05-April-2005



Band 4 Cartridge

Sub ref

Ellipsoidal mirro
Plane mirror

< Corrugated horn

Receiver optics

OMT

A

_ < 2SB mixer unit

IF hybrid

Isolator
HEMT Amp

{ Hel-
[ Hel-
[ Hel-

A

{ Hel

“ IF Output

«— LO system
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Band 4 cartridge Specifications

Irx Requirement

TSSB

over 80% of the frequency range Tz at any frequency within the RF band

51

85

eTwo linear orthogonal polarizations

eMax. cross-polarization-20dB

oSidebands 2SB

o|F

bandwidth

(10dB image band suppression)

» 4GHz 2SB,upper and lower sideband




D-band VNA (Agilent Technologies)

Freq: 110-170GHz
Dynamic range: >80dB
| Full-2port measurment




Beam Pattern Measurement System

E8362B
Performance Network
Analyzer (10MHz ~20GHz)

OO L0:11.0~17.0(x 10) Model 200V-3x 3
PC | Dynamic Range 65dB Pol stage , Z stage "
>~ oOog
ooQ
| O O Z
GPIB - - AUT Plobe
| 0, € IF/LO — Pol
Control ! o

I L0111.(_)~17.0(x10)
NS| Controller Dynamic Range 65dB

A

RF/LO/IF
RF:9.1~14. 2GHz( x 12)
TRIGGER L0:11.0~17.0(x 10)

Motor control(X,Y,POL,Z)—‘—/

Control—{ Antenna range controller

NS| Beam Pattern
measurement system
with Agilent VNA




Band4 Corrugated Horn Measurements Results

(Main Beam)

BAcorr (916_D24L10D
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Cross-sectional view of the machined corrugated horn.
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Band4 OMT Measurements Results

Power Combiner

Double Ridge OMT Junction

Waveguide Transition
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Band 4 Integrated 2SB mixer

Mixer
LO coupler backshort cap

RF blanch N

line coupler 4 | v,

Mixer
backshort cap



Preliminarily Results of the 2SB Mixer
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ALMA — need for development

e Current ALMA = technology around 2000
—Basic design architecture in 1998 — 2003

—Example: Receiver frontend
» 2003 —first version of specifications
e 2005 — Preliminary Design Review (PDR)
* 2008 —first frontend at the site
* 2010 — Critical Design Review (CDR)
* 2013 — front end delivery complete



ALMA development pathways

e Alist of 84 items

—Based on scientific discussion (ALMA Science
Advisory Committee, Project Scientists)
* Sensitivity
* Resolution
* Field of view
 Spectral coverage/Simultaneous frequency coverage
* Imaging quality and calibration
* Flexibility/Usability/Reliability and efficiency



Priorities for EA

« Studies & Small Projects
— ALMA Calibration Source
« Calibration at bands 3,6,7

— High Critical Current Density (Jc) SIS Junction Device
Development (including THz devices)

— GPU Spectrometer for TP array (with KASI)
» Supplements the ACA correlator
* Projects

— Band 1 project (lead: ASIAA, Collaboration: NAOJ, U of Chile,
NRAO, HIA)

« Baseline capability (35-50GHz)
« ASTE development project (but extendable to ALMA)
— Multi-beam receiver (with KASI)
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(configuration control, change control)



