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ALMA Phase 1

* Project definition, preliminary design and
development conducted under MoUs
— North America (1998-2001)
— Europe (1999-2002)

» Each partner has contracted for

development of a prototype 12-meter
antenna
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ALMA Project

VertexRSI Alcatel/EIE
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ALMA Phase 2

ALMA Project

* Detailed design, construction and operation under
an international Agreement

 Bilateral Phase 2 started in 2002
— US Phase 2 funding approved in Nov 2001
— ESO Phase 2 funding approved 1n Jul 2002

— ESO-Spain Agreement signed in Jan 2003
— ESO-NSF Bilateral Agreement signed in Feb 2003

* Construction 1s scheduled to be completed by end
of 2011
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ALMA Phase 2

ALMA Project

» Each partner appoints an Executive to carry
out the tasks required to construct ALMA

— European Southern Observatory (ESO) for
Europe

— National Radio Astronomy Observatory/
Associated Universities Inc. (NRAO/AUI) for
North America
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ALMA Project

« Q42002

« Q42003

« Q12005
array site

« Q22005

« Q22005
for installation

« Q42005

« Q42005

« Q32007

« Q42011

« Q12012

Level - 1 ALMA Milestones

Start prototype antenna evaluation at ATF
(done, Q1 2003)

Begin civil works in Chile
Central back end system ready to install at

Initial phase of civil works in Chile complete
First antenna-based back end system ready

First production antenna available at OSF
First front end system available at OSF
Start initial science operations
Construction complete

Start full operations
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ALMA European Organization

European

Southern Observatory ALMA European
Chile Office
Director General
C. Cesarsky D. Hofstadt
ALMA Project EAB
P. van der Kruit/Council
ESAC European Scientific European ALMA C. Cesarsky/ESO DG
C. Waelkens/Belgium Advisory Committee(ESAC) Board (EAB) M. Steinacher/FC Chair
P. Naselsky/Denmark C. Waelkens/Belgium
P. Cox/France Chair Chair H. Jorgensen/Denmark
P. Schilke/Germany E.van Dishoeck/Leiden WBS 1.0 ALMA R. Wade L. Vigroux/France
L. Testi/ltaly European Project Officel T. Henning/Germany
E.van Dishoeck/Netherlands G. Tofani/ltaly
J. Yun/Portugal Project Manager E. van Dishoeck/Netherl.
S. Aalto-Bergman/Sweden R. Kurz/ESO T. Lago/Portugal
A. Benz/Switzerland Project Administrator R. Booth/Sweden
R. Bachiller/Spain J-L. Beckers/ESO S. Lilly/Switzerland
J. Richer/lUK Contracts & Procurement R. Wade/UK
R. Hills/STC Liaison R. Fischer/ESO J. Cernicharo/Spain
WBS 2.0 WBS 3.0 WBS 4.0 WBS 5.0 WBS 6.0 WBS 7.0 WBS 8.0 WBS 9.0
Site Development Antenna Subsystem| | Front End Subsysten| Back End Subsysten] Correlator Computing System Engineering Science
& Integration
J. Eschwey/ESO S. Stanghellini/ESO G.H. Tan/ESO A. Baudry/Bordeaux A. Baudry/Bordeaux G. Raffi/ESO C. Haupt/ESO E.van Dishoeck/Leide,
ESO Prototype Antenna Cryostat Digitizer 2nd Generation ESO System Engineering IRAM
ESO RAL Bordeaux Correlator IRAM ESO MRAO
Transporter Optics, Windows, and IRAM ASTRON MPIfR Antenna Evaluation MPIfR
ESO Calibration Hardware Arcetri Bordeaux UKATC ESO Onsala
IRAM/MRAO Sampler Clock IRAM Jodrell Bank IRAM LERMA
Band 7 IRAM Arcetri IEM-CSIS Lund Arcetri
IRAM/Onsala Data Transmission LERMA IEM IEM
Band 9 Jodrell Bank ESO
NOVA/SRON Photonic LO

Water Vapor Radiometer

MRAO/Onsala

RAL/Univ. of Kent

MPIfR/Univ. of Duisburg
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Dlstrlbutlon of ALMA Phase 2
Responsibilities

e, .,_ﬁ-—..,_h=

« Work Breakdown Structure detfines all tasks

» Estimated cost, including a contingency
based on risk, and schedule agreed for all
tasks

 Distribution of task responsibilities
negotiated that balances cost, risk, and
interests of the partners
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Work Breakdown Structure

ALMA Project

* Management and » Correlator
Administration o« Computing &

» Site Development Software

* Antenna * System Engineering &

 Front-end Electronics Integration

e Back-end Electronics * Science

Italics indicate areas in which ALMA expects to contract with industry
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ALMA Contracting

e o mg-_,“‘"‘
ALMA Project

« ALMA contracts will be awarded and
administered by the responsible Executive

(ESO or NRAO)
« The ALMA Agreement states:

— The Executives shall, to the maximum extent practicable,
make awards on the basis of competitive international tender
in a manner which shall enable competitive bidding by
companies within the respective partner’s countries on terms
which are not selectively to the disadvantage of the
companies of any of those countries.

Porto, 16 June 2003 ALMA Project Presentation



ALMA Contracting

* Development activities will continue
through 2002 and 2003

— Most development work done by “academic™
institutions with limited opportunities for
industrial participation

* Series production contracts

— Tendering 1n the 2004 timeframe
— Deliveries spread from 2005 through 2011
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Negotiations with Chile

ALMA Project

* Top — Level Requirements:

* permissions for AUI and ESO to build/operate
ALMA;

* long-term (50-year) access to the ALMA site;

» sale of land to ESO and AUI for an operations
base at 2800m elevation — the Operations Support
Facility;

« an approved Environmental Impact Statement.
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Site Development

ALMA Project

e Construction of facilities in Chile

— Open to international competition - expect
strong participation by Chilean industry

* Infrastructure
— Electrical power generation and distribution

— High data rate (>10 Gbps) communications
links within and between ALMA sites in Chile
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Antenna Operation Site
Technical Building Concept

——

ALMA Project
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(AOS)

Antenna
Operations Site

40 MB/s
(peak)

Operation
Support
Facility (OSF)

6 MB/s
(average

ALMA Sites in Chile

Santiago Central
Office (SCO)
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Antennas

» Series production of 64 12-meter antennas
— CFRP structures

— Steel structures

— Antenna components - bearings, encoders,
cable wraps, equipment racks, air conditioning

— Azimuth and elevation drive systems

— Antenna control system

» Antenna transporter vehicles
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Antennas

* Production antenna design will be based on
the results of the prototype antenna
evaluation

— Alcatel Space/EIE consortium (Europe)
— VertexRSI (North America)

* Production antenna Call for Tenders should
be released in Oct 2003
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= 5 &5
ALMA Project

Vertex

antenna

at VLA
site +
nutator
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AEC prototype antenna
components
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* Development of concept based
on existing industrial vehicle.

« Advantages of this concept:
- Relatively low mass

- Modularity based on
existing subassemblies
(tractor)

- Acceptable road width

- Not necessary to drive on
foundation
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* Diameter ~ 1 m * 10 Cartridges plugged from bottom
* External optics top of dewar * Each cartridge contains one frequency
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Front End
Subsystem
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L~

o ——[ww

. : .
Chassis & Cal & widgets
IF switch Bias
& control Cartridge 1
Cryogenics
bias \ _.
electronics monitoring eryocooler Cartridge n
monitor & d
control CWal —— \windows
radiation / \\
thermal
shields

IR filters

sel

vacuum |inks



Band n

Cartridge
mechanical cables etc
/S truc{ure cold IF amps
tube  mounting cold optics electronics

: / T~ bias
mixers . LO )
blocks . \
mirrors

horns LO drivers

SIS
junctions /magne\ts cold LO multipliers

wire poleshoes



‘ Back End & Correlator

ALMA Project

» High speed digitizer
— 3-bit, 4 Gsamples/s

— Associated 4 Ghz sampler clock and demultiplexer

 IF digital data transmission system
— 120 Gbps fiber optic link from each antenna

e 2nd Generation Correlator

— Design and development of higher efficiency, higher
spectral resolution correlator for future implementation
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ALMA Baseline Correlator
Computer Systems

VME Correlator
Control Computer
(CCC) PowerPC

64

Antennas

Correlator
Computer
Architecture

CAN
Busses (8)

~32 CAN nodes
per Quadrant

I

o o s

Beowulf Master

* Network Bridge
TCP/IP to Archive
Real-time Linux
Dual CPU
1+ GB RAM

Internal CCC-CDP CORBA

Corr. Quadrant
#1
LTA & Station
Controllers

Corr. Quadrant
#2
LTA & Station
Controllers

Corr. Quadrant
#3
LTA & Station
Controllers

Corr. Quadrant

I > #4

LTA & Station
Controllers

Ethernet

Ethernet

Science & Monitor Array Control
Computer (ACC)

Data Archive

Beowulf Data Processing Computer

(CDP)

Each compute node:

Dual CPU Athlon 2.4+ GHz
66 MHz PCI

25 MHz 32-bit data port
Gigabit Ethernet

Real-time Linux

Diskless 512 MB RAM

Note: Beowulf network

switches TBD

March 4, 2003
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Computing

ALMA Project

« ALMA Computing works as one group across
USA and Europe ( 50/50%)

* Work done in Phasel includes:
— Science Software Requirements (SSR)
— High-Level Analysis and Architecture Design (A&D)
— Software Engineering Practices (SE)

— ALMA Common Software (ACS) - Java and CORBA-
based framework for all ALMA software
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Antenna Based Systems
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Computing

:_.."\.___ O g
Rl - A

* European responsibilities in Construction phase
— @Global activities: SSR, A&D, SE, ACS

— Subsystems: Archiving, Telescope Calibration, Off-line
User Interface, Executive software, Proposal
Preparation

 ALMA Institutions involved with Computing in

Europe: ESO, IRAM, IEM-CSIC, MPIfR, LERMA,
ATC, JBO...

* Industry can play a role 1n software embedded 1n
other subsystems - antennas, front ends...
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Executive

h. Store adminldata d. Nptify A
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Software v
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ALMA Common Software

[E [

Primary functional paths Additional functions ALMA software subsystem  external agent
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Japanese Participation
in ALMA

ALMA Project

Japan is likely to join ALMA starting April 1, 2004 (on
a < 1/3 basis).

Enhancements being discussed:

« ALMA Compact Array = (12) 7m + (4) 12m antennas in a
closely packed configuration to provide sensitivity to diffuse
sources and enhanced submm capability;

» Additional receiver bands = Band 4 (125-163 GHz ), Band
8 (385-500 GHz ), and Band 10 (787-950 GHz );

* Share of infrastructure.
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