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(above image)

The radio emission (orange) detected by the NRAO Very Large Array (VLA) is 

synchrotron radiation emitted by electrons moving at nearly the speed of light in a 

fueled by a supermassive black hole at the center of the galaxy NGC 1316 (center, blue-

(cover)

the birth and death of massive stars. This image combines 20 cm radio data from the 

(back cover)

composite image from NASA’s Galaxy Evolution Explorer and the NRAO Very Large 

Array. The Galaxy Evolution Explorer far- and near-ultraviolet data (blue and green, 

to 140,000 light-years from its center. The Very Large Array 21 cm observations (red) 

Caltech/NRAO VLA/MPIA
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The NRAO in the Coming Decade

The research facilities of the National Radio Astronomy Observatory play critical 
roles across all of modern astrophysics. Radio astronomy probes the earliest, 
most intense, and optically obscured phases of planet, star, galaxy, and black hole 

phenomena, and understand the physics and chemistry of extreme environments. 

frequency coverage. 

The Expanded Very Large Array (EVLA) leverages existing NRAO infrastructure to 

least the next decade. 

The Robert C. Byrd Green Bank Telescope has matured into an extremely productive 

array’s unique precision astrometry and high-resolution imaging capabilities. 

and technical concepts for the next generation of research facilities including the 

Gravitational Observatory (NANOGrav), the Precision Array to Probe the Epoch 
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The Atacama Large Millimeter/submillimeter Array (ALMA) 

ALMA is an international astronomy facility, a partnership 

the National Institutes of Natural Sciences (NINS) in 

of Canada (NRC) and the National Science Council of 

The North American ALMA Science Center (NAASC)

The North American ALMA Science Center, based at the NRAO headquarters in Charlottesville, Virginia, supports the science use of ALMA 
by the North American astronomical community, and the research and development for future ALMA upgrades. The NAASC provides a 

KEY SCIENCE

Atacama Large Millimeter/

submillimeter Array (ALMA)
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Band # 3 4 5 6 7 8 9 10

Frequency Range (GHz) 84 - 116 125 - 163 163 - 211 211 - 275 275 - 373 385 - 500 602 - 720

Wavelength Range (mm) 2.40 - 1.84 1.84 - 1.42 0.78 - 0.60 0.50 -0.42 0.38 - 0.32

Early Science Array Completion

 Antennas  16 (12 m) At least 54 x 12m & 12 x 7m

 Bands

5 – 21

 Maximum Angular Resolution 0.02” (  /1 mm)(10 km/max baseline) 0.02” (  /1 mm)(10 km/max baseline)

 Maximum Baseline 250 m (may achieve 500m) 15 km

 Continuum Sensitivity 

 Spectral Line Sensitivity 

RECEIVER BANDS

Far left: A simulation of an 8-hour ALMA 

observation at 345 GHz, showing how 

ALMA will image the gap swept up by 

the proto-planet, the disk surrounding 

the star, and the proto-planet itself.  

Image courtesy S. Wolf, from Wolf & 

D’Angelo (2005) 

Left: An ALMA antenna rides atop a 

transporter to the 5000m elevation 

Array Operations Site in northern Chile.

ALMA TIMELINE

Call for ALMA Early Science Proposals Early 2011
Early Science Proposal Submission Deadline Mid 2011
Begin Early Science Late 2011
66 ALMA Antennas Operational 2013

ALMA on the World Wide Web

NAASC on the World Wide Web
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The Expanded Very Large Array is a radio telescope of unprecedented 
sensitivity, frequency coverage, and imaging capability that is being 

dramatically improved continuum sensitivity. The VLA correlator 

events marked the beginning of EVLA Early Science in March 2010. 

program for the general user community, and a Resident Shared 
Risk Observing program.  Over time, an increasing range of WIDAR 

 

 

 

6 5

 

Expanded Very Large Array (EVLA)
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EVLA MILESTONES

Begin Early Science  Mar 2010

Enhanced capabilities offered for Early Science  Sep 2011

Last EVLA receiver installed  Dec 2012

EVLA on the World Wide Web
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CHARACTERISTICS

SPECIFICATIONS
Parameter VLA EVLA

Continuum sensitivity in 12 hrs. 1

Number of baselines  351  351

+
+

+++

VLA

EVLA

Continuum  Sensitivity

in  12  Hours

100

10

1

R
.M
.S
.  
N
o
is
e
  i
n
  M
ic
ro
J
y

1                                                        10

Frequency  in  GHz

+

The CO(2-1) emission 

from the most distant 

hyper-starburst galaxy 

(AzTEC-3), at z = 5.3, 

about 1 billion years after 

the Big Bang. This EVLA 

data shows the cold gas 

fueling the star formation and indicates more than 1010 solar masses of dense gas 

in this still-forming elliptical galaxy (Riechers et al, 2010).

The supernova remnant (SNR) G93.3 at 

5 GHz.  Predictions indicate there should 

be many more Galactic SNRs than are 

known. SN remnants are typically hidden 

by the Galactic Plane and detectable 

only at radio wavelengths. A single EVLA 

observation can provide data on the 

strengths in these and other radio sources, 

inside and outside our Galaxy.

KEY SCIENCE

The Magnetic Universe
The sensitivity, frequency agility, and spectral capability of the 

in thousands of spiral galaxies, and map the 3D structure of 

The Obscured Universe
Phenomena such as star formation and accretion onto massive 
black holes occur behind dense screens of dust and gas that 
render optical and infrared observations impossible. The EVLA 

galaxies.

The Transient Universe

synchrotron radiation from high-energy particles, radiation best observed 

because of its high sensitivity, ability to observe day and night under most 

The Evolving Universe
Radio telescopes can trace the evolution of neutral hydrogen 
and molecular gas, and provide extinction-free measurements of 
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The Green Bank Telescope (GBT) is the premier single-dish radio 

receiver under construction for 4mm band spectroscopy. The GBT has 

continuum, and very long baseline interferometry (VLBI). Located 

radio-frequency interference environment. The GBT surface has an 

including conventional feed horn arrays, phased array receivers, and bolometer arrays. The camera development program is a collaboration 

Multiplexed SQUID TES Array at Ninety Gigahertz: MUSTANG Bolometer Array

K-Band Focal Plane Array

mapping in the NH3 lines it can be used for other species. Receiver 

data reduction.

W-Band Focal Plane Array

focal-plane array for use in the upper end of the 3mm band.

Phased Array Receiver Development

Massachusetts, and other groups on the development of phased 

primarily for engineering tests, but it may also be competitive as a 
pulsar search instrument and for extended HI structure mapping. 

Robert C. Byrd Green Bank 

Telescope (GBT)

Green Bank, West Virginia

Im
age courtesy of N

RAO
/AU
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Early science from the K Band Focal Plane Array. NH
3
 (1,1) integrated intensity contours 

are shown on a Spitzer Space Telescope image of the dark cloud surrounding the 

probe the cloud’s physical properties at a resolution of 0.06 pc (Friesen et al 2010).
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GBT on the World Wide Web

NEW DIGITAL SIGNAL PROCESSORS

be released in 2012.

KEY SCIENCE

Figure-2: This GBT velocity dispersion 

map of NH
3
 lines in a dark cloud 

between the supersonic turbulent 

the inner parts as it collapses into 

new stars (Pineda et al 2010).

Fundamental Physics

instrumentation, the GBT is a premier instrument for studying pulsars 

is also vital to the on-going efforts to directly detect gravitational 
radiation by timing an array of pulsars around the sky. 

Star Formation

With good angular resolution and sensitivity to extended sources, 

cloud.  By mapping NH3 transitions, Pineda et al (2010) discovered a 

instability for its origin. 

The Structure and Evolution of Galaxy Clusters

of the Sunyaev-Zel’dovich (S-Z) effect reveal the presence of shock-

this distinctive sign of mergers, the remnants of the processes that have 
formed them. 

Origin of Life 

Determining the origin of life on Earth requires research across 

processes and their variation across the Milky Way, determining the 
characteristics and extent of pre-biotic chemistry in star-forming 
regions, and by rapid imaging of the molecular content of comets in 
our Solar System.
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 The Very Long Baseline Array (VLBA) is an interferometer of 10 

on fast, high capacity recorders. The recorded data are sent from the 
individual VLBA stations to the correlator in Socorro.

and, soon, the phased Expanded Very Large Array.

Very Long Baseline Array (VLBA) 

St. Croix, VI  Hancock, NH  North Liberty, IA  
Fort Davis, TX  Los Alamos, NM   

VLBA on the World Wide Web



VLBA MILESTONES

2007:

intermediate frequency channels. 

2008:

2010: 

2009-2011:

2011:

KEY SCIENCE

Precision astrometry is a VLBA science centerpiece. The relative astrometric 

the radio emission is affected little by extinction. 

In 2010, the VLBA began a long-term program to determine the 3D structure of 

high-mass star-formation regions. This program is expected to eventually measure the 

distribution of luminous and dark matter in the Galaxy.  

The VLBA is also expected to anchor High Sensitivity Array observations of the center 

proposed for the formation of the Local Group and provide a measurement of the 
mass of M31 and its dark-matter halo.

A long-term VLBA program to study Active Galactic Nuclei containing central H2O 

geometric distance measurements that enable an accurate determination of the 

The Bar and Spiral Structure Legacy Survey program (Mark 

Reid et al.) will measure accurate distances and proper 

motions for about 400 high-mass star-forming regions in the 

Milky Way between 2010 and 2015. This survey will yield 

accurate distances to most of the high-mass star-forming 

regions in our Galaxy that are visible from the northern 

hemisphere, as well as very accurate measurements of 

fundamental parameters such as the distance to the Galactic 

center, and the Milky Way rotation velocity and rotation curve. 

Credit: IPAC-R. Hurt/CfA-Mark Reid/NRAO/AUI/NSF.
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Summer Student Programs
Summer students conduct research at the NRAO under the supervision 

a monthly stipend, and partial support may be available to present 
summer research results at an American Astronomical Society 
meeting. Students also participate in an extensive lecture series. 

Research Assistantship program. First and second year graduate 
students are eligible to apply for the NRAO Graduate Summer Student 
Research Assistantship program. Applications are due at the end of 
January each year.

Co-op Program

semester the NRAO sponsors one or more paid undergraduate 

op assignments include engineering tasks related to the design, prototyping, testing, or production of radio astronomical instrumentation or 
programming tasks related to radio telescope monitor and control. 

Graduate Student Internships
The Graduate Student Internship program is for students in the 

receive a stipend. Some travel and housing assistance may also 

student.

Pre-Doctoral Research Program
The NRAO pre-doctoral research program supports upper-

institution’s requirements for becoming doctoral candidates. 
Astronomy, engineering, and computer science students are 

Student & Visitor Programs
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NRAO Student & Visitor Programs on the World Wide Web

the support of an NRAO scientist before applying.

Student Observing Support Program

colleges. Regular observing time proposals submitted for the GBT, VLBA, and the High Sensitivity Array (HSA) are currently eligible for funding 
under this program, though regular VLA proposals are not. Large Proposals for the VLBA, GBT, HSA, VLA, and any combination of these 
telescopes, are also eligible.

Visitor Program
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(above)

the emission of stars and dust in these galaxies, foreground stars in our Galaxy, and some background 

(right)

Radiation emitted by atomic hydrogen reveals a gas shell surrounding an interstellar bubble, sculpted by 

Array and the Green Bank Telescope to trace the cool gas in our Galaxy. The gas has been colored 
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NRAO Headquarters and North American ALMA Science Center

National Radio Astronomy Observatory
520 Edgemont Road

211

NRAO - Green Bank

National Radio Astronomy Observatory
P. O. Box 2

304-456-2011

NRAO - Pete V. Domenici Science Operations Center

National Radio Astronomy Observatory
P. O. Box 0

575-835-7000

NRAO/AUI - Chile

Suite 502
Vitacura
Santiago
Chile

The National Radio Astronomy Observatory is a facility of the  

National Science Foundation operated by Associated Universities, Inc.


