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Green Bank, WV  is original the 
NRAO site 

Started 1958 
Completed 1959 

Completed 1965 

Completed 1962, 
collapsed 1988 

Completed 1995 

Completed 1967 

Completed  
1994 

Completed 
1962 

GBT:  Completed 
2000, surface 
improved for high-
frequency in 2009 



National Radio Quiet Zone  
Established by the FCC and NTIA 

 (1957) 
  
 
 
 
 
 
 
 
 
 
 
 
 

13,000 Square Miles 

WV Radio Astronomy 
Zone  

Established by the West Virginia 
Legislature (1956) 

 
 
 
 
 
 
 
 

Protection within ten miles  
of the Observatory 

Site protected from Radio 
interference 



2.3 acre collecting 
area 

485 ft 

151 ft 

At 100 m,  the GBT is the largest fully steerable in the world. 

u Unblocked Aperture
u Active Surface
u Operates from ~100 MHz 

to 100 GHz
u Fully Steerable
u >85% of total sky covered    
δ≥-46°

u Pointing to 1”-2” accuracy
u Surface good for 3mm 

work
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2209 actuators The Active Surface
Currently rms  ~240µm at night,  the goal is ~200µm 


Makes the GBT the 
largest single-dish 
operating efficiently 
at 3mm in the world 
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•  Pulsars:  Discovery of new pulsars, the most massive pulsar, gravity 
waves via pulsar timing 
•  Neutral Hydrogen HI:   Masses of local galaxies,  Kinematics of galaxy 
and local group/dark matter 
•  High-redshift/Cosmology:  Galaxy clusters, CO in the early universe, HI 
intensity mapping at high-redshift 
•  Interstellar Organic Molecules/Astro-chemisty 
•  Masers:  black hole masses, distances via proper motions and 
independent measurement of Ho 
•  Star Formation:  NH3 mapping, cold and dense gas tracers at 4mm 
•  Basic Physics:   The search for Gravitational Radiation, Limits on 
Fundamental “constants” 
•  Solar system astronomy  -- planetary radar 

Some Key GBT Science Areas:

Villanova University, Sept 2011
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Telescope dynamically 
scheduled daily based on 
weather conditions and 
receiver and observer 
availability.   Dynamic 
Scheduling matches the 
project to the weather
 
6500+ hours a year 
scheduled
for astronomy


In 2010 there were 1776 
hours used at frequencies 
above 18 GHz

Dynamical Scheduling System allows efficient use of telescope at high 
frequency –  based on weather model predictions that are updated every 6 hrs. 



GBT Astronomer’s  
Web-page  
(“Practical 
Information 
 for Astronomers”) 

Ø  Call for Proposals 
Ø  GBT proposal 

Guide 
Ø  Proposal 

Submission Tool 
(PST) 

Ø  Sensitivity calculator 
Ø  Mapping Planner 
Ø  Known RFI 



GBT Proposal 
Guide (updated with 
each proposal call) 
 
 
News for 14B:   
Ø VEGAS replaces the 

GBT spectrometer and 
spectral processor  

Ø  C-band upgrade to cover 
3.95-8 GHz frequency range 
(shared-risk) 

Ø  Mustang 1.5 will be upgraded 
(shared-risk) 

 



Available GBT 
receivers for 
14B 



Available GBT Backends for 14B 

(Ka-band) 

(Ka-band) 



Fill in Technical Justification Boxes 

Ø Observing modes and 
sensitivity level 

Ø Mapping details 

Ø RFI issues 

Ø Overheads  

Ø Non-standard techniques 

Ø Pulsar information 



Where to find information needed for 
“Technical Justification Boxes”: 

1)  Observing modes and sensitivity level: inputs and results 
of sensitivity calculator 

2)  Mapping details:  Mapping Calculator web page 

3)  RFI issues:  RFI web pages, if needed 
4)  Overheads: Section 6 of GBT proposers guide 

5)  Non-standard techniques:  staff/experts, if needed 
6)  Pulsar information:  pulsar experts, if needed 



GBT Sensitivity Calculator/Time Estimator 
GBT Sensitivity 
Calculator also 
useful for verifying 
available modes 
(number of beams, 
polarization, 
spectral windows)   
 
Input sensitivity 
needed, results of 
observing time 
required, setup 
and observing 
mode(s) in the 
Technical 
Justification boxes 
of the PST 



GBT Mapping 
Calculator 
Input: 
•  Backend  
•  Map Type (OTF, point) 
•  Frequency 
•  Integration time per beam 
•  Map Size (or radius) 
•  Sampling (with respect to Nyquist) 

 Output: 
•  Observing time (including overheads) 
•  Astrid command to carry out 

observation 
•  Any warnings (e.g., too many 

accelerations per minute) 



Radio Frequency Interference (RFI) 
Check for possible RFI issues 
from RFI group’s web pages 
and posted RFI scans from the 
GBT 

e.g., Ku-band RFI from 
satellite TV  



GBT “Resources”  (Receiver and Backend configuration) 

Data rates of 
more than 60 
MB/s need 
justification 



VEGAS:   the new GBT backend 
Eight separate 
spectrometers 
that can be 
divided between 
beams and 
different 
frequencies as 
needed and  can 
support up to 8 
spectral 
windows per 
spectrometer. 
Could configure with 
very large data rates,  
but most projects at 
<1MB/s (~30MB/s for 
pulsars), >60MB/s need 
to justify. 



Instruments in Development Mustang-1.5 (2013) & 
Mustang-2 (2015) [Upenn/
NRAO]  (10x mapping 
speed of ALMA)   
3mm bolometer camera 16	  element	  scalable	  75-‐115	  

GHz	  FPA	  (2014)	  	  
Stanford/CIT-‐JPL/UMd/Miami/
NRAO	  	  (similar	  mapping	  speeds	  
to	  ALMA) 

New 3mm instruments will map faster than ALMA 

FLAG 
19-element phased-array 
feed [PAF] (7beams) at 
21cm (2014/2015) 
BYU/NRAO.  Planned 
future 37element PAF  
(20beams). 
 



•  VEGAS is a new backend that replaces the current 
spectrometer for 14B 

•  The GBT is a powerful instrument – single-dish flexibility, 
large collecting area, wide-frequency coverage  

•  Development ongoing to enhance the capabilities of the 
GBT well into the future (higher frequency coverage, multi-pixel 
receivers, flexible spectrometers – the NSF is funding 5 instrumentation 
programs for the GBT involving many universities while planning for the 
telescope’s “divestment”) 

•   The GBT can provide key short-spacing data for several VLA 
and ALMA programs 

Proposing with the GBT:  Summary 



Additional Slides 



GBT Specs: 
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The Offset Paraboloid:   Clean-beam with very low side-lobes 
enables high dynamic range and excellent sensitivity to low surface-
brightness emission.



GBT Aperture Efficiency and Gain (K/Jy) 

Very good efficiency 
at lower-end of 
3mm band 



Noise Levels (Tsys) for Typical Weather  



GBT Receivers (Observing Bands) 

286” 

Very good aperture 
efficiency even at 
3mm 

Covers wide 
range of 
frequency 


