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FLAG  21cm - 7 beams

Most sensitive 
phased array receiver



At 1.4 GHz for aperture efficiency 0.7, Tsys = 19 K, 21 K 

Roshi et al. 2018, AJ, 155, 202

FLAG 2018



Observers: 1,300 in 2013-2017
Observers: 601 in 2017

                30% “new”

The GBT User Community

The GBT is as oversubscribed as the JVLA



GBT Usage 2010-2012 
6540 hours

2016-2107 
6813 hours

Spectroscopy 3,464  53% 3,832   56%

Pulsars 1,920  29% 2,212  32%

VLBI 754  12% 414   6%

Continuum 352  5% 298   4%

Radar 50  1% 58    1%

GBT Surveys Workshop — November 13, 2018



• Pulsars and compact objects   
• Gravity and General Relativity  
• Galactic Hydrogen surveys
• Interstellar Chemistry  
• The internal structure of Mercury   
• Star formation & pre-stellar objects
• Studies of a binary black hole
• Hydrogen content of galaxies
• Star formation in highly redshifted galaxies
• Anisotropies in the cosmic Infrared background

Topics of most-cited GBT publications
(October 2018) 



70cm RADAROPTICAL

Bi-static radar studies with Arecibo

Campbell et al. 2014, JGRE, 119, 313



TiO2

Campbell et al. 2014, JGRE, 119, 313



2017, Icarus



GBT bi-static radar of near earth objects

Goldstone-GBT 
 27 Jan 2015 

Asteroid 2004BL86 
with small companion



~18x the distance to the Moon



GBT -- The Premier Pulsar Telescope
• Fastest Pulsar
• Most Massive Pulsar
• Pulsars in Globular Clusters
• Tests of General Relativity
• Relativistic Spin Precession
• Pulsar in a three-body system 
• Coolest/oldest white dwarf star



The Shapiro Delay in Pulsars

In Front

Behind

μs



F = ma = GmM/r2    ???



F = ma = GmM/r2    ±2.6x10-6

2018



A Solid Carbon “Diamond” Star 
Orbiting a Pulsar

Kaplan et al. (2014)

1.05 M⊙ 
Teff < 3 000 K



Acceleration of pulsars maps the 
gravitational potential of Terzan 5

Prager et al. 2017



Predicted Power in Gravitational Radiation

Pulsar 
timing





“… it is likely that some component  of our achromatic 
noise is due to gravitational waves… (2017)”



Fast Radio Bursts



Fast Radio Bursts

Zhang et al 2018



Interstellar Chemistry

propenal

cyanoformaldehyde ketenimine

propanal

Some of the 20+ New GBT Molecule Detections

C6 H-
McCarthy et al. 2006, ApJ, 652, L141



A Chiral molecule



Chiral Molecules in Space
McGuire et al. 2016, Science, 352, 6292



The Chemistry of Interstellar Space

McGuire et al 2017 Detection of HC5O



Benzonitrile

McGuire et al. 2018, Science, 359, 202



Friesen et al. 2017
NH3

1°

Star Formation



Friesen et al. 2017
NH3

ALMA FOV

1°



Luisi et al. 2018   sigma=0.1 mK



THINGS VLA Survey
Walter et al. 2008 

30″ 3σ=1019.5

  6″ 3σ=1020.5

 HALOGAS  WSRT Survey
Heald et al. 2011 

15″ to NHI limit ~1019.0

120 hours per galaxy

1021.5 cm-2

1019.0 cm-2



GBT HI

105 - 106 M⊙

Thilker et al 
(2004)

1018.5



M31

M33



M31-M33 Clouds

5x1017

Wolfe et al. 2013, Nature, 497, 224;  2016, ApJ, 816, 81 



No Hydrogen in the Milky Way’s Dwarf Galaxies

Galaxy L (L⊙) MHI (M⊙)

Segue I 340 <11

UMa II 41,000 <74

Bootes II 1,000 <38

Coma Ber 3,700 <62

Ursa Mi 280,000 <63

Draco 280,000 <133

Spitzer 
Cloud 400

Hydra II <200*
GBT results from Spekkens et al. 2014



GBT Hydrogen measurements show 
the structure of the local Universe

(Tully et al.  2014)



GBT+MUSTANG-2 vs ALMA: Sensitivity, 
Capabilities at 3.3mm (90 GHz)

Time to get to 56 uJy/bm RMS on D=6’ area.

All capabilities except ALMA total power (single dish) continuum are real 
& demonstrated.

ALMA & MUSTANG-2 observing overheads are similar

Spectral 
Channels Integration time Largest Spatial 

Scale

MUSTANG-2 1 1h 4’

ALMA (12m) 10s of 1,000s 1.5h 32”

ALMA 
(12m+7m) “ 12h 74”

ALMA 
(12m+7m+TP) “ 19h 4’+… ???



GBT High-Resolution 3mm SZE in a Cluster

X-ray: ne
2 Te1/2

SZE:  ne Te

VLA non-thermal



RXJ1347 Cluster — SZE detected at 15 sigma in 2 hours 
Dicker et al 2018 (in press)



LM1544 — Pre-stellar core 
Dicker et al 2018 (in press)



ç

H2O Masers in Disks Around Black Holes 

Discovered by the GBT
Monitored by the GBT

Imaged by the VLBA + GBT

Zhao et al. 2018, ApJ, 854, 124
Gao et al. 2017 ApJ, 834, 52  



3mm VLBI     
GBT 18B Oversubscription = 5.3x



M87 3mm VLBI Jet

The M87 jet at an angular resolution of 
0.25x0.08 mas in 3mm VLBI (Hada et al 2016)
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Extra Large Proposals: Expression of Interest 

5 for GBT only 
1 for GBT with VLA 
4 for VLA with GBT 

Every GBT receiver except 3mm spectroscopy was requested 



GBT Usage 2010-2012 
6540 hours

2016-2107 
6813 hours

Spectroscopy 3,464  53% 3,832   56%

Pulsars 1,920  29% 2,212  32%

VLBI 754  12% 414   6%

Continuum 352  5% 298   4%

Radar 50  1% 58    1%

Divestiture

GBT Surveys Workshop — November 13, 2018



GBT Usage 2010-2012 
6540 hours

2016-2107 
6813 hours

Spectroscopy 3,464  53% ~1,930   ~28% 
~1,900   ~28%

Pulsars 1,920  29% 1,932  28% 
280    4%

VLBI 754  12% ~300  ~4% 
~100  ~2%

Continuum 352  5% 298   4%

Radar 50  1% 58    1%

Not Open Skies

GBT Surveys Workshop — November 13, 2018




