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The Green Bank
Telescope (GBT)

Sensitivity
Sky Coverage

Frequency Coverage
Radio Quiet Zone

|00 meters




* |00 meter diameter unblocked

* Receivers cover 0.1 to 100 GHz

* Excellent point-source sensitivity

* Unsurpassed sensitivity for extended objects
e >85% of total sky covered 02=-46°

e | ocation in the National Radio Quiet Zone

* Competitively Scheduled

The GBT frequency coverage overlaps and
extends beyond that of the JVLA and ALMA
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The Effects of Blockage -- Reduced Dynamic Range
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RMS < 240 at night
the goal is 210




The Active

Surface
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GBT W-band Spectral Survey

GBT 6/—-93.6 GHz Survey of Orion—KL
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79 30 89
LSR Frequency [GHz]

Frayer et al. (2015)




Usage
6220"in 2014 Wi
~1/3 atv=18 GHz ¥

‘ A m’ ' ’ . .
* Point source sensitivity of a ~|120m telescope
* Point source sensitivity \2 better than VLA at <2 GHz
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Frequency (GHz)

DSS Overview
Efficiencies from Atmospheric Opacities (EffAtmos)

Local Date and Time

Mon Tue Wed Thu Fri Sat Sun Mon
06/08 06/09 06/10 06/11 06/12 06/13 06/14 06/15
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00

p oo bovv e b s b bvvvna bovvan bonnaa by
LI B ' S '

110

100

Illllllllllllllllllllllllllllllllllllllllllllll

00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
06/08 06/09 06/10 06/11 06/12 06/13 06/14 06/15

UT Date and Time

Ron Maddalena,
prognosticator




DSS Overview
Efficiencies from Atmospheric Opacities (EffAtmos)

Local Date and Time
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GBT Pointing
0=2.7"




GBT Pointing Venus 60"
O-z 3//




Distance (light seconds)
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Research areas of most-cited GBT publications
(November 2014)

Pulsars and compact objects
Gravity and General Relativity
Galactic Hydrogen surveys
Interstellar Chemistry

The internal structure of Mercury
Evolution of spiral galaxies

Star formation & pre-stellar objects
Studies of a binary black hole
Hydrogen content of galaxies
Molecules in highly redshifted galaxies
Anisotropies in the cosmic Infrared background

Comets to Cosmology: = = =

Science, Technology, and Education with the Robert C. Byrd Green Bank Telescope




Bi-static radar studies with Arecibo

receiving




OPTICAL /0cm RADAR

Campbell, BA. et al. JGR-P 2014




B. Campbell




A radar return is speckled




A radar return is speckled
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Cross correlate speckle arrival times

deep space
network

70-meter antenna at Goldstone, California
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§ May 2007 3%

“Large Longitude Libration of
Mercury Reveals a Molten
Core”

Margot et al. 2007 Science

AYAAAS









Chelyabinsk, Russia -- Feb. 15, 2013
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Venus Pre/Post Transit Disk Mapping — June 2012
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Venus Diameter = 57
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JCMT - 350 GHz 14"
Clancy, Sandor, Hoge 2015




Venus Nightside Equaterial AM and PM
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Ven us scanB4 Venus Wind Map from "“CO 3-2, 5jun2012
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Venus Pre/Post Transit Disk Mapping — June 2012
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Venus Pre/Post Transit Disk Mapping — June 2012

- GBT 7"
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A digression on the sensitivity of radio telescopes

point source




A digression on the sensitivity of radio telescopes

point source

extended source




A digression on the sensitivity of radio telescopes

Diam = 000 m

Diam = |00 m




A digression on the sensitivity of radio telescopes

Instrument 1° 2lcm RAPBVV

GBT

Arecibo

VLA-D
VLA-C
VLA-B
ASKAP




GBT

Arecibo

VLA-D

VLA-C

VLA-B

A &Swnn s A —_—

For a given collecting area, the brightness sensitivity is always
greatest for a filled aperture




A digression on the sensitivity of radio telescopes

Arecibo

VLA-D

VLA-C

VLA-B

A &Swnn s A —_—

For a given collecting area, the brightness sensitivity is always
greatest for a filled aperture

This is not related to the issue of
missing short spacings




GBT and ALMA at 86 GHz
Mapping a 100 km/s line over a 3’x3’ field

RMS GBT GBT ALMA ALMA ACA ALMA-TP
noise 9” 9” 1” 5” 23” 70”
16 pixel 100 pixel 50x12m 50X12m 12X7m 4X12m

1T mJy / BNy 21 min 1 hr 1 hr 800 hr 600 hr
beam

2 mK/ 2 hr 21 min 6000 hr 9 hr 17 hr 9 min
beam




VIETES
35" -21.5"

13Maer1997, L,=90°
19Jul1997, L,=150°
_25Sep1997, L,=187°

200 KHz res
Mars Atmeosphere
“CO (J=2->3)
from JCMT
(Mauna Kea)
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Figure 1. 346 GHz spectra of Mars atmospheric "“CO,
obtained from the James Clerk Maxwell Telescope in 1996 and
1997. The observed brightness temperature is presented as
percent absorption relative to the full disk blackbody
continuum. A) The initial September 1996 spectrum (400 KHz
resolution) compared to a model fit, B) Comparison of the line
center absorption at 200 KHz resolution observed in March,
July, and September 1997.

JCMT
Clancy & Sandor JGR 1998




GBT MUSTANG Bolometer Array
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GBT MUSTANG-I.5
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ARGUS -- 8”7 GBT spectroscopy at 3mm

16 element scalable 75-115 GHz FPA
Stanford/CIT-JPL/UMd/Miami/NRAO
(NSF grant to Stanford)
Coming soon....

Feedhorns Array Assembly

i & Heat Sink IF Amplifiers

[F Flex Cable / 77 K Boards
and Mounting

® = [.O Coax Cable

20K Boards\ DC Bias
\Flex Cable ['o Cryostat
Exterior

16 Modules/ @7 \ Edge Mount
\GPPO Connectors




ARGUS Spectral Lines

Feg,[CH] [ Speces [ Transiion | Fieq [GH

86.340 92.494
86.754 93.173
86.847 96.413
87.091 97.981
87.317 109.782
88.632 110.201
88.866 112.359
89.189 113.491
90.664 115.271

Table 2. List of some key transitions from 83-116 GHz. Names of the pnincipal 1sotopic species are in bold.
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Comets

Hale-Bopp in HCQO*mar 1~

ARGUS
footprint

100

arcsec)




ARGUS -- 8" GBT spectroscopy at 3mm




ARGUS -- 8" GBT spectroscopy at 3mm




Jupiter

30" - 50" HST






Jupiter

30" - 50” VLA |13cm



Jupiter

VLA |3cm

50//

30// _



Saturn

15" - 20" HST






footprint

~4% complete sampling




UMass Scalable 75-115 GHz PAF



The wave of the future

UMass Scalable 75-115 GHz PAF




The wave of the future

UMass Scalable 75-115 GHz PAF







How do | get to use the GBT?




