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NOAA Weather in Focus Photo Contest
First Place: Mike Zorger, GBT at night




The Green Bank Observatory
A Force in STEM Education

Welcome to the
Pulsar Search Collaboratory

Your discovery is here.



The Green Bank Observatory
A Showcase for NSF Research

1-2 distinct
media

pieces a week

NBC, CBS, CNN, Yahoo,
Discovery, BBC, Time, The Atlantic, NPR,
The Economist, N.Y Times, A(ust)BC...



The GBT

Sensitivity
Location
Radio Quiet Zone

In 2014
6220" for science
~1satv=>18 GHz

|00 meters




The GBT

With its state-of-the art receivers it has
e Point source sensitivity V2 better than VLA at s2 GHZ

Location r
Radio Quiet Zone

In 2014 100 meters
6220h for science B

~153atv>=18 GHz







e Receivers cover 0.1 to >100 GHz

e >85% of total sky covered 0=-46°
* National Radio Quiet Zone
* Competitively Scheduled

The GBT frequency coverage overlaps and

extends beyond that of the JVLA and ALMA




GBT Proposers per Proposal Cycle
Total Proposers: 1712

Total GBT Users ~1200




Statistics by Proposal Count

Proposals GBT VLBAVLANRAO
Submitted 64 |40 172 1276
Approved 25 |24 56 105
Filler 10 (3 58 |71
Rejected 29 |13 58 (100
Oversubscription|2.6  |1.7  [3.1 |2.6

Statistics by Proposal Hours

Proposals GBT VLBA VLA (D) VLA (DnC) VLA (Total) NRAO

Requested (3964|1246 |3829 394 4223 9433
Available 2678945 (1408 310 1718 5341
Approved |1254|797 (903 48 1051 3102
Filler 439 (198 |1396 33 1529 2166
Rejected  [2271(251 |1530 13 1643 4165
Pressure 1.5 |1.3 2.7 3 2.5 1.8




B Sample of 120 refereed GBT papers 2014-2015
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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 e ek

Studies of a binary black hole

Hydrogen content of galaxies

Molecules in highly redshifted galaxies
Anisotropies in the cosmic Infrared background




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

Pulsars and compact objects (Fermi, Chandra, SWIFT)
Gravity and General Relativity
Galactic Hydrogen surveys
Interstellar Chemistry

The internal structure of Mercury (radar)
Evolution of spiral galaxies

Star formation & pre-stellar objects
Studies of a binary black hole (VLBI)
Hydrogen content of galaxies

Molecules in highly redshifted galaxies

The cosmic Infrared background (Planck) | -

(VLA) Integrated with the
broader community

Comets to Cosmology:

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



Bi-static radar studies with Arecibo

OPTICAL /0cm RADAR




VENUS

Arecibo
+

GBT

B. Campbell




$ May 2007 3w

“Large Longitude Libration of
Mercury Reveals a Molten Core”
Margot et al. 2007 Science

AYAAAS



Asteroid 2004 BL86
DSS/Goldstone - GBT Radar
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27 Jan 2015 - <A4x distance to the Moon - 4 meters resolution
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Jul 25, 2015
01:40-09:03 UT

7.5 mx 0.5 Hz and
19 m x 0.5 Hz, scaled

? Goldstone-GBT bistatic radar images

~|8x 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

COO I eSt Wh ite dwa I"f Star (a diamond as big as the Ritz)

The Pulsar Lighthouse Effect




A Solid Carbon “Diamond” Star
Orbiting a Pulsar

1.05 Mo

Tef <3 000 K
Kaplan et al. (2014) age ~ 10 Gyr



A Pulsar in a Triple System
ARECIBO+ GBT

Ransom et al. (2014) Nature
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Predicted Power in Gravitational Radiation
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see Arzoumanian et al (2015) arXiv: 150803024A



AVLBI Resolution of the Pleiades distance controversy
Melis et al. (2014)

Where Chin speads ouss o hele nbabicans Distance (parsecs)
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SC1ence h‘ \ AAS & |Sochrone
Fitting
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e w & et - Modeling
How farare . .= *, -

. these stars? |

% Precise interferometry settles

the question for the Pleiades
PO 21029

400
Distance (light-years)




VLBA + GBT +
Effelsberg + Arecibo

'Smence = errors <0.0001"

34.8 + 0.5 pc
138.4 + .1 pc

- HowfaRgare = « i “a -
% thes{stars7 & . :.'3. |366 + 06 PC
i AR errors < I%




AVLBI Resolution of the Pleiades distance controversy
Melis et al. (2014)
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Megamaser cosmology project
Braatz, Kuo et al.

Discovered by the GBT
Monitored by the GBT
Imaged by the VLBA + GBT




A digression on the sensitivity of radio telescopes

point source

extended source
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A digression on the sensitivity of radio telescopes

- Instrument
GBT

Arecibo
VLA-D
VLA-C ~106

VLA-B ~108
ASKAP ~106




Instrument 2 21cm HPBW
GBT 9.1°
Arecibo 3.2
VLA-D ~104 467
VLA-C ~10° 147

\/l A D 1N8 A QY

For a given collecting area, the brightness sensitivity is always
greatest for a filled aperture
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A digression on the sensitivity of radio telescopes

_Instrument 2 21cm HPBW.
GBT 0.1’
Arecibo 3.2
VLA-D ~104 46”
VLA-C 108 14

\/l A D 1N8 A QY

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




VLBA Limited to Tp>105




THINGS VLA Survey
Walter et al. 2008

30” 30=1019->¢cm-?
6” 30=1020->cm2

HALOGAS WSRT Survey
Heald et al. 2011

15” to Nui limit ~1013:0
120 hours per galaxy

The GBT can detect the
very low surface-
brightness
Universe




No Hydrogen in the Milky Way’s Dwarf Galaxies

1,000 -

R N Y 280,000 -
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o e Hydra II -
GBT results from Spekkens et al. 2014




GBT survey GBT Discovery of
o em M31’s HVCs

10° - 10° Mo

Thilker et al
(2004)
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GBT Study of area
+between M31-M33




J2000 Declination
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M3I M33 Clouds
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GBT Science at High Frequencies

A very brief introduction
to the rest of the Workshop



The Chemistry of Interstellar Space

| propanal
propena : j {
cyanoformaldehyde ketenimine

Some (of the | 7+) New GBT Molecule Detections

Ce H- -6-8-8-0-0-0



GBT 6/—-93.6 GHz Survey of Orion—KL
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Frayer et al. 2015




GBT map of NH;3 VLA map of NH;3
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HC7N: A Chemical “Clock’” in a Molecular Cloud?
Friesen et al. (201 3)
[NHs]/[HC/N]
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Star Formation in a Filament in Taurus
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GBT detection of mm-cm sized “‘dust”
in star-forming clouds

MUSTANG
Bolometer Array
3.3mm

Schnee et al. (201 81-96 GHz
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GBT High-Resolution 3mm SZE in a Cluster
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GBT Pointing
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Venus 60” GBT Pointing 2”




The GBT

Powerful
Flexible
Accessible to the U.S Community
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% The GBT in 2016+
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ARGUS -- 8" GBT spectroscopy at 3mm

. ,’ i7mt e 16 element scalable
PELR L o e 75.115 GHz FPA

| > Stanford/CIT-JPL/UMd/
Miami/NRAO
(NSF grant to Stanford)
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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!7 1 ”” 55! 23!! 70!!
16 pixel 100 pixel 50x12m  50X12m 12X7m 4X12m

T mJy/ BN, 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

ARGUS



iv Penn)

(NSF grant to Un

2

GBT MUSTANG

ixels

223 p

>4’ FOV

O
2
T
(Vg
>
2>
cC
(qv]
-
)
.
)
e’
(7))
O
X
LN
o




=)
>
W’
N
Q
IS
S
oV
S
<
@
1
N
w,
<
—
Ll




The wave of the future
(NSF grant to UMass)

Scalable 75-115 GHz PAF
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