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NORTH AMERICAN NANOHERTZ OBSERVATORY

for

GRAVITATIONAL WAVES

*NANOGrav = US/Canada-based collaboration working to
detect nHz GW via pulsar timing.

e| arge and still growing collaboration: Currently over 80
members (~45 SP, ~25 PD, ~10 GS)

e(Geographically distributed, ~20 ditferent institutions.

eStrong commitment to undergrad education and involvement
INn research.

eAwarded $14.5M / 5 year NSF Physics Frontier Center grant

See www.nanograv.org for more info



Pulsar Timing Arrays

Image Credit: David Champion

Other PTA Experiments
Parkes Pulsar Timing Array (PPTA)
—uropean Pulsar Timing Array (EPTA)
nternational Pulsar Timing Array (IPTA)

NANOGrav monitors a set of very
stable millisecond pulsars (MSPs) to
look for GW signals. Such signals
would be correlated vs. pulsar
angular separation.

The NANOGrav Collaboration et al. 2015, Apd, 813, 65
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Hellings & Downs 1983, Apd, 265, 39
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Current Telescopes

Arecibo Observatory Green Bank Telescope
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305 meter diameter 100 meter diameter
Dec range:-1 deg to 38 deg Dec range: > -45 deg
Sources visible for ~2 hours Sources visible for many hours
L-Band SEFD ~ 2 Jy L-Band SEFD ~ 10 Jy



Frequency (MHz)

Frequency Coverage

NANOGrav TOAs (11- year
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Siemens et al. 2013, CQG, 30, 4015



Sky Distribution of Known Pulsars

optimal:

e Dispersion/Scattering are
less of a problem out of
Galactic plane, so we can
take advantage of steep
spectrum

_900 0_60°

120°

Gal Lat (degrees)
3

® | arger beam size -> faster
survey speed ~75°

Gal Long (degrees)



Survey Coverage (GBNCC & AO327)
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Green Bank North Celestial Cap (GBNCC)
Arecibo 327 MHz Drift Scan (AO327)
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Survey Parameter Comparison

~ Center : Frequency Sampleé .
Survey§Frequency§Ba(n|\g|‘_'|vz';|th§Resolution§ Time In_:?g;a;‘:)’" Style
~ (MHz) ~ (kHz)  (us)

AO327 | 327  57/69  56/24 12582 64  Drift

..............................................................................................................................................................................................................................

GBNCC| 35 100 24 8 120 Pointed

AO327 - Deneva et al. 2013, Apd, 775, 51
GBNCC - Stovall et al. 2014, Apd, 791, 67

AO327 Collaborators: J. Deneva, M. Bagchi, P. Freire, F. Jenet, J. Martinez, M. McLaughlin

GBNCC Collaborators: S. Ransom, M. Decesar, R. Lynch, J. Swiggum, H. Al Ali, P. Chawla, T. Cromartie,

J. Hessels, F. Jenet, D. Kaplan, V. Kaspi, V. Kondratiev, J. van Leeuwen, M. McLaughlin, M. Roberts, X.
Siemens, R. Spiewak, |. Stairs
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Equivalent S . .o, (MJy, a = —1.4)
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GBNCC progress: 87833 beams observed

2 wide binaries

~75% complete

Declination (degrees)

We plan to make
data available, _
~500 TB, we are o NormalPSRs O MSPs A RRATs
converting from

8-bit to 2-bit

http://astro.phys.wvu.edu/GBNCC/
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GBNCC Discoveries

5 MSPs added to NANOGrav so far, 2 more currently
being tested for potential inclusion and ~5 others currently
being follow-ed up that may be included in the future
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JO?14+52722
ST s | RSN

*Assuming inclination angle ¢ " wgis R o
of 60 degrees: separation 3 : °° R

between the two stars is s . S
> do o ° _*U1816+4510 o

about 0.5 solar radii AL

107" e J0636+51£9. . ; o
107 102 0 100

Minimum Companion Mass(M..)

eAppears to be a black
widow system, but no
radio eclipses



GBNCC Discoveries

J1816+4510
oL-clipsing system with an optically
detected companion.
eSpectrum is most similar to a
white dwarf, but has high

(arcsec)

§—45°10'33.9"

metallicity. .
ePulsar mass is ~1.84(11) solar Y e
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Stovall et al. 2014, Apd, 791, 67 Kaplan et al. 2012, Apd, 753, 174



e|n a 512 day orbit with a

~0.4 solar mass companion.

Dec (J2000)
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Declination (degrees)

—45°

http://www.naic.edu/~deneva/drift-search/



Frequency (MHZ)

AQO327 Discoveries

3 MSPs added to NANOGrayv so far, ~3 others currently
being followed up that may be included in the future

puUppIi_S7797_J0S09+4-0856_0016.rf ./JD?09+D458/puppi_5?256_d0?09+0458 puppi_S57384_J223440611_5388.1 1y.rf

J2234+0611
J0509+0856 JO709+0458 1430 MHz

1380 MHz
\ 1430.78125 MHz

s

el Y LT 1T

——
~J
I
=
e
i)
=
D
|
o
b
—
L

W
Frequenay (MHz)

.. i )

0.2 0.4 0.6 0.8 . 0.4 0.6 )
0.2 0.4 0.6 0.8
Pulse Phase Pulse Fhase Pulse Phase



R i i i i L i i i i oor T ]
0.1} K |
_3 B |
U ;
Q - 0 O]
= o ]
= & @° 8 o —o=]
O —4 o o -~"0
Q 10 7¢ © ) _ .o ]
) °c ° o
& 0°
10°° 3 jb—%'/
° 0.2
| ’—"’ o o]}
-~ (o)
=G o . . .
10°F ® o Circular Binaries
: o Y&  Eccentric Binaries
=== Phinney '92
1 0—7 o . . . | M|
| 10 100
Orbital Period (days)

Antoniadis et al. 2016, Apd, 830, 36

3.57675

o«
ot
\]
=
S
St

3.57655

Observed Period(ms)

3.57650 |

3.57645

PSR J2234+06

3.57670

3.57660

Disrupted
RD-AIC? Maybe
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Time of Observation(MJD)

56300

riple System? Unlikely

Freire & Tauris 2014, MNRAS, 438, 86
Circumbinary disk”? Maybe

Antoniadis 2014, Apd, 797, 24
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measurement combined

with rate of advance of
periastron gives

Pulse Phase
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NANOGrav MSPs (17)
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Declination (degrees)

NANOGrav MSPs (58)
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NANOGrav MSPs (58)
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Conclusion

NANOGrav is using pulsars as a galactic scale gravitational
wave detector.

We gain sensitivity by finding additional MSPs and we have
reason to believe not all good MSPs have been found.

There are multiple large-scale search efforts ongoing to find
suitable MSPs and they have added many new MSPs to the
array.

Eight out of the ~60 MSPs being timed were found in the 2
surveys mentioned here (within the past 5 years) and more
are currently being tested for future inclusion.



