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diameter

eSpin Periods
ranging from ~1
millisecond to tens
of seconds

eSteep spectrum

e| arge magnetic
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Pulsar Applications

Populations Study of Medium
eNeutron Stars eDispersion
eSupernovae / Massive Stars eScattering/Scintillation
eBinaries earaday rotation

e\Millisecond Pulsars (MSPs)
Extreme Environments

Exotic Systems o| arge B-field
o riple Systems eNeutron Star Interior
eDouble Pulsar o [Ight Binary systems
ePulsar-B e[-ast Spinning
eDouble Neutron Stars (DNSs)

Theories of Gravity
Clocks o [ests of GR

e[ ime Standard e Jests of Alternatives
e(Gravitational Waves




Sky Distribution of Known Pulsars
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Observed frequency (MHz)
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Arecipbo L-band Feed Array
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PALFA Search

PALFA uses 3 separate search pipelines:

1)

PALFA Pipeline - This is the main pipeline and was
originally based on other typical pulsar search pipelines,
but has had many improvements put in over the years:
RFI excision, Single Pulse identification tools, Fast-
Folding Algorithm

Einstein@Home - Searches use computing time donated
by volunteers, does a template-matching search for
binary pulsars

“Quicklook” pipeline - Searches the data at Arecibo
similar to typical pulsar search pipelines, but data
immediately downsampled in time by a factor of 2 and no
acceleration search is done to keep search times down.



pipeline (identified

in early Aug.).

® 1/ ms spin period
at a DM of 94 pc/

cmA3, found to
have a large

apparent change in
period due to orbital

motion.
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Epochto
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sample
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Data Avg
Data StdDev
Profile Bins
Profile Avg
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16.95ms_Cand

Arecibo
= 57953.22681711516
= 57953 23194562128
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3909120
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64
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Search Information

Best Fit Porometers

DOF ¢ = 57.95 x

20:52:40.6647

DECJZOOO

DlsperS|on Measure (DM pc/cm’) = 93.801

= 6.539 P(N0|se) < 1.05e-52 (15.20)

topo (ms) = 16. 946840(24) bury (ms) = 16.946985(24) e
topo (s/s) 1 412(74)x10 P'ba (s/s) 1 412(74)x10
P opo (s/s ) = 0.0(1. 9)x10 P"bary (s/s ) = 0.0(1 9)x10
Binary Parameters
P (8) = N/A e = N/A
a,sin(i)/c (s) = N/A w (rad) = N/A

T2 N/A
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Projected Semimajor axis: A
Time of Periastron Passage: T0
Eccentricity: E
Longitude of Periastron: OM

observer  Taken fram “"Handbook of Pulser Astronomy™ by Lorimer & Kramer



E 0.061866

T0 57953.21362

PB 0.078487
OM 136.83

Period offset from

o
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Orbital Phase (periods)

S0, the system is in a 1.88 hour (1 hr 53 min),

eccent
-> Dou
orbital

'ic orbit with a ~1.2 solar mass companion.
ole Neutron Star (DNS) system, shortest

oeriod of any such system



Binary Parameters

Then we added the
advance of periastron to
the fit ("omega-dot™) and
found a significant
detection at 25.6 deg/year,
the largest omega-dot for
any pulsar system. This
gives a total system mass
of about 2.5, which is small
for such systems.

We can also use the
parameters to estimate the
time to merger, which is
45.5 Myr.

Mercury: 43 arcseconds/century
B1913+16: 4 deg/year
JO0737-3039: 17 deg/year
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Table 1 | Physical parameters for PSR J1614-2230

Parameter

Value

Ecliptic longitude (1)

Ecliptic latitude (f)

Proper motionin /4

Proper motion in f

Parallax

Pulsar spin period

Period derivative

Reference epoch (MJD)
Dispersion measure*

Orbital period

Projected semimajor axis

First Laplace parameter (esin m)
Second Laplace parameter (ecos )
Companion mass

Sine of inclination angle

Epoch of ascending node (MJD)
Span of timing data (MJD)

245.78827556(5)°
—1.256744(2)
9.79(7)masyr*
—~30(3)masyr*
0.5(6) mas
3.1508076534271(6) ms
9.6216(9) x 10 3ss™?
53,600
34.4865pccm—3
8.6866194196(2)d
11.2911975(2) light s
1.1(3) X 10~
-1.29(3) x107°
0.500(6)M ,
0.999894(5)
52,331.1701098(3)
52,469-55,330

Number of TOAs¥ 2,206 (454, 1,752)
Root mean squared TOA residual 1.1ps
Right ascension (J2000) 16h 14 min 36.5051(5) s

Declination (J2000)

Orbital eccentricity (e)
Inclination angle

Pulsar mass
Dispersion-derived distance;
Parallax distance

Surface magnetic field
Characteristic age
Spin-down luminosity

-22° 30’ 31.081(7)"
1.30(4) X 10~
89.17(2)°
1.97(HM.

1.2 kpc
>0.9 kpc
1.8 x 108G
5.2 Gyr
1.2 x10%%ergs™!




Localizing J1946+2052

The Jansky Very Large Array (JVLA)

National Radio Astronomy Observatory
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New Position: 19:46:14.130(6) +20:52:24.64



and to begin looking at
optical/IR/X-ray/Gamma-
ray data and has
Improved our data since
we can now center the
Arecibo Observations on
the actual position.

Table 1. Fitted and derived parameters for PSR J1946+2052.

Measured Parameters

Right ascension, o (J2000.0) ..., 19:46:14.130(6)*
Declination, § (J2000.0) ....... ..., 20:52:24.64(9)
Pulse frequency, v (s™!) ... .. 58.9616546404(7)
First derivative of pulse frequency, & (s72) ........... —3.2(6)x10~1°
EPoch (MID) .ot 57982.080242
Dispersion measure, DM (pcem™2) .................. 93.965(3)
Epehemeris ...... ... DE436
CLOCK oo e e TT(BIPM)
Binary model ......... ... ... .. ... .. ... DD
Orbital period, P, (days) .........c.cooiiiiiiii ... 0.07848804(1)
Projected semimajor axis, = (It s) ................... 1.154319(5)
Orbital eccentricity, e ........ ... ... .. .. 0.063848(9)
Epoch of periastron, Ty (MJD) ...................... 57953.212395(8)
Longitude of periastron, w (degrees) ................. 130.38(3)
Rate of periastron advance, w (degrees/yr) .......... 25.6(3)
Derived Parameters
Galactic latitude, [ (degrees) ........................ 57.66
Galactic longitude, b (degrees) ....................... —1.98
DM-derived distance to pulsar (NE2001), dpas (kpce) 4.2
DM-derived distance to pulsar (YMW16), dpys (kpce) 3.5
Spin period, P (S) .ouuinnii 0.0169601753224(2)
Period derivative, P ........ Y 9(2)x10~19
Characteristic age, 7. = P/2P (Myr) ................ 290.0
Surface magnetic field, Bg = 3.2 x 101/ PP (10°G) 4.0
Spindown luminosity (10%? erg/s) .................... 75
Mass function, frass (Mg) «ooovnoiiiii .. 0.268184(12)

Total mass, Mrotal (M) «vvvvnien .. 2.50(4)
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DNS Systems

Pulsar (r:s) Pgrzzd E Di(skt:(r;)c € M';I;g: r -{gct:lml\gzss?
___(days) _ (Myn)
_____ JO453+1559 | 458 1 4072 | 0118 107 . 2734(3)
JO737-3030A | 227 0102 . | 0088 | 115 L 86 2.58708(16)
JO737-3039B | 27735 e e e e
_____ J141142551 | 625 . 2616 0170 10 . 254(2)
151844904 | 409 8634 | | 0249 . 063 . 2.7183(7)
_B1534st2 | 37.9 0421 | 0274 : 105 . 2730 2.678463(8)
J1753-2240 | 051 13638 0304 - 346
_J1756-2251 | 285 0320 | 0181 | 073 . 1660 | 2.56999(6)
J1757-1854 | 2 0.184 | 0605 | 74 L 76 2.73295(9)
______ J1811-1736 | 1042 | 18779 | 0828 593 . 257(10)
_____ J1829+42456 | 410 . 1176 | 0139 074 . 259(2)
191341102 | 273 0206 | 0090 | 7 480 2.875(14)
_B1913+16 | 590 0323 | 0617 . 980 . 301 2.828378(7)
J1930-1852 | 1855 45060 | 0399 15 i | 2594)
J1946+2052 17.0 . 0.078 | 0.064 3.5 . 46 | 2.50(4)
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summary

o PALFA observations have resulted in the discovery of a
relativistic binary with the shortest orbital of any such systems.

o\\Ve were able to measure the advance of periastron passage
within a few days of follow-up. We expect other relativistic
parameters to be measurable in the coming years.

o\\Ve used a new VLA mode to image the location of the source
and then used new technigues to identify the position of
J1946+2052.

o\\Ve were able to obtain a publishable timing solution for this
source within ~2 months of discovery, compared to ~year for
typical pulsar discoveries.
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