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. The mass of PSR J0751+1807, a recycled pulsar
in a binary with a Helium white dwarf

. The Proper motion of the Hulse-Taylor double

neutron star binary, B1913+16

. The PALFA survey
(Pulsar - Arecibo L-band feed Array)
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The mass of PSR J0751+1807, a recycled pulsar ¢
in a binary with a Helium white dwarf

Nice et al., ApJ, in press; astro-ph/0508050

Collaborators: Ingrid Stairs, Eric Splaver, Oliver Lohmer, Axel Jessner,
Michael Kramer, Jim Cordes




Mapping a Binary Orbit
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Neutron Star-Neutron Star Binaries

Pulsar Pulsar Mass (M) Companion Mass (Mp)

PSR B1913+16 1.4408+0.0003 1.3873+0.0003
PSR B2127+11C  1.349 =0.040 1.363 +0.040
PSR B1534+12 1.3332+0.0010 1.3452+0.0010
PSR JO737-3039  1.337 +0.005 1.250 +0.005

PSR J1756-2251 1.40 =+0.03 1.18 +0.03

PSR J1518+4904 PSR+Companion = 1,352 +(.003
PSR JI811-1736 PSR+Companion = 1 3())+(.450
PSR J1829+2456 PSR+Companion = ] 250+(0.010

In neutron star-neutron star
binaries, all pulsars and
companions fall in a narrow
range of masses, 1.18-1.44 M,,




Where to look for heavier neutron stars?

Pulsar-White Dwarf binaries

Descendents of LM XBs

Accretion onto the NS:

e Increases pulsar mass

* Increases pulsar spin rate

 Decreases pulsar
magnetic field

Figure: NASA
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Pulsar + White Dwarf in 6.3 hour orbit

Very Circular, e < 10

Discovered in 1993.

Intense ~annual campaigns since 1999.
Most recent data January 2004.

*Relativistic Orbit Decay Detected:
dP,/dt = —(6.4+0.9) x 1014 s/s. = 2.0 =0.3usec /year

*First Measurement of Gravitational Radiation in a circular binary.
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Orbit decay rate:

P, =—(6.4+0.9)x10-1
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What about biases from Galactic Acceleration and Proper Motion?

(Quantity Pb
Measurement . . .

—6.2 x 10714
Uncertainty +0.8 x 1071
Acceleration biases . ..
z-acceleration —0.1 x 10714
Galactic rotation 0.1 x 10714
Proper motion 0.2 x 10714
Intrinsic value . . .
Measurement—Bias —6.4 x 1074
Uncertainty +0.9 x 107

No Problem ... for now.




Any Evidence for an Interacting Binary?

Dispersion measure: there is no variability in dispersion
measure at ADM <4 x 10 pc cm™.

Optical observations: Bassa, van Kerkwijk, & Kulkrani
(in prep) see no evidence of variability. The secondary

star 1s unusually cool and lacks a hydrogen atmosphere.

=>Interaction not an issue.
=The orbit decay may safely be attributed to
Graviatational radiation




An anti-correlation between pulsar mass and
orbital period?

J1713+0747

B1855+09

JO437-4715

J1908-3744

J1012+5307 F——

JO751+1807

©
(R

~
n
>
©
T
pa—
ie;
e
—
)
a,
©
>
e
—
o

Lo |

YR [ S S PR SR T TR Y TR S S
0.5 1.0 1.5 2.0
Pulsar Mass (M)

Masses of pulsars in Pulsar—Helium White Dwarf binaries
measured by detection of relativistic phenomena in pulsar
timing. (Exception: J1012+5307, mass is based on optical
luminosity and spectroscopy of secondary.)

astro-ph/0508050




2. The Proper motion of the Hulse-Taylor double ¢

neutron star binary, PSR B1913+16

Work in Progress....

Collaborators: Joel Weisberg, Joe Taylor
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PSR B1913+16 Proper Motion

Previous Measurement
New Measurement

Stay Tuned....




3. The PALFA survey
(Pulsar - Arecibo L-band feed Array)

The collaboration...

ARECIBO PULSAR SURVEY USING ALFA. L SURVEY STRATEGY AND FIRST DISCOVERIES

3. M. CorpES,' P, C.C. FREIRE, D. R. LORIMER,” F. CAMILO," D. J. CHAMPION,” D. J. NICE,” R. RAMACHANDRAN,"
J.W.T. HESSELS, W. VLEMMINGS,  J. VAN LEEUWEN," §. M. RANsOM,” N. D. R. BHAT, " Z. ARZOUMANIAN, "'
M. A. MCLAUGHLIN,” V. M. KAsP,” L. Kasiax, " J.S. DeENevA," B. ReD,” 8. CHATTERIEE, J. L. HAN,” D. C. BACKER.'
1. H. STams,” A. A, DESHPANDE® AND C.-A. FAUCHER-GIGUERE’

...and more




What Next? Find More Pulsars!

Arecibo L-Band Feed Array

7-Beam receiver at 1225-1525 MHz.

Limited precursor observations began August 2004:

100 MHz bandwidth, 256 channels, 64 us samples,

67 and 134 second integration times

New spectrometer in winter 2005-6:

300 MHz banwidth, 1024 channels, 64 us samples,

Twelve pulsars discovered to date in low-resolution analysis
Several hunderd new pulsars expected in full survey.

J1928+1746

The first ALFA pulsar—




PSR J0628+09

¢ ¥ a L
1% o cmemogesr oo 4

a v o @

0}
Q
<=
2
<
O
N
O
0}
p—
=
al
O
p—
en
§=
N

N

[PUURY) KA




IIIIJII!IIIIII ”‘ i Illllll\lllllllllll | Illl |‘||||Jul LIS |
]\I | ‘ | |
I T 1 1 1 Jpal [ I
1 LR e 1[I 1' “” II il ! ‘\ | " \H‘\I\II IHI IT .
[L h ”]l’l it R I\‘ II‘ VI Il |||[ | ‘ll h "!\‘I Ll A \‘ i I‘I |
1Am1 11\[; I' ‘| ORI " L3 I 1 ‘[IHI |ll AN LLET] " ‘ll[\nh Il
l[ \IH[I 1 IIII \III’ | I]II ’ ‘ II IIHP LT ) II' 1 10 ‘IIII
L | | i 1 ] y !
| NI | : | l I : L) H | |’
] I il e |
| IIHI l”“”lll I\II | \I\I ! ‘I[“ \l l Illl‘ll Illlll IH”III\ | ! | ‘I“‘ I‘HWII\ ) ‘ lI’II
i |l “II L L3 [III\J | ‘I i ll LN I] (T lIIH LN (R
|

II‘HI pll | mEL I L e 1 | LN I
Sl I i l )
1} | | ] J ' | | A 1) | | |
I LA 1) I " 1 1 )
| | I el el
1 [N} | | |l ’ | 1 [N} | 3 |

| 1 ll | I 1
] I | I ) 1 | vl L] |
| 0l ] | I J l
1 Il L] | 10 | | E
‘IHH] \‘I i I[I IIIIH il {2l 1] ‘I\l‘ll ll‘ u 1 III‘II
Al | fl ey il ' ﬂul S i p it ! 1
1y I m i I\l I'JEne 1 1m JHI
] 1 i [t 1l i
! ‘I\ l[I I | I I l” i |
1910 1 |||| 1§ iy 1

1 | AU LR E|
I II‘ J I[\II l[I | ‘IH lllII ki M| 1I JiN \IIII\“ III J \HI\"II‘H II ]lllII i
[I‘l‘ I | |\I IIH‘I I|I 11 [lIII|

| 1 L l 1] LR IR | | L | I |
RS Y Hl HLILIpI | [
v 1 i} [ 1] . I 1 )/ | I]\.
! | I | !
1011 1| I 1) TLARRL Ami it i | 1| : 1] |
L | | | CRLR RN e LR | | | I T

J H\Ill
I\H | I\

I“!IH ‘

bl IIII lI I I\ [.I‘ll \‘HIIIHII UL \I i

1 |
Ll imwy L [I L e [.I \Illl ! A llll ] |‘ |
I L i) 1 g \ )
I | I
wimi 1 (RLI i I
1
| I‘ ’|

JEL | I
:

~—
—
d
—
QO
—
=
g
10
™

R
g
O
o
I
d
~

a0
(b
-+~
a
4]
a|
|
(P!

] ) | |
] : L IWIII[I”I;III,\I_

200 400

Pulse phase (two periods)

J1906+0746
The first PALFA binary

Preliminary Parameters

(not ready for prime time -- please do
not quote these results!)

Period 144 ms
Age 100 kyr
Orbital Period 3.98 hr
Eccentricity 0.085
Periastron Advance 7.5 deg/yr
Total Mass 2.59 Msun
Distance 5.5 kpc




Summary

. The mass of PSR J0751+1807, a recycled pulsar
in a binary with a Helium white dwarf “ It’s heavy: 2.1 10.2@

. The Proper motion of the Hulse-Taylor double
neutron star binary, B1913+16 ‘

. The PALFA survey

It’s slow: 100-150 km/E

(Pulsar - Arecibo L-band feed Array)

“ It’s promising: 100s of new pulsars




