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The Problem

e LIGO(+VIRGO+GEO etc.) wants to detect CW
emission from a (isolated) neutron star

® Such a NS would need to be:

® Nearby: h~1/d
® Quickly rotating: h~1/P?, + finite band, noise curve
® Elliptical: h~¢

® Current analysis on known objects gives only upper
limits (e.g.,Abbott et al. 2009)

® Are there any unknown objects that would be better
targets!
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Which Populations!?
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Which Populations!?
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Simple Expectations

® Almost 2000 radio pulsars known

® Most are <I07 yrs, emission is beamed
® Expect ~107 total NS in galaxy (total birth rate 1-3 / 100 years)

® How to find the ones that aren’t pulsars?

Radio searches: limited by dispersion/scattering in ISM

Finite beams, Lradic depends on P, P
But large numbers (models: Lorimer 201 1, arXiv:1008.1928)
GW does not care about beaming or P (does care about P!)

p Soft X-rays:

® Accretion
°

® Prediction: thousands of isolated NS visible via accretion in ROSAT X-
ray surveys (Treves & Colpi ‘91; Blaes & Madau ‘93)

® Finding: 0 found from accretion; found from cooling
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What We Know from X-rays

® ROSAT All-Sky Survey (>0.05 count/sec): D =no radio

® Soft X-rays (0.1-2.4 keV)

® Efficient way to find young/energetic/nearby neutron stars

Pulsars (non-thermal, P<400 ms)
v.young!{ Crab (48.4 s

INS (thermal, P>3 s)
RX |1856.5-3754 (3.64 s°')

Vela (3.4 s°')

RX J0720.4-3125 (1.64 s)

PSR B0656+14 (1.92 s

Geminga (0.54 s°')

PSR B1055-52 (0.35 s°)

RX J1605.3+3249 (0.90 s-')

RX J0806.4-4123 (0.38 s°')

RX J1308.6+2127 (0.29 s

old! | PSR J0437-4715 (0.20 s

old or young? [Calvera (0.08 s

PSR J0538+2817 (0.06 s°)

RX J2143.0+0654 (0.18 s°')

RX ]0420.0-5022 (0.14 s
No Beaming!

PSR BI951+32 (0.07 s

Kaplan (arXiv:0801.1143); Kaplan and van Kerkwijk (2009, Ap], 705, 798);

Zane et al. (201 1, MNRAS, 410, 2428)
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Non-Detection ofAccreting NS

® Perna et al. (2003,Ap), 594, 936):

® |nclusion of realistic velocity distribution
(L~M~1/v3)

® And accretion suppressed wrt Bondi
® Weak B of ISM
® Strong B of NS

® Revised expectation consistent with 0 found
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Types of (Isolated) Neutron Stars

Ener Bad for
Type somfﬁ EG. |B(G)|Age| P |Close?|R ows | Refs.
Young Spin PSR | _iai2| <107 < spin-down
Pulsar | (+heat) | Boese | 10 [ <107 |30ms-8s <300 pc|V quickly
Kaplan (arXiv:
INS Meat | px J1856] ~1013 | <106 | 3s-10s | <200 pe | X spin-down °8°';<'P"‘k3’(i.'§‘(3'339&
(+B) quickly++ Apj,705f 798)
R‘;ﬁly:ifd Sy 15257 ~10° | >108 | <20 ms | <200 pc | v el
Rutledge et al. (2008,
in? Ap|, 672, 1 137); Zane
Calvera Spm.’ Calvera | <I02| ? 59 ms yes! | X ? eEJaI.(ZOI I,M)NRAS,
Heat! 410,2428); Halpern
(201 1. Apl. 736 13)
spin-down
SGR v/ ) Mereghetti (2008,
Magnetar B 1900+ | 4 > 0|4 <I 04 2s-10s no X qufl;ly++ A&A gRev.t,tlé, 225)
, far
CCO . Halpern & Gotthelf
(Anti- | Heat | CasA |=i0n|<i0*[~200ms| no |X born with | @010.p) 709, 43¢)
Iong P? Halpe.rn & Gotthelf
magnetar) (201 1;Ap), 733,1.28)
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Young Pulsars

® Examples:Vela, Crab,
Geminga

® P<400 ms

® Rotation-powered
(+heat), B~10'2 G

® Radio, IR, optical,
UV, X-ray, Y-ray

logio(Flux [keV/s/cm?/keV])

I T L] T | T T L ] L] T T |

thermal X-rays optical
— XMM~-Newton

¢ OSSE
8 COMPTEL

non-thermal X-rays

Geminga pulsar:
young & nearby

non-thermal Y-rays

Kargaltsev et al. (2005)

logio(Energy [keV])

2 4 6
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|Isolated Neutron Stars

® Example: RX J1856.5-3754
® P=3-10s

® Residual heat (+ B decay?),
B~10"3 G

® optical, UV, X-ray

Monday, June 11, 2012



|Isolated Neutron Stars

IIII| T T IIIIII:I

{RX J1856.5-3754 | thermal X-rays

/

—_

o
L
—_
I

® Example: RX J1856.5-3754

® P=3-10s 3
® Residual heat (+ B decay?),
B~103 G 3 E

® optical, UV, X-ray

- Flux VFV‘(erg/slc‘:mz)

‘thermal optical/UV

1014 1017 1018

F_requency‘ (Hz)
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Recycled (ms) Pulsars

O —
10~% —m——r—————r———m—-mr——M™m™mm——mr——rrrr——r—
® Example: PSR J0437-4715 -
02 Durant et al. (201 )
® P<100ms | \
-y % . thermal X-rays
® Rotation powered, B~10° G, = ol O - W ™,
old =
l(% 10731 /7/0 .'ow
® Thermal emission in X-  ~ sl R ooy & « rays |
rays from heated polar 2 - |
caps! > 10 *
- : : = :
® Visible at radio, optical, UV, K | fyo
X-ray, Y-ray 107 magnetospheric .
® Fermi is finding many, Ly T R TR T "1618'“";()319' W00 10 102 108 10
. 1%
related to E (Abdo et al.
2009, 2010, ...)
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Calvera

® Discovered by Rutledge et al. (2008) in search for more INS
® Spectrum from Shevchuk et al. (2009)
® kTge~=250 eV, but not a good fit
® P=59 ms (Zane etal.2011)
e B<I|0'?2 G (Halpern 201 1)
® Visible at X-ray
® Rotation powered(?)/residual heat(?),

® Distance unknown, consistent with ~1 kpc
® Escaped Central Compact Object (CCO)?
® Mildly recycled pulsar (analog of Geminga)?
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Other Types of NS

® Magnetars (2s-10s):

® B decay,BzI10'* G
® Visible at radio, IR, optical, UV, X-ray, y-ray

¢ CCOs (100ms-500ms):
® Pavlov et al. (2004); de Luca (2008) for reviews

® Compact Central Objects (in young SNRs)
® Residual heat, B<I0'' G (anti-magnetars): Halpern & Gotthelf

® Visible at X-ray

® No local examples of either, but young: could influence old population
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What Else Should Be There!?

® Kaplan et al. (2004,
2006): X-ray search for

young NSs in supernova  10™F
remnants :

e Tight limits on |5 (of 45) 1034§ |

33

SNRs, factor of ~10
below normal cooling

W
\S]

® Accelerated cooling +
low B—*invisible?

® Would then be in
accreting sample

Ly 05-2kev (€798 S
o

w
e

—
o

® Or something else (high
v, BH,SN Ia, ...)

- —

| | | w8sS4ss o r + 'Thérn;ai E

¥ Non-thermal

v Limit ]

e O X-ray PWN g

sun ]

. T+ CasA
< \n_ormal + 1207-4<=5209 B1757-24

~

RN B0538+281 & @ B1951+32

1395 M, ROW198 @ ¢ B1706-44
Vel B1727-33

' B2334+61

~

® pigs301  + BO§5Q+_14
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Populations

INS: 20%-40% of pulsars (visibility augmented by B decay); Kaplan & van

Kerkwijk (2009)

® Young sources ~consistent with enhanced (x3?) SN rate locally (Popov et

al. 2005, 2006, ...); but double counting (Keane & Kramer, Gill & Heyl)?

® (CCOs: 10%-20% of SNRs (based on sample of Kaplan et al. 2004)

® There should still be other NSs out there (accreting, cooling, ...)

ROSAT searches (Rutledge et al.; Turner et al.;Agueros et al.) could have
found some, but only found Calvera

<30 total remaining in ROSAT (Turner et al. 2010)

Deeper XMM searches (Pires et al. 2009) identified candidate(s)
eROSITA will conduct soft X-ray survey with x10 sensitivity of ROSAT
(launch in 2012/13), expand population to >100

But ISM + Stefan-Boltzmann make it hard to find nearby, cool objects
Will help find distant, hot objects instead

® We can’t find invisible objects, but wide diversity apparent in what is found
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