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Jaa Millisecond pulsars ?

Millisecond pulsars (MSPs): a
distinct class in the pulsar
population.

P <30 ms, Pdot < 107"® s/s

Thought to be spun-up by accretion
of angular momentum from a
companion.

~ 1800 known pulsars, ~ 10%
MSPs.

Much lower surface magnetic fields
than « normal » pulsars: ~ 10° G
<< 10" G

But ! Comparable spin-down
luminosities.
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MSPs at high energy

About 30 MSPs are detected as point X-ray
sources. ~ 10 pulsed detections in X-rays.

In gamma-rays: emission models (PC, OG)
predict emission from MSPs...

... Only 1 marginal detection before LAT | PSR
J0218+4232, with EGRET.
Open questions:
Do MSPs emit gamma-rays ?

If they do, are the mechanisms the same as for
« normal » pulsars ?

Cnts,/ bin Fluximdy)

Cnis/hin

PSR J0218+4232

A

a8 S

66

G

28 -

16 L ; :
0.0 0.5 1.0 1.5 2.0

Fhase
Top: radio profile at 610 MHz.
Middle: X-ray 0.8-10 keV profile,
with Chandra. Bottom: 0.1-1 GeV
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Kuiper et al 2002).
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T MSPs and Fermi
: pace Telescope

MSPs sorted by sqrt(Edot) / d?.
Red arrows: searched in EGRET data with ephemerides (Fierro et al 1995). No detections.

Provided J0218+4232 is a true detection: many candidate MSPs for gamma emission.

2124-3358 0,004931 6,78E+33 1,32E+18 0900-3144 0,011110 1,41E+33 1,29E+17

0030+0451 0,004865 3,48E+33 6,55E+17 1909-3744 0,002947 2,16E+34 1,13E+17

~ P> 0034-0534 0,001877 2,96E+34 5,90E+17 1843-1113 0,001846 6,02E+34 8,59E+16

1012+5307 0,005256 4,66E+33 4,06E+17 1857+0943 0,005362 4,53E+33 8,13E+16 =

1024-0719 0,005162 5,32E+33 2,60E+17 1804-2717 0,009343 1,98E+33 7,31E+16

0751+1807 0,003479 7,30E+33 2,22E+17 1751-2857 0,003915 7,41E+33 7,11E+16

1455-3330 0,007987 1,88E+33 1,54E+17 0218+4232 0,002323 2,44E+35 6,93E+16




L. Guillemot, Rencontres de Moriond 2009, 7 February 2009

o
oo Search for Gamma-Ray MSPs with Fermi

Search for gamma-ray pulsations in first 6 months of Fermi LAT data, using high-
quality radio and X-ray ephemerides.

Pulsar Timing for the Fermi Gamma-ray Space Telescope

D. A. Smith'?, L. Guillemot"?, F. Camilo’, I.Cognard4 D. Dumora'?, C. Espinoza®, P. C. C. Freire’, E. V. Gotthelf®,
ALK Hardings:fi, B. Hobbs”, S. Johnston®, V. M. Ka'-:pll” M. Kramer®, M. A. Lmnﬁcmnc“’ A.G. Lyne®, R. N.
Pv'lanchc'-:lcr . F.E. Marshall®, . M. AL McLaughlm” A Noutco'-: . S. M Ran'-:om .M.S.E. Robcrmh R. W.
Romani'?, B. W. Stappers®, G. Theureau®? LD Ihomp'-:on S. E. Thorsett's . M. ‘ﬂangm,andl’ Weltevrede®

(Astronomy & Astrophysics, 492, 923)

Photons are « phase-folded », knowing the pulsar period and derivatives, space
motion, binary orbit (if any) => only 1 trial # « Blind Search »

Confirmation of PSR J0218+4232 as a gamma-ray pulsar, detection of 6 other
millisecond pulsars.
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High-precision ephemerides

MSPs are stable objects. The radio observatories (Nancay, Jodrell, Parkes, etc.)
can achieve high precision timing solutions for them.

Here: PSR J0613-0200, with the Nancgay radio telescope. The rms residual
between the real and predicted TOAs is ~ 1.5 us ! (0.05% of the period)
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Jeamt First Fermi Millisecond Pulsar !

J0030+0451 is a nearby (300 pc) isolated MSP. z: 1Gev
Edot = 3.3 x 10® ergs/s < 10* ergs/s ! ek

Radio and X-rays are in near alignment: consistent with
thermal emission from the poles
Gamma and radio: not aligned.
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Flux = 7 x 10°® ph/cm?/s (3% of Crab)
Cutoff : ~ 2 GeV
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=> Properties reminiscent of that of the « normal » PSRN E

gamma-ray pulsars. oE E
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Jeert - Gonfirmation of PSR J0218+4232
| —DrEliMINGTY | ——

PSR J0218+4232 is a 2.32 ms pulsar, in a 2- 50 PSR J0218+4232
day orbit around a low-mass dwarf
companion, discovered at radio wavelengths
by Navarro et al. (1995) at Westerbork.
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Much higher Edot and distance than s
J0030+0451: Edot = 2.4 x 10* ergs/s, D = 3
2.67 kpc

20

1° away from the blazar 3C66A.
10
Kuiper et al. (2000) reported a 3.5 sigma
detection with EGRET, later strengthened to
the 4.9 sigma level (Kuiper et al 2002) after
the improvement of the X-ray phase
histogram.
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The Fermi LAT confirms the detection in
gamma-rays.
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Spectral analysis ongoing. 8
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S Other Gamma-Ray MSPs (1/2)
| é Preliminary !
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Other Gamma-Ray MSPs (2/2)
# Preliminary !
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e Fermi-LAT pulsar detections

CTA1

Geminga

\® Dragonfly | @3

®
O Crab”

© New pulsars discovered in a blind search

Fermi PUISar DeteCtionS @ Millisecond radio pulsars

@ Young radio pulsars
© Pulsars seen by Compton Observatory EGRET instrument

MSPs = pink dots. All of them are Galactic field sources.

(close sources => appear outside of Galactic plane) B
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Which MSPs are we seeing ?

The far, high Edot, and the close, intermediate Edot MSPs are detected.

=> high spin-down flux MSPs (Edot / d?)

Many intermediate distance MSPs should be detected with time.
Gamma-ray emission from MSPs: a general rule ? Is there a threshold ?

J0218+4232  0,002323 2,44E+035 2670

J0613-0200  0,003062 1,32E+034

J1744-1134  0,004075 5,21E+033

Spin-down power (ergs/s)

10737}

10736} |

10735} |

107347} |

10733} |

1032} |

10731}

(MSPs in GCs excluded)

0.1

1 10
Distance (kpc)



L. Guillemot, Rencontres de Moriond 2009, 7 February 2009

Sorm Fermi detection of 47 Tuc

Space Telescope
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47 Tuc is a globular cluster (GC) in which 23 MSPs are known.
The Fermi LAT detects 47 Tuc as a point source.

We might be seeing the collective emission from MSPs in 47 Tuc. 13
Individual detections ? We'll see. 47 Tuc is 4.9 kpc away: comparable to J0218+4232 (~ 3 kpc)
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et Other Globular Clusters ?

V SpaceTeIescope
Terzan 5: D = 10.3 kpc
- 47 Tuc: D = 4.9 kpc
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Globular Cluster

There are ~ 100 MSPs in 26 GCs.

Promising sources of collective emission. Some individuals might be detectable.
Search for pulsations ongoing. 14
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e Summary, (lot of) prospects

* Gamma-ray pulsations are seen from 7 galactic field MSPs. MSPs ARE powerful
accelerators.

* The detected MSPs are close and mildly energetic, or powerful and far. We see
the high spin-down flux objects. Threshold for emission ?

* Some gamma-ray profiles are similar to that of « normal » gamma-ray pulsars.
Some are more complex, as in radio.

* Spectral analysis is ongoing. Spectral shapes and cutoffs, along with the pulse
shapes, should help constrain the emission models.

* We see collective emission from 47 Tuc. Individual pulsations in GCs ?

* How many unresolved MSPs in the galactic plane ? In the galactic center ?

Thank you ! 15
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