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® |ntroduction:The Fermi Large Area Telescope
® Pulsar searches in gamma rays (compared to radio)
® Searches for gamma-ray pulsars

® Young pulsars

® Millisecond pulsars

® Conclusions and Prospects
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_LAT Specifications & Performance

Quantity LAT (Minimim Spec.) EGRET

Energy Range 20 MeV - 300 GeV 20 MeV - 30 GeV

Peak Effective Area 1 >8000cm2 1500 cm2

Field of View >2sr 0.5sr

Angular Resolution 2 < 3.5° (100 MeV) 5.8° (100 MeV)
<0.15° (>10 GeV)

Energy Resolution 3 <10% 10%

Deadtime per Event <100 us 100 ms

Source Location Determination 4 <0.% 18’

Point Source Sensitivity 5 <6x109 cm-2 -1 ~10-7 cm-2 s-1

" Afer background refecton http://fermi.gsfc.nasa.gov/ssc/

2 Single photon, 68% containment, on-axis

3 1-0, on-axis

* 1-gradius, flux 107 cm™ s-1 (>100 MeV), high |b|
> 100 MeV, at high |b|, for exposure of one-year all sky survey, photon spectral index -2
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LAT vs EGRET

CRAB PSR B1509-68 VELA PSR B1706-44 PSR B18514+32 GEMINGA PSR B1055-52
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® > 200 million“source” class events by the LAT in
first 4 years (~1.5 million EGRET photons in 9 yrs)

300

— >0.1 GeV J1048-5832 =
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| | 7 gamma-ray pulsars!

41 young radio- and X-ray-selected (green circles, cyan crosses)

36 young gamma-selected (white squares)
40 radio-selected MSPs ( )
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Lo earches in
Gamma rays vs radio
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Gamma rays vs radio

® Worse flux sensitivity in gamma rays
® Short vs Long data sets

® All-sky survey mode vs pointed

® No DM in gamma rays

® Different biases
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ez Early LAT discoveries

® Many associated with

EGRET Unid sources
and SNRs

® Mostly undetected in
radio (or very faint)

® Young to middle-aged
(2-20 Hz, < 2x10° yr)
and energetic
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Glitches

® Young, energetic pulsars like
those found in LAT blind searches
are noisy and prone to glitches

Long observation periods risk
spanning multiple glitches (e.g.
CTAI, shown on the left)

® |atest pulsar discovered (PSR
J1838-0537) was originally only
found in ~ half the data set, due

to large glitch . Pletsch et al,,
Ap|L, 755,20 (2012)
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Effect of a position offset

An error of € in the source location results in an error of 6f in the frequency
observed: of = Zef sinf.

Since 6 (angle between the Earth's orbital velocity and the source direction) is
also changing (6 =2 x 10~7 rad s~ 1), this also induces an error in

5f = Leff cosh + O(6?).
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Figure: PSR J1809-2332: Correct position — Figure: PSR J1809-2332: ~ 10" offset — Max
Max H-test=9340 H-test=1355
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J=LAT position uncertaintie s

=ammi CAT unassocialed sources

Fermi LAT unassociated sources

Total_enfries =576

Gavssian Approximate threshold

o ey _ for blind search detections
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e Blind searches

at Hannover

® 6/20 CPU-core cluster

® Blind search techniques
adapted from GW search

Efficient scan in position

|0 pulsars discovered

Pletsch et al. 2012a, 2012b
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MAX-PLANCK-CESELLSCHAFT

= Max Planck Institute
for Gravitational Physics
’ ALBERT EINSTEIN INSTITUTI

In July 2011, Einstein@Home began
searching for pulsars in Fermi LAT data.

Some 300,000 people have contributed to Each week, more than 60,000 computers

Einstein@Home. contact project servers at the University
of Wisconsin, Milwaukee, and at the
Albert Einstein Institute in Hannover,
Germany, to get work units and report
their results.

http://einstein.phys.uwm.edu
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~= LAT Searches for MSPs

® CPU/memory intensive

® More sensitive to position ,, R Emame -

chi2
max(chi2)

® Most (~80%) are in binaries

® Full blind search of binary
pulsars is currently unfeasible

® MWL obs. are desirable for
isolated MSP searches and 5 ; 5
essential for binary ones ;

R.A. offset (arcsec)

Dec. offset (arcsec)

® Fortunately ... MSPs are
extremely stable!
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... The expected fraction of ¢ &y

radio-quiet MSPs

Romani, ApJL 754, 25 (2012)

® | ook at brightest/most
significant LAT sources

® 249 > 20 sigma and
F>3x10'" erg cm? s°!

® 4| young pulsars (17 RL)

Log(Variability index)

® 12 MSPs (12 RL)

® 6 unassociated sources
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Curvature Significance

Conclusion: At least 2/3 of young pulsars and
at most /3 of MSPs are RQ (Romani 2012)

See talk by M.

Kerr
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= Pulsars around the GC? .

| 4

Residual Emission for 15°x15° about GC

PSRJ1732-3131

Bright excesses remain after model subtraction
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= Pulsars around the GC!?

| 4

® Can we detect pulsars that far?
® PSR JI1823-3021A in NGC 6624 at 8.4+0.6 kpc
® Crab at 8x distance = flux of faintest BSP

® Detailed diffuse model should improve event
selection/weighting

® Multi-wavelength observations can improve
sensitivity

® A modified observing profile could increase
exposure by ~3.5, while maintaining all-sky coverage
at ~|/3 current sensitivity
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Effect of timing noise

Top Significance {1* Harmonic) Evolution for PSR J1023-5746
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® The LAT has detected > 100 pulsars in 3 years (~1/3 in
blind searches); the first gamma-ray telescope to
discover pulsars in blind searches

® All (36) LAT-discovered pulsars so far are young (or
middle-aged) isolated pulsars (mostly radio-quiet)

® Blind searches for MSPs are computationally intensive,
but feasible, especially aided by MWL observations

® Searches for LAT pulsars around the Galactic Center
could be enhanced with a modified observing profile

® | AT data are public ... anyone can search for pulsars!
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