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Pulsars

Pulsars are rapidly rotating highly 
magnetized neutron stars, born in 

supernova explosions of massive stars.

Typically: M ~1.4 M� and R ~ 10 km

Dense plasma co-rotating with the star.  

Magnetosphere extending to the “light 
cylinder”, where Ω x RLC = c.

Emission (radio, optical, X-ray …) 
produced in beams around the pulsar. 

Pulsars are cosmic lighthouses!

radio emission cone 

γ-ray emission fan 
beam 
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Period and spin-down

Kinetic energy loss rate:

⇒ Pulsars spin down.

Two main pulsar families:

•  “normal”: P = 0.1-10 s, Ṗ = 10-18-10-12

•  “millisecond” (MSPs): P ≤ 0.1 s, Ṗ < 10-18

Most MSPs are in binary systems (circles), 

for evolutionary reasons. 

About 2000 pulsars known today. 

Vast majority in radio only!
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Period and spin-down

Kinetic energy loss rate:

⇒ Pulsars spin down.

Two main pulsar families:

•  “normal”: P = 0.1-10 s, Ṗ = 10-18-10-12

•  “millisecond” (MSPs): P ≤ 0.1 s, Ṗ < 10-18

Most MSPs are in binary systems (circles), 

for evolutionary reasons. 

About 2000 pulsars known today. 

Vast majority in radio only!

3~200 Galactic and globular cluster MSPs

~1800 “normal” pulsars
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Why γ rays?

Radio emission represents a negligible 
fraction of the energy output. 

In contrast, EGRET measured γ-ray 
efficiencies as high as ~10% (e.g. Thompson 
2007). γ rays are a probe of fundamental 

particle acceleration processes in the 
magnetosphere. 

Also, γ rays are beamed along magnetic field 
lines with small pitch angles. γ rays thus track 

the structure of the magnetic field. 

In addition, radio and γ-ray beams have very 
different structures. γ-ray observations give 

access to different pulsar populations. 
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The Fermi Gamma-ray Space Telescope

Fermi = Large Area Telescope (LAT)

+ Gamma-ray Burst Monitor (GBM)

Launched on 11 June 2008. Will operate 
through 2016, and could continue beyond. 

Energy range: 20 MeV to > 300 GeV 
(including unexplored 10 - 100 GeV).

Area of 8000 cm2, viewing angle of 2.4 sr. 

Survey strategy. Entire sky seen every 3h.

Timing accuracy < 1 µs. 

(see Atwood et al., ApJ 697, 1071, 2009)
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Observing pulsars with the Fermi LAT

Principle: phase-fold the Fermi LAT data 
with a timing model accounting for every 

single pulsar rotation over a given interval.

(typical exposures: 108 - 1011 rotations)

Parameters:

- right ascension α and declination δ, for 
converting the photon times to the Solar 

System Barycenter (SSB).

- rotational frequency and time derivatives: 

f0, f1, ... 

- orbital parameters for pulsars in binary 
systems. 
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PSR J1231-1411 (P = 3.684 ms), with correct timing 
model (left) and wrong timing model (right)

Earth and satellite motion around the SSB: 
α, δ 

Pulsar rotation and spin-down: 
f0, f1, … 

Binary motion? 
Pb, a, e, T0, … 
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Observing strategies

• Folding the LAT data using known pulsar timing models, obtained from radio 
or X-ray timing measurements

➡ EGRET pulsars all detected this way, although blind searches could have discovered the 
Geminga, Crab and Vela pulsars.

➡ Large pulsar timing campaign, allowing pulsation searches for >700 pulsars! (See Smith 
et al., A&A 492, 923, 2008).

• Blind pulsation searches, directly in the LAT data

➡ Only way of finding radio-quiet objects.

• Multi-wavelength observations of LAT unidentified sources

➡ Pulsation searches in radio (sensitivity to MSPs, binary systems).

➡ Optical and/or X-ray studies can locate binary companions and constrain orbital 
parameters.
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121 γ-ray pulsars!

41 young radio- and X-ray-selected (green circles, cyan crosses)
36 young γ-ray-selected (white squares)

43 radio-selected MSPs (red diamonds) + 1 γ-ray-selected MSP (yellow diamond)

Cf. https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars

https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
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EGRET pulsars in exquisite details

EGRET pulsars are detected by the LAT 
with very high signal-to-noise, allowing 

detailed studies of their light curves and 
spectral properties as a function of energy. 

Vela = archetypal γ-ray pulsar. Two sharp 
peaks separated by ~0.4 rotations, with the 
first peak offset from the radio emission by 

0.1-0.2 rotations. 

Spectrum well modeled by an exponentially 
cut off power law, of the form:

Strong variations of the spectral properties 
with phase, caused by varying emission 

altitudes and particle populations. 

Common properties among γ-ray pulsars.
9

Spectral energy distribution for the Vela pulsar, with 
1 yr of data (see Abdo et al., ApJ 713, 154, 2010)

Vela (PSR B0833-45)
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γ-ray MSPs

A good fraction of MSPs have γ-ray light 
curves resembling those of normal pulsars.

More exceptions to the archetypal Vela γ-
ray light curve in the MSP population.

- Triple peaks (J1231-1411)

- Aligned radio and γ-ray peaks 
(J0034-0534, B1937+21, B1957+20, 

J1823-3021A, J1902-5105).

Alignment suggests that the radio emission 
and the γ-ray emission are co-located in 

the outer magnetosphere. 

MSPs: important γ-ray pulsar population 
(currently >33% of all γ-ray pulsars). 
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Finding unknown pulsars with the LAT

Best targets have pulsar-like properties: low variability indices and curved spectra. 

Techniques used for ranking sources: visual inspection of light curves & spectra, or statistical 
studies of populations (cf. Ackermann et al., 2012; Lee et al. 2012; Mirabal et al. 2012)
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Based on the 2FGL 
Catalog, Nolan et 

al. ApJS 199, 31 
(2012).
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Blind pulsar searches

Long & sparse datasets such as LAT data make coherent 
searches very computationally intensive. 

Semi-coherent methods maintaining sensitivity while 
reducing computational costs have been developped. 

(Atwood et al. ApJL 652, 49, 2006, Pletsch et al. ApJ 744, 
105, 2012)

Searches have been spectacularly successful: 36 new 
pulsars found in the first 3 years of LAT data.

(Abdo et al. 2008, 2009, Saz Parkinson et al. 2010, 2011; 
Pletsch et al. 2012a,b)

1st discovery: J0007+7307 in the supernova remnant 
CTA1. 

Only 4 detected in radio so far, 3 of them with very low 
radio luminosities. 

What does radio-faint mean?
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The Astrophysical Journal, 744:146 (11pp), 2012 January 10 Abdo et al.

Table 2
Phase Interval Definitions and Corresponding Spectral Parameters Obtained

from Fitting the Spectrum with a Power Law with Exponential Cutoff

φmin φmax Photon Index Cutoff Energy Flux (!100 MeV)
(GeV) (× 10−7 photons cm−2 s−1)

0.07 0.134 0.882 ± 2.419 0.702 ± 1.854 0.393 ± 0.339
0.134 0.182 1.676 ± 0.269 1.529 ± 0.688 1.683 ± 0.382
0.182 0.216 1.791 ± 0.171 2.009 ± 0.737 4.165 ± 0.581
0.216 0.237 1.486 ± 0.146 1.585 ± 0.381 8.759 ± 0.923
0.237 0.253 1.47 ± 0.107 2.613 ± 0.556 11.269 ± 1.06
0.253 0.266 1.362 ± 0.097 3.321 ± 0.688 12.35 ± 1.1256
0.266 0.28 1.479 ± 0.091 3.566 ± 0.757 13.132 ± 1.148
0.28 0.294 1.454 ± 0.099 3.606 ± 0.876 13.002 ± 1.175
0.294 0.309 1.374 ± 0.106 3.671 ± 0.944 11.191 ± 1.0621
0.309 0.324 1.271 ± 0.096 3.414 ± 0.646 10.36 ± 0.9783
0.324 0.34 1.335 ± 0.098 3.661 ± 0.748 9.723 ± 0.942
0.34 0.357 1.034 ± 0.111 2.606 ± 0.428 7.753 ± 0.782
0.357 0.374 1.285 ± 0.092 4.45 ± 0.872 8.162 ± 0.811
0.374 0.392 1.151 ± 0.113 3.537 ± 0.777 8.073 ± 0.8331
0.392 0.41 1.247 ± 0.094 4.384 ± 0.851 7.495 ± 0.747
0.41 0.428 1.256 ± 0.106 3.524 ± 0.746 8.293 ± 0.841
0.428 0.443 1.264 ± 0.091 4.116 ± 0.779 9.575 ± 0.91
0.443 0.457 1.333 ± 0.085 4.897 ± 0.966 10.91 ± 1.003
0.457 0.471 1.249 ± 0.085 4.755 ± 0.866 10.12 ± 0.9369
0.471 0.486 1.321 ± 0.078 5.788 ± 1.124 10.768 ± 0.9581
0.486 0.5 1.111 ± 0.096 3.178 ± 0.519 10.142 ± 0.95
0.5 0.513 1.161 ± 0.096 3.095 ± 0.523 11.402 ± 1.042
0.513 0.528 1.398 ± 0.081 5.504 ± 1.164 10.126 ± 0.926
0.528 0.547 1.483 ± 0.099 3.449 ± 0.772 9.344 ± 0.892
0.547 0.574 1.602 ± 0.121 3.218 ± 0.921 5.652 ± 0.649
0.574 0.623 1.48 ± 0.263 1.502 ± 0.595 1.635 ± 0.356
0.623 0.71 0.762 ± 2.746 0.689 ± 1.44 0.332 ± 0.405

Notes. The flux in the third column is normalized to the width of the phase bin.
The systematic uncertainties are in agreement with the ones evaluated for the
phase-averaged analysis.

model. Another way to estimate the background, which takes
into account the contribution from the unpulsed component,
is to estimate the background in a ring around the location
of the pulsar in the off-pulse phase. The number estimated is
then corrected for the solid angle and scaled to the full phase.
We performed this by estimating the number of events in a
ring of inner radius of 1.◦6 and outer radius of 3.◦0. The inner
radius was selected to avoid contamination from any possible
magnetospheric emission in the off-pulse phase, while the outer
radius was selected so that the background estimated reflects
the background level in the region around the pulsar and not
far from it, and to avoid any large-scale structure in the diffuse
emission that might not be well modeled in the diffuse model.
Using this method we get an estimate for the background of
246 ± 8 counts bin−1. This is in good agreement with a simple
average of counts in the off-pulse phase of ∼ 251 counts bin−1.

The light curve shows two distinct peaks. We fitted the light
curve by a double Gaussian for which the first peak and second
peak are located at φ = 0.303 ± 0.002 and φ = 0.484 ± 0.002,
respectively. The separation between the means of the two peaks
is 0.181 ± 0.003 in phase. As can be seen from the figure there
is a significant evolution in the counts ratio of the two peaks
P1/P2.

2.5. Flux Variability Analysis

To check for long-term stability in the flux we performed
likelihood analysis similar to that in Section 2.3 but in eight-
day time bins. Figure 6 shows the resulting fluxes. The length

Figure 5. Evolution of the pulse profile of PSR J0007+7303 with energy. Two
rotational periods are shown with a resolution of 32 phase bins per period.
The top panel shows folded light curve for energies above 100 MeV. The
dashed horizontal line shown in the top panel shows the estimated level of the
background due to diffuse emission (see the text for details). The rest of the
panels show the light curve in exclusive energy bands. The darker histogram on
the second panel from the top shows the folded light curve for energies >5 GeV.

of the time bin was selected to allow for the accumulation of
enough statistics to guarantee a good likelihood fit. To look for
flux variability from the source we adopt the method outlined
in Abdo et al. (2010a). The source shows no variability on
this timescale. Similar analyses were performed for 16, 32, and
64 day time bins, no significant modulation was found.

To check for any change in the spectrum of the pulsar due
to the glitch we split the data in two bins around the glitch.
The pre-glitch epoch spans the time range 54682.68–54952.652
(MJD), while the post-glitch data spans the time range
54952.652–55412.65 (MJD). We performed a likelihood analy-
sis similar to that in Section 2.5 in these two time bins. In Table 3
we show the spectral fits for the pulsar in these two epochs. The
flux and spectral parameters are in good agreement for the two
epochs. No change in integral flux above 100 MeV is seen.

Recent variability detected in the Crab appears to come
from the Nebula, not the pulsar (Abdo et al. 2011). Since
PSR J0007+7303 is among the younger pulsars and has a
complex PWN/SNR associated with it, it is reasonable to ask

6

The new pulsar in CTA 1 exhibits all of the
characteristics of a young high-energy pulsar, which
powers a synchrotron PWN embedded in a larger
SNR. The spin-down power of the CTA 1 pulsar of
~4.5 × 1035 erg s–1 is sufficient to supply the PWN
with magnetic fields and energetic electrons at
the required rate of 1035 to 1036 erg s–1 (10), and the
pulsar age is consistent with the inferred age for the
SNR.With its spin-down power of ~4.5 × 1038 erg
s–1, the Crab pulsar supplies the Crab nebula with
its requirement of ~1038 erg s–1 with a similar ef-
ficiency (22). Comparing the total luminosity from

the CTA 1 pulsar inferred from the LAT flux mea-
sured for 3EG J0010+7309 to the pulsar spin-down
power, we estimate an efficiency of converting
spin-down power into pulsed gamma rays that is
~1%, if the emission is beamed into a solid
angle of 1 sr. The Vela pulsar, which is of similar
age, has a gamma-ray efficiency of 0.1%; how-
ever, PSRB1706-44 (23) (with an age of 1.7× 104

years) has an efficiency of 1.9%, and the much
older Geminga pulsar (3.4 × 105 years) converts
its spin-down into energetic gamma-rays with
an efficiency of ~3%.

The gamma-ray characteristics and the ab-
sence of a radio signal (12) from the CTA1 pulsar
are suggestive of the family of outer-gap or slot-
gap model descriptions for energetic pulsars
(24–26). These outer-magnetosphere models nat-
urally generate gamma-ray emission over a broad
range of phase, with superposed sharp peaks
resulting from caustics in the pattern of the
emitted radiation. Because the emission is pre-
dicted to cover such a large area of the sky (>>1 sr)
in such models, the total radiated luminosity as
inferred from the observed pulsed flux could
result in an efficiency as high as 10%, depending
on the magnetic inclination angle. The absence
of the radio signal is readily explained by mis-
alignment of a narrow radio beam and our line
of sight. Both conditions can be met if we see
the pulsar at a large angle with respect to the
spin and magnetic field axes, but only a de-
tailed model can quantify the viewing geom-
etry of the CTA 1 pulsar. Spectral cut-offs at
energies of 1 to 10 GeV that would be indic-
ative of a polar cap mechanism with attenua-
tion of outgoing photons via magnetic pair
creation (27) or curvature radiation-reaction lim-
ited acceleration in an outer gap (28) are not yet
discernible.

Our detection of a new gamma-ray pulsar
during the initial operation of the Fermi LAT
implies that there may be many gamma-ray–
loud but x-ray– and radio-quiet pulsars.

Although 3EG J0010+7309 was long sus-
pected to be a gamma-ray pulsar because of its
clear association with a SNR at ~10° Galactic
latitude, it is also fairly typical of many uniden-
tified EGRET sources. If the radio remnant CTA
1 was located at low Galactic latitudes, it could
have been more difficult to recognize because of
the higher and structured radio background of
the Galactic disk. About 75% of the low Galactic
latitude EGRET sources (|b|<10°, ~100 objects in
the 3EG catalog and CTA 1 just on the edge of
this region) are still unidentified, although several
are associated with SNRs.

The unidentified low Galactic latitude EGRET
sources represent the closer and brighter objects of
a Galaxy-wide population of gamma-ray sources.
EGRET was not sensitive enough to discern the
more distant sources, which blurred into the dif-
fuse Galactic emission. A model Galactic popula-
tion conforming to the EGRET measurements
(29), distributed in galacto-centric distance and
height above the disk, yields several thousand
sources of typical >100-MeV luminosities in
the range of 6 × 1034 to 4 × 1035 erg s–1. The
CTA 1 pulsar with an isotropic luminosity above
100 MeVof ~6 × 1034 erg s–1 falls in the range
required for these sources. The CTA 1 pulsar
detection implies that gamma-loud but radio- and
x-ray–faint pulsars are likely to be detectable in a
fair fraction of the remnants of massive star
deaths. Topics as diverse as the SN rate in the
Galaxy, the development of young (including
historical) SNRs, and the physics of pulsar
emission can then be studied.

Fig. 1. TheFermi LATgamma-
ray source, central PWN x-ray
source, and corresponding
EGRET source superimposed
on a 1420-MHz map (7) of
CTA 1. The LAT source and its
95% error region (small red
circle) is displayed on the
map, together with the central
PWN source RX J00070+
7302 (black cross) and the
position and error of the
corresponding EGRET source
3EG J0010+7309 (large blue
circle). The coincidence of the
pulsed gamma-ray source and
the x-ray point source embed-
ded in the off-center PWN is
notable. The offset of the
pulsar from the center of the
radio SNR, which is thought to
be the place of origin, is quite
visible. The inferred transverse
speed of the pulsar is ~450
km s–1, which is a reasonable
speed of a pulsar (30).

Fig. 2. Contours of de-
tection significance over
a range of period and
period derivative using
photons within a radius
of 1° around RXJ0007.0+
7303. The initial indica-
tion of a signal in this P,Ṗ
region was found with a
search technique that
uses photon arrival-time
differencing (17),whereas
the determination of the
exact ephemeris makes
use of the tools PRESTO
and Tempo2 (18, 19).
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Finding unknown radio pulsars with the LAT

Searches for pulsars in EGRET unidentified 
sources had modest success, because of poor 

source localization.

Typical localization accuracy (95% CL): <10’. 

⇒ same size as radio telescope beams!

Pulsars can be missed in radio surveys for 
several reasons: sensitivity, binary motion, 

dispersion & scintillation, eclipses, insufficient 
sky coverage...

Top: radio pointings required to cover 3EG 1627-2419. 

(from Crawford et al., ApJ 652, 1499, 2006)

Bottom: distribution of 2FGL source localization accuracies.
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PSR J2043+1711: a 2.38-ms pulsar in a 1.48-d orbit, discovered in a LAT source with the 
Nançay radio telescope, later confirmed at the Green Bank and Arecibo telescopes. 

(Guillemot et al., MNRAS 422, 1294, 2012)

Success!
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43 radio MSPs discovered!
+ 4 other young pulsars. See Ray et al. (2012), arXiv: 1205.3089
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Results & prospects

16

Shapiro delay measurement for PSR J2043+1711, 

Guillemot et al., MNRAS 422, 1294 (2012)

Before Fermi, only ~70 Galactic field MSPs 
in 30 years of searching!

At least 10 “Black Widow” systems (only 
~4 previously outside of globular clusters)

+ at least 4 “Red Backs”: eclipsing pulsars 
with ~0.2 M� companions. 

Several may be useful for pulsar timing 
arrays. 

• Future Fermi LAT catalogs will provide new 
targets. 

• Re-observations are important: eclipses, 
scintillation, RFI, etc.

• γ-ray and radio fluxes uncorrelated.
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Optical and X-ray studies of Fermi sources

Deep optical and X-ray observations 
conducted for bright unassociated sources. 

Two of them (0FGL J1311.9-3419 & 
J2339.8-0530) were found to exhibit hr-

scale variability, indicative of orbital 
modulations:

• J1311-3430: Pb ~ 1.6 hours

• J2339-0533: Pb ~ 4.6 hours

(See Kong et al. 2012, Romani et al. 2011, 
Romani 2012).

Orbital parameters indicate light 
companions. Likely black-widow MSPs!

First radio-quiet MSPs?

17

From Romani ApJL 754, 25 (2012)
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PSR J1311-3430
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Almost exactly 30 years ago, radio observations detected the first neu-
tron star with a millisecond spin period (1). Launched in 2008, the Large 
Area Telescope (LAT) on the Fermi Gamma-ray Space Telescope (2) 
confirmed that many radio-detected millisecond pulsars (MSPs) are also 
bright gamma-ray emitters (3). In each case, gamma-ray (0.1-100 GeV) 
pulsations were revealed by using rotation parameters obtained from 
radio telescopes (4) to assign rotational phases to LAT-detected photons. 

The Fermi LAT also provides sufficient sensitivity to detect pulsars 
via direct searches for periodicity in the sparse gamma-ray photons. 
Such blind searches (5) of LAT data for solitary pulsars have so far un-
veiled 36 younger gamma-ray pulsars (6–9) with rotation rates between 
2 and 20 Hz. In the radio band all but four of these objects remain com-
pletely undetected despite deep follow-up radio searches (10). This is a 
large fraction of all young gamma-ray emitting neutron stars and shows 
that such blind-search gamma-ray detections are essential for under-
standing the pulsar population (11). However, no MSP has been detected 

via gamma-ray pulsations until now, 
and so we have not been able to see if a 
similar population of radio-quiet MSPs 
exists. 

The blind-search problem for 
gamma-ray pulsars is computationally 
demanding, because the relevant pulsar 
parameters are unknown a priori and 
must be explicitly searched. For obser-
vation times spanning several years, 
this requires a dense grid to cover the 
multi-dimensional parameter space, 
with a tremendous number of points to 
be individually tested. Blind searches 
for MSPs in gamma-ray data are vastly 
more difficult than for slower pulsars 
largely because the search must extend 
to much higher spin frequencies [to 
and beyond 716 Hz (12)]. Furthermore, 
most MSPs are in binary systems, 
where the additionally unknown orbital 
parameters can increase the computa-
tional complexity by orders of magni-
tude. Thus, blind searches for binary 
MSPs were hitherto virtually unfeasi-
ble. 

We have now broken this impasse, 
detecting a binary MSP, denoted PSR 
J1311í3430, in a direct blind search of 
the formerly unidentified gamma-ray 
source 2FGL J1311.7í3429, one of the 
brightest listed in the Fermi-LAT 
Second Source Catalog [2FGL, (13)]. 
This source also had counterparts in 
several earlier gamma-ray catalogs and 
was first registered in data from the 
Energetic Gamma Ray Experiment 
Telescope [EGRET, (14)] on the 
Compton Gamma Ray Observatory. 

In a search for potential optical 
counterparts of 2FGL J1311.7í3429, 
Romani (15) identified a quasi-
sinusoidally modulated optical flux 
with a period of 93 min and conjec-
tured this to be a “black-widow” pulsar 
binary system (16). In this interpreta-
tion, an MSP strongly irradiates what 

is left of the donor companion star to eventually evaporate it. This plaus-
ibly explained the observed brightness variation resulting from strong 
heating of one side of the companion by the pulsar radiation. Associating 
this optical variation with the orbital period of the putative binary system 
constrained the ranges of orbital search parameters and also confined the 
sky location for the search. Thus, these constraints made a blind binary-
MSP search in LAT data feasible; however the computational challenge 
involved remained enormous. To test the binary-MSP hypothesis as the 
possible nature of 2FGL J1311.7í3429, we developed an advanced me-
thod to search the LAT data for pulsations over the entire relevant para-
meter space. 

Under the black-widow interpretation, the search is confined toward 
the sky location of the potential optical counterpart and the orbit is ex-
pected to be circular, leaving a five-dimensional search space. The indi-
vidual dimensions are spin frequency f, its rate of change f� , the orbital 
period Porb, time of ascending node Tasc, and x = ap sin Ț, the projection 
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Millisecond pulsars (MSPs), old neutron stars spun-up by accreting matter from a 
companion star, can reach high rotation rates of hundreds of revolutions per 
second. Until now, all such “recycled” rotation-powered pulsars have been detected 
by their spin-modulated radio emission. In a computing-intensive blind search of 
gamma-ray data from the Fermi Large Area Telescope (with partial constraints from 
optical data), we detected a 2.5-millisecond pulsar, PSR J1311í3430. This 
unambiguously explains a formerly unidentified gamma-ray source that had been a 
decade-long enigma, confirming previous conjectures. The pulsar is in a circular 
orbit with an orbital period of only 93 minutes, the shortest of any spin-powered 
pulsar binary ever found. 
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Pletsch et al., Science 338, 1314 (2012)
Black widow pulsar interpretation: nearly circular orbit. 
Sky location confined with good precision. Blind search 

feasible!

Still a challenge: uncertainties on orbital parameters large, 
and f0 + f1 unknown. 5-dimensional parameter space:

• spin frequency: 0 < f < 1400 Hz

• its rate of change: -5 x 10-13 Hz/s < f < 0

• orbital period: Porb = 5626.0 ± 0.1 s

• time of ascending node: Tasc = 56009.131 ± 0.012 MJD

• projected semi-major axis: 0<x<0.1 lt-s

Computing done on the ATLAS cluster (6780 CPU-cores) 
in Hannover. 

First blind discovery of an MSP in γ rays!

Shortest orbital period known for a rotation-powered 
pulsar, extremely compact system (separation ~0.75 Rsun).

Radio pulsations found later, also for 0FGL J2339.8-0530.

(Ray et al. ApJL 763, 13, 2013)
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Which pulsars are we seeing?

Lγ depends on Ė, as expected: γ-ray pulsars are nearby energetic objects. 

Distance uncertainties very large, interpretation of non-detections not always trivial.

19

Preliminary
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Radio and γ-ray beaming

Selecting the 249 sources from the 2FGL catalog 
with >20 σ significance and average energy flux > 

3 x 10-11 erg cm-2 s-1: 
• 4 are still unidentified.
•  41 are young pulsars, incl. 17 radio selected.
• 14 are MSPs, all radio emitters.

(See Romani ApJL 754, 25, 2012)

If all 4 unidentified sources are radio-quiet MSPs, 
then >75% of MSPs are radio-loud.

2x γ-ray-selected young PSRs as radio-selected: 
γ-ray beams are likely larger.

However, the most energetic γ-ray pulsars are all 
detected in radio (Ravi et al. ApJL 716, 85, 2010). 
High altitude radio emission from high Ė pulsars, 

producing wider radio beams?
From Romani ApJL 754, 25 (2012)
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Summary

Pulsars are the dominant class of Galactic γ-
ray sources. Pulsar emission from globular 

clusters also detected! 

Light curves and spectra indicate that γ rays 
are emitted from the outer magnetosphere.

Fermi points radio telescopes to unknown 
MSPs. 50% population increase!

2nd Pulsar Catalog paper in preparation. Will 
be a great resource for population, light 

curve and spectral studies of γ-ray pulsars.

Thank you for your attention!


