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ABSTRACT: We continue our campaign of multi-wavelength observations of Fermi-LAT gamma-ray sources utilizing the Chandra ACIS-S 
instrument. These observations are to search for and determine properties of significant X-ray point sources that might be associated with the 
recently discovered rotation-powered pulsars J1514-4946, J1658-5324, J1302-32, J2017+06, and J1103-5403. All of these pulsars were originally 
discovered in radio searches of Fermi-LAT unassociated gamma-ray sources. Chandra can localize X-ray point sources with arc second positional 
accuracy and characterize their X-ray spectral properties. We report on the X-ray fluxes and spectral properties of the associated X-ray sources 
found in our observations and compare these properties with those of other rotation-powered X-ray and gamma-ray pulsars. We also discuss other 
interesting sources uncovered by our observations in the fields of our target pulsars.
Support for this work was provided by NASA through Chandra Award Number 12400936 and performed at the Naval Research Laboratory under 
sponsorship by NASA award DPR S-15633-Y.

Fermi-LAT Unidentified Source Observations
Fermi-LAT is a pair production telescope launched in June 2008 that is continually 
scanning the sky at energies from ~20 MeV to >300 GeV with ~8000 cm2 of effective 
area, good background rejection, a 2.4 steradians field of view, and 0.6 degrees angular 
resolution for front-side events at 1 GeV. In its first month of operations Fermi-LAT 
achieved a sensitivity greater than EGRET on CGRO. The “Fermi-LAT Second Source 
Catalog" (2FGL; Abdo et al. 2011) lists 1746 sources detected by the Fermi-LAT during 
the first two years of survey operations. Many 2FGL sources are associated with known 
objects in other wavelength bands such as pulsars and active galactic nuclei (AGN). 576 
2FGL sources, however, were listed as unassociated with any known (at the time of 
publication) source in any other wavelength band (see Abdo et al. 2011).

As a part of the Fermi-LAT collaboration effort to identify these sources we have 
obtained time on the numerous X-ray satellites, including the Chandra satellite, to 
observe the fields of five (Table 1) Fermi-LAT initially unidentified γ-ray sources 
subsequently detected as radio pulsars to look for possible X-ray counter parts. We 
report our initial analysis of the Chandra observations for three of these pulsars here.

Chandra Observations
For each target γ-ray/radio source we observe the field for 10 ks in order to detect 
significant X-ray sources that might be within or near the γ-ray error region. Once any 
new X-ray sources within these fields are identified we can follow up with both the radio 
and Fermi/LAT data doing more detailed searches for the best pulsar position solution. 

The Chandra Observatory (Weisskopf et al. 2002) is a set of two X-ray imaging 
instruments (ACIS and HRC). We utilize the ACIS-S in faint source mode with no grating. 
For ACIS-S observations utilizing the back-illuminated S3 chip the sensitivity limit for 
point sources is near ~4x10-15 ergs cm-2 s-1 in a 10 ks observations in the energy range 
0.4-6.0 keV. The instrument has good spectral energy resolution (better than 1% at 1 
keV ), and spatial resolution better than 1 arc second for sources in the center of the 
field. The field size for the ACIS-S is roughly 8.3 arcmin for each CCD chip and thus a 
good match to the error regions for Fermi-LAT and radio positional uncertainty at the 
time of each observation. The ACIS-S spectral resolution allows us to gain a good initial 
impression of the X-ray spectral characteristics of any sources found in the fields that 
posses sufficient X-ray flux to be analyzed. 
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Conclusions
Using the ACIS-S instrument on the Chandra observatory we have observed the fields of five Fermi-
LAT γ-ray sources that were initially unidentified in any other energy range. Subsequent analysis of 
data obtained for all of these γ-ray sources has shown them to be either pulsars in the radio and Fermi-
LAT energy ranges, or in the case of 2FGL J1103.9-5356 observations revealed the source to be an 
AGN. These Chandra observations have identified faint X-ray sources in the case of 3 of our 5 targets, 
namely, J1514-4946, J1658-5324, and J2017+0603. For the γ-ray pulsar J1302-32 we have yet to 
determine a solution for the exact radio/γ-ray pulsar position and so no X-ray source has been 
identified for this pulsar. In the case of PSRJ1103-5403, the original gamma-ray source (2FGL 
J1103.9-5356) is now believed to be associated with the AGN PKS J1103-5356. We have found no X-
ray source at the position of the radio pulsar PSRJ1103-5403 (see Keith et al. 2011).

Table 1: Fermi-LAT/Chandra Sources

Pulsar Name Initial Gamma-Ray 
Association Galactic Longitude Galactic Latitude

J1103-5403 2FGL J1103.9-5356 287.42° +5.53°

J1302-32 2FGL J1302.4-3257 305.58° +29.86°

J1514-4946 2FGL J1514.1-4946 325.25° +6.81°

J1658-5324 2FGL J1658.4-5322 334.87° -6.63°

J2017+0603 2FGL J2017.3+0603 48.62° -16.03°
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PSRJ1514-4946

On February 2, 2011 Chandra observed for 10 ks the field of 2FGL J1514.1-4946 (Abdo et 
al. 2011) from which pulsations with period 3.589 ms had recently been detected in the 
radio (Camilo et al. 2012). At that time the position of the pulsar was not well known and 
the then-best position was centered on the back-illuminated S3 chip in order to increase 
the ACIS-S sensitivity to point sources. We detected a faint X-ray point source at the now-
known radio position of the pulsar as shown in the close-up image. The S/N of the point 
source is ~2.1 and a net count rate of 9.1x10-4 c/s making this a marginal detection of a 
point source. If this source is real we estimate its 0.5-7.0 keV flux at ~6.1x10-15 ergs cm-2 s-

1, very close to the Chandra ACIS-S point source sensitivity limit.

PSRJ2017+0603
On January 25, 2011 Chandra ACIS-S observed for 
10 ks the field of 2FGL J1658.4-5322. This is a P = 
2.439 ms γ-ray and radio pulsar with a spin-down 
luminosity of ~3.2x1034 ergs s-1 and a surface 
magnetic field of 1.7x108 gauss. Chandra ACIS-S 
detects an X-ray source at the position of the radio 
pulsar at S/N = 3.6. The X-ray flux in the 0.3-7.0 keV 
band is ~1.6x10-14 ergs cm-2 s-1. The figures at right 
are a larger view of the field around PSRJ1658-
5324 and a close-up view of the faint X-ray source 
at the pulsar position. This pulsar is discussed 
further in Camilo et al. (2012).

PSRJ1658-5324

On July 30, 2011 the Chandra observatory observed the field of this γ-ray and radio pulsar 
for 10 ks in ACIS-S faint source mode. The associated γ-ray source is 2FGL J2017.3+0603 
(Abdo et al. 2011). Pulsations have already been identified (Cognard et al. 2011) at a 
period P = 2.896 ms with spin-down luminosity ~1.35x1034 ergs s-1 and a surface magnetic 
field strength of ~1.6x108 gauss. Chandra ACIS-S detects an X-ray source with S/N = 3.4 
at the nominal radio pulsar position with 19+5.5 counts giving a count rate of 0.0019 c/s. 
Assuming a power law spectral model yields a source flux ~1.2x10-14 ergs cm-2 s-1.

Note: PSR J1103-5403 was detected at radio wavelengths by searching in the field of 2FGL J1103.9-5356 
for radio pulsations. This 2FGL source is now believed to be associated with the AGN PKS J1103-5356.

Pulsar position is a red cross in the larger view and 
a 3” radius circle centered on the radio position in 
the close-up view. Green is the 2FGL error ellipse. 
Other X-ray sources in the field are in yellow.

Pulsar position is 
a red cross in 
the larger view 
and a 3” radius 
circle centered 
on the radio 
position in the 
close-up view. 
Green is the 
2FGL error 
ellipse. Other X-
ray sources in 
the field are in 
yellow.

Pulsar position is a red cross in the larger view and 
a 3” radius circle centered on the radio position in 
the close-up view. Green is the 2FGL error ellipse. 
Other X-ray sources in the field are in yellow.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


