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~ J2021: A brief history in time and wavelength
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How far is it? Is it like
other young pulsars?

What is this thing?

pulses!
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J2021 1n radio

Radio pulsation detected at Arecibo (Roberts et al.
2002; Hessels et al. 2004 ) in follow up of unidentified
ASCA point sources in EGRET error boxes:

*  Young pulsar
— P=103.7ms
—  characteristic age = 17ky
— spindown luminosity = 3.6e36 ergs/s
— Noisy
* Faint; S;4p = 0.1m]y
* Broad pulse; FWHM ~0.1 rotations

Improved radio observations stemming from the
LAT /Radio timing consortium and appearing in Abdo
et al. (2009) refine previous estimates:

* Dispersion and Faraday rotation by ISM
suggest large distance (12.4kpc):
— DM =370 pccm”-3
— RM =524 rad m”-2
— SM =100x larger than model (NE2001)
* Polarization data compatible with magnetic
inclination of 70 deg

* Large distance + EGRET gamma ray flux
imply gamma efficiency 100 times higher than
similar young pulsars (Vela, B1706-44, e.g.)

* Anomalous scattering unaccounted for by
NE2001 (Cordes & Lazio 2002) electron
model? No smoking gun observed...
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4 J2021 1n X-ray
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Gamma-ray

/ Space Telescope

Over 100ks of Chandra observations (Hessels et al. 2004; Van Etten et al.

2008) resolve plerion and characterize neutron star.

Neutron star

« kT=0.16 keV, cf.
— Vela@ 0.13 keV
— B1706-44 @ 0.17 keV

* Continuously clocked Chandra data
suggests 65% of flux is pulsed

* BB spectrum (with canonical NS
parameters) gives ~2 kpc

» Efficiency arguments for nonthermal flux
imply a distance of ~2 kpc.
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Fit of double torus implies inclination to line
of sight: 86 +/- 1 deg

* Estimated hydrogen column density of 6.6+/-
1.0e21 cm”-2 inconsistent with 12kpc
distance (1.2e22 cm”-2)

» Efficiency arguments for PWN flux suggest
1.3-4.1kpc

* No SNR shell observed so far; observation of
Sedov phase would helpfully verify pulsar
characteristic age.
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Early LAT Pulsar Observations: What can we learn?
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/ Space Telescope
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Simulated LAT phase-averaged spectrum for
Vela simulated for low altitude (polar cap)
and high altitude (outer gap) models. The
LAT can easily distinguish the two.

Observations: Halpern et al. 2008; Abdo et al. 2009

Light curve morphology reveals
wealth of detail:

Does gamma-ray emission lag radio
peak; how much?

How many peaks does the gamma ray
emission display? What is the
maximum separation?

Light curve + pulsar orientation +
emission model can constrain beam
geometry!

Phase-averaged spectra
discriminate between models in
heavy-handed fashion.

Gamma ray emission from low
altitudes is suppressed by pair
production on the strong magnetic
field = hyperexponential cutoff at a
few GeV; look for converse

Observation of simple exponential
cutoffs and pulsed gamma rays > 10
GeV indicate emission dominated by
outer magnetospheric processes
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PSR J2021: Light Curve
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Lorentzian Fits, FWHM:
e P1=0.021 rotations
e P2=0.053rotations

Characteristic “Vela-like” light
curve with sharp, widely-spaced
peaks

Significant radio lag possibly
suggestive of radio emission at
higher altitudes

Trailing wing of P1, leading wing
of P2, and bridge emission are all
significantly above DC
background

Bridge emission (see definition
below) detected at 5-sigma
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Outer Magnetospheric Models

Gamma-ray

/ Space Telescope
\

For small gaps/distances, the detail with which we measure the peak
separation (0.468) is sufficient to prefer an OG emission.

For large gaps/distances, TPC (SG) is preferred.
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Light Curve -> Beaming

Gamma-ray

/ Space Telescope ®
\

Using the “Atlas” of Watters et al. (2009), and the pulsar spin axis inclination inferred from the

PWN torii, we can estimate the pulsar beam, i.e,, calculate f, where Fg,, .., = 41tfq Lyym, /D2

For Outer Gap (OG) and Two Pole Caustic (TPC) models, the peak separation and efficiency
suggest a magnetic inclination of ~70 deg, i.e., J2021 is a nearly-orthogonal rotator, consistent
with the radio polarization data and detection of the radio interpulse.

0G->f, =1.05, TPC ->f, = 1.10, i.e,, the inferred beam is nearly isotropic. Compared to the
canonical 1sr beam or a typical polar cap beam, both with f, <= 0.1, the fan beam geometry has
dramatic implications for the gamma-ray efficiency.
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Energy-resolved Pulsation
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Counts

* P2/P1 ratio grows with energy,
foreshadowing spectral results

* No significant change in gamma peak
location or shape with energy

Counts

* Chandra continous clocking light
curve (Hessels et al. 2004, re-
analzyed by Andrea De Luca):

— pulsed at the 4-sigma level

Counts

— appears roughly aligned with gamma
peaks (interpretation in OM model)
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@5/ .. Keyfor Spectral Analysis: the LAT PSF

Gamma-ray
/ Space Telescope
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e PSR]J2021+3651 resides in the
busy Cygnus region.

— Dominant, structured background from
galactic diffuse and nearby point
sources.

* The sharp LAT PSF (and large
effective area) is crucial for
resolving crowded regions.

 Accurate attribution of counts leads
to better spectroscopy.

e About this image:

— The PSF varies strongly with incident
energy and less strongly on incidence
angle and depth of conversion in the
detector; the indicated circles are
representative.

— Observed counts are mapped to a pixel
appropriate for the PSF at the observed
energy and divided by this solid angle;
the resulting map is an observed counts
density, and high energy photons show
up as “freckles.”
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@sfm Spectral Analysis 1 - Methods
A S T : .

—— 80 cts/bin
Validate spectrum with two ST T e S, )
. [ Bridge
methOdS' P SRR - R [ Offpulse
« gtlike '

s3]
T

— standard spectral analysis tool for
collaboration

— requires accurate background models

 on-off

— independent of background structure;
let offpulse define background
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— requires accurate phase cuts

— loses precision in discarding spatial
information
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* Spectrum verified
using gtlike, ptlike
(previous slide) and
an unfolding

i technique.
T 1 ¢ Simple exponential
> . cutoff is best fit to
5 [ % | o\ ] data -> high altitude
K PRELIMINARY S W emission.
B ootk AN e P2 appears to
~r (ﬁ - dominate P1 at high
g [| U PI(on-off) L ] energy, but statistics
s || ¢ P2 (on-off) - are low,
| O On-pulse (on-off) R | -
------ PL (gtlike) PR * Spectral index ~1.5
| 22 gtlike) 1 ¢ Cutoff ~2.5 GeV
— On-pulse (gtlike) N v
Lo12 — Lk * Integrated flux > 100
10" 10° 10* MeV ~ 4.3e-10
Energy (GeV) ergs/cm" Z/S
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* Spectrum

37 -

— prefers outer magnetosphere, gives
integrated energy flux

J2021 @ 12 kpe |
:
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* Light curve

— prefers outer magnetosphere and a nearly
isotropic fan beam (f, ~1)

o
5.

 Combining the two results:
— Efficiency = 0.25 f,(d/4kpc)"2
— A distance greater than 8kpc is unphysical!

log y—ray luminosity (ergs/s)

@
o

— Vela efficiency: ~1%

e Large DM remains unexplained. =l
34 36 38

— A polar cap model would lower the log spindown energy (ergs/s)
efficiency by a factor of ~10, allowing the
large distance required to explain the DM
in terms of NE2001.
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<L Summary and Future LAT Observations

* LAT data indicate a strong preference for outer magnetospheric models
in PSR J2021+3651 (as well as Vela as reported in Abdo et al. (2008))

* Precision, phase-averaged spectral measurements and beam geometry
inferred from the sharp light curve have refined the estimate of J2021’s
gamma-ray efficiency and indicate a maximum distance of 8kpc.

* Continued observations will provide a robust background model],
reducing systematics of current measurements.

* Asone of the cadre of bright young pulsars, PSR J2021+3651 will
ultimately provide enough photons for detailed phase-resolved
spectroscopy, allowing further refinements on the broad constraints
already obtained from early observations.
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