XMM-Newton observation of distant, energetic pulsar J2022+3842
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1 Introduction

PSR J2022+3842 is a young (7 &~ 8.9 kyr) and energetic pulsar at a distance of ~

10kpe & 2  Data Analysis

located in the center of SNR G76.9+1.0 discovered by Arzoumanian et al. (2011).

It was claimed to be the fastest and second most energetic non-recycled pulsar in our Galaxy

after a 24 ms period detection in the radio (GBT) and X-rays (RXTE).
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Fig. 1.1 : Chandra ACIS-S3 o5 T “ray image of G76.9+1.0
center. 1" X 1" region around PSR J2022+3842 insets showing un-
smoothed and smoothed PSR+PWN. Arzoumanian et. al (2011)
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1'X 1" window in green.

Fig. 1.2 : XMM-Newton EPIC MOSI 0.5 - 12 keV'
smoothed image, 8' X 10" around PSR 12022+3842.
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Fig. 2.1+ Contaminant 1 ACIS-S (red) nd MOST (black) specta fitted

with w0 APEC componets, heir chi-sq. rsiduas (bottom p

MOSI1 data used to locate and characterize nearby point sources in the field that contaminate pn data.
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Fig. 2.2 : Contaminant zAcls sm-m oo MOSI 1bhx,k)spmﬂn fitted
with single model
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A 54 ks Chandra observation had shown no SNR emission

nebula (PWN) and a low spin-down power to X-ray conversion efficiency.
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We perform spectral anal; of pulsed and off-pulsed emission u

Observation :

in 1 dimension. Target imaged only in MOS1 (Fig. 1.1).

ing data from a longer
XMM-Newton observation to better understand the X-ray properties of the pulsar.

, a weak yet distinct pulsar wind

110 ks XMM-Newton observation. EPIC-pn & MOS2 operated in timing
mode offer time resolution of 0.03 ms and 1.5 ms respectively, retaining position information

=053 Poverlaw
=085

2.1 Contaminant analysis

APEC models emission spectrum from colli-
sionally ionized diffuse gas.

Early-type stars are known to exhibit such spec-
trum (Getman et al. 2006). Contaminant 1 is

coincident with HD 194094, a BOV star in clus-
ter.
The two contaminants’ spectra peak below 1

keV and rapidly decline above 2 keV. In pn, the

Y. Fastreadoutachieved by collapsing
columas along CCD Raw Y and reading out the
evants Raw X and time values.

contaminant sources have projected separation

of ~ 9" (2 pixels) from pulsar position.

22 Timing Analysis

We detect unambiguous 48 ms pulsations in the EPIC-pn timing data, twice
the previously reported value. Z3 periodicity test shows significant contribution
from > 20 h

Xeray pulse profile shows two, narrow (A0 =0.09) peaks (Main pulse and
Inter-pulse), phase separated by Ao~ 0.48 with > 77% pulsed fraction
A glitch of magnitude Av/v~2.2x 107 is likely to have occured between MJD
55227 - MJD 55666,
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Phase-resolved spectral analysis of pulse and off-pulse emission.
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Table 1: Best fit parameter values with 90% confidence limits for various
puslar phases.

Ny (102 em?) 1 PL.onorm2 \}/dof Fg o0 " P00

7 T T B 21

Integrated  2.32°07 09301 453108 085/138 617i0E 762107
Main pulse 2237087 0.90° 0% 1777682 099/20 257HIS 314725
Inter-pulse  2.32 (Fixed) 0.90'0/3 12872701 110731 185015 22716
Off-pulse 232 (Fixed) 1.70/07F 2 29,]1;" 0.85/28  0.89103% 144l

# Power law normalisation in units of 10-° photons cm™2 57! keV1 at 1 keV.
bR oy & Fgubs o are the absorbed and unabsorbed, average (over
respective phase range) flux in units of 1013 erg cm 2 57!
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3 Conclusions

1. Pulsar J2022+3842's true rotation period is 48 ms and spin-down power
E =296« 1037erg s lem 2. Not the fastest rotator or second most ener-
getic young pulsar.

2. Hard (I ~ 0.9) pulsed emission and softer (I = 1.7) off-pulse emission
PWN contribution in the off-pulse phase might be significant,

3. X-ray efficiency 1x o5 gkey ~ 2.4 x 104, close to efficiencies of similar
young pulsars.

4. No SNR emission detected in the 110 ks XMM observation. Soft SNR
emission likely in the high Ny medium




