





Variability of Potential ASCA X-ray Counterparts
above 100 meV

—Ray Variability vs. Broadband Spectrum
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Roberts, Romani & Kawai 2001



CRAB PWN Spectrum
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GeV J1809-2327:A GeV Emitting PWN?
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e Most prominent

; source in “small” GeV

.

error box
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GeV }1809-2

e Most significant
: . variability (V,,=3.93,

- Nolan et al. 2003) of
. . any low-latitude, non-
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AGN EGRET source
on-Tfjrmal Nebula piaistesie it sutin e i

Stellar Cluster

272.4°

Right Ascension (J2000)

4-10 keV

Roberts et al. 2001, Roberts & Brogan 2008



Taz: A GeV Emitting RPVWN?

¢ Radio Nebula with
spectrum and
polarization of PWN
e Short Chandra
image resolved point
source with trail

Braje et al. 2002, Roberts et al. in prep

Non-Thermal X-Ray






Taz Pulsar Discovered in Blind

Search of Fermi data

e Moderate E~4X103

* T =68 kyr

*No radio means no DM
distance, no radio phase, no
polarization sweep

* Trail morphology means
no geometrical constraint

e X-Ray pulsations helpful?
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Fermi Light Curve
Abdo et al. 2009

O ‘detection’ o

thermal X-ray pulsations
with 70ks XMM PN



Non-Thermal X-rays
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2.5-8 keV X-rays



- Roberts & Brogan 2008

2.5-8 keV X-rays



Taz -- A Very Efficient Pulsar in a Mixed-
Morphology SNR

. Y-ray efficiency = 25%
(assuming isotropic emission)

o PWN Lz,10kev > 2.5x1033
o erg/s (0.6% efficiency)

e Age ~50ks consistent with

MMSNR and moderate
_~_-.;, "' Ao Q ’ e %é

2.5-8 keV X-rays
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Chandra |-7 keV X-Ray Rabbit RPWN!?




The Rabbit RPWN?
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The Rabbit RPWN?!?
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Rabbit Pulsar Discovered in

IR Blind Search of Fermi data!

Rabbit Pulsar (Fermi LAT and XMM-PN)

— XMM-PN

Number of Photons
J

04 0.6
Two Periedyplotted

Fermi and XMM Light Curves
nb. phase alignment off by 0.04 (one leap
second)

* Energetic E~5X10%¢ erg/s
T = |Okyr

* No radio means no DM
distance, no radio phase, no
polarization sweep

* “Torus and Jet”
morphology suggest spin
axis in plane of sky!?

* Hard X-Ray pulsations
Found!






Lower Wing Containing Rabbit ALSO A TeV SOURCE!
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Hard X-ray
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Mid-IR “wall”
bounds non-
thermal X-rays

Are the ears just
part of the
Kookaburra
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Declination (J2000)

2147 214.6°

Right Ascension (J2000)

| 3cm radio



|=18° Sources

® Complex region with at
" least 2 EGRET (GeV)
sources and a bright
unidentified, variable
Comptel (MeV) source.
) ® GeV J1825-1310 (BEG
- - el J1826-1302) probably
SNR G189 1.1, WL variable (second highest
: V,,=3.2%)
® 20 and 90cm imaging
resolve at least 4 SNR, &
of them new, as well as
_ceigs.id) many molecular clouds
e = aNd SOome other
ight Ascension (J2000) structures

New SNR

Brogan et al. 2006



TeV source(s) seen with HESS

Dec (deg.)

25
W

3EG J1826-1302

PSR J1826-1334

18"25™
RA J2000 (hours)

Aharonian et al. 2006




The Eel X-ray RPWN in GeV |1825-1310
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GeV |1825-1310

Roberts, Romani & Kawai 2001



The Eel torus+jet!?

|-7 keV
o=

ACIS-|
/5ks

(Roberts et al.
in prep)




The Eel torus+jet!?

|-7 keV
o=2.5




The Eel RPYWN?




The Eel RPWN?
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The Eel RPWN!?
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The Eel RPWN?

|-7 keV
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Eel radio RPVWN?

Suggestively shaped radio nebula, no
clear infrared counterpart
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Eel TeV RPWN!?

Chandra

|ESS
Contours




Fermi Light Curve

Eel Pulsar Discovered in
Blind Search of Fermi data!

 Energetic E~3.6X10%¢ erg/s
T = |4kyr

e F. <0.05 mjy @ 1400MHz
(GBT & Parkes)

* “Torus and Jet” morphology
suggest spin axis near plane
of sky?

* No X-Ray pulse search yet!



The Rabbit and the Eel

e Have similar morphologies... small (10-20”)“torus”
in plane of sky, larger “jets”, “forward” one bent
~30” away from pulsar, with most of the X-ray
emission on side towards jet bend.

e Have similar spin periods (110ms), spin-down
energies (4-5X103%, characteristic ages (10-15 kyr),

and X-ray fluxes.

R PR ot L R L S s T
ew MU e o s R L et ol
o ) e WA g Tufy

R kg o S e e T Tl S T R e el B D R skt e e ek g R R e R T ke ot e T e S Skt
g S N e e e D ] e e o L S e e
: il S l._‘l;:_: j..‘.;‘__ 5] | 5o 2V @ b e [0 = R k" T 6 Y ) ".“T V(@ { :_ (RS et vt I il o 1': i F e ] & B ) Ir'; -IO- ) FAE0D YR e e s R L ..;.:.."f'.‘ll )




Three “variable” EGRET sources
containing PWN found to pulse
at GeV energies with Fermi

® Variability not confirmed--- nor ruled out. Note that EGRET
“variability” was on timmescales of several months to several

years.

® Unpulsed flux not yet well constrained, especially at low
energies (< 300 MeV) where Fermi PSF is large and effective
- areasmall (sensitivity in survey mode similar to EGRET or
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