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G266.2-1.2 is a recently discovered supernova remnant observetiupe faint radio and X-
ray emission as well as TeV gamma rays. The age, distancgamiha-ray emission mechanism
have been a source of controversy. To help determine therabdistance, we present the results
of an analysis of our 2003 and 20@handraobservations of the northwestern region. These
results show that the remnant is expanding at the rate4@00.09 arcsec yr! from which the
age and distance are inferred to be 2-9 kyr and 1-3 kpc, riésggc Furthermore, the ambient
density is inferred to be less than 0.1 cinperhaps much less. To help determine whether the
TeV gamma rays are produced by electrons or protons, wergrgseresults of a joint spectral
analysis of some radio, X-ray, and gamma-ray data. It isiplest fit the broad-band data with
a simple, single-zone, leptonic model. However, if the TeMssion is dominated by the decay
of neutral pions, then very-high-energy protons must outioer very-high-energy electrons by
a ratio that is much larger than the ratio observed locally. the ratio expected from charge
conservation).
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Figurel1: A 1-5 keV image of the northwestern region of G266122 from the 200handrabbservation.
The magenta lines mark the boundary of the region that wasrebd in both 2003 and 2008. The cyan arc
is a segment of a.8642-radius circle centered on the location of a potential @mompact object [14].
The green lines mark the boundaries of the regions (A and &) tesmeasure the rate of expansion.

1. Introduction

The shell-type supernova remnant G26612 (RX J0852.6-4622, “Vela Junior”) was dis-
covered in theROSAT all-sky survey data [1]. It has a diameter of neartyahd was probably
the result of a core-collapse event. Like SN 1006, the radisgion is relatively weak [2, 3, 4]
and the X-ray emission from the rims is dominated by syncbrotadiation from electrons ac-
celerated at the forward shock [5, 6, 7]. The presence of-kigly-energy particles is confirmed
by the detection of TeV gamma-ray emission [8, 9]. Howe\er,rhechanism responsible for this
emission—inverse Compton scattering or the decay of Nquitas—remains controversial.

The age and distance of G266.2.2 are also a source of controversy. Some argue that the
spectrum of the remnant possesses line features assowidltethe decay of*Ti [7, 10, 11]. In
this case, the remnant must be young (0.6-1.2 kyr) and cb&ed.5 kpc) or the line emission
would be undetectable [12]. Others find little or no evidentsuch features and argue that the
relatively large absorption column density indicates thatremnant lies beyond Vela and may be
associated with the Vela Molecular Ridge (i.e. at a distaride-2 kpc) [5, 6].

We used theChandraelescope to observe the thin filaments in the bright norteva region
of G266.2-1.2 on two separate occasions. An analysis of these datadstasneasure the rate of
expansion in this region, which helps determine the age atdrte of the remnant. A joint spec-
tral analysis of som@&TCA radio [4], ChandraX-ray, andHESSgamma-ray [9] data is performed
to investigate whether the gamma rays are produced by @tescor protons. Section 2 describes
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Figure2: Tom panelRadial profiles of region “A” (see Fig. 1) for the 2008 dataa(@k curve), the unshifted
2003 data (dashed red curve), and the shifted (Hy2P03 data (solid red curve)Bottom panel:The
differences between the red profiles and the black profilieléd/by the 1o statistical uncertainties.

the Chandralata and the analyses. The results of the analyses ares#sgdaussection 3.

2. Data and Analyses

We observed the northwestern region of G266L2 with Chandran 2003 [13] and 2008.
Both sets of ACIS data were reprocessed in the usual mantie QMO 4.1. The data at energies
less than 1 keV were discarded because they are dominatealibgien from the Vela remnant.
The data at energies greater than or equal to 5 keV were detéecause they are dominated by
a charged-particle background. An image of the remainir@2iata is displayed in Figure 1.

After confirming that the relative registration of the 2008182008 data is accurate to about
0.5” (1 pixel) or better, radial profiles were obtained for annwadges “A’ and “B” in Fig-
ure 1. The amount of the radial expansion in each annular evedg measured by (1) shifting
the 2003 data by a small amouk® in the radial direction, (2) smoothing the shifted data veith
two-dimensional Gaussiawy{ = oy = 4.92" = 10 pixels, which is comparable to the point-spread
function of the telescope along much of the outer rim), (3)staucting a one-dimensional radial
profile for the shifted and smoothed data (bin wietl®.492" = 1 pixel), (4) adjusting this profile
to compensate for differences in the number of backgrouedtsyin the observation times, and in
the detection efficiency with respect to the 2008 data, (¥)athing the 2008 data with the same
two-dimensional Gaussian, (6) constructing a one-dinoeagiradial profile for the 2008 data, and
(7) calculating the value of? (i.e. the sum of the squares of the residuals in the lowerlpzine
Figure 2). Many iterations of this fitting process were perfed using different values for the
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Figure 3: The radio to gamma-ray photon energy-flux spectrum of G266.2. The data, which are
labeled vertically, include th&TCA radio [4] and 2008ChandraX-ray data for part of the northwestern
region, and theHESSdata [9] for the entire remnant. The three model spectraterditted results for the
emission produced by synchrotron radiation (Sync), irv€empton scattering of the cosmic microwave
background radiation (IC), and the decay of neutral piai¥$.(

Table 1. Expansion rate

Shift Expansion rate Radius Expansion rate
Region [arcsec] [arcsecyl]  [deg] [% yr 1]
A 20+05 0.35£0.09 0.8642 0.01% 0.003
B 3.0+06 0.53+0.11 0.8648 0.01# 0.003

amount of the radial shift and for the relative normalizasiof the 2003 and 2008 profiles. The
results for region A are shown in Figure 2. Note that the locabf a potential compact central
object [14] is used as the location of the center of the remriBime results for the expansion rate
do not vary significantly for centers within 0.2f this location.

A joint spectral analysis of th&TCA radio [4], ChandraX-ray, andHES Sgamma-ray [9] data
was performed using the spectral-fitting package ISIS [bl]the synchrotron, inverse Compton
scattering, and neutral-pion decay models of [16] (FigT8)e electron and proton particle spectra
are assumed to be exponentially cut-off power laws.

3. Discussion

A statistically significant expansion is found for regionsaAd B (Table 1). The weighted
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Table 2. Hydrodynamical parameters

Parameter m=04 m=1
t [kyr] 29 7.2
Eo [erg] (10°Y) (10°%)
no [cm~3] (1072 (10°%)
r [pc] 19 37
d [kpc] 1.3 2.5
v[10% km s 2.6 (5.0)
Ms [M¢] 10 7.4

The values in parentheses are assumed values.

Table 3. Spectral parameters

Inverse Neutral pion decay Neutral pion decay
Parameter Compton WitBmaxe = Emaxp with B=100uG
Fe 2.0650; 2.05750; 2.05750;
Mo e =Te =Te
Emaxe [TEV] 179738 = Emaxp 111718
Emaxp [TV] . 8952 8952
B[uG] 3921 1.6°53 100 (fixed)
Kep ... 84x10* (\VTQ) (522—) 1x10° (\VT;> (1522

mean for these two regionséis: 0.43-+0.09 arcsec yrt. For comparison, [17] report a 5.5 arcsec
expansion over a 6.5 yr interval from 2001 to 2007 (i.85a- 0.22 arcsec yrt). If the angular
radius 6 = r/d, whered is the distance, the radius= at™, a is a constant, and the expansion
parametem is the current shock velocity divided by the mean shock velocity over time, then
the aget = me/é. It is unlikely thatm < 0.4 because the presence of thin, X-ray—synchrotron-
dominated filaments and the lack of thermal X-ray emissigrs{fggest that G266-21.2 has not
evolved beyond the Sedov phasemt= 0.4, thent = 2.9+ 0.7 kyr. Since this result represents
a lower limit on the age, the remnant is too old to produce asenkable flux of photons from
the decay of“Ti. Furthermore, if the initial kinetic energy = 10°* erg and the ambient density
np = 10-2 cm 3, then self-similar considerations [18] yield the othergmaeters in the second
column of Table 2. Whiley could be somewhat larger than£ocm 3, it seems unlikely that it
could be much larger than 0.1 crh Otherwise the remnant might have swept up enough material
(Ms) to produce an observable flux of thermal X-ray emission.

At the other extreme i = 1, then G266.21.2 is in the free-expansion phase anrd 7.2+
1.7 kyr. Furthermore, ifr = 5000 km s andng = 10~2 cm3, then the other parameters in the
third column of Table 2 are obtained.nf= 1, np must be quite low. Otherwise, the remnant would
have swept-up too much material to be in the free-expandiase

As shown in Figure 3, it is possible to fit the gamma-ray daiagusnodels dominated by
either inverse Compton scattering of the cosmic microwaaekgpround or the decay of neutral
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pions. The differential spectral indicdSc(@andr ), exponential cut-off energie&faxe andEmaxp),
magnetic field strengthB]), and ratio of the number density of very-high-energy etew to the
number density of very-high-energy protor&) are listed in Table 3. These parameters and the
ratio of the volume filled by the very-high-energy electraaghe volume filled by the amplified
magnetic field Ve/Vs ~ 5) seem reasonable for the inverse Compton model. Some it
that the magnetic field strength (ﬁ UG) is a little low, but bear in mind that in our single-zone
modelB is a flux-weighted mean. The field strength in the regions trithlargest field could be
significantly larger.

If the gamma-ray emission is dominated by the decay of nigpitsas and ifEmaxe = Emaxp,
thenB seems implausibly low (ﬁf(l,jg UG, which is comparable to or less than typical interstellar
values in the Galaxy [19]). Alternatively, B = 100 uG andEmaxe is a free parameter, thefy,
seems rather low. Whilkg, is sensitive to the assumed ambient density and the rati@afdlumes
filled by the protons\(y) and magnetic fieldg), even ifV, = 10vg andnp = 0.1 cm 3, Kepremains
well below the value measured for cosmic rays near Eaeth@ 2, which is consistent with the
value expected for charge conservation). Therefori€ejf< 1072, then G266.2 1.2 has a charge
gradient in the neighborhood of the shock. It is not clear shiah a gradient can be achieved.
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