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ABSTRACT

Synchrotron X-ray emission has been detected from nearly a dozen young supernova remnants (SNRs). X-rays of synchrotron origin exhibit linear
polarization in a regular, non-randomly oriented magnetic field. The significant polarized X-ray emission from four such SNRs has already been
reported on the basis of observations with the Imaging X-ray Polarimetry Explorer (IXPE). The magnetic-field structure as derived from IXPE
observations is radial for Cassiopeia A, Tycho’s SNR, and SN 1006, and tangential for RX J1713.7−3946. The latter together with the recent
detection of a tangential magnetic field in SNR 1E 0102.2-7219 by the Australia Telescope Compact Array in the radio band shows that tangential
magnetic fields can also be present in young SNRs. Thus, the dichotomy in polarization between young and middle-aged SNRs (radial magnetic
fields in young SNRs, but tangential magnetic fields in middle-aged SNRs), previously noticed in the radio band, deserves additional attention.
The present analysis of IXPE observations determines, for the first time, a magnetic-field structure in the northwestern rim of Vela Jr, also known
as RX J0852.0−4622, and provides a new example of a young SNR with a tangential magnetic field.
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1. Introduction

Shocks in supernova remnants (SNRs) transform part of the bulk
kinetic energy of supernova ejecta into energy of nonthermal par-
ticles (Krymskii 1977; Bell 1978; Blandford & Ostriker 1978).
It is believed that this process is due to diffusive shock accel-
eration also known as first-order Fermi acceleration, which pro-
duces a power-law spectrum of nonthermal particles. It is widely
accepted that particle acceleration at shocks of SNRs provides
a theoretical explanation for the majority of cosmic rays with
multi-teraelectronvolt (TeV) energies pummeling Earth’s atmo-
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sphere (for a review, Berezinskii et al. 1990). SNRs’ shocks are
capable of accelerating both nuclei and electrons, but the rates
at which particles are accelerated may depend on various fac-
tors. If accelerated electrons gyrating in SNRs’ magnetic fields
are sufficiently energetic, they emit synchrotron X-rays (for a
review, see Reynolds 2008). The strength of magnetic fields
measured near shocks is significantly greater than expected for
shock compression of an interstellar magnetic field (IMF) (for a
review, see Helder et al. 2012), making the synchrotron process
even more important in characterizing the physical conditions
at shocks. The explanation of their strength is in magnetic-field
amplification upstream of the shock (e.g., Bell & Lucek 2001;
Bell 2004).
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X-ray observations provide crucial information to under-
stand the physical conditions at SNRs’ shock fronts (for a review,
Vink 2012). Observations with the Advanced Satellite for Cos-
mology and Astrophysics (ASCA) showed, for the first time, that
the X-ray emissions from some SNRs are of synchrotron origin
(Koyama et al. 1995, 1997). Nowadays, almost a dozen SNRs
are known emitters of synchrotron X-rays (see Helder et al.
2012, and the reference therein). Electrons with multi-TeV ener-
gies are responsible for production of these nonthermal X-rays.
The synchrotron emission heavily dominates the X-ray spec-
tra of a handful of these SNRs – namely, SNR G1.9+0.3,
SNR G330.2+1.0, RX J1713.7−3946, Vela Jr., and SNR
G353.6−0.7. X-ray imaging of SNRs with a sub-arcsec angu-
lar resolution available with Chandra allowed proper motions of
shock waves to be measured (e.g., DeLaney & Rudnick 2003).
High-resolution X-ray imaging, furthermore, provided a use-
ful method to measure magnetic-field strengths in post-shock
regions (Vink & Laming 2003; Völk et al. 2005; Parizot et al.
2006). This method takes into account that the lifetime of multi-
TeV electrons due to synchrotron losses is much shorter than
the age of an SNR; it relies on the assumption that the measured
widths of X-ray filaments do not depend on magnetic field decay.
The magnetic-field strengths are 120–250 µG for Cassiopeia A
(Cas A), Tycho’s SNR, and Kepler’s SNR, and 30–80 µG for RX
J1713.7−3946, RCW 86, and Vela Jr (see Helder et al. 2012).

In the magnetic fields inferred in SNRs, electrons with giga-
electronvolt (GeV) energies emit via the synchrotron process in
the radio band. However, these radio-wave emitting electrons
have much longer lifetimes than those emitting X-rays. Polari-
metric observations at radio frequencies established a dichotomy
between young (.1000-year-old) SNRs (Cas A, Tycho’s SNR,
Kepler’s SNR, and SN 1006) and middle-aged ('10 000-year-
old) SNRs (for a review, see Dubner & Giacani 2015). In fact,
the former ones have a tangential polarization (the orientation
of electric vectors), while the latter ones have a radial polariza-
tion. Due to the shock compression, the tangential component
of a magnetic field in a post-shock region (that is perpendic-
ular to the shock normal) increases, but the radial component
does not change. This would always lead to a radial polariza-
tion. However, plasma instabilities may stretch a magnetic field
in the direction of bulk motion (e.g., Gull 1973; Jun & Norman
1996a,b; Inoue et al. 2013), resulting in a tangential polarization.
The tangential polarization may alternatively be created due to a
selection effect, which favors particle acceleration for the quasi-
parallel part of the shock (West et al. 2017).

The Imaging X-ray Polarimetry Explorer (IXPE;
Weisskopf et al. 2022) allows the measurement of polar-
ized emission from SNRs with synchrotron X-ray spectral
components. The first three SNRs observed with IXPE were
Cas A (Vink et al. 2022), Tycho SNR (Ferrazzoli et al. 2023),
and the northeastern limb of SN 1006 (Zhou et al. 2023). The
tangential X-ray polarization pattern (reported by Vink et al.
2022; Ferrazzoli et al. 2023; Zhou et al. 2023) is compatible
with the corresponding polarization pattern measured in the
radio band (see, e.g., Rosenberg 1970; Kundu & Velusamy
1971; Reynoso et al. 2013, for Cas A, Tycho’s SNR, and the
northeastern limb of SN 1006, respectively). The X-ray polar-
ization indicated that plasma instabilities in these young SNRs
act to produce radial magnetic fields very close to the shock
fronts given the short lifetimes of X-ray-emitting electrons. To
better understand the dichotomy in polarization between young
and middle-aged SNRs, IXPE was pointed to the northwestern
(NW) region of RX J1713.7−3946. With the age of about
1600 years, this SNR is older than the first three SNRs that

were observed. The IXPE observations of RX J1713.7−3946
resulted in a radial polarization (Ferrazzoli et al. 2024). In the
radio band, recent measurements with the Australia Telescope
Compact Array (ATCA) also revealed a radial polarization in
SMC SNR 1E 0102.2-7219 (Alsaberi et al. 2024), which has an
age of 1700 years. We note that RX J1713.7−3946 and SNR
1E 0102.2-7219 are much younger than the previously known
SNRs with the radial polarization pattern.

Vela Jr. (also known as RX J0852.0−4622 or SNR
G266.2−1.2) is a Galactic SNR discovered in the X-ray data of
Röntgensatellit (ROSAT) at the south-east corner of the known
Vela SNR (Aschenbach 1998). Its X-ray spectrum is feature-
less and well described by a power law (Slane et al. 2001). The
detection of Vela Jr. in very-high-energy γ rays (Aharonian et al.
2005) provided strong confirmation that it is an SNR in its own
right, and not a substructure within the larger Vela SNR. Vela Jr.
has an angular diameter of '2◦, with a peak of X-ray emission in
the NW rim that is '5′ in size (Bamba et al. 2005; Mayer et al.
2023). The expansion rate of the NW rim of Vela Jr. is about 5
times lower than that in Cas A, suggesting that its age is between
1700 years and 4300 years (e.g., Katsuda et al. 2008). The pres-
ence of a central compact object, similar to the central compact
source of the Cas A, indicates that Vela Jr. was born from a core-
collapse supernova (Pavlov et al. 2001). Both the age and the
massive progenitor make this SNR similar to RX J1713.7−3946
and 1E 0102.2−7219. Vela Jr. and RX J1713.7−3946 have simi-
larly high effectiveness of a magnetic turbulence in diffusing par-
ticles across a shock front. This property is usually characterized
by the Bohm factor. The Bohm factors, η, measured in the NW
rims of RX J1713.7−3946 and Vela Jr. are 1.4±0.3 and 0.7±0.5,
respectively, and significantly smaller than those for Cas A,
Tycho, and SN 1006 (e.g., Tsuji et al. 2021). The smallness of
the Bohm factors in the NW rims of RX J1713.7−3946 and Vela
Jr. suggests that the acceleration proceeds in a regime close to the
Bohm limit of η = 1 and that the particles are accelerated most
efficiently in these regions. The Bohm factor itself is related to
the spectrum of the turbulent magnetic field that scatters parti-
cles. The radio emission from Vela Jr. and RX J1713.7−3946
is of lower surface brightness than that of Cas A, Tycho SNR,
and SN 1006 (Duncan & Green 2000; Lazendic et al. 2004). The
radio emission from Vela Jr. has a surface brightness similar
to that of the foreground Vela SNR. The NW region of Vela
Jr. appears polarized to a level of ∼20% at 2.42 GHz, but this
polarized radio emission was entirely attributed to the Vela SNR
for good reasons (see Duncan & Green 2000). X-ray polarime-
try overcomes these limitations for Vela Jr., similar to how it did
previously for RX J1713.7−3946, due to its higher X-ray bright-
ness above 2 keV compared to the Vela SNR.

With the purpose of a further study of X-ray polarization in
young SNRs with Bohm factors of ≈1, IXPE performed observa-
tions of the X-ray-bright NW rim of Vela Jr. After the discovery
of a radial polarization in the NW rim of RX J1713.7−3946, a
pressing question was whether Vela Jr. has also a radial polar-
ization due to the mentioned similarities. This paper reports the
magnetic-field structure in the NW rim of Vela Jr. inferred from
IXPE data.

2. Observations

2.1. Instrument

Launched on 2021 December 9, IXPE resides in a low-Earth
equatorial orbit. IXPE contains three grazing-incidence X-ray
telescopes, each consisting of a 4-m-focal-length mirror module
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assembly (Ramsey et al. 2022) and a detector unit (DU) host-
ing a polarization-sensitive gas-pixel detector (Costa et al. 2001;
Bellazzini et al. 2007; Baldini et al. 2021), located at the focus of
an X-ray mirror module. The effective area of the mirror mod-
ule assemblies, together with the quantum efficiency of DUs,
defines the IXPE energy range of 2–8 keV. The instrument pro-
vides an angular resolution of 24′′–30′′ (half-power diameter)
and enables imaging X-ray polarimetry of extended sources,
such as SNRs. The overlap of the fields of view of the three
DUs is circular with a diameter of 12′.9, limited by the sensi-
tive area of each detector, 15 × 15 mm2, and a fiducial area cut
of 13.2× 13.6 mm2 applied by the IXPE science operations cen-
ter. The energy resolution of IXPE is ∆E ≈ 0.5 keV at 2 keV
and scales as the square root of the energy. The DUs record the
tracks of photoelectrons, created as a result of X-ray absorption
in the dimethyl-ether gas. For polarized X-rays, the photoelec-
tron has an emission direction peaked at that of the electric field
of the X-ray and modulated with a cosine square function. IXPE
measures the linear polarization of an X-ray source on a statis-
tical basis by studying the azimuthal distribution of photoelec-
trons. The field of view, the angular resolution, and the energy
range of IXPE allow a spatially resolved polarimetric study of
synchrotron emission from the X-ray-bright NW rim of Vela Jr.

2.2. Planning

IXPE observations of faint, extended, X-ray synchrotron-
emitting SNRs, such as SN 1006 and RX J1713.7−3946,
showed that the detections of signals with a polarization degree
(PD) of 10–20%, can require a megasecond (Ms) exposure time.
The simulations with ixpeobssim (version 30.5.0, Baldini et al.
2022), which is a Python-based simulation and analysis frame-
work developed for the IXPE mission, helped us to select the
position and the exposure time for IXPE Vela Jr. observations.
The ixpeobssim.srcmodel.roi.xChandraObservation
class describes the spectral and spatial properties of a source
using a Chandra photon list. These particular simulations
use the photon list from the Chandra Vela Jr. observations
(Observation ID: 3846) that were taken on 2003 January 5–6
and pointing at RA = 132◦.283 and Dec. =−45◦.629. To account
for the residual IXPE instrumental background, the simulations
include an additional, isotropic component implemented with
the xTemplateInstrumentalBkg class and similar to that
used in Ferrazzoli et al. (2023). The performed simulations
indicate that the polarized X-ray emission from the NW rim of
Vela Jr. is detectable above a 5σ level with 1 Ms of the IXPE
observations, if PD = 30%. The synchrotron X-ray emission
from extended sources can, indeed, be with such a high PD
value as, for example, the IXPE observations of the eastern lobe
of SS 433 (Kaaret et al. 2024) and the X-ray-bright filament,
G0.13−0.11 (Churazov et al. 2024) have shown.

2.3. Data taking

IXPE observed the NW rim of Vela Jr. during two different
epochs. These observation epochs were from 2023 November
24 to 2023 December 6 and from 2023 December 22 to 2024
January 3, corresponding to exposure times per DU of 0.632
Ms and 0.608 Ms, respectively. The data set comprises a total
exposure time of 1.24 Ms per DU. IXPE targeted the NW rim
of Vela Jr. at RA = 132◦.240 and Dec. =−45◦.650 through dither-
ing observations with an amplitude of 0′.8. The dithering sam-
ples the X-ray source over numerous detector pixels and min-
imizes the impact of pixel-to-pixel variations. These observa-

Fig. 1. Stokes I map (in cm−2) with a pixel size of 30′′. The map shows
the source and background regions by solid and dashed lines, respec-
tively.

tions entirely covered the X-ray-bright part of the NW rim and,
by this, allowed a source region larger than that used in the
ixpeobssim simulations. This is due to the fact that the latter
is limited by the boundary of one of the Chandra ACIS chips.
The larger source region increases the statistical accuracy over
that predicted by the simulations. These IXPE observations also
allowed for a background region projected outside Vela Jr. and
as large as the source region (see Fig. 1). The large background
region is useful to estimate the background level with a small
statistical uncertainty and also to assess the time variations of
both the background flux and polarization.

2.4. Note on alignment

The high-resolution Chandra- and XMM-Newton-based studies
showed that the shell of Vela Jr. has an expansion proper motion
(see Allen et al. 2015; Katsuda et al. 2008, respectively). There
is a discrepancy in the inferred expansion rates of 0.42 ± 0.10
arcsec yr−1 (Allen et al. 2015) and 0.84 ± 0.23 arcsec yr−1

(Katsuda et al. 2008). Thus, the expansion may cause a motion
of 8′′ or 16′′ for the shell in a baseline of 20 yr. A comparison of
the IXPE observations with the ixpeobssim simulations based
on the Chandra 2003 observations is suggestive of a spatial offset
of ∼20′′ in the direction of the proper motion. Given that the spa-
tial offset even larger in size was found in the IXPE observations
of SN 1006 (Zhou et al. 2023) and was explained by the diffi-
culty of the boom-bending correction for extended sources (e.g.,
Weisskopf et al. 2022), the interpretation of the spatial offset in
the IXPE Vela Jr. observations requires further investigation of
systematic effects and beyond the scope of this paper. On the
other hand, the alignment between the IXPE X-ray maps from
the three DUs during the two Vela Jr. observation epochs was
precise.

3. Data reduction

Instrumental background induced by charged particles is present
in IXPE data, but can be distinguished from X-rays in a proba-
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Table 1. Bright solar flares during these IXPE observations.

Identificator Date Start (MET) End (MET)

Flare 1 2023-11-28 217960825 217981916
Flare 2 2023-12-24 220204733 220220045
Flare 3 2023-12-31 220804567 220837180
Flare 4 2024-01-02 220978625 220998670

bilistic way1 (e.g., Di Marco et al. 2023). The difference in mor-
phology of the recorded tracks is a key ingredient for this dis-
entanglement. X-rays produce photoelectrons that are detected
in the gas-pixel detectors in the form of ionization tracks.
Background particles, arriving from outside or produced in the
IXPE satellite’s passive structures, induce tracks typically more
extended, straight, and with a lower charge density than photo-
electrons. The systematic study of selection criteria to separate
X-ray-induced tracks from background ones resulted in three
rejection filters (Di Marco et al. 2023), involving (i) the track
size, which is the number of ASIC pixels above the threshold
in the largest group of contiguous pixels of the event (the main
clusters), (ii) the energy fraction, taking into account the ratio
between the energy (charge) collected in the main cluster and
the one collected in all the detected clusters, and (iii) the number
of border pixels. In general, these three rejection filters remove
∼40% of the background events, while keeping 99% of the
X-rays. The application of this rejection algorithm to the IXPE
data collected from extended X-ray sources, such as the NW rim of
Vela Jr., significantly reduces the particle background and allows a
more sensitive polarimetric analysis. In the filtered IXPE data, the
residual background in the X-ray-bright source region still domi-
nates over the synchrotron emission from Vela Jr. above 4 keV. To
minimize the contamination from the residual instrumental back-
ground, the analysis presented in this paper includes events with
energiesbetween2keVand4keV.Sincetheresidualbackgroundis
uniform within the central 5′-radius region (Di Marco et al. 2023),
theX-raydatasetusedforapolarizationstudyinthispaperincludes
only events from this central region.

The rejection algorithm by Di Marco et al. (2023) also
removes events due to charged particles associated with coro-
nal mass ejections from the Sun, when applied to this IXPE data
set. The rate of charged particles may also be enhanced during
time intervals when IXPE crosses the boundaries of the South
Atlantic Anomaly. Apart from the backgrounds of charged par-
ticles, one needs to take care of background X-rays produced
by bright solar flares. These charged-particle and X-ray back-
grounds appear as short-term increases in counting rate. In the
previous papers, such as Zhou et al. (2023) and Ferrazzoli et al.
(2024), the authors examined the distribution of count rates
and removed the time intervals showing count rates higher than
3σ above the mean rate. The procedure that is adopted from
Ferrazzoli et al. (2024) allowed us to remove the intervals of
a temporarily high background from the Vela Jr. data set. The
examination of the cleaned data showed that some short-term
increases remain. Most of these increases are around time inter-
vals when bright solar flares occurred. Table 1 shows the list of
four bright solar flares occurred during these IXPE observations.
The brightest of these four solar flares occurred on 2023 Decem-
ber 31. This X5-class flare was the most powerful solar flare in
six years. Given that DU 2 and DU 3 are more exposed to the
Sun than DU 1, these two DUs are the most affected by bright

1 https://github.com/aledimarco/IXPE-background

solar flares. The removal of events during the time intervals cor-
responding to the four solar flares from the data of DU 2 and
corresponding the flares 2–4 from the data of DU 3 eliminates
the remaining short-term increases. This step shortened the data
sets of DU 2 and DU 3 by 60 ks and 45 ks, respectively, while
these two procedures shortened the exposure time per DU by
about 5% or less in total. Table 2 lists all the cuts applied to the
data.

The assumption that the background emission is unpo-
larized was essential for detections of polarized X-ray emis-
sion from faint, extended sources, including the NE region
of SN 1006 (Zhou et al. 2023), the NW region of RX
J1713.7−3946 (Ferrazzoli et al. 2024), the eastern lobe of SS
433 (Kaaret et al. 2024), and the X-ray-bright filament, G0.13-
0.11 (Churazov et al. 2024). In these previous studies, it was
checked and found that the background emission is, indeed,
unpolarized. When approaching the solar maximum, bright solar
flares, such as that occurred on 2023 December 31, become more
frequent. The IXPE solar panels are fixed perpendicular to the
primary axis of the observatory and point within 25◦ from the
Sun. The angle between the primary axis of the observatory
and the Sun is close to 90◦. When a bright solar flare occurs,
solar X-rays enter at ∼90◦ in the instrument and this can induce
a highly polarized background filling the entire field of view.
With the purpose to check whether background emission during
solar flares is polarized, this study of background emission uses
the data recorded during the brightest X-ray flare (Flare 3 from
Table 1), including the data only from DU 2 and DU 3, but with-
out applying the 3-σ clipping procedure. The PCUBE algorithm
of the xpbin tool from ixpeobssim allows both extraction of
the Stokes parameters of the events collected in a given region
and calculation of polarization properties. The region used in this
particular study is the central 5′ region with the exclusion of the
X-ray-bright part. The region excluded here serves as the source
region in the next Section. The PCUBE analysis of the selected
region reveals polarized emission at a high significance level. In
the 2–3 keV band, the PD value is as high as ∼70%. This also
shows that the exclusion of time intervals corresponding to solar
flares is important for a study of polarized signals from faint,
extended, X-ray sources. More details on a polarized component
during solar flares will be reported in a forthcoming paper. A
thorough check of the background emission recorded during the
time intervals selected for the present analysis of Vela Jr. showed
no evidence of polarization.

Although the Vela SNR is one of the brightest regions in
the X-ray sky in the 0.5–1.0 keV band, the contribution of this
old SNR to the total emission from the X-ray-bright NW rim
of Vela Jr. in the 2–4 keV band is small (see, Figures 3 and 7
in Mayer et al. 2023; Camilloni et al. 2023, respectively). This
subdominant, unpolarized, thermal X-ray component can only
slightly reduce the polarization measured from the NW rim of
Vela Jr.

4. Analysis and results

This section explains the selection of source and background
regions and shows the results of PCUBE and spectro-polarimetric
analyses of the IXPE Vela Jr. data.

4.1. Selection of source and background regions

The selection of source and background regions is an important
step in the analysis. The source region must ideally include the
region from where most of the polarized emission comes. The
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Table 2. Set of cuts for removing events produced by charged particles and during solar flares.

Parameter Expression

Number of pixels >70 + 30 × E/(1keV)
Energy fraction <0.8 ×

(
1 − exp (−(E/(1keV) + 0.25)/1.1)

)
+ 0.004 × E/(1keV) or >1

Border pixels >2
Photon energy >4 keV
Radial distance >5′
Count rates >3σ above the mean count rate
Time intervals Flare 1 (DU 2), Flare 2 (DU 2 & DU 3), Flare 3 (DU 2 & DU 3), Flare 4 (DU 2 & DU 3)

Notes. The polarization analysis does not use the events satisfying either of these expressions.

method of selecting the source region introduced and used in this
paper assumes a constant PD inside and a uniform polarization
angle (PA) across a given region. It only uses the Stokes I map
measured by IXPE to estimate the polarized signal. This method
does not rely on the measured polarization properties. Figure 1
shows the Stokes I map produced by the PMAPCUBE algorithm
of the xpbin tool. This map has a pixel size of 30′′, which is
comparable to the IXPE angular resolution. The bright region in
this map corresponds to the X-ray-bright NW rim. The estimator,
given by the expression, Icorr/

√
A, where Icorr is the difference

between the value of Stokes I for the source region and that esti-
mated for the background region of the same surface area, and A
is the surface area covered by the source region. The higher the
estimator value, the higher the significance of a polarized sig-
nal under the assumption of an identical PD. The source region,
shown by a solid line in Figure 1, provides the highest value of
the estimator compared with several different regions probed in
this study. The source region has a surface area of 53741 sqr.
arcsec and covers about 60 pixels in Figure 1. The spatial size of
the source region is ≈2.00 × 0.44 pc2 at an assumed distance of
750 pc and is large enough for producing steady X-ray emission
during the IXPE observations. The number of counts within the
source region in the 2–4 keV band is 53 869. The estimator for
this source region is higher than that for the region used in the
simulations on the basis of Chandra data by a factor of 1.4 due
to the higher average Stokes I value, although the surface areas
of these two regions are almost the same.

Given the telescope pointing position for these IXPE obser-
vations, the center of the source region is at the center of the
field of view. The source region divides the remaining part of
the field of view into two. One half is outside Vela Jr. and the
signal from this part is suitable for estimating the total back-
ground emission, comprising the instrumental background and
the diffuse Galactic background. In contrast, the other half is
inside Vela Jr. and, in addition, contains the signal from a minor,
fainter X-ray filament seen near the southeastern border. The
dashed line in Figure 1 shows the background region selected
for this analysis. This region is in the source-free half of the field
of view and at a distance of ≈75′′ from the source region. This
distance is sufficient to suppress the contribution from the polar-
ized emission of Vela Jr to the background. The surface area of
the background region is 63 970 sqr. arcsec and about 20% larger
than that of the source region. The PCUBE analysis showed that
the signal from the background region is unpolarized and with
Q/I = 0.014 ± 0.034 and U/I = −0.016 ± 0.034, when one
selects the entire time interval, excluding the time intervals listed
in Table 2. For consistency, the version of ixpeobssim used
for the PCUBE analyses in this paper is the same as that used
for the simulations before data collection. The 95% confidence
level upper limit on PD of the background emission is 9.0%.

Table 3. PD and PA distributions for pixels with more than 3200 counts
and a pretrial significance above 2σ.

RA Dec PDobs PDcorr PAobs

(deg) (deg) (%) (%) (deg)

132.267 −45.612 19.0 ± 8.3 34.0 ± 15.3 142.4 ± 12.6
132.239 −45.612 34.3 ± 9.7 85.2 ± 30.1 151.7 ± 8.1
132.211 −45.631 32.5 ± 9.0 66.4 ± 22.6 151.2 ± 8.0
132.239 −45.651 19.5 ± 8.4 35.2 ± 15.8 122.4 ± 12.3
132.156 −45.690 24.2 ± 9.7 60.1 ± 25.7 151.2 ± 11.5

Notes. These five pixels are listed in order from east to west, then from
north to south in the RA-Dec coordinates.

Thus, the assumption that the background is unpolarized holds
for computing the statistical significance of polarized emission
from the source region. The background emission contributes
'38% of the photons from the source region and the subtraction
of background emission is necessary for deriving the polariza-
tion properties of emission from the source region.

4.2. PD distribution

The re-binning, produced by means of the PMAPCUBE algorithm
of the xpbin tool, to the pixel size of 1′ allows us to select
the regions from which signals with PD of ∼30% can be mea-
sured. The cut, COUNTS>3200, helped us to mask out pixels
with low X-ray brightness from which any detection of polarized
X-rays is unlikely. After this cut, only 15 pixels remain and all of
these pixels correspond to the X-ray-bright NW rim. The exam-
ination of the PD map, derived using the PMAPCUBE algorithm,
shows that 5 of these 15 pixels correspond to a polarized sig-
nal measured with PD/PDerr > 2. Table 3 lists the PDobs and
PDcorr values as observed and as after background subtraction,
and the PAobs values for these 5 pixels. The PA values are mea-
sured counterclockwise from north in the equatorial coordinate
system. These 5 values of PA are compatible within the uncer-
tainties. The weighted mean of these 5 PA values is 146.6◦±4.4◦,
where the weighting factor is the inverse square of the error.
Based on the geometry of the shock in the NW rim, a radial
polarization corresponds to a PA value of '140◦. This value
is compatible with this weighted mean value. In general, the
addition of weakly polarized regions to the more highly polar-
ized region keeps the mean value of PA mostly unchanged but
alters that of PD. This makes the PA value derived from the
more highly polarized region reasonably representative of the PA
value in the entire region. Figure 2 shows the PD distribution for
pixels with COUNTS>3200. The solid contour shows the source
region selected in Section 4.1. This region covers most of these
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Fig. 2. PDobs distribution for pixels with more than 3200 counts (to mask
out pixels with a low X-ray brightness), overlaid with polarization vec-
tors and their 1σ errors on PA. The vectors correspond to pixels with a
pretrial significance above 2σ shown in Table 3.
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Fig. 3. Polar plot obtained from PCUBE analysis of the source region.
The dot marks the measured PD and PA values. The contours show
68.27%, 95.45%, 99.73%, and 99.95% confidence levels.

15 pixels. The southernmost of the 15 pixels lies substantially
outside the central 5′ region.

Among these 15 pixels, 5 pixels correspond to higher PD
values than the other 10 pixels. A total of 2 pixels are with a
significance of polarized emission at a 2.9−3.0σ level based on
the PCUBE analysis, but none of these 5 pixels is with a signif-
icance above a 3σ level. The former 2 pixels have the highest
value of PD shown in Figure 2. The probability to detect such
high polarized signals from 2 of the 15 pixels due to a random
fluctuation from an unpolarized source is about 0.3%, that is
15 × 14 × (0.0037)2, where the p-value of 0.0037 corresponds
to a 2.9 σ level. This fact hints that the signal from the X-ray-
bright NW rim is polarized.

Table 4. Polarization signal from X-ray-bright NW rim of Vela Jr as
observed and as after background subtraction.

Parameter Obs. value Corr. value

Q/I 0.030 ± 0.024 0.060 ± 0.045
U/I −0.099 ± 0.024 −0.153 ± 0.045
PD 10.4% ± 2.4% 16.4% ± 5.2%
PA 143.6◦ ± 6.6◦ 145.6◦ ± 9.0◦

These two pixels lie near the boundary of the X-ray-bright
NW rim. For extended sources with sharp edges, false polariza-
tion haloes may arise as a consequence of a correlation between
the error in reconstructing the X-ray absorption point and the
direction of its electric-field vector (see, Bucciantini et al. 2023,
for more details). To quantify this effect, known as polarization
leakage, on the polarization properties of these pixels, we used
the leakagelib code (Dinsmore & Romani 2024). The corre-
sponding contributions due to polarization leakage to the mea-
sured Stokes Q and U values are only at a level of '20% of the
statistical uncertainties on the measured values.

4.3. Model-independent polarization results

Figure 3 shows PD and PA for the entire source region along with
the contours indicating four different confidence levels. This
polar plot illustrates the results of the PCUBE analysis. Table 4
lists the observed PD and PA values and the normalized Stokes
Q and U values. The observed PD value is 10.4% ± 2.4% and
the observed PA value, is 143.6◦ ± 6.6◦. The probability that the
observed signal is produced by a random fluctuation from an
unpolarized source is 1.6 × 10−4. This is equivalent to a 3.8σ
confidence level. The theoretical expectation of a radial polar-
ization in the X-ray-bright NW rim of Vela Jr makes this result
more firm. The radial polarization corresponding to the PA value
of ≈140◦ is compatible with the measured value within statistical
errors. The joint probability that the observed polarized signal is
a random fluctuation from an unpolarized source and has the PA
value compatible by mere chance with the radial polarization is
1.6× 10−4 × (2× 6.6/180.0) ' 1.2× 10−5. This provides a strong
(4.3σ) support to the model resulting in shock-compressed mag-
netic fields. The NW rim of Vela Jr. is a new example of a young
SNR with a radial polarization.

The contribution of background emission to the signal from
the source region is substantial. The PCUBE analysis of the back-
ground region provided another set of the values of Stokes I,
Q, and U. After scaling these values according to the surface
areas, the difference between the corresponding Stokes param-
eters from the PCUBE analyses of the source and background
regions gave the intrinsic values of the Stokes parameters for
the synchrotron emission from the source region. Table 4 lists
the PD and PA values derived from the intrinsic values of the
Stokes parameters. This value of PD, 16.4% ± 4.5%. This value
is similar to PD = 13.0% ± 3.5% previously reported for RX
J1713.7−3946 (Ferrazzoli et al. 2024). The similarity of the PD
values may indicate the similar regularity degrees of magnetic
fields near the shock fronts in these SNRs.

4.4. Smoothed polarization maps

A common technique in imaging analysis of maps with poor
statistics is to smooth images with a kernel, often a Gaussian
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Fig. 4. χ2
2 map resulting from smoothing the Stokes I, Q, and U and their

variance map with a Gaussian kernel of widthσ = 58′′.3, corresponding
to 2.5 pixels. The arrows indicate the magnetic-field vectors for pixels
with polarization significances >2σwithin a 5′ radius circle. For regions
with ≥3σ, χ2

2 ≥ 11.8, the vectors are thicker.

kernel. This improves the statistics at the expense of imaging
resolution. It could be argued that rebinning has a similar effect,
but often the results then depend also the centering of the bins,
and the result is often less aesthetic. The reason is that smooth-
ing gives more weight to the central pixel, and gives less weight
to pixels that are further out.

In previous papers (e.g., Vink et al. 2022), the polarization
signal of Stokes Q and U maps were in the form of a resulting
test statistic maps (χ2

2 maps). This concept can also be used for
smoothed Stokes Q and U maps.

Formally, smoothing of a map consists of assigning to each
pixel a new value, which is the kernel-weighted summation over
this pixel, and neighboring pixels. For example for the Stokes Q
map we can write for the smoothed Q̃ map: Q̃i j =

∑
kl ai jklQkl,

with i, j the pixel coordinate of the smoothed map, kl the pix-
els of the input Q map, and ai jkl = f (k − i, l − j) the weights
of the normalized kernel, that is,

∑
kl ai jkl = 1. The error on

the pixel values Q̃i j can be obtained by quadratic summation
σ(Q̃i j) =

√∑
kl[ai jklσ(Qkl)]2, with σ indicating the statistical

error of a quantity. Since σ(Qkl)2 = Var(Qkl), we can rewrite this
as

Var(Q̃i j) =
∑

kl

a2
i jklVar(Qkl). (1)

So the variance in a smoothed map is obtained by smoothing
the variance of the input map with the kernel squared2. The gain
in signal to noise obtained by smoothing is due to the fact that∑

kl a2
i jkl < 1; in other words, one divides the images with a vari-

ance map with smaller values than the original variance map.
As explained in Vink et al. (2022) the test statistic for the

detection of a polarized signal is

S i j ≡
Q2

i j

Var(Qi j)
+

U2
i j

Var(Ui j)
, (2)

2 Note that for a count map, Var(N) = N, based on Poissonian statis-
tics. So the variance map in that case is the input map smoothed with
the kernel squared.

which has χ2 distribution with two degrees of freedom, and relies
on the fact that Q and U are orthogonal quantities. The null-
hypothesis is that there is no polarization signal, which implies
that the covariances are expected to be zero. Similarly we can
now calculate

S̃ i j ≡
Q̃2

i j

Var(Q̃i j)
+

Ũ2
i j

Var(Ũi j)
, (3)

based on the smoothed Q̃ and Ũ maps, and their variances. In
practice, the results are more stable against different pixel sizes
and choice of pixel centers. However, the map needs to be used
with caution: neighboring pixel values are no longer indepen-
dent. Rather one can use it to indicate values of highly significant
polarization, as it was used by Ferrazzoli et al. (2023, 2024).

Figure 4 shows the result of the smoothing procedure with a
Gaussian kernel with σ = 58′′.3. The smoothing was done using
a direct convolution, with spatial coordinates outside the map
being assumed to be zero. We only considered smoothed pixel
values with a radius of 5′ from the center of the map. The highest
polarization significance corresponds to χ2

2 = 21.8, correspond-
ing to a 4.3σ significance. The map contains 1128 data pixels.
The Gaussian smoothing leads to a reduction in the number of
resolution elements by a factor of 4, resulting in 282 indepen-
dent χ2

2 values, based on the fact that the kernel size is twice as
large as the IXPE angular resolution. Taking into account the 282
independent trials, the post-trial significance is close to 99.5%.

4.5. Spectro-polarimetric analysis

A spectro-polarimetric analysis was conducted using the HEA-
Soft package (version 6.33). The Level-2 data were reprocessed
to eliminate high count rates unassociated with the source (see
Section 2 for a detailed description). The source and back-
ground regions (as denoted in Figure 1) were first filtered using
the HEASoft FTOOLS command xselect. The parameter
stokes=NEFF was then set, and the weighted Stokes I, Q, and
U spectra were extracted from the three DUs (Di Marco et al.
2022). The response files for the I, Q, and U spectra were gener-
ated using the IXPE mission-specific command ixpecalcarf
with the cleaned Level-2 event list of each DU and the cor-
responding attitude files from housekeeping. The spectra were
regrouped using the ftgrouppha command: grouptype=min
and groupscale=500 for I spectra, and grouptype=constant
and groupscale=5 for Q and U spectra.

XSPEC (version 12.14.0) was used for fitting and plotting.
All Stokes I, Q, and U spectra (background-subtracted) from all
three DUs were simultaneously fitted using a model that con-
sists of absorption, a simple power-law, and constant polariza-
tion degree and angle. To account for different flux calibrations
of each DU, a cross-normalization constant factor, const, was
also added. The model used in XSPEC is described as:

const ∗ tbabs(polconst ∗ powerlaw)

The tbabs model (Wilms et al. 2000) was used to account for
absorption along the line of sight toward the source. Since
IXPE spectra are most reliable between 2–8 keV, constraining
the absorption using only photons above 2 keV is challeng-
ing. Therefore, the hydrogen column density NH was fixed to
0.4 × 1022 cm−2, which was obtained from fitting a spectrum
with an absorbed simple power-law model in the same region
of a Chandra observation (ObsID: 9123) in the band from 0.8
to 4 keV. Given that the IXPE spectrum is dominated by back-
ground above 4 keV, the analysis was limited to the 2–4 keV
energy range.
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Fig. 5. Stokes I, Q, and U spectra of three DUs extracted from the
source region with background subtraction (denoted in Figure 1). The
three Stokes I spectra (DU1 in black, DU2 in red, DU3 in green) are
shown in the upper panel. The six Stokes Q spectra (DU1 in black,
DU2 in red, DU3 in green) and U spectra (DU1 in blue, DU2 in light
blue, DU3 in magenta) are displayed in the middle panel. It appears
that only two model lines (for Q and U spectra) are visible in this
panel because the differences between the model lines for the three DUs
are too small to be shown. The lower panel shows the fit residuals as
(data −model)/error.

Table 5. Best-fit spectro-polarimetric parameters of the source region
from Vela Jr.

Component Parameter (unit) Value
Constant Factor DU1 1.000 (frozen)

Factor DU2 0.997+0.024
−0.023

Factor DU3 1.012+0.023
−0.023

TBabs NH (1022 cm−2) 0.400 (frozen)
polconst A 0.175+0.047

−0.047
polconst ψ (deg) −34.5+7.9

−7.9 (145.5+7.9
−7.9)

powerlaw Γ 2.41+0.06
−0.06

Notes. The hydrogen column density, NH, is fixed to the value obtained
from the Chandra observation. Parameter A denotes PD, and ψ repre-
sents PA. The reduced chi-square value is χ2/d.o.f. = 70.57/112. All
values are quoted at a 68.3% confidence level.

The Stokes I, Q, and U spectra are shown in Figure 5 with the
best-fit model and fit residuals. The spectrum is well described
by an absorbed power-law model with a photon index Γ ≈ 2.41
in the 2–4 keV range. The total unabsorbed flux in the 2–8 keV
range is approximately (3.30+0.10

−0.09) × 10−12 ergs cm−2 s−1 at the

68.3% confidence level. PD ≈17.5%± 4.7% and PA ≈ −34◦.5±
7◦.9 (equivalent to PA = 145◦.5 ± 7◦.9) were obtained from the
polarization model polconst. The best-fit parameters derived
using HEASoft tools are listed in Table 5.

5. Discussion

There are many similarities between Vela Jr. and RX
J1713.7−3946: (i) X-ray emission from both these SNRs are
dominated by the synchrotron process (with a near absence of
thermal X-ray emission); (ii) these two SNRs are strong sources
of TeV γ-ray emission (Aharonian et al. 2005, 2006); (iii) the
Bohm factors measured in these remnants are smaller than in
the first three SNRs observed with IXPE; and last but not least,
(iv) Vela Jr. and RX J1713.7−3946 have a radial polarization.
The natural question to answer is whether the measured radial
polarization can be related to some of the other mentioned facts.
Table 6 contains a summary of the main points discussed below.

The dominance of synchrotron X-rays is due to the expan-
sion of Vela Jr. and RX J1713.7−3946 into a low density inter-
stellar medium (ISM). These SNRs have not swept up a sufficient
amount of matter to produce a comparable signal via free-free
emission. However, the low density medium cannot be a decisive
factor against a tangential polarization in SNRs; SN 1006 also
expands into a low density medium, but has a tangential polar-
ization (Zhou et al. 2023). Additionally, the X-ray synchrotron-
dominated SNRs include SNR G1.9+0.3 whose radio band
polarization pattern is similar to that of SN 1006 (Luken et al.
2020). Strong TeV γ-ray emission from Vela Jr. and RX J1713.7-
3946 is most likely produced by inverse Compton scattering of
cosmic-microwave-background photons by multi-TeV electrons
(e.g., Lee et al. 2013). These two have high TeV γ-ray luminos-
ity, but comparable to that of Cas A in which γ rays have a
hadronic origin (e.g., Abeysekara et al. 2020). Acceleration of
electrons to multi-TeV energies is a requirement for production
of both synchrotron X-rays and TeV γ rays in Vela Jr. and RX
J1713.7−3946. In diffusive shock acceleration, particles gradu-
ally gain energy by crossing the shock front forward and back-
ward. Particles change their directions by being scattered by
magnetic fields. If the Bohm factor, η, is 1, the particle mean free
path takes the minimum value and the particles are accelerated
most efficiently. The acceleration efficiency and the Bohm coeffi-
cient are interrelated. For example, the TeV γ-ray emission of SN
1006, which has a Bohm factor of ' 10, is indeed less luminous
(Acero et al. 2010) than that of Vela Jr. and RX J1713.7−3946.
Since the Bohm factors of Vela Jr. (or RX J1713.7−3946) and SN
1006 are significantly different, this parameter can be related to
their orthogonal orientations of polarization. At first glance, the
fact that PD is as high as 13%–16% in Vela Jr. and RX J1713.7-
3946 for strongly turbulent magnetic fields (η = 1) may appear to
be concerning. However, the Bohm factor measured by means of
synchrotron X-ray spectral curvature (Zirakashvili & Aharonian
2007) is for the direction along the normal to a shock front. Thus,
the diffusive coefficient along the shock front can be larger than
the Bohm diffusion coefficient and, in turn, the magnetic field
along the shock front can be more regular (Casse et al. 2001).
In other words, PD in excess of 10% for these two SNRs with
η = 1 may be measured – when a polarization is radial – in the
case of anisotropic diffusion. Otherwise the PD values would be
significantly lower.

Other factors may also be important in determining whether
a polarization is radial or tangential. To explain the radial polar-
ization of SNR G156.2+5.7 in the radio band, Xu et al. (2007)
suggested that the magnetic-field structure inferred from the
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Table 6. List of factors that may be responsible for radial polarization in RX J1713−3946 and Vela Jr. as discussed in Section 5.

Parameter Tangential-polarization mode Radial-polarization mode
(in the radio and X-ray bands) (RX J1713-3946 & Vela Jr.)

Bohm factor, η High (2–15) if measured Close to 1
High TeV γ-ray luminosity Only true for Cas A Yes
Shock obliquity Likely parallel in SN 1006 Likely perpendicular
Age >1500 yr Only true for N132D & Puppis A Yes
Dominance of synchrotron X-rays Only true for SNR G1.9+0.3 Yes
Low ISM density Only true for SN 1006 Yes

observations of SNR G156.2+5.7 should reflect the magnetic
field in the ambient ISM. The IMF is confined to the Galac-
tic disk and is azimuthal (Han & Qiao 1994; Heiles 1996).
Although the rims of Vela Jr. and RX J1713.7−3946 observed
with IXPE are NW, the angular distance between these SNRs
residing in the Galactic plane is ∼80◦. Thus, the NW rim of RX
J1713.7−3946 expands along the normal to the Galactic equator,
while the NW rim of Vela Jr. expands along the Galactic plane.
Given the IMF configuration parallel to the Galactic plane, the
polarization in the NW rim of RX J1713.7−3946 should be
radial if it reflects the IMF. So it can be the case that the IMF sig-
nificantly affects a polarization orientation in RX J1713.7−3946
and more evolved SNRs, such as SNR G156.2+5.7. Given the
location of Vela Jr. relative to the Earth in the Galaxy, the IMF
at the location of Vela Jr. is directed almost along the line of
sight and is perpendicular to the shock normal for the rim of
Vela Jr. The synchrotron mechanism allows one to measure only
the magnetic-field orientation projected onto the plane of the sky.
Therefore, the argument by Xu et al. (2007) is not applicable to
Vela Jr in the same way. Meanwhile, the TeV γ-ray emission
from the NW rims of Vela Jr. and RX J1713.7−3946 is strong,
and the presence of multi-TeV electrons in these rims, likely
corresponding to quasi-perpendicular regions of the shocks, has
been established. It stands in contrast to the acknowledged fact
that in regions where the shock is quasi-parallel (for which the
average magnetic field direction upstream of the shock is close
to the shock normal), electrons can be accelerated to multi-TeV
energies (Park et al. 2015), but in regions where the shock is
quasi-perpendicular, electron acceleration occurs up to smaller
energies (Xu et al. 2020). It should be noted that in regions
where the shock is quasi-perpendicular, ions are not injected
into diffusive shock acceleration and the magnetic field may be
not effectively amplified (Xu et al. 2020). Although the theory
of diffusive shock acceleration has long been the standard for
cosmic-ray acceleration at shocks, other mechanisms of accel-
eration at collisionless quasi-perpendicular shocks are possible
(for a review, see Amano et al. 2022). We note that, in addition
to the large-scale IMF, the local structure of the magnetic field
near the SNR may shape the magnetic-field morphology in the
SNR shell.

The age of an SNR is another parameter that can be rele-
vant for explaining a polarization dichotomy. Before the launch
of IXPE, radio observations revealed a tangential polarization
in SNRs with ages less than 4000 years, but a radial polar-
ization in older SNRs. In addition to Cas A, Tycho’s SNR,
and SN 1006, other SNRs with a tangential polarization are
SN 1987A (Zanardo et al. 2018), SNR G1.9+0.3 (Luken et al.
2020), LMC N132D (Dickel & Milne 1995), and Puppis A
(Milne et al. 1993). The list of older SNRs with a radial polar-
ization includes SNR G182.4+4.3 (Kothes et al. 1998), CTB 1

(Fürst & Reich 2004), and SNR G156.2+5.7 (Xu et al. 2007).
It is noteworthy that, in the radio band – aside from the men-
tioned case of SNR 1E 0102.2−7219 – the recent MeerKAT
observations of two other young SNRs G4.8+6.2 and G7.7-3.7
revealed a radial polarization (Cotton et al. 2024). It is accepted
that a tangential polarization is characteristic for young SNRs
in which the ejected material dominates the SNR dynamics.
Kothes et al. (1998) suggested that the radial polarization of
SNR G182.2+4.3 indicates that dynamics of this SNR is domi-
nated by the blast wave with the swept-up mass much larger than
the ejecta mass. Thus, it is of importance to check if this mass
ratio, Mswept−up/Mejecta, is a factor determining a polarization
structure. RX J1713−3946 and Vela Jr. are young SNRs and their
ages are '1600 years and '3000 years, respectively. These two
SNRs did not show any evidence of thermal X-ray emission from
highly ionized gas. This indicates that they have not yet swept
up a significant amount of mass. This fact is in contrast to the
measured radial polarization. Despite that LMC N132D is older
than RX J1713−3946 and Puppis A is older than Vela Jr. and
that both LMC N132D and Puppis A did show strong thermal
X-ray emission from highly ionized gas, a tangential polarization
was detected in LMC N132D and Puppis A. The IXPE polar-
ization measurements in Vela Jr. and RX J1713−3946 showed
that the trend – the higher the mass ratio, Mswept−up/Mejecta,
is, the closer to radial the polarization is – is not
universal.

Finally, it is important to note that the regularity degree
of a magnetic field defines the ratio of transverse-to-parallel
cosmic-ray diffusion coefficients. If the energy density in a regu-
lar magnetic field exceeds that in a turbulent magnetic field, then
the parallel cosmic-ray diffusion coefficient can be many times
larger than the transverse one (see Figure 6 in Casse et al. 2001).
The PD value provides us in turn with a measure of the ratio
of regular-to-turbulent magnetic-field energy densities, or of
the level of magnetic-field anisotropy (Korchakov & Syrovatskii
1962; Bandiera & Petruk 2016, 2024). In the case of a regular
magnetic field, the maximum PD value possible for the X-ray
spectrum with a photon index of '2.4, corresponding to the NW
rim of Vela Jr., is 78% (Ginzburg & Syrovatskii 1964). The aver-
age PD value derived from the IXPE observations of this rim is
16.4%±5.2% after background subtraction. Meanwhile, the two
maximal values of the observed PD for the pixels, that are bright
in Stokes I, are 34.3%±9.7% and 32.5%±9.0% (Table 3) corre-
sponding to the PD values of 85.2%±30.1% and 66.4%±22.6%,
respectively, after background subtraction. The latter two values
are compatible with the maximum possible value. This com-
patibility may open up a new avenue for a further study of
polarized X-rays from the western border of the NW rim, along
which these two pixels are located, with future observations of
Vela Jr.
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6. Conclusions

The results of IXPE observations performed toward Cas A,
Tycho’s SNR, and SN 1006 showed that both the radial orien-
tation of a magnetic field and the degree of magnetic-field reg-
ularity derived from polarized X-rays are comparable to those
derived in the radio band. This relation indicates that the pro-
cesses determining magnetic-field structures in these remnants
act in very proximity to shock fronts. This is because X-rays,
which are emitted by short-lived multi-TeV electrons, sample
magnetic fields confined closer to the acceleration sites than
polarized radio waves, which are emitted by long-lived GeV
electrons.

The short lifetimes of multi-TeV electrons lead to a spec-
tral curvature in X-ray spectra of young SNRs. The X-ray
spectral curvature allows one to estimate the effectiveness of a
magnetic turbulence in diffusing electrons across shock fronts,
which is described by the Bohm factor. The smaller the Bohm
factor, the higher the effectiveness of particle diffusion by a
magnetic turbulence (or of particle acceleration). The measured
values of the Bohm factor for Cas A, Tycho’s SNR, and SN 1006
are larger than those in RX J1713.7−3946 and Vela Jr. For the
latter two, the values of the Bohm factor are close to the smallest
possible value, that is 1. The previous IXPE observations of RX
J1713.7−3946 discovered a tangential magnetic-field orienta-
tion. This paper reports the results of IXPE observations of Vela
Jr, the SNR which is similar to RX J1713.7−3946 in many ways.
These results suggest the tangential orientation of a magnetic
field in the NW rim of Vela Jr, making this SNR the second one
with this magnetic-field orientation among the SNRs observed
by IXPE. This field orientation along with the degree of polar-
ization measured in the NW rim of Vela Jr., PD = 16.4%±4.5%,
similar to that for RX J1713.7−3946, PD = 13.0% ± 3.5%,
is indicative that the same process(es) leading to a tangential
magnetic-field structure in both these SNRs.

The dichotomy in polarization between young and middle-
aged SNRs was noticed in the radio band. It advocates radial
magnetic fields in ejecta-dominated SNRs and tangential mag-
netic fields in middle-aged SNRs. If the relation between polar-
ization properties in the radio and X-ray bands holds for the
SNRs previously studied in the radio and X-ray bands, it allows a
systematic study of polarization properties in SNRs. The results
for RX J1713.7−3946 and Vela Jr. provide an important test-bed.
These two SNRs have X-ray spectra dominated by synchrotron
emission and do not show any thermal free-free X-ray emission.
This means that they have not yet swept up a significant amount
of mass and are dynamically young. Therefore, the tangential
orientation of magnetic fields in these two SNRs suggests that
the evolutionary model in the context of the dichotomy in polar-
ization does not spread to these two. The evolutionary model
must be superseded by a theory also describing the magnetic-
field structure in RX J1713.7−3946 and Vela Jr.
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