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magnetic field strength in the plane of the sky to
be B, = 5.0 dyy, > mG.

With this estimate of the magnetic field
strength, we can compare the properties of
NGC1333 IRAS4A derived from our observa-
tions to the theoretical predictions. The key
parameter that determines whether magnetic
fields provide support against gravitational
collapse is the mass—to—magnetic flux ratio.
Using the formula of (27), we find that the
mass—to—magnetic flux ratio is =1.7 c17300'/2
times the critical value for collapse. Uncertain-
ties persist because of the neglect of the proto-
stellar mass and the use of the plane-of-sky
component of the magnetic field, which respec-
tively increase and decrease this ratio. The
estimated mass—to-magnetic flux ratio implies
that the region traced by the SMA is slightly
supercritical, which is what the theoretical
models predict for the observed scales (4). This
is further supported by the detection of
observational signatures of infall motions (26).

These data also show that the magnetic
energy dominates the turbulent energy in this
source. This is demonstrated through B, ., the
square of the ratio of the turbulent line width
G t0 the Alfvén speed V. From the expres-
sion given by (/7), we find that B, = 0.02.
Therefore, regardless of whether turbulence
played a role in the initiation of the collapse
of the parent cloud of NGC 1333 IRAS4A, it
seems that at the observed stage of the star for-
mation sequence in this region (the class 0 phase),
magnetic fields dominate over turbulence as
the key parameter to control the star formation
process. Finally, the ratio of the magnetic ten-
sion to the gravity force, ]imsim/j;, ravity? demon-
strates that gravitational forces are sufficient to
cause the observed distortion in the magnetic
field. This ratio is proportional to B2D?*/(R p M),
where R is the radius of curvature of a given
magnetic field line and D is the distance of
the origin of this field line to the center of
symmetry (/8). From the south easternmost-
modeled line of Fig. 1, we can estimate R =
2.5” and D = 1.6". Using these numbers and
the mass derived from the dust emission, we
obtain fi o amviy = 020 dy, 3. This value
may be increased by a more accurate model for
the magnetic field distribution (which would
reduce the residuals and thereby increase the
estimated magnetic field) or decreased by in-
cluding the protostellar mass with the dust mass.
Nevertheless, it is clear that the two forces are
of similar order, as required.

The axis normal to the dusty envelope (44°)
lies between the magnetic field axis (61°) and
the main outflow axis (19°) (8). This suggests
that when the collapse began, the spin and
magnetic axes were not aligned. Could this
misalignment be related to the observed forma-
tion of a binary system in NGC 1333 IRAS
4A? Studies of collapse in rotating magnetized
cores show that fragmentation occurs only in
the rotation-dominated cases (when centrifugal

forces dominate over magnetic forces) (28, 29).
However, in these cases, if the initial spin and
magnetic field axes do not coincide, the re-
sulting magnetic field direction is expected to
be substantially different from its original
orientation. This is contrary to the conditions in
IRAS 4A, where the observed field direction is
roughly similar to the larger-scale magnetic field
(19). In addition, as a consequence of the
misalignment, the magnetic field geometry is
predicted to be considerably distorted from the
hourglass shape we observe. The current mor-
phology of this object may indicate that the
initial magnetic and centrifugal forces were
comparable in magnitude (29), allowing frag-
mentation without substantial rotational distor-
tion of the field.
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A Long-Period, Violently Variable
X-ray Source in a Young
Supernova Remnant

A. De Luca,™ P. A. Caraveo,* S. Mereghetti,* A. Tiengo,* G. F. Bignami*>

Observations with the Newton X-ray Multimirror Mission satellite show a strong periodic
modulation at 6.67 + 0.03 hours of the x-ray source at the center of the 2000-year-old supernova
remnant RCW 103. No fast pulsations are visible. If genetically tied to the supernova remnant,
the source could either be an x-ray binary, composed of a compact object and a low-mass star
in an eccentric orbit, or an isolated neutron star. In the latter case, the combination of its age and
period would indicate that it is a peculiar magnetar, dramatically slowed down, possibly by a
supernova debris disc. Both scenarios require nonstandard assumptions about the formation and
evolution of compact objects in supernova explosions.

CW 103 is a young (~2000 years) shell-
Rtype supernova remnant (SNR), with

an x-ray point source very close to its
center. Since its discovery (/), this source
(1E161348-5055, hereafter 1E), characterized
by unpulsed, soft x-ray emission and no radio
or optical counterpart (2), has been considered a
candidate neutron star (NS), obviously young,

assuming that it was born in the same super-
nova (SN) event that originated the surrounding
SNR. Subsequent x-ray observations have
shown 1E to have a peculiar temporal behavior,
with orders-of-magnitude secular flux variations
(3, 4). Variabilities and tentative periodicities
for 1E have been proposed in a range from 1 to
6 hours (5—7). At the SNR’s distance from Earth
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(~3.3 kpc), 1E has a luminosity of 1033 to 10*°
erg s~ !'. Optical and infrared (optical/IR) ob-
servations point to an underluminous coun-
terpart for this object: Three faint IR objects,
with magnitude H ~ 22 to 23, lie in the
Chandra error circle (8), but nothing is detected
at visible wavelengths (magnitude R > 25.6,
1> 25) (6, 9).

Here we report results obtained during a
long uninterrupted observation by the Newton
X-ray Multimirror Mission (XMM-Newton) sat-
ellite on 23 August 2005, using the positive-
negative (/0) and metal-oxide semiconductor
(MOS) (11) cameras of the European Photon
Imaging Camera (EPIC) instrument. The total
observing time was 89.2 kiloseconds (ks). De-
tails on data analysis are given in the supporting
online material (SOM). In the resulting MOS
image of RCW 103 (Fig. 1A), 1E stands out at
less than 20” from the geometrical center of the
remnant, itself ~9” in diameter.

Our data show unambiguously that the source
is periodic (Fig. 1B). The best estimate of the
period (P) is 6.67 = 0.03 hours (24.0 £ 0.1 ks).
The flux modulation is large, with a pulsed
fraction (PF) = 43.5 + 1.8%. A search for fast
periodicities was performed, with negative
results. Periodicities with P > 12 ms and PF >
10% are excluded at the 99% confidence level.

As described in the SOM, time-averaged
spectra for source and background were ex-
tracted for each EPIC detector in the 0.5- to
8-keV range. Single-component models do not
yield acceptable results. The best fit is found
for a double-component model consisting of
a blackbody curve with temperature k7 ~ 0.5
keV and emitting radius of ~600 m, contribut-
ing ~70% of the flux, complemented by either
a second blackbody (k7" ~ 1 keV) or a steep
power law (photon index I' ~ 3) (fig. S1 and
table S1). The observed time-averaged flux is
1.7 x 1072 erg cm ™2 s~ ! (0.5 to 8 keV).

The high XMM-Newton throughput and the
long observing time yielded a total of 46,900
photons, which provides good enough statistics
to allow us to perform phase-resolved spectros-
copy. We find evidence for a definite hardening
(a higher average photon energy) of the 0.5- to
8-keV spectrum at the peaks of the light curve
and a softening at the troughs. Such a spectral
evolution may be modeled by a higher tempera-
ture and larger emitting area of the dominant
blackbody at the peak, coupled to a higher line-
of-sight absorption (fig. S2).

The long-term time behavior of 1E before our
2005 observation was also studied and is sum-
marized in Fig. 2. In August 2005, the source
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was clearly caught in a low state. We reanalyzed
the 50-ks 2001 XMM data, when the source was
in a higher state (~107'! erg cm~2 s~ ). The
periodicity seen in 2005 can be recognized
(Fig. 2B, upper curve), albeit with a smaller PF'
(11.7 £ 1.4%). The period extracted from the
2001 data is 6.72 = 0.08 hours (24.2 + 0.3 ks),
which is consistent with the 2005 value, with
no evidence for a period variation. However,
the source phenomenology is completely differ-
ent. Apart from a factor of ~6 difference in the
average flux value, the 2001 light curve has a
much more complex substructure. The pulsed
flux in 2001 is similar to the 2005 one, or ~2 x
10712 erg cm~2 s~ 1. The source time-averaged
spectrum is significantly harder than in 2005,
with a larger contribution from the high-energy
component, as well as a larger absorption (fig.
S3 and table S1).

The 6.67-hour periodicity reported here, as
well as the long-term flux variability and com-
plex spectral behavior, make 1E unusual among
young compact objects still embedded in their
SNR and make any interpretation very difficult.

The association of 1E and RCW 103 appears
very robust, based on their perfect positional
coincidence and on radio studies suggesting
consistent distance estimates for the two objects
(12). The chance alignment of a foreground ob-
ject with the center of RCW 103 can be ex-
cluded on the basis of the optical data. Although
an AM Her system (/3) at 50 to 100 pc could
show an x-ray phenomenology somewhat sim-
ilar to the observed one, it would imply an
optical/IR counterpart ~10 magnitudes brighter.
Thus, we will assume that 1E was born together
with its host SNR, which is 2000 years old (/4).

Interpreting the 6.67 hours as an orbital
period, we first explore a binary system hypoth-
esis for 1E, featuring a compact object (either a
NS or a black hole) born in the SN explosion
and a faint star, for which existing optical/IR
data (6, 8, 9) set stringent constraints. The col-
ors and luminosity of the possible counterparts,

1 arcmin
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assuming an interstellar reddening 4,, ~ 4.5
(12), are compatible only with a M-class dwarf
of ~0.4 solar mass (M) or smaller. 1E would
thus be a low-mass x-ray binary (LMXB) that
survived the SN event. However, 1E’s phenom-
enology is very unusual for a LMXB. Its highly
variable x-ray luminosity (~1033 to 103° erg s 1)
is low, both compared to the peak luminosities
of transient LMXBs (~103% erg s~!) and to the
persistent LMXB output (103 to 1037 erg s~ ).
It is a luminosity similar to that of very faint
x-ray transients (/5), which are, however, very
old systems (10° years).

Moreover, the pronounced orbital modula-
tion and spectral phase variability reported here
have never been observed in LMXBs. The
same is true for 1E’s long-term evolution, with
its dramatic orbital modulation change and long
outburst decay (Fig. 2).

Young age could be the explanation. Stan-
dard LMXBs are at least hundreds of millions of
years older than 1E and have had enough time to
evolve (/6) to a phase in which the donor star,
having filled its Roche lobe, supplies a large
mass transfer toward the compact object, via an
accretion disc, at a rate close to the Eddington
limit. Conversely, in a very young, very-low-
mass binary survivor of a SN explosion, a sub-
stantial orbital eccentricity is expected (17),
with an important role in controlling any mass
transfer within the system. For a dwarf star of
mass M, in the range of 0.2 to 0.4 M, an or-
bital eccentricity e of 0.5 to 0.2 would position
the L1 point just above the dwarf star surface at
periastron. Mass exchange would thus become
possible within a narrow range of orbital phases,
with a transit time of ~10 min from the donor
through L1 toward the compact object. The
transferred material, with its large angular mo-
mentum, would start settling in a disc. One also
expects substantial orbital modulation in the
fraction f of the dwarf star wind mass captured
by the compact object. In the Bondi-Hoyle ap-
proach (I8), f oc d~2 v, 4, where d is the

1 1 1 1 1
0.4 0.6 0.8 1
Ctss~'  (0.5-8 keV)

1 1
10 20
Time (hr)

Fig. 1. (A) The young SNR RCW 103 and its central source 1E as observed in August 2005 by the
EPIC MOS cameras onboard XMM-Newton. Photon energy is color-coded: Red corresponds to the
energy range 0.5 to 0.9 keV, green to 0.9 to 1.7 keV, and blue to 1.7 to 8 keV. North is up, east is
left. (B) Background-subtracted flux evolution of 1E in the 0.5- to 8-keV energy range, with its
unambiguous 6.67-hour periodicity. Cts s~ 2, observed counts per second.
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orbital separation and v, is the relative velocity
between the dwarf star wind and the compact
object. In 1E, f'would vary by a factor ranging
from 2.5 to 9 for an M of 0.4 to 0.2 M, and an
e of 0.2 to 0.5, with a single peak during the
descending part of the orbit, where the combi-
nation of velocities is most favorable (fig. S4).

A “double accretion” scenario could thus be
at work. Wind accretion provides the bulk of
the sharply peaked 6.67-hour modulation, while
a disc controls 1E’s long-term variations. Flux
outbursts could be due to episodic mass ejec-
tions from the dwarf star and/or to disc in-
stabilities, whereas dips in the light curve could
be due to occultations by disc structures.

X-ray production remains the crucial point in
such a binary model. If the compact object is a
NS, accretion can occur if both the rotating dipole
(“ejector”) and the centrifugal (“propeller”)
barriers (16) can be overcome. The dynamical
pressure of the infalling gas must exceed the
pressure of the NS dipole radiation, at least
down to a distance where corotation with the
NS is slower than the keplerian velocity. This
would imply that the 2000-year-old NS would
have a very low magnetic field and/or a slow
rotation period. Indeed, to produce via accre-
tion a luminosity in the range observed for 1E,
the above conditions imply (/9) P ~ (0.35 to
2.5)B,,”" s, where B, is the magnetic (B) field
in units of 10'° G. These values are very pe-
culiar if compared with the canonical picture of
a standard 2000-year-old NS, having a B field
of a few 10'> G and spinning at a few tens of
milliseconds. On the other hand, if a black hole
is present, accretion processes at the low rates
implied by our young binary scenario are ex-
pected to be highly inefficient (20), and produc-
tion of the observed luminosities could be
problematic.

Faced with a highly nonstandard binary pic-
ture, we also consider an isolated-object scenario
for 1E. We focus on NSs, because the periodical
modulation rules against a black hole. The 6.67-
hour periodicity could be related to the free pre-
cession of a fast-rotating NS, with the x-rays
coming from a surface hot spot modulated at the
precession period (27). However, we find no
trace of the expected faster periodicity related to
the star rotation. We cannot exclude a peculiar
emission geometry, somewhat symmetrical with
respect to the rotation axis, but find it an un-
likely possibility. Similarly, a NS rotation period
shorter than 12 ms seems unlikely, because
some evidence of a synchrotron nebula or of
nonthermal emission, due to the rotating dipole
radiation, would be seen. A nonthermal x-ray
output from ~5 x 10** erg s™! to ~5 x 103
erg s~ ! is expected (22) for a 12-ms pulsar with
a 10'2-G B field. Moreover, any precession sce-
nario would not explain the dramatic flux out-
bursts, together with the other long-term changes
in the source phenomenology (Fig. 2).

Alternatively, 1E could be a normal isolated
NS, slowly rotating at the 6.67-hour period.

Some huge braking mechanism would have to
be invoked to slow it down over 2000 years
from its presumably much shorter birth period.
To do this with the classical dipole-radiation
pulsar mechanism requires the unheard-of, and
probably unphysical, magnetic field value of
B ~ 10'8 G. On the other hand, even if 1E were
a “normal” NS with a birth period close to 6.67
hours, this would not account for its long-term
x-ray flux variability.

1E could, instead, be a magnetar: a neutron
star with an ultrahigh magnetic field of the order
of 10" G (23), now rotating at 6.67 hours.
Indeed, all types of x-ray variabilities observed
for 1E, as well as its luminosity and spectral
shape, would be naturally explained in the mag-
netar frame. Magnetar candidates [namely,
anomalous x-ray pulsars (AXPs) and soft gamma
repeaters (SGRs)] show long-term variations in
flux, spectrum, pulse shape, and PF. All mag-
netars, however, spin more than 1000 times
faster than 1E, with periods well clustered in the
5- to 12-s range. The slowing-down mechanism
obviously required for 1E could result from the
transfer, through its rotating giant B field, of the
star’s angular momentum to the material of a
hypothetical SN debris disc (a propeller effect).
Our detailed calculations (24, 25) show that a
disc of 3 x 107> M, would have been enough
to slow down, over 2000 years,a B=15 x 101> G
magnetar, provided it was born with P = 300
ms (fig. S5). Such a birth period is necessary for
avoiding an early ejector phase, because the

pressure of the radiation of the rotating dipole
quickly pushes away any disc surrounding a fast
magnetar. With a slower rotation at birth, the star
instead retains its disc and immediately begins a
very efficient loss of rotational energy. A birth
period 2 300 ms is too long to fit into the most
popular explanation (26) for the origin of the
huge B fields of magnetars (a dynamo effect in
the proto-NS, requiring a birth period of ~1 ms).
However, alternative high—B-field formation sce-
narios (such as compression of the progenitor
field) have been proposed (27, 28), based on
possible evidence that not all magnetars are
born as very fast rotators (27).

The recent discovery of a debris disk around
an AXP (29) may support a “braked magnetar”
picture for 1E, suggesting that at least some
magnetars could be surrounded by fossil disks.
AXPs and SGRs, as witnessed by their 5- to 12-s
periods, did not experience an efficient pro-
peller phase, possibly because of a shorter
period at birth or strong gamma-ray bursting
activity. If 1E is indeed a slow magnetar, this
implies a totally new evolutionary channel for
isolated NSs, one in which their spin history is
dominated by SN debris. The fraction of NSs
following such a channel should be small,
however, considering the unusualness of 1E
among compact objects associated with SNRs.
Furthermore, as for standard AXPs and SGRs,
it may be that such objects rapidly (in 10°
years?) become unobservable. However, one
could think of some compact objects not
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Fig. 2. A synoptic view of time variabilities of 1E. (A) Source secular flux evolution as derived from our
analysis of the public Chandra observations (crosses) performed between 1999 and 2005 and two XMM-
Newton ones (open circles) performed in 2001 and 2005. A large, two—order-of-magnitude outburst
between 1999 and 2000 is followed by a continuous fading down to the level of our 2005 XMM
observation. Historical measurements (3) with the Rosat (black solid circles) and ASCA (triangles)
satellites are also included and show another episode of flux increase around the ASCA observation in
1993. Source outbursts could thus be recurrent on a several-year time scale. (B) Source flux variation
over the 2001 (upper curve) and 2005 (lower curve) XMM-Newton observations, of 50 and 90 ks,
respectively. Observation starting times have been aligned, but no folding has been performed. The
6.67-hour periodicity may be seen in the shorter 2001 observation, although with a smaller PF and a

much more complex pulse shape.
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showing now any pulsation, in spite of large
observational efforts, such as sources asso-
ciated with young SNRs (such as Cas A,
Velalr, and G347.3-0.4) (6).

Other scenarios could also be explored. We
may consider a peculiar binary system in which
the 6.67-hour periodicity reflects the spin pe-
riod of the collapsed object (necessarily a NS),
but in which the orbital period is much longer
and undetected. As in the isolated NS case, the
main difficulty here is to account for a huge
braking of the NS rotation in 2000 years, unless
it was born spinning at 6.67 hours. As in the case
of 2S 01144650 (30), a binary system featuring
a 2.7-hour-period NS and a giant companion
with an estimated age of >107 years, the only
viable mechanism could be the propeller effect
on the wind of the companion star. Following
(19), we note that for plausible parameters of the
accretion rate in the 1E system (M ~ 107 to 1010
g s~ 1), an equilibrium period of 6.67 hours could
indeed result for NS B fields on the order of 10'2
to 1013 G, but the overall NS spin-down process
would require 108 to 10'0 years. Assuming
instead a magnetar B field of 5 x 10> G and a
higher (but still plausible) accretion rate of 10'3 g
s~ 1, the braking would be much more efficient,
but in any case >20,000 years would be required
to reach a period similar to the observed one.
Thus, such a picture seems untenable. One could
postulate that 1E and RCW 103 were generated
by two different SN explosions within the same
binary system, originally composed of two high-
mass stars. The first SN produced 1E (at least
~10° years ago, to allow for the fading of the
resulting SNR) and did not disrupt the binary.
The second produced RCW 103 ~2000 years
ago but did not leave any visible compact object.
1E could have been slowed down over the
lifetime of its companion star (~107 years?),
remaining in any case an active magnetar, as is
required to explain its time behavior. Occam’s
razor argues against such an interpretation. For

a scenario involving a magnetar, the braking of
a young isolated object by SN debris seems the
most plausible explanation.

Many more details remain to be explored
regarding both 1E and RCW 103. Deeper and
longer x-ray observations could detect fast pul-
sations, ruling out the slow rotator model pro-
posed above. Observations during the source’s
high state could allow for phase-resolved spec-
troscopy, giving evidence of any intervening
circumstellar occulting material. Optical/IR ob-
servations could yield the nature of any optical
counterpart, to check, for example, on the pres-
ence of a disc. It would be also useful to carry
out spectral studies of the diffuse remnant
material. Although difficult, such studies could
be crucial in understanding a SN event that,
2000 years ago, created either a compact object
or a binary system so unusual in its physical
properties.
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Hexagonal Mesoporous Germanium

Gerasimos S. Armatas and Mercouri G. Kanatzidis*®

The blending of mesoporosity with the properties of semiconductors promises new types of
multifunctional nanomaterials. It would be particularly interesting to combine the shape selectivity
of a mesoporous oxide with the electronic and photonic characteristics of a useful semiconductor.
We demonstrated the synthesis of a mesoporous germanium semiconductor using liquid-crystals-
templated chemistry. The template removal was achieved by a two-step ion-exchange thermal
procedure. This semiconductive mesoporous form of germanium possesses hexagonal pore ordering
with very high surface area and exhibits strongly size-dependent optical properties as well as

photoluminescence.

mesoporous (pore size from 20 to 500 A)
solids arise from a well-defined pore
structure, high internal surface area, and their
framework composition. Mesoporous silicates
and transition metal oxides have been exten-

The physical and chemical properties of

www.sciencemag.org SCIENCE VOL 313

sively studied for their adsorption, separation,
catalytic, and magnetic applications (/-3).
Mesoporous carbons, noble metals, and meso-
structured organic-inorganic hybrid chalcogen-
ides materials have also been reported (4-12).
The pores of a mesostructured material may or

may not be accessible. When the pores become
accessible through template removal or otherwise,
the system is then defined to be mesoporous. Similar
to the silicates, the mesostructured chalcogenides
exhibit long-range pore order; however, they have
not been rendered porous, and in general attempts
to remove the template from the pores result in
framework decomposition. Mesoporous semicon-
ductors with well-defined pore structure are
relatively unknown materials. Recently, crystal-
line microporous (pore size < 20 A) chalcogenides
(13) and porous chalcogenide aerogels (/4) that
possess high porosity have been reported. Porous
semiconducting frameworks could exhibit unique
properties such as a combination of quantum-
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