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X線偏光観測衛星の将来計画	

•  ASTRO-H	(SGD検出器：50	keV以上)　	
　2016年2月12日 種子島より打ち上げ予定	

•  PRAXyS(2	–	10	keV,	撮像を捨てて高感度)　	

打ち上げ決定	

ミッション審査中	

V.S	
•  IXPE(2	–	8	keV,	感度を捨てて撮像)　	

-	2020年打ち上げ予定	

-	2025年打ち上げ予定	
•  Xipe(	2-8	keV,	撮像)　	

NASAの小型衛星計画の第1次審査で選ばれた3基中2基
がX線偏光。来年度に1基に絞られる。	

ASTRO-H/SGD	

ESAの中型衛星計画の１次審査で、３基のうち１基に残る。	

他にも、中国のミッションが上がるかも。	

今後１０年で、X線	
偏光観測のデータ
が出てくる可能性
が大きい	

これまでに中性子星関連のX線偏光の有意な検出は 
Crab	nebulaのみ(軟X線では1976年以来無しWeisskopf+76)	
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NICER	

NICER	
h8ps://
www.nasa.gov/nicer	

NICER(Neutron	star	Interior	ComposiIon	ExploER)	

•  56台のX線集光鏡と、高カウントレートの
処理に強いシリコンドリフト検出器	

•  単独パルサーのパルス波形の高精度観
測から、中性子星の質量と半径を決める
ことを主目的とした、視野の狭いポイン
ティング観測機器 	

•  2017年6月にISSに設置、現在問題無く運
用中	

NICER	
有効面積	

NICERの強み：	
1.  有効面積が大きい（短時間のスペクトル

変動を追える）	
2.  時刻精度が	<	300	nsec(absolute)→kHzの

変動が追える	
3.  ISSに搭載されいてるため、人工衛星に比

べてコマンドを送るタイミングが多い→突
発天体の緊急観測(ToO)に向いている	



NICER	ファーストライト	

hXps://www.nasa.gov/press-release/goddard/2017/nasa-
neutron-star-mission-begins-science-opera_ons	
	



outline	

1.  	X線スーパーバーストの観測→rp過程の元素合成	
2.  X線連星パルサーの表面温度の変化→NSの内部

情報	
3.  X線連星パルサーのkHz帯域の変動の探査→ULX

パルサーの放射機構	

NICERでこういう観測ができれば：	
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BeppoSAX/WFC	
光度曲線	
Kuulkers+2002	

低質量X線連星からのX線「スーパーバースト」	

スーパーバースト :	継続時間が数時間。Igni_on	column	
depth〜1012	g/cm2。海の底で起きる炭素の核融合と考え
られる。→	rp過程元素が放出、曝露すればX線で観測で
きるのでは？	

From	Keek	
Dthesis	 コア	

インナー	
クラスト	アウター	

クラスト	
海	

大
気	

中性子星	
断面図	

問題：年に数回のレアイベント。観測例が少なく、エネ
ルギー分解能の良い検出器での観測例が無い	

X線	
バースト	

Rapid	proton	
capture(rp)過程に
よる重元素	

スーパー	
バースト	

X線バースト：継続時間が数十秒。H、Heが燃料でrp過
程による重元素の合成が起きていると考えられる(e.g,	
Wallace	and	Woosley	1981)。→直接観測の例は無し	

残
差
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エネルギースペクトル	
（連続成分からの残差）	
Strohmayer+2003	

エネルギー(keV)	
10	 40	

もっとエネルギー分
解能の良いデータ
が欲しい	



Placeholder for cover

MAXI-NICER連携	

MAXI-NICER連携概要	

第

段
階(ISS)	

第
1
段
階(

地
上
経
由)	

・感度は低いが92分でX線帯域の全天を走査しているMAXIと、感度は高いが視野の狭い
NICERは非常に相補的。スーパーバーストのToO観測はまだだが、これまで恒星フレアなど
地上経由でのToO観測を2	events/月程度で行っている	
・究極的には、MAXIのトリガーソフトをISSのPCで走らせて、直接NICERに情報を送る計画も
進められている(軟X線帯域におけるSwif衛星のようなものになる)	



スーパーバーストの他のトピック	
どうやって炭素に火がつく温度（6	x	108	K）に達するか？	
アウタークラスト付近の温度を上げる物理としては、電子捕獲(e.g,	Gupta+07)	
とピクノ核融合（高密度下、格子振動による核融合）等がある。	186 L. Keek et al.: First superburst from a classical low-mass X-ray binary transient

Fig. 8. Temperature evolution in the crust of 4U 1608-522 during the
outburst. At the beginning of the outburst (solid line) we set the temper-
ature at a column y = 109 g cm−2 to 5 × 108 K. After 80 days, the tem-
perature in the outer crust has risen (dotted line), but is still well below
the temperature for which a one-zone stability analysis would predict a
superburst with a depth inferred from fits to the cooling (shaded box).

deep crust can be inferred by observations of the quiescent
luminosity (Rutledge et al. 1999). Hence this source provides a
test of the strength and location of heat sources in the crust. The
question is whether the crust can reach temperatures sufficiently
hot to initiate thermally unstable 12C fusion in the short time
available during the outburst. To check this, we constructed
a time-dependent model based on recent calculations of the
heating from electron capture reactions in the crust (Gupta
et al. 2007). We set the mass number to A = 40, which yields
a large heat release (0.40 MeV per accreted nucleon) in the
outer crust. For the inner crust, we use the model of Haensel
& Zdunik (1990). We integrated the thermal diffusion equation
using a standard method-of-lines formalism. The microphysics
is identical to that in Gupta et al. (2007). The total heat released
in the crust during outburst is 1.8 MeV u−1.

As an initial condition, we computed the temperature for
steady accretion at the time-averaged mass accretion rate ⟨Ṁ⟩ =
6.5 × 1015 g s−1. We then ran through a series of 60 out-
burst/quiescent cycles, to ensure that the crust had reached a
limit cycle. During outburst we set Ṁ = 1.3 × 1017 g s−1, with
a duration of 80 d; the quiescent interval was set to 4.16 yr.
During quiescence we used a relation between the temperature
at a column y = 109 g cm−2 and the surface luminosity appropri-
ate for an accreted envelope (Brown et al. 2002). The quiescent
luminosity reached a minimum of Lq = 6.1 × 1033 erg s−1, in
reasonable agreement with the value derived by Rutledge et al.
(2000). Figure 8 shows the change in temperature, as a function
of column, during the outburst. At the start of the outburst (solid
line), we set the temperature at a column y = 109 g cm−2 to
5 × 108 K. This is a reasonable upper limit on the temperature
set by steady-state H/He burning. After 80 d, the temperature
in the outer crust has risen substantially (dotted line), but is still
much cooler than needed to explain the fitted ignition column
and temperature (shaded box).

We conclude that heating in the crust from electron captures,
neutron emissions, and pycnonuclear reactions, is insufficient to
raise the crust temperature during the outburst enough for 12C to
ignite at the inferred column.

In the other superburst sources, which are either persis-
tent accretors, or transients with long duration outbursts (e.g.
KS 1731-260), the crust reaches a thermal steady state. Even in
these sources, theoretical models have difficulty explaining the
inferred superburst ignition columns of ∼1012 g cm−2 (Brown
2004; Cooper & Narayan 2005; Cumming et al. 2006; Gupta
et al. 2007). The properties of the neutron star crust and core
that affect the thermal profile such as neutrino emissivity and
crust conductivity must all be chosen to maximize the crust tem-
perature in order to achieve the observed ignition depths. In
fact, Cumming et al. (2006) showed that it was impossible to
reproduce the observations if neutrino cooling due to Cooper
pair formation of superfluid neutrons in the crust (e.g. Yakovlev
et al. 1999) was included, because this efficient neutrino emis-
sion mechanism led to an upper limit on the crust temperature
at the ignition depth of ≈4 × 108 K, less than the temperature of
≈6×108 K required for carbon ignition. Recent work by Leinson
& Pérez (2006) has shown that the neutrino emission due to this
mechanism has been overestimated in previous calculations, and
that this mechanism is in fact not the dominant source of neu-
trino emissivity.

As we have shown, the short duration of the transient
outbursts in 4U 1608-522 means that the crust is heated to
much lower temperatures than those corresponding to thermal
equilibrium. Therefore the observation of a superburst from
4U 1608-522 is deeply puzzling and presents a significant chal-
lenge to current superburst models.

5.4. Bursting behavior and mHz QPOs

The normal type-I X-ray bursting behavior looks similar to what
is seen in persistent bursting sources with strongly variable per-
sistent fluxes, most notably 4U 1820-303 (Chou & Grindlay
2001), GX 3+1 (den Hartog et al. 2003), 4U 1705-44 and
KS 1731-260 (Cornelisse et al. 2003). In those cases X-ray
bursts become far less frequent or even absent during high flux
states. Also in the case of 4U 1608-522 the bursting behavior
is seen to differ between the low and high flux state. Murakami
et al. (1980) report that in the high flux state bursts have a shorter
duration and a higherα value than the bursts in the low flux state,
while the burst rate is not significantly different. The bursts ob-
served with the RXTE PCA and the BeppoSAX WFCs exhibit
this behavior as well. This would be consistent with hydrogen
and helium burning becoming predominantly stable at higher
mass accretion rates (van Paradijs et al. 1988).

Revnivtsev et al. (2001) examined EXOSAT and RXTE
PCA data of 4U 1608-522 and discovered low frequency quasi-
periodic oscillations (mHz QPOs). They observed no type-I
X-ray bursts when the persistent emission was higher than when
the QPOs were detected, which supported the hypothesis that
mHz QPOs occur at the transition of unstable to stable burning,
such that at higher accretion rates the bursting behavior ceases
(see also Heger et al. 2007). Interestingly, the PCA, WFCs and
IBIS/ISGRI have observed a total of four X-ray bursts when the
persistent flux was up to a factor of two higher than when mHz
QPOs were seen (see Fig. 3). Although this disagrees with the
prediction of the marginally stable burning model of Heger et al.
(2007), the hypothesis could still be valid if, as discussed by
Heger et al. (2007), the conditions for nuclear burning vary sub-
stantially across the neutron star surface, such that on one part of
the surface unstable burning gives rise to type-I bursts while on
another part mHz QPOs occur. The scenario that ignition condi-
tions might vary across the surface of the star for rapidly rotating
neutron stars has been discussed by Cooper & Narayan (2007;
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Fig. 4. Superburst light curves where each data point represents a 90 s
dwell with its 1σ uncertainty. a) 1.5–12 keV ASM count rate at a
0.5 day time resolution. Shown is the outburst in which the superburst
takes place. b) Zoomed-in part of a. Indicated are intervals I and II of
the persistent flux prior to the burst. c) hardness ratio for each dwell,
defined as the ratio of the counts in the 5–12 keV and the 1.5–3 keV
energy bands. One data point with an error in excess of 4 is excluded
from the plot. d) Zoomed-in part of top figure on the superburst. Burst
intervals 1–4 are indicated as well as the exponential decay fitted to the
first 5 h of the burst with an e-folding decay time of 4.8 h (see Table 3).

4. Superburst analysis

4.1. Light curve

In Fig. 4 we show the ASM light curve of 4U 1608-522 for the
outburst in which the superburst takes place. The onset of the
superburst is not observed by the ASM, as it falls in a 1.5 h data
gap. Thirty-three minutes before the start of the superburst obser-
vation by the ASM, the light curves of the WXM and FREGATE
onboard HETE-2 exhibit a fast rise of 3.6 s followed by a slow
decay (Fig. 5). Since the event took place at the end of the ob-
servation, only one minute of the flare is recorded before the
instruments are switched off. Nevertheless, the light curve sug-
gests that the decay is much longer than for a normal type-I
burst. The WXM detector image of the flare is consistent with
the position of 4U 1608-522 if the spacecraft’s attitude changed
by 0.6◦ since the middle of the orbit. A variation of the atti-
tude of this size is not uncommon at the end of an orbit. The
FREGATE has no positional information, but 4U 1608-522 was
in the field of view at that time. From both instruments spec-
tral information is available in four energy bands. Due to the
low number of observed photons per energy band, this informa-
tion is of limited use for the WXM. For the FREGATE, the flare
is observed in the 6 to 40 keV and 6 to 80 keV bands and not
in higher energy bands, which is consistent with a type-I X-ray
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Fig. 5. HETE-2 light curve of likely onset superburst. Top: WXM. The
data points show the count rate with 1σ uncertainty observed by de-
tector XB, while the dotted line indicates the count rate observed by
detector XA. We employ data from the full 2–25 keV band pass at a
6.6 s time resolution. The data is from the end of an observation, when
the count rate decreases as the Earth covers an increasing part of the
field of view. The flare is only visible in the XB light curve. From its
position on the sky, 4U 1608-522 was in the field of view of XB and not
of XA. Bottom: FREGATE light curve from the 6–40 keV band pass at
1.2 s time resolution.

burst (such as a superburst). Comparing this flare to a type-I
X-ray burst from 4U 1608-522 which was previously observed
with the WXM, the flare’s peak height is approximately 80%
of that of the burst. Therefore, the peak flux of the flare is at
most 80% of the Eddington limit. As the time of occurrence, the
source position and the peak flux are consistent with the super-
burst from 4U 1608-522, we regard this as a likely observation
of the start of this superburst.

No precursor burst can be discerned. However, the presence
of such a burst cannot be ruled out. If a potentially present pre-
cursor is similar to the type-I bursts observed during outbursts,
it would have a short e-folding decay time of a few seconds and
a peak flux of around 60% of the Eddington limit. Before the
superburst onset the statistical quality of the FREGATE data is
such that we can exclude at a 3σ confidence level a precursor
burst with a decay time of several seconds and a net peak flux of
∼10% of the Eddington limit or higher. However, the precursors
observed from other hydrogen-accreting superbursters all took
place at the superburst onset (Kuulkers et al. 2002b; Strohmayer
& Markwardt 2002; in’t Zand et al. 2003). If the precursor and
superburst light curves are superimposed, the presence of a pre-
cursor cannot be excluded from the data. Also, during the pre-
cursor burst the peak temperature might be lower than for the
superburst, which would result in a lower observed flux in the
FREGATE band. The WXM is sensitive down to lower ener-
gies, but the relative uncertainty in each data point is larger due
to a smaller effective area, which may prevent us from detecting
a precursor.

After the superburst took place, the first normal type-I X-ray
burst was observed with IBIS/ISGRI after 99.8 days. Since there
are frequent data gaps, whose durations are long with respect to
the duration of an X-ray burst, 99.8 days is an upper limit to the
burst quenching time.

In the 4.6 h preceding the superburst (interval II, see Fig. 4b)
the persistent flux is at a level of 25.3 c s−1, while in the 7 days
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0.5 day time resolution. Shown is the outburst in which the superburst
takes place. b) Zoomed-in part of a. Indicated are intervals I and II of
the persistent flux prior to the burst. c) hardness ratio for each dwell,
defined as the ratio of the counts in the 5–12 keV and the 1.5–3 keV
energy bands. One data point with an error in excess of 4 is excluded
from the plot. d) Zoomed-in part of top figure on the superburst. Burst
intervals 1–4 are indicated as well as the exponential decay fitted to the
first 5 h of the burst with an e-folding decay time of 4.8 h (see Table 3).
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superburst is not observed by the ASM, as it falls in a 1.5 h data
gap. Thirty-three minutes before the start of the superburst obser-
vation by the ASM, the light curves of the WXM and FREGATE
onboard HETE-2 exhibit a fast rise of 3.6 s followed by a slow
decay (Fig. 5). Since the event took place at the end of the ob-
servation, only one minute of the flare is recorded before the
instruments are switched off. Nevertheless, the light curve sug-
gests that the decay is much longer than for a normal type-I
burst. The WXM detector image of the flare is consistent with
the position of 4U 1608-522 if the spacecraft’s attitude changed
by 0.6◦ since the middle of the orbit. A variation of the atti-
tude of this size is not uncommon at the end of an orbit. The
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of XA. Bottom: FREGATE light curve from the 6–40 keV band pass at
1.2 s time resolution.

burst (such as a superburst). Comparing this flare to a type-I
X-ray burst from 4U 1608-522 which was previously observed
with the WXM, the flare’s peak height is approximately 80%
of that of the burst. Therefore, the peak flux of the flare is at
most 80% of the Eddington limit. As the time of occurrence, the
source position and the peak flux are consistent with the super-
burst from 4U 1608-522, we regard this as a likely observation
of the start of this superburst.

No precursor burst can be discerned. However, the presence
of such a burst cannot be ruled out. If a potentially present pre-
cursor is similar to the type-I bursts observed during outbursts,
it would have a short e-folding decay time of a few seconds and
a peak flux of around 60% of the Eddington limit. Before the
superburst onset the statistical quality of the FREGATE data is
such that we can exclude at a 3σ confidence level a precursor
burst with a decay time of several seconds and a net peak flux of
∼10% of the Eddington limit or higher. However, the precursors
observed from other hydrogen-accreting superbursters all took
place at the superburst onset (Kuulkers et al. 2002b; Strohmayer
& Markwardt 2002; in’t Zand et al. 2003). If the precursor and
superburst light curves are superimposed, the presence of a pre-
cursor cannot be excluded from the data. Also, during the pre-
cursor burst the peak temperature might be lower than for the
superburst, which would result in a lower observed flux in the
FREGATE band. The WXM is sensitive down to lower ener-
gies, but the relative uncertainty in each data point is larger due
to a smaller effective area, which may prevent us from detecting
a precursor.

After the superburst took place, the first normal type-I X-ray
burst was observed with IBIS/ISGRI after 99.8 days. Since there
are frequent data gaps, whose durations are long with respect to
the duration of an X-ray burst, 99.8 days is an upper limit to the
burst quenching time.

In the 4.6 h preceding the superburst (interval II, see Fig. 4b)
the persistent flux is at a level of 25.3 c s−1, while in the 7 days
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Fig. 1. A MAXI image of galactic sources in 4–10 keV, based on data collection in 4.7 years. The previously known superburst sources

(dashed) and the sources in Table 1 (solid) are marked with circles.
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Fig. 1. MAXI/GSC light curves of Terzan 5 in 2–4 keV (top), 4–10 keV (middle), and 10–20 keV (bottom) energy bands. The data represent the flux
for each scan, and the error bars represent the 1-! statistical uncertainties. The time is the center of the scan. The left panels show light curves
between MJD 55854 (October 20) and MJD 55867 (November 2). The light curves between MJD 55858 and MJD 55860 are expanded in the right panels.
The time intervals used for hardness plots are labeled in the top panels (see figures 3 and 4).

2. Observations and Data Analysis

MAXI/GSC (Mihara et al. 2011b) observed the Terzan 5
region with two GSC cameras (GSC-5 and GSC-B),
throughout this brightening episode. Since GSC-B was oper-
ated with a reduced high voltage, the data was not included
in the preliminary analysis of Astron. Telegram (Mihara et al.
2011a). In this paper, we use all of the data from both cameras.

A GSC camera scans a source every 92 min with a typical
transit time of ! 60 s (Sugizaki et al. 2011). Figure 1 shows the
light curve of Terzan 5 with MAXI/GSC. The observed count-
rates are converted to fluxes in units of photons cm"2 s"1 by
assuming the Crab spectrum in each energy band. The 1 Crab
is 1.87, 1.24, and 0.40 photons cm"2 s"1 in the 2–4, 4–10,
10–20 keV band, respectively.1

2.1. Light Curves and Persistent Emissions

The light curve shows two peaks. The initial peak
was observed only by MAXI/GSC. The flux increased
suddenly at MJD 55858.5589 from the nominal flux level
of 0.02 photons cm"2 s"1 to 0.51 photons cm"2 s"1 (4–10 keV).
There was no flux variation during the scan (! 60 s). The flux
was nominal in the previous scan at MJD 55858.4949, which
was 92 min before. The 4–10 keV light curve showed an expo-
nential decay after it. The e-folding time was obtained to be
0.3 d by a fitting, which is typical for a superburst. The total
fluence between 55858.5 and 55859.5 is 2 # 104 photons cm"2

in the 2–20 keV band. It corresponds to the total energy of
1.4 # 1042 erg in 2–20 keV if the spectrum is 1.7 keV black-
body, which is an average spectrum, as shown in subsection 2.2
and table 1. The first other observation than MAXI was done
by INTEGRAL in 55859.7–55859.9. It was after the initial
component faded out; the upper limit of 6 mCrab in 3–10 keV
is consistent with the MAXI light curve.

After the intermission, GSC observed a re-brightening
of the source (figure 1). This re-brightening started at
MJD 55859.9 and lasted for about 5 d. The flux at the peak

1 hhttp://maxi.riken.jp/top/index.php?cid=36i.

time (MJD 55862.1) was 0.13 photons cm"2 s"1 in 4–10 keV.
This light curve is consistent with the flux observed by
RXTE/PCA in 2–16 keV, 8, 83, and 90 mCrab at 55860.2,
55860.96, and 55861.03, respectively. The total photon fluence
between 55859.9 and 55864.4 is 6 # 104 photons cm"2 in 2–
20 keV. Assuming the spectrum of 2.55 keV disk blackbody
(Altamirano et al. 2011b), it corresponds to a total energy
of 4.3 # 1042 erg.

Averaging over 2 years of observation, the persistent flux
from the source is 0.02 ˙ 0.01 photons cm"2 s"1, or 16 mCrab
in 4–10 keV. This flux may contain those from other X-ray
sources in Terzan 5. The maximum 4–10 keV flux from
Terzan 5 observed with MAXI/GSC was 0.05 photons cm"2 s"1

or 40 mCrab in one-day average, excluding the time interval
between MJD 55478 and 55535, when another X-ray source in
Terzan 5, IGR J17480"2446, was on outburst.

2.2. Spectral Analysis and Hardness Ratio

We performed a time-resolved spectral analysis for the initial
part. Both a blackbody model and a power-law model (Γ ! 1)
gave an acceptable fit. Figure 2 shows the spectra of the
first and the second scan with the best-fit blackbody model.
The best-fit parameters (kTfit and Rfit) are summarized in
table 1. The photo-electric absorption was not included in the
model, because the expected Galactic column density2 towards
Terzan 5, NH = (5–6) # 1021 cm"2, was negligible in fitting the
GSC data. The obtained temperature and radius are typical for
a superburst. The best-fit temperature decreased from 2.2 keV
(MJD 55585.56) to 1.2 keV (MJD 55589.20), indicating a soft-
ening. The luminosity in the time interval A (= superburst
peak) was 1.1 # 1038 erg s"1 if the emission was isotropic. The
temperature, softening, radius, fluence, and e-folding time are
typical for a superburst. We thus conclude that this is a super-
burst from Terzan 5.

In order to investigate the spectral evolution of the super-
burst and the following outburst, we plotted color–color
diagram (figure 3) and hardness–intensity diagram (figure 4).

2 hhttp://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pli.
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The time intervals used for hardness plots are labeled in the top panels (see figures 3 and 4).
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ated with a reduced high voltage, the data was not included
in the preliminary analysis of Astron. Telegram (Mihara et al.
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assuming the Crab spectrum in each energy band. The 1 Crab
is 1.87, 1.24, and 0.40 photons cm"2 s"1 in the 2–4, 4–10,
10–20 keV band, respectively.1

2.1. Light Curves and Persistent Emissions

The light curve shows two peaks. The initial peak
was observed only by MAXI/GSC. The flux increased
suddenly at MJD 55858.5589 from the nominal flux level
of 0.02 photons cm"2 s"1 to 0.51 photons cm"2 s"1 (4–10 keV).
There was no flux variation during the scan (! 60 s). The flux
was nominal in the previous scan at MJD 55858.4949, which
was 92 min before. The 4–10 keV light curve showed an expo-
nential decay after it. The e-folding time was obtained to be
0.3 d by a fitting, which is typical for a superburst. The total
fluence between 55858.5 and 55859.5 is 2 # 104 photons cm"2

in the 2–20 keV band. It corresponds to the total energy of
1.4 # 1042 erg in 2–20 keV if the spectrum is 1.7 keV black-
body, which is an average spectrum, as shown in subsection 2.2
and table 1. The first other observation than MAXI was done
by INTEGRAL in 55859.7–55859.9. It was after the initial
component faded out; the upper limit of 6 mCrab in 3–10 keV
is consistent with the MAXI light curve.

After the intermission, GSC observed a re-brightening
of the source (figure 1). This re-brightening started at
MJD 55859.9 and lasted for about 5 d. The flux at the peak
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time (MJD 55862.1) was 0.13 photons cm"2 s"1 in 4–10 keV.
This light curve is consistent with the flux observed by
RXTE/PCA in 2–16 keV, 8, 83, and 90 mCrab at 55860.2,
55860.96, and 55861.03, respectively. The total photon fluence
between 55859.9 and 55864.4 is 6 # 104 photons cm"2 in 2–
20 keV. Assuming the spectrum of 2.55 keV disk blackbody
(Altamirano et al. 2011b), it corresponds to a total energy
of 4.3 # 1042 erg.

Averaging over 2 years of observation, the persistent flux
from the source is 0.02 ˙ 0.01 photons cm"2 s"1, or 16 mCrab
in 4–10 keV. This flux may contain those from other X-ray
sources in Terzan 5. The maximum 4–10 keV flux from
Terzan 5 observed with MAXI/GSC was 0.05 photons cm"2 s"1

or 40 mCrab in one-day average, excluding the time interval
between MJD 55478 and 55535, when another X-ray source in
Terzan 5, IGR J17480"2446, was on outburst.

2.2. Spectral Analysis and Hardness Ratio

We performed a time-resolved spectral analysis for the initial
part. Both a blackbody model and a power-law model (Γ ! 1)
gave an acceptable fit. Figure 2 shows the spectra of the
first and the second scan with the best-fit blackbody model.
The best-fit parameters (kTfit and Rfit) are summarized in
table 1. The photo-electric absorption was not included in the
model, because the expected Galactic column density2 towards
Terzan 5, NH = (5–6) # 1021 cm"2, was negligible in fitting the
GSC data. The obtained temperature and radius are typical for
a superburst. The best-fit temperature decreased from 2.2 keV
(MJD 55585.56) to 1.2 keV (MJD 55589.20), indicating a soft-
ening. The luminosity in the time interval A (= superburst
peak) was 1.1 # 1038 erg s"1 if the emission was isotropic. The
temperature, softening, radius, fluence, and e-folding time are
typical for a superburst. We thus conclude that this is a super-
burst from Terzan 5.

In order to investigate the spectral evolution of the super-
burst and the following outburst, we plotted color–color
diagram (figure 3) and hardness–intensity diagram (figure 4).

2 hhttp://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pli.

さらに、MAXIではほとんど物質が降着して
いない状態からのスーパーバーストを２例
観測している	

Serino+12	EXO		
1745-248	



連星系のNSの表面温度は？	
The Astrophysical Journal, 795:131 (12pp), 2014 November 10 Homan et al.

Figure 5. Evolution of the effective temperature of the quiescent neutron star in
MAXI J0556–332, based on fits with model II (purple stars). Temperature data
for five other sources are shown as well. The solid lines represent the best fits to
the data with an exponential decay to a constant. See Table 7 for fit parameters
and data references.
(A color version of this figure is available in the online journal.)

of 129.3 ± 1.1 eV. Compared to the model I cooling curve
the decay timescale is slightly longer, while the normalization
and constant level are both significantly lower.

4. DISCUSSION

We have studied the color and spectral evolution of MAXI
J0556–332 during outburst and in quiescence, with Swift, RXTE,
Chandra, and XMM-Newton. During outburst the source showed
CD/HID tracks similar to those seen in the neutron-star Z
sources, indicating that MAXI J0556–332 was radiating close
to or above the Eddington luminosity for a large part of the
outburst. A comparison of the CD/HID tracks with those of
three other Z sources suggests a distance of ∼46 ± 15 kpc. The
decay of the outburst of MAXI J0556–332 was covered in great
detail with Swift and allowed us to resolve the transition from a
fast to slow decay, which we identify as the start of quiescence, to
within a few days. Our first quiescent observations started within
three days of the end of the outburst. The quiescent spectra can
be modeled well with a neutron-star atmosphere model, with or
without a power-law component. We find that the temperature of
the neutron-star component decreases monotonically with time,
strongly suggesting that the neutron-star crust in this system is
cooling, whereas the power-law component (when used) varies
more erratically (albeit with an overall decrease as well). On
several occasions during early quiescence increases in the flux
by factors of up to ∼5 were seen. We argue below that these
events were likely the results of enhanced low-level accretion
in MAXI J0556–332, similar to what has been seen in other
systems.

The temperatures of the neutron star in MAXI J0556–332
during its first ∼500 days in quiescence are extraordinarily high
compared to those measured for other cooling neutron stars (see
Figure 5). Even at 500 days into quiescence its temperature
is higher than the maximum quiescent temperature seen in
the other five cooling systems. It likely is also hotter than
the neutron star in SAX J1750.8–2900, which was claimed by

Lowell et al. (2012) to be the hottest quiescent neutron star in an
X-ray binary system, although MAXI J0556–332 is expected
to continue cooling for a while. The obtained temperatures
for MAXI J0556–332 are sensitive to the assumed distance
(see Table 4), but even for distances well below our estimated
distance range (e.g., 20 kpc) we find temperatures (134–218 eV
for model I and 131–195 eV for model II) that are substantially
higher than those observed in XTE J1701–462 during its first
∼500 days (125–163 eV). The short cooling timescale observed
in MAXI J0556–332 implies a high thermal conductivity of the
crust, similar to the other cooling neutron stars that have been
studied.

Given the similarities between the outbursts of MAXI
J0556–332 and XTE J1701–462, it is interesting to compare
these two systems in more detail, as it may help us understand
what causes the neutron-star crust in MAXI J0556–332 to be
so hot. MAXI J0556–332 was in outburst for ∼480 days with
a time-averaged luminosity of ∼1.7×1038(d45)2 erg s−1, while
XTE J1701–462 was in outburst for ∼585 days with a time-
averaged luminosity ∼2.0×1038(d8.8)2 erg s−1 (Fridriksson et al.
2010). The total radiated energies of the MAXI J0556–332 and
XTE J1701–462 outbursts are therefore 7.1×1045(d45)2 erg and
1.0×1046(d8.8)2 erg, respectively. Despite the fact that the radi-
ated energies and time-averaged luminosities of the two systems
are comparable, the initial luminosity of the thermal component
(which reflects the temperature at shallow depths in the crust
at the end of the outburst) is an order of magnitude higher
in MAXI J0556–332 than in XTE J1701–462. This suggests
the presence of additional shallow heat sources in the crust of
MAXI J0556–332 and/or that the shallow heat sources in MAXI
J0556–332 were more efficient per accreted nucleon.

The high observed temperatures are difficult to explain with
current crustal heating models. Bringing the initial temperatures
down to those seen in XTE J1701–462 requires a distance of
∼10–15 kpc (depending on the assumed model). Such distances
are problematic for several reasons. First it implies that Z
source behavior in MAXI J0556–332 is observed at much lower
luminosities (by factors of nine or more) than in other Z sources.
Second, fits to the quiescent spectra with such a small distance
are of poor quality. Finally, a smaller distance does not solve
the fact that crustal heating appears to have been much more
efficient per accreted nucleon than in other sources. A reduction
in distance by a factor of three results in a reduction in luminosity
and presumably then, by extension, the total mass accreted onto
the neutron star and total heat injected into the crust by a factor of
nine. Given that we inferred ∼30% less mass accreted onto the
neutron star in MAXI J0556–332 during its outburst than in XTE
J1701–462 for our preferred distance of ∼45 kpc, this would
mean ∼12 times less mass accreted onto MAXI J0556–332 than
XTE J1701–462 yet similar initial temperatures.

The nsa model that we used to fit the thermal emission from
the neutron star in MAXI J0556–332 did not allow us to explore
values of the neutron-star parameters other than Mns = 1.4 M⊙
and Rns = 10 km, as these parameters are advised to remain
fixed at those values (Zavlin et al. 1996). While other neutron-
star atmosphere models allow for changes in Mns and Rns, none
of the available models are able to handle the high temperatures
observed during the first ∼200 days of quiescence. It is, of
course, possible that the properties of the neutron star in MAXI
J0556–332 are significantly different from those in the other
cooling neutron-star transients that have been studied. Lower
temperatures would be measured if one assumed a lower Mns
and/or a larger Rns. To estimate the effects of changes in
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slow spinning NSs (spin periods of hundreds of seconds)
matter may still be directly accreted onto the stellar surface
(i.e., at the magnetic poles) but for the fast spinning
systems (with spin periods of only a few seconds) matter
is likely ejected from the inner part of the system due
to the pressure of the rotating NS magnetic field (the
so-called propeller effect; e.g., Illarionov & Sunyaev 1975;
Stella et al. 1986; Romanova et al. 2004; D’Angelo & Spruit
2010; Tsygankov et al. 2016). In the latter case, one would
expect that the observed flux is not pulsed. However some
sources still exhibit pulsations in this regime, probably
because matter is able to leak through the field lines and
reach the surface at the magnetic poles, thus creating hot
spots (e.g., Elsner & Lamb 1977; Ikhsanov 2001; Lii et al.
2014).

Some sources are detected at even lower luminosi-
ties of LX ∼1032−34 erg s−1 (e.g., Mereghetti et al. 1987;
Roberts et al. 2001; Campana et al. 2002; Reig et al. 2014;
Elshamouty et al. 2016), but the cause of this faint emission
is still unclear. One possibility is the accretion down to the
magnetosphere although it is likely that this emission would
not peak in the X-rays but at longer wavelengths (e.g., UV;
Tsygankov et al. 2016). However, the pulsed emission seen
in some systems at those luminosities (e.g., Rothschild et al.
2013; Doroshenko et al. 2014; Table 2 of Reig et al. 2014)
suggests that, for at least those systems, the matter does
reach the surface at the magnetic poles, supporting the idea
of leakage of matter through the magnetospheric barrier
(Orlandini et al. 2004; Mukherjee & Paul 2005).

Although low level accretion onto the magnetic poles
could be the physical mechanism behind these low lumi-
nosities in some sources, it is also possible that in other
systems the accretion has fully halted and we see a cooling
NS. During outburst the accreted matter might heat up the
NS (due to the pycnonuclear reactions deep in the crust;
Brown et al. 1998) and, when the accretion has stopped, the
deposited heat is radiated away. This explanation has been
proposed for several sources but it remains to be confirmed
(Campana et al. 2002; Wijnands et al. 2013; Reig et al.
2014; Elshamouty et al. 2016; Tsygankov et al. 2017).

In the heating and cooling scenario, one would expect
that after a long and strong period of accretion (i.e.,
after type-II outbursts), the crust might be heated very
significantly and it might have become hotter than the
core. When the accretion has stopped, the crust would
then slowly cool down until equilibrium is reached again.
This process would be similar to what has been observed
for several low-magnetic field NS systems (for recent
discussions see Degenaar et al. 2015 and Parikh et al.
2017). Wijnands & Degenaar (2016) attempted to test
this hypothesis in two Be/X-ray transients (4U 0115+63
and V0332+53) after the end of their type-II outbursts.
They found that after those bright outbursts both sources
showed elevated emission in a meta-stable state above
their known quiescent levels (e.g., Elshamouty et al. 2016;
Tsygankov et al. 2017). Wijnands & Degenaar (2016) sug-
gested that this ”plateau phase” could indeed be consistent
with the slow cooling of the crust, although they could not
exclude accretion scenarios. Here we further investigate this
plateau phase for 4U 0115+63.

Figure 1. Swift/XRT (blue) and Swift/BAT (black) light curves
during and after the 2015 type-II outburst of 4U 0115+63. The
time of our XMM-Newton observation is given as a red sym-
bol converted in Swift/XRT count rate (section 2.1). The dot-
ted brown line corresponds to the quiescent level of 4U 0115+63.
Vertical dotted lines indicate the time of periastron passages. We
label our results in the different source phases as a continuation
of the ones used in Wijnands & Degenaar (2016). Errors are 3σ.

2 OBSERVATIONS, ANALYSIS AND RESULTS

After the Swift/X-Ray Telescope (XRT) data reported in
Wijnands & Degenaar (2016), we obtained several extra
Swift/XRT observations as well as an XMM-Newton one
of 4U 0115+63 (Table 1 and Table 2). This source harbours
a magnetized NS (B∼1.3×1012 G; Raguzova & Popov 2005),
with a spin period of Ps ∼3.62 s (Cominsky et al. 1978) and
an orbital period of Porb ∼24.3 days (Rappaport et al. 1978).
4U 0115+63 was monitored with the XRT in the Photon
Counting (PC) mode and observed by XMM-Newton with
the EPIC detectors in the full frame (pn) and large window
(MOS) modes. The Swift/XRT PC mode only allows for a
time resolution of ∼2.5 s which is insufficient to study pos-
sible pulsations due to the NS spin. For XMM-Newton, we
used the pn to search for and study the pulsations (time
resolution 73.4 ms; section 2.3) due to its higher count rate.

2.1 Light curve

The 2015 type-II outburst was monitored using the
Swift/BAT and Swift/XRT (see Figure 1). In particular,
the decay of this outburst was intensively monitored
using the Swift/XRT which also allowed to observe the
transition of the source into the low-luminosity state (see
also Wijnands & Degenaar 2016). This was the first time
such a state was detected for this system but very likely it
was present after the end of the previous type-II outbursts
as well. However, those possible occurrences were missed
because no sensitive X-ray observations after the end of
those outbursts were obtained in the past.

We obtained the Swift/BAT data from the hard X-ray
transient monitor web page1 (Krimm et al. 2013) and the
Swift/XRT light curve from the interface build Swift/XRT

1 http://swift.gsfc.nasa.gov/results/transients/weak/4U0115p634/
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Figure 2. Representative Swift/XRT spectra of V0332+53 (top) and 4U
0115+63 (bottom) fitted to a power-law model (rebinned for visual clarity).

ing XSPEC v. 12.8 (Arnaud 1996). Given the low number of counts
per spectrum (!150), we binned the spectra to a minimum of 1
count per bin (with GRPPHA) and used C-statistics. For each fit we
performed Monte Carlo simulations with the GOODNESS command
in XSPEC (using 104 realizations). The percentage of those simu-
lations having a larger C-statistic than the data is reported as the
“goodness” in Table 1.

We fitted the spectral data with two single component mod-
els: a power-law model (PEGPWRLW) and a black-body model
(BBODYRAD). In all fitting we included absorption by the inter-
stellar medium (TBABS) with abundances set to WILM and cross-
sections to VERN (Verner et al. 1996; Wilms et al. 2000). For the
column density we used the Galactic values: NH=7× 10

21
cm

−2

for V0332+53, and NH=9 × 10
21

cm
−2 for 4U 0115+63

(Kalberla et al. 2005). We adopted a distance of D=7 kpc for both
sources (see Negueruela et al. 1999; Negueruela & Okazaki 2001).
For the BBODYRAD fits, we left the emitting radius as a free param-
eter and determined the unabsorbed 0.5–10 keV flux by using the
CFLUX convolution model. In the PEGPWRLWmodel we set the en-
ergy boundaries to 0.5 and 10 keV, so that the model normalization
gives the unabsorbed flux in that band. The results of our spectral
analysis are given in Table 1. Representative spectra are shown in
Figure 2.

Both sources are detected atLX∼10
33−34 erg s−1 during their

meta-stable states, whereas during the mini type-I outbursts the lu-
minosity is higher (LX∼10

34−36 erg s−1). The PEGPWRLW fits
suggest that the spectra of the meta-stable state are softer than that
of the brightest mini type-I outbursts (Table 1). The spectra of the
meta-stable state can also be adequately described by a BBODYRAD
model with a temperature of kTbb∼0.5–0.7 keV. These fits suggest,
however, an emission radius that is smaller than the expected radius
of a neutron star (Rbb∼0.3–0.6 km; Table 1). This may indicate the
presence of hot spots that could correspond to the magnetic poles
of the neutron star. Due to the limited data quality, we cannot sta-
tistically prefer one of the models over the other.

In the meta-stable state (ignoring the rebrightening events)
the spectra seem to soften in time slightly for both sources, e.g.,
the photon indices increase from ∼1.2 to ∼2.8 for V0332+53 and
∼2.3 to ∼2.7 for 4U 0115+63. Similarly, the temperatures in the

Figure 3. Evolution of the black-body luminosity (top; 0.5-10 keV) and
black-body temperature (bottom) for V0332+53 during its meta-stable state.

black-body models decrease from ∼0.68 keV to ∼0.50 keV for
V0332+53 (see Figure 3) and from∼0.66 keV to∼0.54 keV in 4U
0115+63. We note that in the BBODYRAD model the emitting ra-
dius slightly varies and possible temperature changes may thus be
entangled with possible changes in the hotspot size.

3 DISCUSSION

We have presented the results of Swift/XRT monitoring observa-
tions of the Be/X-ray transients V0332+53 and 4U 0115+63, ob-
tained after the decay of their giant outbursts in 2015. Remarkably,
both sources did not directly decay into quiescence, but stalled at a
(slowly decaying) meta-stable plateau for >1–2 months that is ∼1
order of magnitude brighter than their known quiescent levels (see
Figure 1; Campana et al. 2001; Tsygankov et al. 2016b).

Both sources exhibited brief (<2 weeks) rebrightening
episodes during this meta-stable state coinciding with the neutron
star being closest to the Be star (periastron passages). These were
thus accretion events that are likely related to type-I outbursts albeit
with a lower peak luminosity (LX∼5× 10

35
− 10

36 erg s−1). An
event with very similar properties (i.e., outburst duration/fastness,
peak luminosity, spectral shape) was observed for 4U 0115+63 by
Campana et al. (2001). They proposed that such events are due to
accretion in the transition regime between direct neutron star accre-
tion in the bright outbursts (which have LX>10

36 erg s−1) and the
magnetospheric accretion/propeller regime (LX<10

34 erg s−1).
Campana et al. (2001) also found that in this transition regime,

only a small variation in the accretion rate could produce very large
luminosity fluctuations (∼2 versus >250, respectively). Therefore,
the mini type-I outbursts could only signify a small, temporarily in-
crease in the accretion rate down to the magnetosphere, just enough
to penetrate it and produce a short-lived, weak outburst. It is un-
clear how and where such a density enhancement may be created,
but the fact that they occur at periastron passage suggest that when
the neutron star passes close to the Be star, the matter density near
the neutron star passes the threshold for the system to enter this
transitional regime. Detailed modelling of this regime is necessary
to understand the physics behind these mini type-I outbursts.

Those small accretion events appeared not to alter the underly-
ing meta-stable states. Fitting the X-ray spectra to a simple power-
law or black-body model suggests that the final decay phases of the
giant outbursts and the mini type-I outbursts are spectrally harder
than the meta-stable state (Table 1). It is clear that those events are
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連星軌道毎に表面温度が測定で
きれば、近星点で「磁極」に物が
降ってから、どのように冷えていく
かが見えるのではないか。←有効
面積が大きく、NICERの観測が適し
ている。	
	
課題：降着による放射と、表面放射
の成分を切り分けられるかどうか。	



X線パルサーの観測からULXパルサーの情報を得られるか？	

ULX	(Ultra	Luminous	X-ray)	パルサー：	
•  光度が、1039	erg/s	を超える、つまりエディントン光度を超えている系外のパルサー	
•  NuSTAR衛星による発見を皮切りに、これまで3天体発見されている	

Comptonization model has successfully reproduced the observed
spectra of several steep-spectrum sources, including X Persei and
GX 304-1 (Becker & Wolff 2005a, 2005b).

Many of the brightest X-ray pulsars, such as Her X-1 and Cen
X-3, display spectra with photon indices !X ! 2 in the 5Y20 keV
energy range, combinedwith high-energy quasi-exponential cut-
offs at 20Y30 keV (e.g., White et al. 1983). This type of spectral
shape cannot be explained using the pure bulk Comptonization
model of Becker & Wolff (2005b). The presence of the expo-
nential cutoffs at high energies, combined with the relatively flat
shape at lower energies, suggests that thermal Comptonization is
also playing an important role in luminous X-ray pulsars by trans-
ferring energy from high- to low-frequency photons via electron
scattering. The two steps in the thermal process (Compton scat-
tering followed by inverse Compton scattering) are described
mathematically by the Kompaneets (1957) equation (see also
Becker 2003). Although it is clear that the majority of the photon
energization inX-ray pulsars occurs via the first-order Fermi (bulk
Comptonization) process, we find that in bright sources such as
Her X-1, the role of thermal Comptonization must also be con-
sidered in order to reproduce the observed spectra.

In this paper we extend the pure bulk Comptonization model
developed by Becker & Wolff (2005b) to include both bulk and
thermal Comptonization by incorporating the full Kompaneets
operator into the transport equation used to model the develop-
ment of the emergent radiation spectrum. The exact solution to
this equation yields the Green’s function for the problem, which
represents the contribution to the observed photon spectrum due
to a monochromatic source at a fixed height in the accretion col-
umn. By exploiting the linearity of the mathematical problem, the
Green’s function can be used to compute the emergent spectrum
due to any spatial-energetic distribution of photon sources in the
column. We calculate X-ray pulsar spectra by convolving the
Green’s function with bremsstrahlung, cyclotron, and blackbody
sources, with the first two distributed throughout the column,
and the latter located at the surface of the thermal mound. The
accretion/emission geometry is illustrated schematically in Fig-
ure 1. Seed photons produced inside the column by various emis-
sion mechanisms experience electron scattering as they diffuse

through the column, eventually escaping through the walls to
form the emergent X-ray spectrum. The escaping photons carry
away the kinetic energy of the gas, thereby allowing the plasma
to settle onto the surface of the star.
The remainder of the paper is organized as follows. In x 2 we

briefly review the nature of the primary radiation transport mech-
anisms in the accretion column with a focus on dynamical, ther-
mal, and magnetic effects. The transport equation governing the
formation of the radiation spectrum is introduced and analyzed
in x 3, and in x 4 the exact analytical solution for the Green’s func-
tion describing the radiation distribution inside the accretion
column is derived. The spectrumof the radiation escaping through
thewalls of the accretion column is developed in x 5, and the phys-
ical constraints for the various model parameters are considered
in x 6. The nature of the source terms describing the injection of
blackbody, cyclotron, and bremsstrahlung seed photons into the
accretion column is discussed in x 7. Emergent X-ray spectra are
computed in x 8, and the results are compared with the observa-
tional data for several luminous X-ray pulsars. The implications
of our work for the production of X-ray spectra in accretion-
powered pulsars are discussed in x 9.

2. RADIATIVE PROCESSES

The dynamics of gas accreting onto the magnetic polar caps
of a neutron star was considered byBasko&Sunyaev (1976) and
Becker (1998). The formation of the emergent X-ray spectrum in
this situation was discussed by Becker &Wolff (2005b) based on
the geometrical picture illustrated in Figure 1. Physically, the ac-
cretion scenario corresponds to the flow of a mixture of gas and
radiation inside a magnetic ‘‘pipe’’ that is sealed with respect to
the gas but transparent with respect to the radiation. The accre-
tion column incorporates a radiation-dominated, radiative shock
located above the stellar surface. Seed photons produced via a
combination of cyclotron, bremsstrahlung, and blackbody radia-
tion processes are scattered in energy due to collisions with elec-
trons that are infalling with high speed and also possess a large
stochastic (thermal) velocity component. Blackbody seed pho-
tons are produced at the surface of the dense thermal mound
located at the base of the flow, where local thermodynamic equi-
librium prevails, and cyclotron and bremsstrahlung seed pho-
tons are produced in the optically thin region above the thermal
mound. Hence, the surface of the mound represents the ‘‘photo-
sphere’’ for photon creation and absorption, and the opacity is
dominated by electron scattering above this point.

2.1. Magnetic Effects

The flow of gas in the accretion column of an X-ray pulsar
is channeled by the strong (B " 1012 G) magnetic field, and the
presence of this field also has important consequences for the
photons propagating through the plasma. In particular, vacuum
polarization leads to birefringent behavior that gives rise to two
linearly polarized normal modes (Ventura 1979; Nagel 1980;
Chanan et al. 1979). The ordinarymode is polarized with the elec-
tric field vector located in the plane formed by the pulsar magnetic
field and the photon propagation direction. For the extraordinary
mode, the electric vector is oriented perpendicular to this plane.
The nature of the photon-electron scattering process is quite dif-
ferent for the two polarization modes, and it also depends on
whether the photon energy, ", exceeds the cyclotron energy, "c,
given by

"c #
eBh

2#mec
$ 11:57B12 keV; ð1Þ

Fig. 1.—Schematic depiction of gas accreting onto the magnetic polar cap of
a neutron star. Seed photons are created throughout the column via bremsstrah-
lung and cyclotron emission, and additional blackbody seed photons are emitted
from the surface of the thermal mound near the base of the column.
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系内のBeパルサーでも〜1038	erg/sの光
度になることがある。	
このぐらいの明るさだと、降着物質の流れ
は輻射圧でせき止められる(e.g,	Becker+12)。	
→Photon	bubble	oscilla_on	が、数百〜数
千ヘルツのX線の変動として観測されるの
では？(e.g,	Klein+96a)	

ULXを想定した中性子星への超臨界降着
の2次元輻射流体シミュレーションの結果
でもphoton	bubbleが見られる(Kawashima+16)。	
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パルサー磁極	

Swif	
J0243.6+6124	
MAXI	light	
curve	(calの不
定性あり)	

今年10月にMAXIとSwifによって発見された新
Beパルサーは〜5x1038	erg/sに達している(見
かけの明るさは過去最大)。	
←NICERではところどころで観測を行っているた
め、数千ヘルツまで光度毎に変動調査が可能	

→超臨界降着？マグネターの連星系(Tsygankov+16a,b)？	



まとめ	

•  スーパーバースト後の輝線の解釈のアイデア募集中	
•  NICERでやりたいサイエンス募集中	


