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•  MAXI overview 
•  Cygnus superbubble: hypernova remnant? 
•  Soft X-ray transient of a new rare class 
•  MAXI/GSC 37 month catalog 
•  Be-Neutron star binary 
•  Black hole binary 
•  AGN 
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MAXI%(Monitor%of%All.sky%X.ray%Image)%on%ISS%
�

•  OperaNonal#since##August#15#2009.#
•  OperaNon#approved#unNl#March#2015.#
•  6#working#Gas#slit#cameras#(out#of#12)#
•  2%CCD%slit%cameras%
•  Orbit#period%92%min,%inclinaNon#51.6°,#
ops#at#lat.<40°#!#Obs.#efficiencey#40%## 2 

Direction  
of Motion#



MAXI%Instruments �

2 観測機器
2.1 Gas Slit Camera (GSC)

2.1.1 GSCの仕組み
GSCは、12台のスリットカメラからなる (図 12)。1台のカメラの視野は 1.5度 FWHM×80度であ
る。天頂方向に 6台、ISSの進行方向に 6台のカメラが配置されている。各カメラのスリットは
3.7mm幅で比例計数管までの距離は 160mmである (図 13)。コリメータの板厚を考慮したカメラ
1台のスリットの開口面積は 5.9 cm2である。

図 12: MAXIにおけるGSCの配置および視野の概念図 (明星電気MAXI SENSOR PDR資料 3-44

に加筆)。

比例計数管 (図 14)は抵抗芯線方式による一次元位置検知型であり、X線検出位置からスリット
を結ぶ方向がX線源の方向となる。典型的な位置分解能は 1 mm FWHM (at 1650V) である。天空
上の位置分解能はこれとスリット幅で決まり、典型的に 1.5度 FWHMである。なおスリットの延び
る方向は板状コリメータ (スラッツコリメータ)を垂直に並べ、視野を限っている。これをスキャ
ンすることでX線源の出入りからスキャン方向の位置を知る。スキャン方向の透過率曲線は典型
的に 1.5度 FWHMの三角山状になる。視野に入っている時間は、スキャンの赤道上で一番短く 45sで
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図 13: GSCのスリット、コリメータ、比例計数
管の配置。単位mm。Mihara et al. (2011)

図 14: GSC比例計数管の外観。1台のBe

窓の露光面積は、445cm2である。
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6#x#2#GSC#(Gas#Slit#Camera)# ##:####2_20#keV,# #Time#ResoluNon#50#ms#
#Mihara+#2011,#Sugizaki+#2011#

2#x#SSC#(Solid_state#Slit#Camera)#:##0.7_10#keV,# #Time#ResoluNon#5.9#s#
#Tsunemi+#2010,#Tomida+#2011#

PSF#~1.5#deg#(FWHM)#
#PosiNon#DeterminaNon#Accuracy#≤#0.2#deg#
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MAXI%scans%the%X.ray%sky%every%92%min%
~%85%%%(1%orbit)%% %Sensitivity%(GSC)% %~%100%mCrab%
~%95%%%(1%day)% % % % % % % %~%%30%mCrab%
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GSC%all.sky%map%(4.1%years).%%
�

%%%%%Red:%2.4%keV,%Green:%4.10%keV,%and%Blue:%10.20%keV.%%
%%%%%The%X.ray%binary%pulsars%appear%in%blue,%supernova%remnants%in%red.%

Yellows%are%low.mass%X.ray%binaries.%%
%%%%%%More%than%500%sources%are%detected.�
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��~60%%identified.�

MAXI%/%GSC%37%months%catalog%�

Hiroi%et%al.%(2013)�

500%sources%
%K|b|>10°,%>7σL�

Swift/BAT%70.Month%Hard%X.ray%Survey%Catalog%%(AGN,%glactic)%
Meta.Catalog%of%X.Ray%Detected%Clusters%of%Galaxies%(clusters)�

X.ray%binary:%20� Galaxy%cluster:%114�
Seyfert%galaxy:%100� Blazar:%15� Galaxy:%8�
Confused:%4�

CV/Star:%30�

X.ray%source:%5� Unmatched:%204�

Cross.matching%with%catalogs�
Detection%limit%	:%

%N0.4%mCrab�



•  Daily&all'sky&image&
•  For&324&listed&Sources&

•  Field&image&
•  Light&curve&in&three&energy&bands&
•  (updated&daily)&

•  For&selected&sources&&
•  Daily&energy&spectrum&with&RMF&

•  On'demand&analysis&on&the&web&
•  Any&location&of&the&sky&
•  Image,&light&curve,&and&spectrum&

MAXI#Public#Data#(hhp://maxi.riken.jp)�

��

Crab�
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SSC#(CCD#slit#camera)#Results#
#

Cygnus#Superbubble#
MAXI#J0158_744:#igniNon#of#a#nova#�



SSC%all.sky%map�

��

•  Operated%in%the%ISS%night%time%to%avoid%light%leak%from%the%Sun.%
•  Observation%duty%cycle%~%40%%%
•  Cygnus%Superbubble%is%a%possible%hypernova%remnant.%%%
%

Cygnus%super%bubble�

Kimura%et%al.%(2013)�

Cas%A�Tycho�
Kepler�



•  Uniform%temperature%≈%0.2%keV%
•  Uniform%NH%≈%0.3%x%1022%cm–2%

•  Associated%with%Cyg%OB2,%but%
with%offset%

�

Mg�
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Fe�
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Energy"(keV)"

"%Single%SNR%%
•  thermal%energy%≈%1052%erg%

•  explosion%energy%≈%1054%erg%
—%“Hypernova”%(?)% 10 

Kimura#et#al.#2013#PASJ�

Cygnus%Superbubble�
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Categories%of%Transients 

���

MAXI&ATels&
119&issued&in&&

Aug&2009–Jul&2014�

GalacNc#82%�

Extra#GalacNc#
Unknown#18%�
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14%new%X.ray%Transients%%
discovered%by%MAXI%in%5%years�

!J1659'152�

J1543'564�
!J1836'194�

J1305'704�

J1910'057!
(Swi2!J1910.2'0546)�

!!J1828'249�

J1647'227�

J0556'332�
!J1409'619�

MAXI!J0518'744!
GRB!121225A!
(Swi2!J1741.5'6548)�

J1932+091!

1%White%Dwarf,%6%Neutron%Stars,%6%Black%Hole%Candidates,%and%1%unknown�

J1735'304!(Swi2!J1734'3027?)�
!J1621'613�
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A#som#X_ray#transient##
of#a#new#rare#class#

#
MAXI#J0158_744:#igniNon#of#a#nova#�



#MAXI#J0158_744:#unique#som#X_ray#transient�

• &2011'11'11C05:05:59&(UT)&
• &GRB&111111A&
• &Soft&X'ray&transient&(&<&5&keV)&&

&MAXI&GSC&All'
sky&Image&

Galactic&
Coordinate&

• &Swift&follow'up&lead&to&
identification&to&a&star&near&SMC&
&(Be&star&at&60&kpc)�
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Morii#et#al.#2013�
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X'ray&light&curve�

MAXI&SSC�

Swift&XRT�

MAXI&
GSC�

MAXI#J0158_744�
•  DuraNon#≈#hour#

–  (1300#s#<ΔT<#1.1#x#104#s)#

•  Extremely#luminous#
–  1040##erg#/#s##
–  x100#solar#mass#Eddington#
luminosity#

•  supersom#X_ray#source#at#
late#phase#
!#white#dwarf#
–  classical/recurrent#nova?#

•  but#x104#more#luminous#than#
known#nova#X_ray#emission#

–  (shocked#ISM?##Li#et#al.#2012)#
���

Morii&et&al.&&2013�
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��F���GIJHD��EKHachisuL� light&curve&for&1.35&solar&mass&WD&
&(Starrfield&+&2008)�
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MAXI%J0158.744:%interpretation�
•  IgniNon#of#thermonuclear#runaway#on#a#white#dwarf#
•  Transient#dynamics#allows#super_Eddington#emission#

���

~#5#Eddington�

•  MAXI J0158-744 : kT = 0.3 ‒ 0.4 keV, L = 100 x Eddington !  
•  probably the WD is very massive (close to the Chandrasekhar limit) 
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Be#X_ray#binary#
�

http://science.nasa.gov/science'news/science'at'nasa/1998/ast25mar98_1/�

Schematic&view&of&a&
Be&X'ray&binary�

MAXI/GSC(4'10keV)&
Swift/BAT(15'50keV)&
vertical&linesMperiastron�

A0535+26#
Porb#=#111.1#d�

GX304_1#
Porb#=#132.2#d�

GROJ1008_57#
Porb#=#249.5#d�

Orbital#Phase�
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Phase%drift%of%Outbursts%in%%
Be%X.ray%binary%%A0535+26�

MAXI/GSC(4_10keV)#
Swim/BAT(15_50keV)#
VerNcal#linesMperiastron�
�
Porb#=#111.1#d�

Orbital#phase�
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# MAXI%detected%precursors%to%giant%
outbursts%(GOB)%

#  Period%of%precursor/GOB%is%115%d,%%
not%Porb%(=111.1%d)%

#  Separations%between%precursor/GOB%are%
constant%at%about%30%days%(0.27%in%phase)%

#  At%outburst%8,%flux%ratio%precursor/GOB%
reversed.�

precursor� GOB�



•  Outburst%location%is%drifting%in%orbit%%
•  Lines%connecting%precursors/GOB%

cross%near%the%Be%star.%
•  After%DOB,%EW%of%Hα%line%increased.%

(Moritani+2011)%%%%%% %%
%%%%@	Gas%was%ejected%from%the%Be%star.�
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A0535+26"
precursor/GOB"phase"drift%�

%%%%OB%occurred%at%intersections%of%the%
NS%orbit%and%the%precessional%Be.
disk%?%%Precession%P%is%about%8.7%yr.%

%%%%%%Nakajima%(2014) �

DOB�

precu
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OB�

Okazaki#(2013)�

BeXRB� 2.Normal#/#giant#outbursts�
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Black Hole Binaries 
 

MAXI%is%finding%new%black%hole%binaries�

MAXI#J1659_152#
(GRB#100925A)�

MAXI#1543_564�
MAXI#1836_194�

MAXI#1305_704�
MAXI#J1828_249�

MAXI#J1910_057#
(Swim#J1910.2_0546)�

55500##################################C56000##################################56500�
2009.8#######################################################################################################2014.4�



MAXI#is#finding#Black#Hole#binaries�

Cyg#X_1� GRS#1915+105�
Swim#J1753.5+0127�

4U#1957+115�

LMC#X_1,#X_3�

MAXI!J1659'152�

MAXI!J1543'564�

MAXI!J1836'194�

MAXI!J1305'704�

MAXI!J1910'057!
(Swi2!J1910.2'0546)�

MAXI!J1828'249�



500&days�

MAXI#Black#Holes#are#faint�
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becomes 1.46 and 2.58 ×10−8 erg cm−2 s−1, respectively.
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Fig. 4. Hardness Ratio vs 0.01-100 keV FXray diagram, in the pe-
riods from day 0 to 90(left) and from 90 to the end(right). The data
correspond to the periods SS1, SS2, HS1, HS2 and HS3 are shown
in red, magenta, black, blue and cyan, respectively. We assumed the
soft-to-hard transition occurred at the HR ranging from 0.15 to 0.25
(shadowed region).

3.3. X-ray and UV correlation

U
V

M
2
 F

lu
x
 (

er
g
 s

-1
 c

m
-2
cÅ

-1
)

70 75 80 85 90 95 100 105 110 115 120
days since MJD 56078

0
.0

1
-1

0
0
 k

eV
 X

-r
ay

 
M

o
d
el

 F
lu

x
  
(e

rg
 s

-1
 c

m
-2
)

10-9

10-8

10-7

80 100 1200 20 40 60 140 180160

0
.0

1
-1

0
0
 k

eV
 X

-r
ay

 
M

o
d
el

 F
lu

x
  
(e

rg
 s

-1
 c

m
-2
)

10-8

-10 -8 -6 -4 -2 0

days since MJD 56078

(a)

(c)(b)

HS3SS2HS2SS1HS1

10-13

10-14

10-14

  Time Delay: UV –XRAY (day)

0

0.2

0.4

0.6

0.8

1

U
V

M
2
 F

lu
x
 (

er
g
 s

-1
 c

m
-2
cÅ

-1
)

Fig. 5. (a) X-ray and UV light curves until day 180, the black and red
plots indicate the Swift/XRT 0.01–100 keV FXray derived spectral fits
and Swift/UVOT UVM2 flux, respectively. The fluxes are corrected
for inter stellar absorption and extinction is corrected with a parame-
ters as shown in section3.2, 3.4. (b) Same as above data but zoomed
in day 70–120, dashed line shows the logarithmic interpolated UVOT
data. The best-fit model calculated by UV and gaussian are shown in
cyan line. (c) The time delay between UV and X-ray obtained by the
gaussian component from the convolution model.

Then we investigated relation between X-ray and UV emis-
sion. Since optical/UV emission is reddened by the dust
lying in out line of sight toward the source, we estimated
the extinction factor utilizing two ways shown below, where
AV /E(B−−V )=3.1 was assumed. Using the “Galactic Dust
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Fig. 6. Scatter plot of FXray versus FUV, with the same color-index-
ing as figure 4. The data points were connected with a dashed line in
the order of time-series. The solid line indicates FUV ∝ F 0.69

Xray ob-
tained for SS1 and SS2. Sub figure is modified for a UV–X-ray delay
interpolating FXray , solid line is the same as main plot.

Extinction Service”5 provided by IRSA/NASA based on the
method developed by Schlegel et al., (1998), E(B − V ) was
derived to be 0.5943±0.0064. Then from H I column density
NH=0.38×1022 cm−2 taken by X-ray spectrum employing the
empirical relation NH=2.21±0.09 Av estimated by Güver et
al. (2009), E(B−V ) was constrained to be in the range from
0.533 to 0.578 centering at 0.555. Though the different values
were derived, it is reasonable when the source locate relatively
near the earth, hence we adopted E(B−V )=0.555.

We show a overlaid FXray and UV flux (FUV) light curves
of MAXI J1910–057 in figure 5(a), the X-ray data is the iden-
tical as that indicated in figure 3, FUV is corrected for extinc-
tion. Their scatter plot is also shown in figure 6, the data in the
SS are indicated by circular points, and the HS by triangular
points. The data points were connected with a dashed line in
the order of time-series. We found that FXray and FUV corre-
lated nicely on day 10–90 and 110–130, meanwhile it declines
steadily. The plot tracks from top right to bottom left, by a
relation approximated by FUV ∝ F 0.69

Xray for the SS1 with the
SS2. We note that FUV in the HS2 was brighter than that in
the SS2 compared on the same FXray, probably according with
a spectral hardening, The e-folding times of FXray and FUV

were obtained to be 30 and 56 days for day 10–90, and 37 and
51 days for day 113-130, respectively.

However is seems to be misfit on day 90–110, and after day
140. The light curves in the vicinity of day 90–110 are shown
up in figure 5(b). We found dips with a time difference be-
tween them and subsequent UV excess, wherein. We regarded
both features as a X-ray delay led by the UV emission. In order
to quantify the time delay from FUV to FXray, we performed
model fit as described follow. We first calculated logarithmi-
5 http://irsa.ipac.caltech.edu/applications/DUST/

Nakahira+(2014�



Transient#Objects#Observed#by#MAXI�
•  Non_degenerate#stars#

–  Sun,#dMe,#RSCVn,##YSOs,#Algol#
•  White#Dwarfs#

–  CVs,#Super#Som#Source#
–  MAXI#J0158_744#

•  Neutron#Stars#
–  LMXB#(Burst,#Superburst,#Outburst),#Pulsars,#Supergiant#Fast#X_ray#

Transients#
–  J0556_332,#J1409_619,#J1647_227,#GRB#121225A/Swim#J1741.5_6548,#
J1735_304#(Swim#J1734_3027),#J1621_613#

•  Black#Holes#
–  J1659_152,#J1543_564,#J1836_194,#J1305_704,#J1910_057#(Swim#

J1910.2_0546),#J1828_249#
•  GRB,#XRF#

–  About#1#GRB#or#XRF/month#(GRB#120528B,#120528C)#
•  AGN#

–  Mrk#421,#M82,#Cyg#A,#NGC#4151,#Cen#A,#...,#Swim#J1644+57�


