
MAXI Highlights  since 2018 

全天X線監視装置  

Tatehiro MIHARA (RIKEN) and MAXI team   

The 60th Anniversary of X-Ray Astronomy:  
X-ray Astronomy in the Time-domain & Multi-messenger Era 

2022.6.15. 
   zoom 

“X射线天文学60周年 及 中国X射线天文研究”研讨会  
        時域 与 多信使天文学時代的  X射線天文研究 

三原    （理研） 

after Panda3 conf. 
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MAXI (Monitor of All-sky X-ray Image) 

JEM-EF 

                      ・ First astronomical mission on ISS  

                        ・ Since 2009 August 15 
              ・ Scans all-sky every 92 minutes with ISS rotation 

                        ・ Watching for X-ray novae,  
             ・  Monitoring hundreds of X-ray sources, 
                  ・ with Gas Slit Camera (GSC) in 2-20 keV 

                       ・ Data from http://maxi.riken.jp 

                                  ・ Real time alert 
                     Automatic search for X-ray nova 
                    Send out by MAXI ML 294 subscribers  

          ・ Triggering roll in Time-domain astronomy 

     ・ Operation is accepted until 2024 December. 
           with new value added by OHMAN, 

GW, HE neutrino, new astronomical satellites  

©NASA 
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In 13 years MAXI discovered 31 X-ray novae and 14 back hole binaries  

J1932+091 

J1619-383 

J1957+032 

J0158-744 

J1501-026 

Total 31 : 14 black holes, 13(-1) neutron stars, 1 white dwarf  and 3 (+1) unknown. 

 J1659-152 

J1543-564 

 J1836-194 

J1305-704 

J1910-057 

  J1828-249 

J1647-227 

J0556-332 
 J1409-619 

J1735-304 

 J1421-613 

 J1807+132  J1535-571 
J0636+146 

  J1621-501 

 J1820+070 

 J1813-095  J1630-276 

 J1727-203 

 J1810-222 

 J1631-479 

J0637-430 

 J1348-630 

J1848-015 

J0903-531 

 J1803-298 

MAXI discoveries 
Mihara, Negoro 2022 
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MAXI novae 2017 - 2020                  

2-10 keV light curve of 10 MAXI novae since 2017. （Negoro 2021） 

2017 2020 

BH 
BH BH BH 

BH BH? 

BH NS? BH? 

NS? 

Blackholes Blackholes Blackholes… 1. RXTE  15 
2. MAXI  14 
3. Swift   12 

1 Crab 

a little to the top. 

Number of BH 
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Black hole X-ray binary  MAXI J1820+070 

【（Credit: Aurore Simonnet and NASA GSFC）】 

MAXI J1820+070 X-ray light curve (2-10 keV) 
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  Hard state    Soft state Hard state 

（at ★mark） 
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0.1 

（at ★mark） 

Spectra of hard and soft states with MAXI and Swift/BAT 

Hard state 

Soft state 
 

Shidatsu 2019 

Wallpaper available from NASA 
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Outbursts in 2021 
4U1543-47      BH 

Outburst since 2002 

Most bright in MAXI history (8.4 Crab) 

Reached Eddington limit  
 

MAXI J1803-298 (Shidatsu 2022) 

Confirmed by NICER. 14th BH with MAXI.  

EXO 2030+375  BeXRB 

Giant outburst since 2006. 

4U 1705-32  NS-LMXB 

Outburst since 1973. 

4U 1730-22 NS-LMXB 

Outburst since 1972. 

~15 mCrab 

1 day det. limit 

Many kinds. After long years. 
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MAXI J0903-531 

First BeXRB discovery for MAXI. 
Identified by Swift, 14.0 s pulsation by NICER. 

62 d orbital period by Fermi and MAXI. 
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Brightest top 8 transients  > 1 Crab 
□ Swift J0243+6124 
□ 4U1543-475 
□ MAXI J1535-571  
□ A0535+262 
□ MAXI J1348-630  
□ MAXI J1820+070  1 
□ MAXI J1820+070  2  
□ MAXI J1631-479 

 4-10 keV  Light curves 
1.  4U 1543-475            8.4  2021/6/15 

2.  Swift J0243.6+6124    8.2 2017/11/7 

3.  MAXI J1535-571        3.9 2017/9/20 

4.  A 0535+262               2.9 2020/11/23 

5.  MAXI J1348-630        2.6 2019/2/9 

6.  MAXI J1820+070 2nd  2.1  2018/7/6 

7.  MAXI J1631-479        1.3  2019/1/8 

8.  V 0332+53                 1.0  2015/7/27 

Note: 
  Persistent source : Sco X-1 ~15 Crab is the top. 
  Variable source :  GRS 1915+105 and Cir X-1 sometimes exceed 1 Crab. 
  Short term (1s～100s) : X-ray burst, Gamma-ray burst, Soft Gamma-ray Repeater exceed 1 Crab. 

2-20 keV 

Black : BH, Blue : Be X-ray binary pulsar 

[Crab]  date 
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52 years of all-sky monitor 

• 1970 ― 1973  UHURU 
• 1969 － 1976  Vela 5B  
• 1977 － 1979  HEAO-1/A1  
• 1974 － 1980  Ariel 5 / ASM 
• 1988 ― 1993  Ginga / ASM 
• 1995 － 2011  RXTE / ASM    
• 2009 ―           MAXI / GSC 
• 2004 －             Swift / BAT 
                     2022 

1972  4U 1730-22 
1973  4U 1705-32  

2021  2nd outbursts   

～50 years  

available 
on-line 
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Long-term flux variation of NS-LMXB 
8 NS-LMXB with Ginga/ASM, RXTE/ASM, MAXI/GSC : 33 years   

P=5y P=10y 

Reason unknown 

Asai 2022 
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Long-term flux variation of NS-LMXB 

Other 33 NS-LMXB are observed with RXTE/ASM and MAXI/GSC. 

Year-scale intensity modulation was observed from many sources. 

Asai 2022 
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Be XRB with MAXI since 2018 
1, 2.  GRO J1008-57 and A 0535+26   Normal OB       2018/ 10/10     ATel #12092 

3.  4U 1901+03                                  4th OB in 40 y      2019/ 2/12      ATel #12498 

4.  XTE J1858+034          5th detection since 1998      2019/ 10/23      ATel #13217 

5.  RZ J0209.6-7427                  Magellanic bridge       2019/ 11/21     ATel #13300 

• GRO J1008-57                                      Giant OB       2020/ 5/22     ATel #13750 

• A 0535+26                                            Giant OB       2020/ 11/14     ATel #14173 

6.   Swift J1626.6-5156                             after 15y       2021/ 3/11      ATel #14454 

7.   XTE J1829-098                       Porb=246 day     2021/ 4/16      ATel #14554 

8.   MAXI J0903-531                                 Discovery       2021/ 4/16      ATel #14555 

• A 0535+26                                         Normal OB      2021/ 6/24      ATel #14732 

9.   EXO 2030+375              Giant OB ? since 2006      2021/ 7/26       ATel #14809 
 

The other bright objects  
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1.  GRO J1008-57   Giant OB   2020 May 22   ATel #13750 

 

1 2 3 4 5 6 7 

G1 

8 

G2 

G3 

9 10 11 
12 

G4 

G5 

13 14 15 16 17 18 

G6 
2020.5 2017.7 2015.1 2012.11 

Ps = 93.6 s, Porb = 249.48 d Regular normal OB,   Giant OB ~3 y (4 or 5 Prob) 

Atel 12092          13750 2009 2021 12 

https://www.astronomerstelegram.org/?read=13750
https://www.astronomerstelegram.org/?read=13750
https://www.astronomerstelegram.org/?read=13750


2.  A 0535+26     Giant OB     2020  Nov 14   ATel #14173 

 

2009.6 

2018.10 

2020.11 

Ps = 103 s, Porb = 111.07 d Giant OB ~10y 

Atel 12092                 14173  14732      

2021.6 

G 

G A0535 

Crab 

10-20 keV 

2011.2 
G 

5o 

2009 
2021 
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3.  4U 1901+03   4th OB in 40 y   2019 Feb 12   ATel #12498 

• On 2019 Feb. 8  

• The fourth X-ray outburst in 40 years after in 1970, 2003 and in 2011 (ATel #3829).  

• The flux reached the maximum of 300 mCrab around Feb. 24. 

• Because 4U 1901+03 locates on the milky way in the constellation Aquila, the optical 
star was not identified due to crowdedness and absorption. But this time, precise 
follow-up observations have changed the situation.  

• The location was obtained by Swift/XRT. There was an infrared star (ATel #12514). 
NICER observations were performed (ATel #12515) suggesting a Be star.  

• The Chandra archive had detected 3 X-ray                                                        
photons from this star (ATel #12519).  

• Distance 2.9 kpc by GAIA. Lx= 6 x 1036 erg/s. 
• All of these lead the star to be BeXRB pulsar. 

X-ray all-sky map on 2019 February 20. The circled bright 
source is 4U 1901+03. The blue color means a hard spectrum. 
X-ray binary pulsars appear in blue. 

Ps = 2.763 s, Porb = 22.5827 d 
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Collaboration of missions 
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8. Discovery of MAXI J0903-531  2021 Apr 16   ATel #14555 

• 2021 April 14 in Vela.  

• Swift/XRT and UVOT identified it to a high mass star (8 Mo). 13 magnitude at 10 kpc. 

• NICER detected 14 s pulsation.  

• Southern African Large Telescope detected a strong H alpha emission line. 
• Thanks to the quick followups over the world, the nova turned out to be a BeXRB pulsar. 

ATel #14730 

Ps = 14.055 s, Porb = 57 d ? 

• On 2021 June 22, MAXI detected it again. 

• The reappearance was also reported from 
Fermi/GBM and Swift/BAT ( ATel #14730 ).  

• Look-back analysis of Fermi/GBM detected  
positive fluxes around 2020/12/22 and 2021/2/12.  

• Then MAXI J0903-531 repeats an outburst every 
about 57 days. It is a typical value for an orbital 
period of a Be binary.  

• Thus monitoring is important to understand the 
new system.  15 

Collaboration of missions 
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Yes.  
There is 
an arm. 
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MAXI image in 2022/1/25 10:15-16:15 

Sco X-1 

Crab  
nebula 

Cen X-3 Cir X-1 GX 349+2 

Galactic coordinates 

H 0614+09 

http://maxi.riken.jp/novasearch/ 

discovered at 2022/1/25 10:42 UT 

MAXI J0709-159   

http://ryutao.main.jp/constellation_cma.html Sugizaki 2022 submitted to PASJ   

Canis Major 
大犬座 

Detected in 2 scans : Scan A,  C (3h later) 
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NICER scan 
of MAXI  J0709-159 

MAXI Atel 

NICER Atel 

FoV 

Error circle 

Location : center of FoV 
Color : intensity 

Tomo-e Gozen at Kiso 
observatory 

3’ radius 

No star is brightened since 1 year ago. 
Center is HD 54786, Be star of 9 magnitude. 

3h later = 6 min. after Scan C 28 h later 
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NuSTAR observation 
Swift was not working due to 
break of a momentum wheel. 

3’ radius 0.3’ radius 

Sugizaki 2022 submitted to PASJ  

4d later 
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MAXI J0709-159 

MAXI image in 2022/1/25 10:15-16:15 

Sco X-1 

Crab  
nebula 

Cen X-3 Cir X-1 GX 349+2 

Galactic coordinates 

H 0614+09 

http://maxi.riken.jp/novasearch/ 

discovered at 2022/1/25 10:42 UT 

MAXI J0709-159 = LY CMa  3 kpc、 on Perseus arm 

MAXI J0709-159 

MAXI J0709-159 
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X-ray light curve of MAXI J0709-159 

• short duration 
      (∼ several hours)  
• large luminosity swing  
      (1032–1037 erg/s ) 
• with Nh changes  
      (1022-23 cm-2) 
• rapid variabilities 
      (∼ a few seconds) 
  
→  SFXT   
(supergiant fast X-ray transient) 

Sugizaki submitted to PASJ  
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MAXI J1816-195   

• Discovered on     2022 June 7   15418 

• Swift ID                          June 7    15421      

• NICER ms pulsation     June 8    15425 

      1.9 ms, X-ray burst  
• NICER orbit 4.8 h         June 13   15431 

       
• → accreting ms pulsar 

 
• Very fast progress. 

June 7  MAXI 

10deg 

June 7   NICER ATel 

Just discovered ! 

to make it even faster… 

0.1deg 
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Location : center of FoV 
Color : intensity. 



Rapid follow-up of X-ray transients by 
 

Named by  
Gendreau 
in 2016 

NASA 

NICER observation from 10 minutes 
after MAXI discovery (target 2 min.) 
Full coverage in time 

2022.5.26. Connected at last. 

OHMAN  

(On-orbit Hook-up of MAXI and NICER) 
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 MAXI Unidentified Short Soft Transient

24 

GCN  #17772               Atel #7954                 GCN  #17568              GCN  #16686               ATel #6066                GCN  #14359              
ATel #3316 

GRB 150428C     MAXI J1501-026    MAXI J1540-158   GRB 140814A MAXI J0545+043    GRB 130407A  MAXI J1631-639   

No flux in high 
energy band 

           2015-04-28              2015-08-26               2015-03-11                 2014-08-14                2014-04-12         2013-04-07              2011-04-29 

(l, b) =      (139.1,  +11.3)      (354.6, +46.8)            (351.6, +30.6)             (139.9, +66.4)              (201.1, -12.6)           (26.4,   +35.6)         (324.4  -
10.8)       

flux     0.16 Crab                  0.44 Crab                  0.1 Crab                       0.23 Crab                     0.2 Crab               0.17Crab                   
0.12 Crab    

Swift follow-upｓ     No detection 

2-4 keV 

4-10 
keV 

10-20 keV 

11’ FOV 

Distributed uniformly in the all sky 



NICER 
on-orbit 

NICER 
via ground 

1 

100 

10 

1 

0.1 

0.01 

10 

mCrab 

1 10 100 103 104 105 Time (s) 

after 
appearance 

MAXI Swift Flux 

Rapidness and X-ray sensitivity 

MAXI: assuming the explosion starts in MAXI FOV. 
NICER: MAXI alert on-orbit and via-ground 
Swift:  MAXI alert through GCN. Exposure of 1ks is assumed. 

XRB 

SB 

TDE 

Rapidly decaying objects 

TDE: as Sw1644 
rN: rapid Nova 

SB: super burst 

XRB: X-ray burst 

XRF: X-ray flash 

sGRB: short GRB 

oGRB: orphan GRB 

SF: stellar flare 

SFXT: super giant 
  fast X-ray transient 
SNbo: super nova 
  shock break out 
 

XRF 

sGRB 

oGRB 

rN 

SF 

SNbo 

Crab 

1minute 1hour 1day 1second 

SFXT 

MUSST 

25 



MUSST  GRB 140814A was a Thorne–Żytkow object 
Dong et al. science 2021.Sep.3 

VLA Sky Survey scans a wide range of the sky in 
radio. A very rare bright radio source was found. 
  VT 1210+4956 locates near a dwarf galaxy at 480 
million light-year. 
  Looking back the MAXI data a bright X-ray burst 
was observed at the same place in 2014. 
 Radio transient in 2017 was considered to occur 
as the matter exploded in 2014 collides the dense 
gas which was blown out some hundreds years ago.  
 Some hundreds years ago a blackhole or a neutron 
star plunged into a star. It started to blow out much 
gas. Then in 2014 the compact object merged the 
core of the star and made a gamma-ray burst 
(MAXI). 
The exploded gas collides thick gas in 2017 and 
emitted strong radio (VLASS). 

A new type of supernova.  
A blackhole plunges into the core of a star. 
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Two OHMAN alerts 
• 1st. 2022.5.28. tail of Sco X-1  →  Sco X-1 was inhibited. 

• 2nd. 2022.6.13. solar flare reflection by solar panel 
NICER O 

0.5 2 10 keV 1 

MAXI 
Si 

Cu 

4 10   20    keV 2 

NICER multi pointings 

No new source 

atmosphere 

Solar Panel 

Automatically worked ! 



OHMAN is now 

• 盡人事而待天命 

• 人事を尽くして天命を待つ 

• Do your best and leave the rest to God.  

• Fare tutto ciò che è in tuo 

potere per aspettare il tuo 

destino. 
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MAXI in 2021 - 2024 
FY 2021 FY 2022 FY 2023 FY 2024 

2024.12 2021.4 
MAXI 

2023.3 Operation 4 

Widen observation sky area for O4 

All-sky monitor, nova alert, data public  
Transients to Swift, NICER and Nu-STAR 

preparation 

OHMAN start 2022.5 Transients with NICER in 10 minutes (2 min.) 

OHMAN 

HXMT, Swift, NICER, Nu-STAR, Chandra, INTEGRAL, XMM-Newton, SRG 

XRISM 

IXPE 
SVOM, EP 

X-ray satellites 

Gravitational Waves  

2021.12 

JWST 
2021.12 2023 

2023 

Now 
2030 
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summary 
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MAXI will keep watching the sky in 2020’s. 
MAXI is watching through our Galaxy. 
Follow up is very fruitful and getting 
more rapidly and rapidly. 
OHMAN (MAXI – NICER) has started. 
Exciting new satellites are coming. 
Let’s ride on a tide of  
    time-domain astronomy   and 
    multi-messenger astronomy  


