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Soft X-ray transients observed by MAXI 
• Huge stellar flares 
• Long X-ray bursts
• Outbursts from galactic X-ray 

binaries
• MAXI GRBs, MUSST (MAXI 

Unidentified Short Soft Transient)

MAXI can detect these rare soft X-ray 
transients (several events per year). 

However, detailed spectral and timing 
information cannot be obtained.

NICER NICER
Effective
area• ISS from June 2017

• consists of 56 X-ray 
concentrator and 
SDDs

crave follow-up observations

Objective : to constrain the NS 
EOS from detailed 
observations of isolated 
neutron star pulse profiles
large effective area (~1900 
cm@1.5 keV)
High time resolution (<300 nsec)
Higher energy resolution than 
MAXI (137 eV@6 keV)

Our collaboration strategy is quite simple : NICER follow-up MAXI transients ASAP

important for MAXI 
transients follow-up

1
MAXI team discussed collaboration before NICER was launched. 



MANGA (MAXI And NICER Ground Alert)
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VROXWLRQ�DJDLQVW�ORFDWLRQ�GDWD�JDWKHUHG�E\�WKH�*36�
UHFHLYHU�DERDUG�1,&(5�

³)RU�WKH�RQERDUG�PHDVXUHPHQWV�WR�EH�PHDQLQJIXO��
we needed to develop a model that predicted the 
arrival times using ground-
EDVHG�REVHUYDWLRQV�SUR-
YLGHG�E\�RXU�FROODERUDWRUV�
at radio telescopes around 
WKH�ZRUOG�´�VDLG�3DXO�5D\��
D�6(;7$17�FR�LQYHVWLJD-
WRU�IURP�WKH�8��6��1DYDO�
5HVHDUFK�/DERUDWRU\��
³7KH�GLIIHUHQFH�EHWZHHQ�
the measurement and the 
model prediction is what 
gives us our navigation 
LQIRUPDWLRQ�´�

7KH�JRDO�ZDV�WR�GHPRQVWUDWH�WKDW�WKH�V\VWHP�FRXOG�
ORFDWH�1,&(5�ZLWKLQ�D����PLOH�UDGLXV�DV�WKH�VSDFH�
VWDWLRQ�VSHG�DURXQG�WKH�(DUWK�DW�VOLJKWO\�PRUH�WKDQ�
�������PLOHV�SHU�KRXU��:LWKLQ�HLJKW�KRXUV�RI�VWDUW-
LQJ�WKH�H[SHULPHQW�RQ�1RYHPEHU����WKH�V\VWHP�
converged on a location within the targeted range 
RI����PLOHV�DQG�UHPDLQHG�ZHOO�EHORZ�WKDW�WKUHVKROG�
IRU�WKH�UHVW�RI�WKH�H[SHULPHQW��0LWFKHOO�VDLG��,Q�IDFW��
“a good portion” of the data showed positions that 
ZHUH�DFFXUDWH�WR�ZLWKLQ�WKUHH�PLOHV���

³7KLV�ZDV�PXFK�IDVWHU�WKDQ�WKH�WZR�ZHHNV�ZH�DO-
ORWWHG�IRU�WKH�H[SHULPHQW�´�VDLG�6(;7$17�6\VWHP�
$UFKLWHFW�/XNH�:LQWHUQLW]��³:H�KDG�LQGLFDWLRQV�WKDW�
RXU�V\VWHP�ZRXOG�ZRUN��EXW�WKH�ZHHNHQG�H[SHUL-

PHQW�¿QDOO\�GHPRQVWUDWHG�WKH�V\VWHP¶V�DELOLW\�WR�
ZRUN�DXWRQRPRXVO\�´

$OWKRXJK�WKH�XELTXLWRXVO\�XVHG�*36�V\VWHP�LV�
DFFXUDWH�WR�ZLWKLQ�D�IHZ�IHHW�IRU�(DUWKERXQG�XVHUV��

this level of accuracy 
typically is not necessary 
when navigating to the 
far reaches of the solar 
system where distances 
EHWZHHQ�REMHFWV�PHDVXUH�
LQ�WKH�PLOOLRQV�RI�PLOHV��
+RZHYHU��³LQ�GHHS�VSDFH��
we hope to reach accura-
cies in the hundreds of 
IHHW�´�0LWFKHOO�VDLG�

³+DYLQJ�ZDWFKHG�WKH�
development of this 

WHFKQRORJ\�RYHU�WKH�\HDUV��,¶P�FRQ¿GHQW�WKDW�WKLV�
WHDP�ZLOO�UHDFK�WKLV�DPELWLRXV�JRDO�´�VDLG�*RGGDUG�
&KLHI�7HFKQRORJLVW�3HWHU�+XJKHV��ZKR�PDQDJHV�
*RGGDUG¶V�,QWHUQDO�5HVHDUFK�DQG�'HYHORSPHQW��
RU�,5$'��SURJUDP��³7KH�,5$'�SURJUDP�VXSSRUWHG�
1,&(5�WHFKQRORJLHV�ORQJ�EHIRUH�WKH�PLVVLRQ�EH-
FDPH�D�1$6$�([SORUHU�0LVVLRQ�RI�2SSRUWXQLW\��,W¶V�
gratifying to see how successful the technology is 
SURYLQJ�WR�EH�LQ�RXU�TXHVW�WR�GHYHORS�WHFKQRORJLHV�
IRU�H[SORULQJ�GHHSHU�LQWR�VSDFH�´

Scientists operate the NICER mission and the X-ray navigation experiment, SEXTANT, from the operations center at Goddard.
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“This was much faster than the two 
weeks we allotted for the experiment. 
We had indications that our system 
would work, but the weekend experi-
PHQW�¿QDOO\�GHPRQVWUDWHG�WKH�V\VWHP¶V�
ability to work autonomously.”
                   – Luke Winternitz,
                               SEXTANT System Architect
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Principal Investigator Keith Gendreau — the scientist who advanced the dual-purpose NICER/SEXTANT mission — works at the mission’s operations 
center at Goddard.

7KH�GXDO�SXUSRVH�1HXWURQ�VWDU�,QWHULRU�&RPSRVLWLRQ�
([SORUHU��RU�1,&(5�²�WKH�SD\ORDG�WKDW�KRVWHG�DQ�
H[SHULPHQW�GHPRQVWUDWLQJ�DXWRQRPRXV��UHDO�WLPH�
;�UD\�QDYLJDWLRQ��RU�;1$9��LQ�VSDFH��VHH�UHODWHG�
VWRU\��SDJH����²�KDV�VR�IDU�REVHUYHG�����FHOHV-
tial targets since its successful deployment on the 
,QWHUQDWLRQDO�6SDFH�6WDWLRQ�LQ������

³:H¶UH�GRLQJ�YHU\�FRRO�VFLHQFH�DQG�XVLQJ�WKH�VSDFH�
VWDWLRQ�DV�D�SODWIRUP�WR�H[HFXWH�WKDW�VFLHQFH��ZKLFK�
LQ�WXUQ�HQDEOHV�;1$9�´�VDLG�.HLWK�*HQGUHDX��WKH�
1,&(5�SULQFLSDO�LQYHVWLJDWRU�DW�*RGGDUG��

1,&(5�LV�D�GXDO�SXUSRVH�SD\ORDG��7KH�1,&(5�
team primarily designed the mission to study 
QHXWURQ�VWDUV�DQG�WKHLU�SXOVDWLQJ�FRKRUWV��SXOVDUV��
+RZHYHU��LWV�PLVVLRQ�DOVR�HQDEOHG�WKH�WHDP�WR�
develop algorithms and other hardware to demon-
VWUDWH�;1$9�LQ�VSDFH���

6LQFH�LWV�GHSOR\PHQW��WKH�SD\ORDG�KDV�REVHUYHG�
primarily neutron stars and is on track to derive the 
LQWHULRU�FRPSRVLWLRQ�RI�WKHVH�XOWUD�GHQVH��\HW�VWDEOH��
REMHFWV��7KH�WHDP��ZKLFK�PDGH�1,&(5�GDWD�DYDLODEOH�
in mid-January 2018, hopes the mission will discover 
PRUH�SXOVDUV�WKDW�ZLOO�EH�VXLWDEOH�IRU�IXWXUH�QDYLJDWLRQ�
GHPRQVWUDWLRQV�
 
³2QH�RI�1,&(5¶V�JRDOV�LV�WR�¿QG�QHZ�SXOVDUV�´�VDLG�
WKH�PLVVLRQ¶V�VFLHQFH�OHDG��=DYHQ�$U]RXPDQLDQ��
“With higher sensitivity than past X-ray timing mis-
VLRQV��ZH�FDQ�GHWHFW�QHZ�QHXWURQ�VWDUV�ERWK�IRU�
RXU�VFLHQFH�REMHFWLYHV�DQG�DV�µEHDFRQ¶�SXOVDUV�IRU�
IXWXUH�QDYLJDWLRQ�DSSOLFDWLRQV�´�Y

NICER Observes 174 Celestial Targets Since
Its Deployment

Keith.C.Gendreau@nasa.gov or 301.286.6188
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NICER PI : Keith Gendreau

NASA Goddard
NICER operation room

Ｎ
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TDRS
(Tracking and Data 

Relay Satellite)

TKSC
Nova

search
(Negoro+16)

NASA
GSFC

internet

~75 MANGA observation 
have done in 7 years 

me

Stellar 
flare, 13

New 
Source, 

14

BH, 19

NS, 26
GRB, 2

WD, 1

Other, 3

There are two possible flows of how MAXI's trigger information is sent to NICER :
1. MANGA : Sent MAXI trigger information from Japan to NICER (US) via internets
2. OHMAN (explain later)

MANGA flow

In most cases, NICER 
observations are made 

within 12 hours
(Earliest follow-up was

75 min) 

Scenes from MANGA observation testing and training
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Stellar flare

All of these results indicate that the GT Mus flares are
among the hottest, longest, and brightest flares ever observed.

4.2. High Flare Activity

During the MAXI 8 yr observation period, the large flares
were detected every year. Although the possibility that GT Mus
is always active is not excluded, it is likely that GT Mus was in
an active phase over 8 yr.

It is well known that the Sun has an 11 yr sunspot cycle
(Schwabe 1844). Its X-class flares (∼1031 erg) tend to occur in
the period near the solar maximum, spanning about a half of a

solar cycle (∼5.5 yr; Aschwanden & Freeland 2012). On the
other hand, activity cycles of other RS CVn–type stars have
been obtained from a spot number/area as 14–20 yr for HR
1099 (V711 Tau; Lanza et al. 2006; Muneer et al. 2010;
Perdelwitz et al. 2018), 9.2 yr for II Peg (Lindborg et al. 2013),
and 15 yr for LQ Hya (Berdyugina et al. 2002). During half of
these activity cycles, the stars are active, which is indicative
from the existence of many/large spots.
If the same trend in the activity–phase ratio applies to GT Mus,

its activity cycle will be at least 16 yr long. Future monitoring
observations will determine how long the active phase of GT Mus
lasts, if it indeed has a cycle like other active stars.

Table 2
Best-fit Parameters of the MAXI Light Curves and Spectra of GT Mus

Flare ID kT EM Lx,peak
a Dred

2 (d.o.f.)b τr
c τd Erise Edecay

(keV) (1056 cm) (1033 erg s−1) (ks) (ks) (1038 erg) (1038 erg)

FN 01 �
�7 4

27
�
�0.7 0.2

0.4
�
�1.0 0.9

0.2 0.47(6) L �
�110 50

80 L 1.2
FN 02 �

�11 5
20

�
�1.1 0.2

0.3
�
�1.9 1.4

0.4 0.47(7) �
�90 20

10
�
�140 40

50 0.8 2.6
FN 03 �

�6 2
7

�
�0.7 0.2

0.3
�
�0.8 0.6

0.2 1.15(6) �
�70 20

90
�
�110 30

40 0.3 0.9
FN 04 6.6d 0.7 ± 0.2 0.9 ± 0.2 0.28(6) �

�120 60
40

�
�100 50

110 0.5 0.9
FN 05 �

�5 3
14

�
�0.9 0.4

0.8
�
�1.0 0.9

0.3 0.28(3) L �
�140 60

180 L 1.3
FN 06 �

�4 2
7

�
�1.3 0.6

1.2
�
�1.0 0.8

0.2 0.08(3) �
�60 30

60
�
�140 60

100 0.3 1.4
FN 07 6.6d 1.5 ± 0.4 2.0 ± 0.4 0.66(6) �

�120 40
50

�
�360 80

120 1.1 7.3
FN 08 6.6d 1.0 ± 0.3 1.3 ± 0.3 1.11(5) �

�90 30
20

�
�240 80

100 0.5 3.2
FN 09 �

�6 2
6

�
�1.7 0.4

0.6
�
�2.0 1.0

0.4 1.49(10) 80 ± 20 130 ± 40 0.7 2.7
FN 10 �

�9 3
7

�
�2.3 0.4

0.5
�
�3.7 1.0

0.4 0.59(18) 90 ± 10 95 ± 20 1.6 3.5
FN 11 �

�5 2
11

�
�1.1 0.4

0.6
�
�1.2 0.9

0.3 0.88(5) �
�110 30

20
�
�160 50

70 0.6 1.9

Notes. Errors, upper limits, and lower limits refer to 90% confidence intervals.
a Flare peak luminosity in the 2–20 keV band. The absorption is corrected.
b Here Dred

2 and d.o.f. stand for reduced χ2 and degrees of freedom, respectively. Please note that some fittings have very low Dred
2 , primarily due to the low d.o.f.,

which came from the limited photon statistics.
c Here τr is flare rise time, which is the difference between the flare start time and its peak time.
d Because the kT was not derived when we made it free, we fixed it to the average value of the other flares.

Figure 3. Light curves of FN 11 (see Table 3 for time intervals). The upper panel shows the MAXI photon flux. The lower panel shows the NICER count rate, together
with that obtained with MAXI (the first bin). The MAXI data were converted to the NICER count rate with Web PIMMS. The horizontal axis is the number of days
since MJD = 57,952 (2017 July 18 UT). The solid lines show the fitting function (see text for details).
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Sasaki+2021

~1.5 days from the 
MAXI trigger

GT Mus flare July 17 2017  (Sasaki et al., 2021) : 
• First MANGA observation (only a month after 

the launch) ->  took ~1.5 days
• On the basis of a quasi-static cooling model, 

the flare loop size is estimated to be 
4.2±0.2×1012 cm (2‒3 orders of magnitude 
larger than that of typical solar flare)

Kurihara+2024

just 89 min
from the trigger

UX Ari flare Aug 17 2020 (Kurihara et al., 2024) 
• was observed after just 89 minutes.
• H-like and He-like Fe emission lines were 

detected and their time variability was observed. 
=> plasma diagnostics and good connection to 
XRISM science (See Miki Kuriharaʼs talk)

3

After various improvement of 
the system, follow-up 
observations can now be 
made within half a day



Stellar flare ‒ Blue shifted ionized Fe line

statistics of large flares from RS CVn-type stars could allow us
to statistically investigate a blueshift of the Fe XXV Heα line.

In this Letter, we report the X-ray observation of a superflare
from the RS CVn-type star IM Peg with the Neutron Star
Interior Composition Explorer (NICER; Gendreau et al. 2016).
The large effective area of NICER (600 cm2 at 6 keV;
Gendreau et al. 2012; Arzoumanian et al. 2014) allows us to
conduct time-resolved spectral analysis during flares. We
describe observation and data reduction (Section 2), results
and discussion (Section 3), and conclusion (Section 4). In this
Letter, the error ranges indicate 90% confidence level unless
otherwise indicated.

2. Observation and Data Reduction

IM Peg is a well-known, active RS CVn-type star (e.g.,
Buzasi et al. 1987), whose basic parameters are summarized in
Table 1 of Zellem et al. (2010), e.g., the stellar mass and radius
of this K-type star are M= 1.8Me and R= 13.3Re,
respectively, where Me and Re are the mass and radius of
the Sun, respectively. The corresponding escape velocity at the
stellar surface is v GM R2 230 km se

1� � � . This long-
period RS CVn binary consists of K2 III + G4V stars with an
orbital period of 24.6 days. The K2 III star has synchronized
rotation and is heavily spotted and the likely source of the
superflare.

The Monitor of All-sky X-ray Image (MAXI; Matsuoka
et al. 2009) detected a flare from IM Peg at 10:41 UT on 2023
July 23. This flare was classified as a superflare by the radiated
energy of 5× 1037 erg in 2−10 keV (Iwakiri et al. 2023). We
carried out follow-up observations with NICER from 16:52 UT
on July 23 to 06:00 UT on August 2.

We downloaded the NICER data of ObsIDs: 6203900101
−6203900111 from the HEASARC archive. We employed the
standard analysis procedure. First, we used nicerl2 in
HEASoft ver. 6.32.1 to filter and calibrate raw data using the

calibration database version xti20221001 with two options,
which were (a) overshoot count rate range of 0−5; and (b) cut-
off rigidity greater than 1.5 GeV c−1. Then, we extracted light
curves from the filtered events with xselect and generated
ObsID-averaged source and background spectra with
nicerl3-spect and the 3C50 model (Remillard et al.
2022). We also extracted time-resolved spectra of ObsIDs
6203900101 and 6203900102 with nimaketime, niex-
tract-event, and nicerl3-spect. We used Xspec
ver. 12.12.1 (Arnaud 1996) and PyXspec ver. 2.1.0
(Gordon & Arnaud 2021) for our spectral analyses.

3. Analysis and Result

Figure 1 shows the 0.3–4 keV light curve of all NICER
observations of IM Peg covering the decay phase of the flare
for ∼10 days. We divided the first two ObsIDs 6203900101
and 6203900102 into good time intervals (GTIs) with their
typical exposures of 500−1500 s. These GTIs are numbered as
the intervals a0−b4 (Figure 1(b)). We combined the three GTIs
of the intervals b3 and b4 to obtain better statistics for the
following spectral analysis.
First, we extracted two spectra from the intervals a0−a4 and

b0−b4 (Figure 2). We fit the wide-band (0.3−9 keV) spectra
with a collisionally ionized equilibrium (CIE) model composed
of three temperature components (vapec+vapec+vapec)
convolved with interstellar absorption (tbabs). We tied the
abundance among the three components. The best-fit
temperatures of the three components for intervals a0−a4 and
b0−b4 were 92 MK, 15 MK, and 0.92 MK and 64 MK, 13
MK, and 0.92 MK, respectively.
The Fe XXV Heα and Fe XXVI Lyα lines were clearly

detected during the intervals a0−a4 and b0−b4 (Figure 2), as
expected from the temperatures (92 MK for a0−a4; 64 MK for
b0−b4) of the hottest plasma components (Smith et al. 2001).
The NICER energy resolution of 137 eV at 6 keV cannot

Figure 1. (a) 64 s binned 0.3–4 keV count rate (cps; counts s−1) during all NICER observations of IM Peg. The time zero of MJD 60148.5 corresponds to 12:00 UT
2023 July 23. The one standard deviation statistical error bars are smaller than the symbol size. The navy vertical dashed–dotted line indicates the time when MAXI
detected the flare (∼ −0.05 day). (b) Enlarged light curve during the first two ObsIDs 6203900101 (blue) and 6203900102 (green). Interval numbers in our spectral
analysis are shown above the inset panel.
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during the interval b1(t 834exp � sec) cannot be explained by
the uncertainty of the NICER energy determination.

Furthermore, since we were multiplying both modeling and
observed spectra by the response files at each time and taking
the difference of the line center between them (Section 3), the
response-derived Doppler shift should cancel out to some
extent. Given these considerations, it is highly possible that the
astronomical phenomenon made the observed blueshifts.

Appendix E
Fitting the Fe XXV Heα Line with Two Gaussian

Components

When we consider the blueshifts of the Fe XXV Heα line
being attributed to a CME, it is physically reasonable that

there are both nonshifted (flare) and blueshifted (CME)
components of the Fe XXV Heα line as discussed in the case
of the blueshifted Hα line (e.g., Inoue et al. 2023). Thus, we
also fitted the intervals a0−a4 and b0−b4 spectra with the
phenomenological model (powerlaw+Gauss∗3) consid-
ering the CME components (Figure E1). We did not fit
the individual interval spectra with this model because
photon statistics are insufficient to determine the CME
components. We fixed the line centers of the flare
components of the Fe XXV Heα and Fe XXVI Lyα lines to
the lab-frame ones. As a result, the best-fit values of the line
centers of the CME components of the Fe XXV Heα line
were 6.83± 0.02 keV and 6.79± 0.02 keV during intervals
a0−a4 and b0−b4, respectively. These values correspond

Figure D1. (a)−(c) Examples of NICER Cas A spectra fitted with the phenomenological model of powerlaw+Gauss, whose exposure times are (a) ∼500 s, (b)
∼1000 s, and (c) ∼1500 s, respectively. Orange and green dashed lines indicate powerlaw and Gauss components, respectively. (d) The distribution of the line
center of the Gaussian function (ΔE = E − Emed). The upper panel shows the histogram of the distribution for all data (N = 605) and the Gaussian fitting (black
dashed–dotted line). The color map shows the distribution at each range of the exposure time. The right panel shows the histogram of the distribution at each
exposure time.
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File made for the interval b1 event file with nicerl3-spect
(Section 2). During the interval b1, the continuum fitting with
apec, ignoring the iron line bands (i.e., 5−9 keV except for 6.3
−7.4 keV), gives its electron temperature at T 76e

b1 � MK. We
also fit the model spectrum (Figure 3(c)) with the phenomen-
ological model (powerlaw+gauss1+gauss2) and get the

best-fit parameters of E T 6.69 keVl e
He b1( ) �B and E Tl e

Ly b1( ) �B

6.97 keV. Given these results, the energy shifts of the Fe XXV
Heα and Fe XXVI Lyα lines are calculated as EHe% �B

E E T 0.05 0.01 keVl l e
gauss1 He b1( )� � oB and ELy% �B El

gauss1�
E T 0.01 0.08 keVl e

He b1( ) � � oB , respectively. The Doppler
velocity of v c E E T 2200l e

He He He b1( )� � % � � oB B B

600 km s 1� (90% confidence level) overwhelmingly exceeded
the escape velocity of IM Peg (−230 km s−1). On the other hand,
the error range of vLyα=− cΔELyα/E T 500l e

Ly b1( ) � oB

3500 km s 1� was so large that we could not quantitatively confirm
a blueshift of the Fe XXVI Lyα line.
Using the same procedure, we also estimated the electron

temperature and the Doppler velocity of the Fe XXV Heα and
Fe XXVI Lyα lines for all intervals. Figures 4(a)–(e) show the
time evolution of physical parameters obtained by our
narrowband (5−9 keV) spectral analysis. The electron temper-
ature and intensities (normalizations) of the two lines decrease
with time, while the line intensity ratio (Fe XXVI Lyα/Fe XXV
Heα) stays constant within errors. These results are consistent
with the superflare of the RS CVn-type star UX Ari reported in
Kurihara et al. (2024). One interesting point is that there was a
sign of reheating only during the interval b0 (Figure 4(b)).
Figure 4(e) shows that there is a tendency for the line center of
the Fe XXV Heα line to be blueshifted except for the interval b4.
The velocity has a peak value of −2200± 600 km s−1 at the

Figure 3. (a) The interval b1 spectrum fitted with a phenomenological model (powerlaw+Gauss+Gauss). The vertical green and blue dashed–dotted lines indicate
the line center of Heα and Lyα emission lines at the rest frame in the CIE model, respectively. The green and blue shaded areas show the 90% error range of the line
center of the two Gaussians. (b) Theoretically expected CIE spectrum during the interval b1 at the electron temperature of T 76e

b1 _ MK calculated with PyAtomDB.
(c) Same spectrum as panel (b) folded by the NICER response function.

Table 1
Best-fit Spectral Parameters of the Phenomenological Model during the

Interval b1

Phenomenonological Model (powerlaw+gauss1+gauss2)

powerlaw Γ 2.21 ± 0.18
Kpowerlaw (keV−1 cm−2 s−1) 0.28 ± 0.07

gauss1 El
gauss1 (keV) 6.74 ± 0.01
σ (keV) 0.00 (fix)

Kgauss1 (10−3 cm−2 s−1) 1.25 ± 0.19

gauss2 El
gauss2 (keV) 6.96 ± 0.08
σ (keV) 0.00 (fix)

Kgauss2 (10−3 cm−2 s−1) 0.29 ± 0.14

χ2 (degrees of freedom) 49 (72)
Null hyp. prob. 0.98

Note. The unit of Kpowerlaw is photons keV−1 cm−2 s−1 at 1 keV, whereas
Kgauss is the total photons cm−2 s−1 in the line. The negative velocity indicates
that the spectrum is blueshifted.
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He-like Fe line 50 eV blue-shifted? (2200 km/s?)

IM Peg flare July 23 2023: 
• was observed after ~6  hours -> keep monitoring ~10 days
• blue-shifted Fe XXV line was detected during the decay 

phase
• significantly shifted from the uncertainty estimated by 

the calibration analysis using SNR (Cas A) Fe line
Origins : Coronal Mass Ejection?? Chromospheric
evaporation??

during the interval b1(t 834exp � sec) cannot be explained by
the uncertainty of the NICER energy determination.

Furthermore, since we were multiplying both modeling and
observed spectra by the response files at each time and taking
the difference of the line center between them (Section 3), the
response-derived Doppler shift should cancel out to some
extent. Given these considerations, it is highly possible that the
astronomical phenomenon made the observed blueshifts.

Appendix E
Fitting the Fe XXV Heα Line with Two Gaussian

Components

When we consider the blueshifts of the Fe XXV Heα line
being attributed to a CME, it is physically reasonable that

there are both nonshifted (flare) and blueshifted (CME)
components of the Fe XXV Heα line as discussed in the case
of the blueshifted Hα line (e.g., Inoue et al. 2023). Thus, we
also fitted the intervals a0−a4 and b0−b4 spectra with the
phenomenological model (powerlaw+Gauss∗3) consid-
ering the CME components (Figure E1). We did not fit
the individual interval spectra with this model because
photon statistics are insufficient to determine the CME
components. We fixed the line centers of the flare
components of the Fe XXV Heα and Fe XXVI Lyα lines to
the lab-frame ones. As a result, the best-fit values of the line
centers of the CME components of the Fe XXV Heα line
were 6.83± 0.02 keV and 6.79± 0.02 keV during intervals
a0−a4 and b0−b4, respectively. These values correspond

Figure D1. (a)−(c) Examples of NICER Cas A spectra fitted with the phenomenological model of powerlaw+Gauss, whose exposure times are (a) ∼500 s, (b)
∼1000 s, and (c) ∼1500 s, respectively. Orange and green dashed lines indicate powerlaw and Gauss components, respectively. (d) The distribution of the line
center of the Gaussian function (ΔE = E − Emed). The upper panel shows the histogram of the distribution for all data (N = 605) and the Gaussian fitting (black
dashed–dotted line). The color map shows the distribution at each range of the exposure time. The right panel shows the histogram of the distribution at each
exposure time.
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Long X-ray burst

Fig. 2. Preliminary histogram of burst durations as determined from

bursts in the MINBAR archive (Galloway et al., in prep.)

(Nelson et al. 1986) and that is indeed what observations
show (in ’t Zand et al. 2007; in ’t Zand &Weinberg 2010).
Peng et al. (2007) predict a small regime in accretion

rate of H-rich systems (≈ 0.003 times Eddington) where
also long helium bursts can happen after long series of
pure H bursts. However, this is a very small range of al-
lowed accretion rates and pure H-bursts have never been
detected yet. Nevertheless, there are sporadic reports of
intermediate duration bursts from H-rich systems (De-
genaar et al. 2010; Chenevez et al. 2007).
Identifying superbursts, particularly when data cover-

age is sporadic, can be cumbersome. One should, for in-
stance, be careful about long bursts that are discovered
from UCXBs at low mass accretion rates. These may
be intermediate duration bursts. In fact, in a few cases
superburst detections had to be revised, see the careful
evaluation by Serino et al. (2016) . Furthermore, in my
opinion this qualifies the identifications as superbursts
in 4U 0614+09 and SAX J1818-1036 as less certain (see
also Kuulkers et al. 2010 for 4U 0614+09).

2.4. Peak luminosities

Roughly 20% of type-I bursts have peak luminosities
near the Eddington limit (Galloway et al. 2008): 2.0 ×
1038 erg s−1 for H-rich atmospheres and 3.4×1038 erg s−1

for H-poor atmospheres. The situation is different for
superbursts. All superbursts except the PCA one from
4U 1820-30 (Strohmayer & Brown 2002) and possible
the JEM-X burst of SAX J1747.0-2853 (Chenevez et al.
2011) are sub-Eddington. This immediately shows that
the fuel layer is not burning completely.

2.5. Precursors

Most superbursts are discovered with low duty-cycle in-
struments, particularly the ASM on RXTE and MAXI

Fig. 3. PCA-measured light curves of two bursts from 4U 1820-30.

Top panel: first 30 s of the superburst. Bottom panel: a type-I

burst from the same source. From Strohmayer & Brown (2002).

on the ISS. These devices observe more than 80% of the
sky every 90-min satellite orbit, but only for about 1 min.
Therefore, it is easy to detect superbursts because they
generally last longer than 90-min, but it is also difficult
to catch the onset of superbursts. The onset has been
observed in 8 of the 26 superbursts. Interestingly, in each
of these cases the onset is marked by a short burst. This
is often called a precursor, but actually there is only one
case (the PCA superburst of 4U 1820-30) where there is
truly a brief period without burst emission between the
precursor and the main burst.

Figure 3 shows the onsets of a superburst and an or-
dinary burst from 4U 1820-30, detected with the high-
throughput PCA. The superburst onset is characterized
by the precursor (from 5-18 s) and the superburst (start-
ing at 18 s), and the dips in both these bursts. The dip
in the precursor is very short (less than the time resolu-
tion of 1

8
s) and possibly not complete to the pre-burst

flux level. The dip in the superburst drops to below the
pre-burst level. Both of these dips are consistent with
photospheric expansion (Lewin et al. 1984) with adia-
batic cooling, whereby the cooling in the second dip is
so strong that the X-ray signal is lost (Keek 2012). The
drop to below the pre-burst level is due to the photo-
sphere covering up the X-ray emitting part of the accre-
tion disk (e.g., in ’t Zand & Weinberg 2010).

10 s 1000 s
duration

Intermediate 
duration 

burst Superburst

Iwakiri+22

in ʻt Zand +2017
MAXI 7 years conf

X-ray bursters are considered 
to be the production factories 
of heavy elements. 
However, no direct evidence 
of heavy elements produced 
in bursts has been observed.
→detailed study of long X-ray 
bursts is the key.
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Fig. 2. Spectral fits to the PCA bursts from 4U 0614+09 and 4U 1722-30 during time intervals when the absorbed black body plus reflection model
fails to fit the data (see Fig. B.1 for example time intervals when the black body plus reflection model provides a good fit to these bursts). Left
plots: the 4U 0614+09 spectrum between 1.65 and 1.78 s after burst onset (this is the second data point after the superexpansion phase in Fig. 3).
Middle plots: the 4U 0614+09 spectrum between 2.53 and 2.65 s after burst onset (ninth data point). Right plots: the 4U 1722-30 spectrum for
the 7 s long interval indicated by the grey bar in Fig. 3. The upper panels show the observed photon flux (crosses) and the fitted black body plus
reflection model (histogram). The middle panels show the fractional deviation of the data points from the black body plus reflection model. The
lower panels show the deviations after an absorption edge is included in the model.

reflection model does fit the data, it often yields unreasonable
results; for instance, it requires that the majority of the flux be in
the reflection component rather than the direct black body com-
ponent. This results in unreasonable values for the black body
luminosity and radius.

The failure of the reflection model to fit some of the spec-
tral data from 4U 0614+091 and 4U 1722-30 prompted us
to add another component to the spectral model: an absorp-
tion edge stemming from the primary (non-reflected) spheri-
cally symmetric burst emission. Weinberg et al. (2006b) have
suggested that such a signature should appear in the spectra of
radius expansion bursts due to the presence of heavy ashes of
nuclear burning in the photosphere (see Sect. 6.2). To model
such an edge, we multiply the spectral energy distribution by
M(E) = exp[−τopt (E/Eedge)−3] for photon energies E > Eedge

and M(E) = 1 otherwise1. The fit parameters are the optical
depth of the line τopt and the edge energy Eedge. Our full spectral
model thus accounts for three features: an absorbed black body,
the reflection of the burst flux from an inner accretion disk, and
an absorption edge formed in the photosphere.

We find that including such an edge significantly improves
the fits2, as illustrated in the lower row of plots in Fig. 2.
The evolution of the absorption edge parameters τopt and Eedge
is shown in Fig. 3 for the three PCA bursts. The absorption

1 This is multiplicative model edge in XSPEC.
2 For some spectra the edge can be satisfactorily fit by allowing for
unrealistic values of NH, the black body temperature and the accretion
flux. However, for the 4U 0614+091 burst, the edge immediately after
the superexpansion has such a low energy (see below) that a good fit
cannot be obtained even if one allows for unrealistic values of these
standard spectral parameters.

edge from 4U 0614+091 exhibits a peculiar increase in Eedge
from 4.63 ± 0.05 keV just after the superexpansion to 8.5 ±
0.1 keV less than 2 s later (see also left and middle panels of
Fig. 2). For the next 2 s, Eedge remains nearly constant at 8.5 keV,
after which no significant edge is detected. While Eedge is in-
creasing, τopt is large (between 2 and 3), after which it becomes
substantially less than 1.

The fit to the first spectral data point from 4U 1722-30 (8 s
after burst onset) yields an absorption edge with Eedge " 11 keV
and τopt " 1. The parameters remain near these values until the
temperature peaks at 23 s after onset, after which the parameters
quickly change to Eedge " 6−7 keV and τopt " 0.5. Since there
is no spectral data immediately following the superexpansion
(from 3 to 8 s), we do not know if the increase in Eedge seen in the
spectra from 4U 0614+091 occurs in the case of 4U 1722-30.

The absorption edge from 4U 1820-30 is shallow, but still
detected with significance thanks to the high quality signal pro-
vided by the long duration of the burst. This is particularly clear
when co-adding all the data accumulated over a long time span
(e.g., all data between 5000 and 10 000 s).

Although we obtain reasonable fits to the data once we in-
clude an edge in the model, the limited spectral resolution of
the PCA precludes an unambiguous identification of these fea-
tures as absorption edges. Higher spectral resolution observa-
tions of superexpansion bursts, for instance with XMM-Newton
or Chandra, would be extremely useful.

3.2. Other spectral features of the 3 PCA bursts

The evolution of some of the other spectral parameters is shown
in Fig. 3. We do not show the results for the reflection parameters
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Fig. 2. Spectral fits to the PCA bursts from 4U 0614+09 and 4U 1722-30 during time intervals when the absorbed black body plus reflection model
fails to fit the data (see Fig. B.1 for example time intervals when the black body plus reflection model provides a good fit to these bursts). Left
plots: the 4U 0614+09 spectrum between 1.65 and 1.78 s after burst onset (this is the second data point after the superexpansion phase in Fig. 3).
Middle plots: the 4U 0614+09 spectrum between 2.53 and 2.65 s after burst onset (ninth data point). Right plots: the 4U 1722-30 spectrum for
the 7 s long interval indicated by the grey bar in Fig. 3. The upper panels show the observed photon flux (crosses) and the fitted black body plus
reflection model (histogram). The middle panels show the fractional deviation of the data points from the black body plus reflection model. The
lower panels show the deviations after an absorption edge is included in the model.

reflection model does fit the data, it often yields unreasonable
results; for instance, it requires that the majority of the flux be in
the reflection component rather than the direct black body com-
ponent. This results in unreasonable values for the black body
luminosity and radius.

The failure of the reflection model to fit some of the spec-
tral data from 4U 0614+091 and 4U 1722-30 prompted us
to add another component to the spectral model: an absorp-
tion edge stemming from the primary (non-reflected) spheri-
cally symmetric burst emission. Weinberg et al. (2006b) have
suggested that such a signature should appear in the spectra of
radius expansion bursts due to the presence of heavy ashes of
nuclear burning in the photosphere (see Sect. 6.2). To model
such an edge, we multiply the spectral energy distribution by
M(E) = exp[−τopt (E/Eedge)−3] for photon energies E > Eedge

and M(E) = 1 otherwise1. The fit parameters are the optical
depth of the line τopt and the edge energy Eedge. Our full spectral
model thus accounts for three features: an absorbed black body,
the reflection of the burst flux from an inner accretion disk, and
an absorption edge formed in the photosphere.

We find that including such an edge significantly improves
the fits2, as illustrated in the lower row of plots in Fig. 2.
The evolution of the absorption edge parameters τopt and Eedge
is shown in Fig. 3 for the three PCA bursts. The absorption

1 This is multiplicative model edge in XSPEC.
2 For some spectra the edge can be satisfactorily fit by allowing for
unrealistic values of NH, the black body temperature and the accretion
flux. However, for the 4U 0614+091 burst, the edge immediately after
the superexpansion has such a low energy (see below) that a good fit
cannot be obtained even if one allows for unrealistic values of these
standard spectral parameters.

edge from 4U 0614+091 exhibits a peculiar increase in Eedge
from 4.63 ± 0.05 keV just after the superexpansion to 8.5 ±
0.1 keV less than 2 s later (see also left and middle panels of
Fig. 2). For the next 2 s, Eedge remains nearly constant at 8.5 keV,
after which no significant edge is detected. While Eedge is in-
creasing, τopt is large (between 2 and 3), after which it becomes
substantially less than 1.

The fit to the first spectral data point from 4U 1722-30 (8 s
after burst onset) yields an absorption edge with Eedge " 11 keV
and τopt " 1. The parameters remain near these values until the
temperature peaks at 23 s after onset, after which the parameters
quickly change to Eedge " 6−7 keV and τopt " 0.5. Since there
is no spectral data immediately following the superexpansion
(from 3 to 8 s), we do not know if the increase in Eedge seen in the
spectra from 4U 0614+091 occurs in the case of 4U 1722-30.

The absorption edge from 4U 1820-30 is shallow, but still
detected with significance thanks to the high quality signal pro-
vided by the long duration of the burst. This is particularly clear
when co-adding all the data accumulated over a long time span
(e.g., all data between 5000 and 10 000 s).

Although we obtain reasonable fits to the data once we in-
clude an edge in the model, the limited spectral resolution of
the PCA precludes an unambiguous identification of these fea-
tures as absorption edges. Higher spectral resolution observa-
tions of superexpansion bursts, for instance with XMM-Newton
or Chandra, would be extremely useful.

3.2. Other spectral features of the 3 PCA bursts

The evolution of some of the other spectral parameters is shown
in Fig. 3. We do not show the results for the reflection parameters
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Long X-ray burst
MAXI detection of the long X-ray 
burst from IGR J17062-6143 and 
4U 1820+30

Successful NICER 
observation in 3 hours 

after detection.

Successfully observed the tail of 
the burst, and discovered that 
there is a dip after the burst. 
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Table 2. Spectral parameters of the pionbb fits.

Parameter Value Scale Unit

Burst spectrum

Ionization (log ⇠) 2.73+0.07
�0.11 erg s cm�2

Column density (nH) 1.19± 0.76 ⇥1020 cm�2

Temperate (kT) 0.71± 0.02 keV

Flux (1� 10 keV) 2.1± 0.3 ⇥10�11 erg s�1 cm�2

Persistent spectrum

Ionization (log ⇠) 2.82± 0.04 erg s cm�2

Column density (nH) 1.0± 0.7 ⇥1020 cm�2

Temperate (kT) 0.31± 0.01 keV

Flux (1� 10 keV) 1.3± 0.2 ⇥10�12 erg s�1 cm�2

Note—Best-fit parameters of the pionbb model as applied

to the burst emission spectrum (Figure 5) and the

persistent emission spectrum (Figure 2). The associated

residuals are shown in Figure 6. See Section 4.4 for more

details. Uncertainties are quoted at 90% confidence.

Figure 6. Residuals of the best-fit pionbb model fits as ap-

plied to the burst emission spectrum (top) and the persistent

emission spectrum (bottom).

ergies (see Figure 6, bottom panel). For comparison,
adopting a simple Gaussian line component resulted in
best fit �2 of 326. To ensure that the poor fit did was not
caused by the slightly di↵erent treatment of the disk re-
flection component, we repeated the pionbb modelling
using the phenomenological continuum model as well.
For both the burst and persistent spectra we obtain the
same outcome: the pionbb model works well for the
burst spectrum, but fails for persistent emission.

Figure 7. X-ray flux of IGR J17062 in the 1�10 keV band.

The black points show the data as measured, with apparent

discontinuous jumps at t = 0.6 and t = 1.9. The orange

points show the six measurements between these two jumps

when multiplied with an ad hoc constant factor of 2.8.

5. DISCUSSION

We have presented a spectroscopic analysis of
IGR J17062 in the aftermath of one of its energetic in-
termediate duration X-ray bursts. We detected a sig-
nificant absorption line in the source emission when the
burst emission was still bright. Further, we have in-
vestigated the spectral evolution as the source moves
through a dip in overall intensity directly after the burst
has cooled. In the following we discuss the implications
of these findings.

5.1. The intensity dip

As the X-ray burst emission decays, we find that the
source emission drops well below the long-term persis-
tent rate. This intensity dip lasts about three days,
starting at t = 0.6 d and ending at t = 3.5 d, and is fur-
ther punctuated by two sharp transitions in the inten-
sity. These transitions are already apparent in the light
curve (Figure 1), where the count-rate drops sharply at
t = 0.6 d, and jumps up again at about t = 1.9 d. These
same transitions are even more pronounced in the evo-
lution of the 1�10 keV X-ray flux (Figure 3), where the
six pointings collected while the source passes through
its lowest intensities appear to be shifted in flux by a
constant factor. Indeed, if we increase these six flux
measurements by an (ad hoc) factor of 2.8, then the re-
sulting light curve becomes a smoothly varying trend
(see Figure 7). This suggests that there are two super-
imposed parts to the intensity dip: firstly there is the
wider three day period during which the source drops
below the persistent intensity, and secondly there is the
narrower 1.5 day interval during which we are seeing
only about 35% of the expected emission.
What could cause this complex evolution in the ob-

served X-ray flux? The evolution of the spectral pa-
rameters o↵er some clues here (Figure 4). As the X-ray
burst emission cools, the blackbody temperature evolves

8

Table 2. Spectral parameters of the pionbb fits.

Parameter Value Scale Unit

Burst spectrum

Ionization (log ⇠) 2.73+0.07
�0.11 erg s cm�2

Column density (nH) 1.19± 0.76 ⇥1020 cm�2

Temperate (kT) 0.71± 0.02 keV

Flux (1� 10 keV) 2.1± 0.3 ⇥10�11 erg s�1 cm�2

Persistent spectrum

Ionization (log ⇠) 2.82± 0.04 erg s cm�2

Column density (nH) 1.0± 0.7 ⇥1020 cm�2

Temperate (kT) 0.31± 0.01 keV

Flux (1� 10 keV) 1.3± 0.2 ⇥10�12 erg s�1 cm�2

Note—Best-fit parameters of the pionbb model as applied

to the burst emission spectrum (Figure 5) and the

persistent emission spectrum (Figure 2). The associated

residuals are shown in Figure 6. See Section 4.4 for more

details. Uncertainties are quoted at 90% confidence.

Figure 6. Residuals of the best-fit pionbb model fits as ap-

plied to the burst emission spectrum (top) and the persistent

emission spectrum (bottom).

ergies (see Figure 6, bottom panel). For comparison,
adopting a simple Gaussian line component resulted in
best fit �2 of 326. To ensure that the poor fit did was not
caused by the slightly di↵erent treatment of the disk re-
flection component, we repeated the pionbb modelling
using the phenomenological continuum model as well.
For both the burst and persistent spectra we obtain the
same outcome: the pionbb model works well for the
burst spectrum, but fails for persistent emission.

Figure 7. X-ray flux of IGR J17062 in the 1�10 keV band.

The black points show the data as measured, with apparent

discontinuous jumps at t = 0.6 and t = 1.9. The orange

points show the six measurements between these two jumps

when multiplied with an ad hoc constant factor of 2.8.

5. DISCUSSION

We have presented a spectroscopic analysis of
IGR J17062 in the aftermath of one of its energetic in-
termediate duration X-ray bursts. We detected a sig-
nificant absorption line in the source emission when the
burst emission was still bright. Further, we have in-
vestigated the spectral evolution as the source moves
through a dip in overall intensity directly after the burst
has cooled. In the following we discuss the implications
of these findings.

5.1. The intensity dip

As the X-ray burst emission decays, we find that the
source emission drops well below the long-term persis-
tent rate. This intensity dip lasts about three days,
starting at t = 0.6 d and ending at t = 3.5 d, and is fur-
ther punctuated by two sharp transitions in the inten-
sity. These transitions are already apparent in the light
curve (Figure 1), where the count-rate drops sharply at
t = 0.6 d, and jumps up again at about t = 1.9 d. These
same transitions are even more pronounced in the evo-
lution of the 1�10 keV X-ray flux (Figure 3), where the
six pointings collected while the source passes through
its lowest intensities appear to be shifted in flux by a
constant factor. Indeed, if we increase these six flux
measurements by an (ad hoc) factor of 2.8, then the re-
sulting light curve becomes a smoothly varying trend
(see Figure 7). This suggests that there are two super-
imposed parts to the intensity dip: firstly there is the
wider three day period during which the source drops
below the persistent intensity, and secondly there is the
narrower 1.5 day interval during which we are seeing
only about 35% of the expected emission.
What could cause this complex evolution in the ob-

served X-ray flux? The evolution of the spectral pa-
rameters o↵er some clues here (Figure 4). As the X-ray
burst emission cools, the blackbody temperature evolves

Redshifted 40Ca or 44Ti ?

Bult+2021IGR J17062-6143

Time (days)

burst

dip

persistent

4U 1820+30
Serino in prep

Spectral feature

Mysterious dip after the burst
2013). These data revealed a significant emission line at 1 keV,
as well as absorption features in the Fe–K band (Degenaar et al.
2013), both of which point to the burst emission reflecting off
the accretion disk. Further, Degenaar et al. (2013) found that
the burst light curve showed a 10 minute episode during which
the flux fluctuated by a factor of 3 over a timescale of seconds.
Such variability episodes are a particularly rare feature of the
most energetic bursts, and may be associated with super-
expansion of the stellar photosphere (in’t Zand et al. 2019). In
particular, in’t Zand et al. (2011) suggested that such variability
episodes may be caused by cloudlike structures above the disk,
which intermittently scatter the burst radiation into or out of the
observer’s line of sight.

A second burst was detected in 2015 (Negoro et al. 2015;
Iwakiri et al. 2015) and studied in detail by Keek et al. (2017).
These authors estimated the source flux during its photospheric
radius expansion (PRE) phase and derived a source distance of
7.3± 0.5 kpc. From the burst fluence, they further estimated
the burst ignition column to be≈ 5× 1010 g cm−2, indicating
that the bursts are powered by the ignition of a thick helium
layer deep in the stellar envelope. Finally, they found that at the
end of the burst the flux dropped below the cooling trend
before returning to the long-term persistent luminosity after
about four days, suggesting a disruption of the accretion flow
that outlasts the duration of the X-ray burst itself.

On 2020 June 22, the MAXI/GSC detected a third X-ray
burst from IGR J17062 (Nishida et al. 2020), offering a new
opportunity to investigate the impact of these powerful X-ray
bursts on the accretion environment. We therefore executed a
follow-up monitoring campaign with the Neutron Star Interior
Composition Explorer (NICER; Gendreau & Arzouma-
nian 2017). Our observations began about 3 hr after the MAXI
trigger, and continued to follow the source evolution for 12
days. A timing analysis of the pulsar properties during this
epoch was previously included in Bult et al. (2021). In this
paper we present spectroscopic analysis of these data.

2. Observations and Data Processing

We observed IGR J17062 with NICER between 2020 June
22 and 2020 July 7 for a total unfiltered exposure of 40 ks.
These data are available under ObsIDs 30341001nn, where nn
runs from 01 through 12, with each ObsID storing all
continuous pointings collected over the course of one day.
Throughout this paper we will refer to these ObsIDs using just
the final two digits. All data were processed using NICERDAS
version 7a, as released with HEASOFT v6.27.2, using the most
recent version of the instrument calibration (release 20200727).
Following the standard screening criteria, we filtered the data to
retain only those epochs collected when the pointing offset
was< 54″, the bright Earth limb angle was> 30°, the dark
Earth limb angle was> 15°, the rate of reset triggers (under-
shoots) was< 200 count s−1 det−1, and the instrument was
outside of the South Atlantic Anomaly. By default, the pipeline
also attempts to reduce the background contamination by
filtering on the rate of high-energy events (overshoots). In the
case of IGR J17062 this overshoot filtering was found to be too
conservative, introducing many spurious 1 s gaps into the data
(see also Bult et al. 2021). We therefore applied a more relaxed
screening approach in which we first smoothed the overshoot
rate using 5 s bins to reduce noise, and then retained only those
epochs when the absolute overshoot rate was< 1.5 count s−1

det−1 (default threshold is 1.0), and <2× COR_SAX−0.633

count s−1 det−1 (default scale is 1.52).12 Using these screening
criteria, we were left with 26 ks of good time exposure.

3. Light Curve

To construct a light curve of our NICER observations, we
grouped the data by continuous pointing. Across the 12 ObsIDs
included in this analysis, there were 43 such pointings. The
good time exposure per pointing ranges between 50 and 1200 s,
with the majority of exposures clustered around 400 s and
900 s. For each pointing we proceeded to extract an energy
spectrum and generated an associated background spectrum
using the 3C50 background model (Remillard et al., 2021).13

The source is detected above the background level between
about 0.3–6.0 keV, hence, we calculated the background-
subtracted source rate in this energy band. In Figure 1 we show
the resulting light curve, where we expressed all observation
times relative to the MAXI burst trigger.
Further observations of IGR J17062 were collected with

NICER over a 2 week period in 2020 August, at which time the
mean count rate was found to be 36± 1 count s−1 (Bult et al.
2021). We adopt this rate as our estimate of the long-term
persistent (nonburst) rate. Comparing the present observations
with this persistent rate, we see from Figure 1 that the source
was initially detected well above the long-term mean intensity,
but showed a rapid decay in its count rate. At t≈ 0.6 days, this
decay evolves into a sharp drop: during a 3 hr data gap between
pointings, the source rate decreased from 55 count s−1 to 18
count s−1—well below the persistent rate. Over the following
three-day period, we observed the source reach a minimum
count rate of about 10 count s−1 before recovering back to the
persistent rate of 36 count s−1. From t= 4 days and onward, the
observed count rate appears to show a small amplitude
oscillation around the long-term mean, however, we caution
against overinterpreting this trend; it is entirely consistent with
gradual intensity variations seen in long-term NICER monitor-
ing of this source (Bult et al. 2021).
Finally, we constructed a source light curve using a 1 s time

resolution and searched for periods of rapid variability similar

Figure 1. Background-subtracted 0.3–6 keV NICER light curve of IGR J17062
relative to the MAXI/GSC trigger on 2020 June 22 (MJD 59,022.34403,
Nishida et al. 2020). Each point shows the average count rate of a single
continuous pointing, while the alternating colors indicate the even- and odd-
numbered ObsIDs. The black dashed line shows the count rate observed in
2020 August (Bult et al. 2021). The energy spectra of the three highlighted
pointings are shown in Figure 2.

12 The COR_SAX parameter is a measure for the cutoff rigidity of Earth’s
magnetic field in units of GeV c−1.
13 https://heasarc.gsfc.nasa.gov/docs/nicer/tools/nicer_bkg_est_tools.html
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Gravitationally 
redshifted burning 
ashes??

MANGA detected an 
unknown absorption line 
during the burst. 

MANGA detected an 
strange dip from several 
long bursts

Is the inner accretion disk 
gradually restoring itself 
after being perturbed by the 
burst irradiation ? 

IGR J17062-6143 
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Identification of new X-ray sources by MANGA
MAXI J1957+032 : the huge effective area and high timing resolution were key factors

First observed in May 2015. After that, 
four outbursts were detected 
(#8143,#8529, #9565), and follow-up 
observations were made in Swift, 
Chandra and optical telescopes, but
the origin was unknown due to their 
short duration.

In June 2022, MAXI detected 
the fifth outburst.
→ MANGA 
→ ms pulse detection and 
confirmed accretion mili-
second pulsar within a day

Sanna+2022

Doppler modulation of the X-ray pulsation revealed the 
ultra-compact nature of the binary system characterized by 
an orbital period of ~1 hour (Sanna+22)

MAXI J1816-195 was also identified as AMXP about a day after 
its discovery at MAXI by MANGA (Bult+2022)

7
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Table 1. Orbital parameters and spin frequency of MAXI J1957 + 032 with 
uncertainties on the last digit quoted at 1 σ confidence level. T 0 represents 
the reference epoch for this timing solution. 
Parameters 
RA (J2000) 19 h 56 m 39.11 s ± 0.04 s 
Dec. (J2000) 03 ◦26 ′ 43.7 ′′ ± 0.6 ′′ 
P orb (s) 3653.046(61) 
x (lt-s) 0.013796(25) 
T ASC (MJD/TDB) 59749.633146(18) 
Eccentricity < 1.4 × 10 −2 (3 σ c.l.) 
ν0 (Hz) 313.64374049(22) 
T 0 (MJD/TDB) 59749.0 
χ2 

red /d.o.f 1.23/23 
passage. The best-fit is obtained for ν = 313 . 6436542(61) Hz, and 
T ASC = 59749.633066(17) MJD. We then propagated the solution to 
the nearest (in time) data segments verifying that the phase uncer- 
tainty remained smaller than half of a spin cycle, a condition required 
for the application of phase-coherent analysis. It is noteworthy that a 
similar conclusion can be reached even accounting for spin frequency 
deri v ati ves | ̇ν| ≤ 10 −11 Hz s −1 , orders of magnitude larger than the 
values observed for AMXPs (see e.g. Di Salvo & Sanna 2020 ). We 
generated pulse phase delays for each increased data set and fitted 
them, searching for a stable timing solution, until we co v ered the 
whole outburst. 

As shown in the fourth panel of Fig. 1 , the pulse phase delays 
from the most accurate timing solution show a phase jump of ∼0.2 
pulse cycles around MJD 59750.2. To account for that, we included 
in the model a phase jump around MJD 59750.2. The best-fitting 
orbital and pulsar spin parameters from the latter model are reported 
in Table 1 , while its associated residuals are shown in the fifth panel 
of Fig. 1 . A close inspection suggests a further modulation of the 
residuals on time-scales longer than the binary orbital period. We 
tested this hypothesis by comparing a constant against a constant 
plus a sinusoidal function. The latter showed an F-test probability 
of ∼1.7 × 10 −3 , corresponding to a ∼3 σ statistical impro v ement 
due to the additional component characterized by an amplitude of 
(3.3 ± 0.8) × 10 −2 phase cycles, and period 1.99 ± 0.14 d. 

To further investigate the effect of the phase jump, we generated the 
average pulse profile pre- and post-phase jump (Fig. 2 ). Both profiles 
are well described as the superposition of three harmonically related 
sinusoidal functions. The fundamental, second, and third harmonics 
of the pre-jump profile are characterized by fractional amplitudes of 
(7.9 ± 0.2) per cent, (2.7 ± 0.2) per cent, and (2.0 ± 0.3) per cent, 
respectively. The post-jump profile presents fractional amplitudes of 
(10.6 ± 0.4) per cent, (2.9 ± 0.5) per cent, and (0.9 ± 0.4) per cent 
for the fundamental, second, and third harmonics, respectively. 

In the third panel of Fig. 1 , we report the evolution of the 
background-corrected fractional amplitude of the pulse profile es- 
timated from the best-fitting solution (filled circles), as well as upper 
limits for non-detection (filled triangles). The fractional amplitude 
remains almost constant around the value of 7 . 5 per cent for the first 
2 d when it starts to increase, reaching a value of ∼ 32 per cent during 
the last signal detection. 
3.2 Spectral analysis 
We investigated the spectral properties of MAXI J1957 + 032 by 
generating four energy spectra along the decaying phase of the 
outburst. Data intervals selected to create the spectra are shown in 
Fig. 1 . To perform the spectral analysis, we set Wilms, Allen & 

Figure 2. Average pulse profiles (black points) generated combining the 
NICER data pre- (top-panel) and post- (bottom-panel) appearance of the 
pulse phase jump (MJD 59750.2) after correcting for the best-fitting orbital 
parameters reported in Table 1 . The best-fitting model (cyan solid line) is 
well described by the superposition of three harmonically related sinusoidal 
functions. Two cycles of the pulse profile are shown for clarity. 

Figure 3. Upper panel: NICER spectra of MAXI J1957 + 032 obtained by 
selecting four intervals (#1–#4) during the descending phase of its latest 
outburst. Black, red, blue, and orange represent intervals #1, #2, #3, and #4, 
respectively. Solid lines show the best-fitting model to the data. Lower panels: 
residuals with respect to the best-fitting models expressed in units of standard 
deviations for each of the spectra analysed. 
McCray ( 2000 ) elemental abundances and Verner et al. ( 1996 ) 
photo-electric cross-sections. The 0.5–10 keV energy spectra are well 
modelled by an absorbed thermal component (black-body) combined 
with a power-law continuum ( TBabs ∗[bbodyrad + power 
law] in XSPEC ). 

The best-fitting values of N H vary from (0.9 ± 0.1) × 10 21 cm −2 
(obtained in #1) up to an average value of (2.5 ± 0.5) × 10 21 cm −2 
for the other intervals. We noticed that the Galactic absorption in 
the direction of the source is estimated to be ∼1 × 10 2 cm −2 (HI4PI 
Collaboration et al. 2016 ). Moving from #1 to #4, the black-body 
temperature ( kT BB ) decreased significantly from (0.45 ± 0.01) keV 
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NICER multiple pointing system for New MAXI sources 

To localize, need to search the 
error region.

→ developed automatic 
multiple pointing system

➗
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Vignetting curve
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37 pointings / 
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MAXI error 
circle
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3 arcmin

Known source :
→ point NICER directly  
New source → typical MAXI position 
accuracy is ~18 arcmin, but NICER FOV 
is 3 arcmin

Non-imaging detector
→ reconstruct images by taking 
into account the vignetting effect 
and determine the position. 

Case of New MAXI source 
MAXI J1803-298
ATel #14587, 14588

RA (deg)

DE
C

(d
eg

)

RA (deg)

DE
C

(d
eg

)



NICER multiple pointing system for New MAXI sources 

MAXI J1803-298

➗ ＝

Counts map

Exposure map

Rate map

NICER
Vignetting curve

MAXI error 
circle
(18 arcmin)

37 pointings / 
30 sec

MAXI error 
circle
(18 arcmin)

NICER FOV
3 arcmin

Non-imaging detector
→ reconstruct images by taking 
into account the vignetting effect 
and determine the position. 

Case of New MAXI source 
MAXI J1803-298
ATel #14587, 14588

successfully localized new MAXI 
sources by NICER with an accuracy 

of 3 arcmin within half a day of 
discovery

MAXI J1803-298 (Shidatsu et al.,2021)
MAXI J0709-159/LY CMa (Sugizaki at al.,2022)9
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To localize, need to search the 
error region.

→ developed automatic 
multiple pointing system

Known source :
→ point NICER directly  
New source → typical MAXI position 
accuracy is ~18 arcmin, but NICER FOV 
is 3 arcmin



OHMAN (On-orbit Hookup of MAXI and NICER)
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There are two possible flows of how MAXI's trigger information is sent to NICER :
1. MANGA : Sent MAXI trigger information from Japan to NICER (US) via internets
2. OHMAN: Install MAXI novasearch system on ISS laptop and sent the info to NICER directly via ISS network
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There are two possible flows of how MAXI's trigger information is sent to NICER :
1. MANGA : Sent MAXI trigger information from Japan to NICER (US) via internets
2. OHMAN: Install MAXI novasearch system on ISS laptop and sent the info to NICER directly via ISS network
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Placeholder for cover

In 2020, based on the science 
results of the MANGA collaboration

and other effort, an MOU was 
signed between NASA and JAXA to 

promote OHMAN as part of the U.S.-
Japan Program OP 3.

In 2021 we did a lot of work (software 
testing, reconnection of the network 
HUB by Astronaut Hoshide-san, etc.) 

and OHMAN started in June 2022.

Known source →NICER direct maneuver to catalog coordinates
New source → automatic multiple scan started
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There are two possible flows of how MAXI's trigger information is sent to NICER :
1. MANGA : Sent MAXI trigger information from Japan to NICER (US) via internets
2. OHMAN: Install MAXI novasearch system on ISS laptop and sent the info to NICER directly via ISS network



OHMAN
GRB 221009A (BOAT) 😢 : 
The OHMAN trigger was issued ~1000 seconds after the occurrence, 
but unfortunately there was no NICER visibility .
→ was able to start observations after 14,000 seconds, and from 
there it continued for two weeks, acquiring GRB afterglow data with 
very good statistics (ATel #15664, Williams+23).

14000 14030
Time since Fermi/GBM trigger (sec)

1 sec bin
lightcurve

2023 Aug
2024 Apr

Long X-ray burst from 4U 1850-086 😊 : 

Two OHMAN observation succeeded for 
long X-ray bursts from UCXB 4U 1850-086 

NICER observation started after : 
1st : 631 sec MAXI trigger
2nd : 187 sec (!) MAXI trigger

Iwakiri in 
prep

The lightcurves of the two bursts are totally 
different.
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~1550 counts/sec



Summary

• The collaborative observation between MAXI and NICER, which combines 
MAXI's ability to find soft X-ray transients with NICER's ability to acquire 
detailed X-ray data, has continued from NICER's launch to the present.

• ~75 MANGA observation was succeeded in ~7 years so far
• For stellar flare observations, the data provides information on plasma 

diagnostics, plasma kinetic velocity, and flare loop size.
• For observations of long X-ray bursts, information on heavy elements 

produced by the X-ray bursts and on the relationship between the burst 
radiation and the surrounding accretion disk and corona is provided.

• For the discovery of new AMXPs, NICER's high-statistical time information 
has been very useful.

• For new objects with unknown positions, an automatic multiple pointing 
system has been implemented to automatically cover the MAXI error regions.

• OHMAN has been started and two long X-ray burst observations were 
succeeded. The earliest response time was just ~3 min
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