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1/4   Introduction



Low-mass X-ray Binaries

Neutron Star (NS)

Donar

Accretion Disk
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Type-I X-ray Burst

T > 0.2 GK

rp-process heating 
(e.g., )64Ge, 104Sn

3  reaction 
 + hot CNO cycle

α

 processαp
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Some parameters to charactrise XRB light curves 

• Recurrence time : hour-yr 

• Persistent Luminosity:  

• Peak Luminosity Lpk:  

• Burst duration : sec-min 

• Rise time  

Δt

Lper ∝
GMNS

c2RNS

·Mc2 ∼ 1037 ·M−9 erg/s

1038 erg/s

τ

≃ t(Lpk) − t(Lper)

Properties of XRB

<---------------------------------------------------
<---------------------------------------------------
<----------

<-----------------------------------------------------

<--------------------------

τ

Lpk

<-----------------------

Galloway+2020 (see also 
Wikipedia of ``X-ray burster")

Lpk

Lpk

τ

τ

Lper

Lper

Lper
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·M−9 ≡ ·M/(10−9 M⊙ yr−1)



• Constant light curves in a epoch—> constant  and  

• Very regular burst sequence with the same shape of light curves 

• Useful to constrain model parameters, such as hydrogen. helium, 
metal’s mass fraction, , EOS, NS mass, and reaction rates.

Δt Lper( ∝ ·M)

X, Y, ZCNO

Clocked Bursters (CXRBs)
4 Galloway, Goodwin & Keek

Figure 1. Example lightcurve showing bursts observed in 2000 September by BeppoSAX/WFC and the Rossi X-ray Timing Ex-

plorer/PCA from GS 1826−24. The top panel shows the lightcurves from the two instruments, rebinned to 10-s resolution, with the
detected bursts marked with open symbols. The WFC lightcurve is shown in black, with open diamonds indicating the bursts; for PCA,
the lightcurve is red, with open squares marking the bursts. The vertical lines above the symbols indicate the predicted times of bursts
according to a constant recurrence time model; note that the unobserved bursts in the model train consistently fall in the data gaps.
In the lower panel we show the residual to the constant recurrence time model. Here the best-fit recurrence time is 4.177± 0.010 hr,
with an RMS error of 9.53 min.

Table 1 Target thermonuclear burst source properties

Dist. Accreted fuel g R
Source (kpc) X0 ZCNO 1 + z (1014 cm s−2) (km) Ref.
GS 1826−24 6.1 0.7 0.02 1.23 2.34 12.1 [1,2]
SAX J1808.4−3658 3.4± 0.1 0.48+0.12

−0.08 0.017+0.007
−0.005 1.26 1.86 11.2 [2]

4U 1820−303 7.6± 0.4 ! 0.1 0.02 1.409 2.96 11.1± 1.8 [3,4,5]
4U 1636−536 5.6± 0.4 0.7 0.02 1.26 1.86 11.2

Values in italics indicate there are no constraints specific for that source.
References: 1. Heger et al. (2007); 2. this work; 3. Kuulkers et al. (2003); 4. Cumming (2003); 5. Özel et al. (2016)

2.3 3A 1820−303

Located in the globular cluster NGC 6624,
4U 1820−303 (also known as Sgr X-4) was first
detected as a bursting source with the Astronomical
Netherlands Satellite (ANS; Grindlay et al. 1976).
When in the bursting state, the source exhibits
quasi-regular radius-expansion bursts with recurrence
times in the range 2–4 hr (e.g. Cumming 2003). The
source intensity is modulated on a ≈ 176-d periodicity
(Priedhorsky & Terrell 1984), and it only exhibits
bursts in the (relatively short) low-intensity phase

of the cycle, when the inferred accretion rate is
≈ 0.2–0.95 ṀEdd (e.g. Galloway et al. 2008).
The orbital period of 685 s is known from periodic

modulation of both persistent X-rays and the optical
counterpart (King & Watson 1986; Stella et al. 1987),
and indicates an “ultracompact” binary which is too
close for a Roche-lobe filling main-sequence star. The
mass donor is thus assumed to be a very low-mass He
white dwarf, and thus accreting pure He (i.e. X0 = 0).
Some evolutionary models predict a small (X ∼ 0.1)
amount of H in the surface layers, and this cannot be

PASA (2018)
doi:10.1017/pas.2018.xxx

GS 1826-24 in 2000 September 
by #eppPS"9�8'$ BnE 395&�1$" 

(Galloway+04, 17)
In case of GS 1826–24
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(Heger+07, Lampe+16, Meisel+18,19, Johnston+20,  
AD+20-22, 24, Hu+21, 24?, Lam+21, 22, Zhou+23, Zhen+AD+23, Lam+, Lam+AD+, ……)



2 most conventional cases of XRBs

• Linear increase + mild decay 
owning by strong rp-process 

• No photospheric radius 
expansion (PRE)

Solar-composition-like 
accretion (H rich)

(Almost) pure-He accretion

• Rapid rising + short platou + rapid decay 
owing by  process 

• Likely ultra-compact X-ray binaries 

• Strong PRE, leading to possibly 
observable ejecta (e.g., Barra+2024)

α

* Except for long XRBs
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Case of CXRB



• ,  , 

which is close to solar compositions

X = 0.74+0.02
−0.03 ZCNO = 0.010+0.005

−0.004

The case of most famous CXRB GS 1826-24
( Heger+07, Lampe+16, Johnston et al. 2020, Meisel 18, 19, AD+2020, 21)

(Johnston et al. 2020, MNRAS 494, 4576)
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1D XRB models + MCMC analysis
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○ GS 1826-238 (e.g., Galloway+17)   

○ EXO 1745–248 (Matranga+17b)   

○ GS 0836–429 (Aranzana+16)  

○ 1RXS J180408.9–342058 (Fiocchi+19, AD+24)   

○ MAXI J1816-195 (Bult+22, Wang+24)

6 CXRBs observed so far:
7/19

○New CXRBs, SRGA J144459.2-60420 (ATel #16485, 16495) 

Motivation: We analyze SRGA J1444 through:

Solar compositional donor 
(H-rich CXRBs)

• Long-term monitoring by NinjaSat

• Numerical modeling by  
XRB-GR code HERES

* HERES: Hydrostatic Evolution of RElativistic Stars
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2/4   Long-term evolution of 
SRGA J144459.2-604207  



First Japanese 6U (10*20*30 cm3) 
CubeSat X-ray Satellite: NinjaSat

(Tamagawa et al., arXiv: 2412.03016)
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(Courtesy: T. Takeda)



Persistent flux observed by NinjaSat
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• Many XRBs have been detected, covering wide range of persistent flux

* Time when XRB occurs

Continuous 
10 and 11th bursts
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The analysis of persistent flux
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• More practically,     

with NinjaSat data ,  ( )

∫
ti+1

ti

Fη
per = niC

ti Fper i = 1,⋯,11

ti ti+1

Fper

time

 missing XRBsni − 1

By T. Takeda (Tokyo U Sci.)

• MCMC analysis shows  

•  is consistent with 
other works (Papitto+24, Fu+24). 

• Most  were integers, except 
 (while ).

η = 0.84+0.02
−0.01

η ∼ 0.8 − 0.9

ni
n10 ∼ 0.8 n10,obs = 1
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• Emprical  relation:  

 

η

Δt = CF−η
per ∝ ·M−η



(AD+2024, ApJ 960, 14)

• Lampe+2016: various  models —>   

• AD+24: various  —> wide  values 

• From observed  value, one can specify NS mass and radius.

( ·M−9, ZCNO) η = 1.1 − 1.24

( ·M−9, ZCNO, MNS, RNS) η
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• SRGA J1444 is not reproduced by our current models, but 
allowing extrapolation, SRGA J1444 must be massive with 

 (our future work for confirmation)MNS > 2 M⊙

Massive SRGA J1444 ?!
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3/4   Analysis of XRB light curves 
of SRGA J144459.2-604207  



• fitted by exp. decay 
trapezoidal function 

—> Unlike standard CXRB 
(linear func. + exp. decay)

Burst light curves: Platou + rapid decay
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• What does the unconventional clocked bursters tell us ?  

• To reveal the mystery, theoretical prediction is necessary  

—> HERES (AD+2020 PTEP 2020, 033E02; Zhen+AD+23 ApJ 950, 110): 

Following quasi-hydrostatic evolution of NSs with 88-nuclei network 

• We focus on two phase 

Setup of light-curve modeling
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CXRB phase inferred by  
INTEGRAL (and NICER)

- CXRB phase (b) with  

- Decline phase (e) with  

Accretion-rate ratio is inferred as 

·M−9,CXRB

·M−9,Decline

·M−9,Decline
·M−9,CXRB

= ( ΔtCXRB

ΔtDecline )
η

≃ 0.2 − 0.3

(b) (e)
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• Low  v.s. High  —> Unlike the conventional CXRBs !!X /Y ZCNO

 Modeling of CXRB phases (Light curves: NICER)

Lower  X/Y Higher ZCNO
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•  from observed . 

• High  for , while low  for 

·MCXRB,−9 ≈ 3 − 4 Δt

ZCNO
·MCXRB,−9 = 3 X/Y ·MCXRB,−9 = 4

 in CXRB phase(Δt, τ)
Comparison with INTEGRAL (similar to ID 1-3 in NinjaSat)
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• Low X/Y seems preferred in terms of tail parts of light curves. 

—> First Evidence of non-solar composional CXRBs !!

Modeling of Decline phases
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• HERES with ,  is pretty good agreement with 
NinjaSat observations, although it is one of solution.

X/Y = 1.5 Z = 0.015

 in Decline phase(Δt, τ)
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4/4   Conclusion



Clocked X-ray bursters (CXRBs) can tell us many information on 
LMXBs. 

• Observed CXRBs so far: Solar compositional donor. Light curves are 
fitted with linear increase + mild decay. 

We analyzed light curves of New CXRB SRGA J1444 through long-term 
monitoring (NinjaSat) and our burst models (HERES). 

, which may imply massive SRGA J1444 with  

No possible that the donor has solar composition due to the short 
burst duration. Light curve are fitted with exp-decay trapezoidal 
function. 

• Our suggestion is He-enhanced scenario: ,  

η = 0.8 − 0.9 MNS > 2 M⊙

X/Y ≈ 0.5(X/Y )⊙ Z ∼ Z⊙

Conclusion
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