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LMXBs

“Switched on”:
Accretion 
induced outburst

“Switched off”:
Quiescence

Transient source



Galloway & Keek 2021

The accreted matter can be consumed via
stable, marginally, and unstable burning

Heger et al. 2007

LMXBs: burning process



4U 1735−44, Cornelisse et al 2000

Superburst
Carbon burning
103 longer, 1/103 rare, 103 energetic 

Normal X-ray burst
H burning via: CNO cycle      6.7 MeV/u
He burning via: α+α+α→12C 0.6 MeV/u

Falanga et al. 2008

Intermediate-duration
Low accretion rate
Helium burning in deep layer

LMXBs: unstable burning



Superburst, Weinberg & Bildsten 2007

LMXBs: unstable burning
Thermonuclear X-ray bursts can generate, C, Fe, Si, S, Ar, Ca, and so on.
These elements produce spectral features mainly in soft X-ray band. 

Helium Burst, Weinberg et al. 2006



• EXO 0748-676 (XMM-Newton/RGS)

Cottam et al. (Nature, 2002)

Z=0.35

Fe XXVI (Hα)
Fe XXV (He-like)
O VIII

LMXBs: unstable burning



Cottam et al. (2008)

• None detection of absorption line in EXO 0748-676!

LMXBs: unstable burning



Lu, Li, et al. 2024, ApJ

Joint MAXI and NICER observations: all sky survey + large collecting area
4U 1850-087: 1% Ledd, UCXB, Porb ~ 20.6 min, MAXI+NICER , τ ≈ 0.78 hr，
He burning in deep layer

MAXI+NICER

Spectral lines in UCXBs



Emission line at 1 keV

Lu, Li, et al. 2024, ApJ

4U 1850-087: 1 keV Fe emission line, may from inner accretion disk reflection

Spectral lines in UCXBs



E~3.5e42 erg

Spectral lines in UCXBs
4U 1820-30: Superburst emptied the inner accretion disk, 
causing the deficit of persistent emission. 

Peng, Li, et al. 2025, ApJ



4U 1820-30: Superburst emptied the inner accretion disk, 
causing the deficit of persistent emission. 

Peng, Li, et al. 2025, ApJ

trise~1.8 hr

Ar, 4.15 keV

Spectral lines in UCXBs



4U 1820-30: UCXB, Porb ~ 11 min, He donor, low NH ~2E21
Bursts were occurred at low accretion rate.

Red: 0.5-10 keV，0.1 s bin；Black: 3-10 keV, 0.1 s bin.

Yu , Li, et al. 2024, A&A

Spectral lines in UCXBs



4U 1820-30: 1 keV emission (Fe L shell)，1.6 keV (Fe, Mg XI, Cr XXIV), 3 
keV absorption lines (He-like S XV)

Yu , Li, et al. 2025, A&A

MC estimates the significance of lines
(1) Fit the real spectrum with line
(2) Simulate M spectra based on model
(3) Fit the simulate spectra w/without line
(4) p=1-N/M

Spectral lines in UCXBs



4U 1820-30: the 1 keV line may from Fe L-complex, 
can be resolved by HUBS, at the peak, 10, 000 cts/s in 0.1-2 keV

Yu , Li, et al. 2025, A&A

Spectral lines in UCXBs



Summary
• 4U 1850-087
Ø1 keV emission line, from disk reflection
• 4U 1820-30
Ø1, 1.6, 3, and 4.15 keV spectral lines 

during bursts/superbursts
ØHUBS can resolve 1 keV lines
• EP can detect more long bursts

Thank you!


