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4U 1820-30 Haberl et al. (1987) 4U 1728-34 Strohmayer et al. (1996)



Variety of X-ray burst lightcurves

Galloway et al. (2008)



Questions

• we saw that the bursts were happening every few hours. 
How much mass accumulates in that time if the accretion 
rate is 10% of the Eddington accretion rate? 

• if I burn that much helium into heavy elements, how 
much energy is released? 

• what determines the duration of the burst? 

• do you think a lot of mass is ejected in bursts? 

• what should the X-ray spectrum look like and will it 
change during the burst?





Example of the spectrum of a Type I XRB

Galloway et al. (2008)



Example of spectral evolution during a burst

Galloway et al. (2008)



An extremely strong photospheric radius expansion burst

Galloway et al. (2008)

During the expansion 

phase, the spectrum 

shifts to lower 

energies, out of the 

X-ray band

Flat-topped burst 

profile at ~LEdd







Variety of X-ray burst lightcurves
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� 1%ṀEdd
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Four different regimes of H/He burning

Taam, Woosley, Joss, Fujimoto (late 1970s, 1980s), Bildsten (1998)

Cumming 2005

He ignition curve

H ignition curve

accretion 
rate



SnSbTe cycle

sets the endpoint

(Schatz et al. 2001)

p
ro

to
n
s 

(Z
)

neutrons (N)

The Sn-Sb-Te cycle

Wallace & Woosley (1981)
Schatz et al. (1998)

rp process:
41Sc+p      42Ti

       +p      43V

       +p      44Cr
44Cr          44V+e++νe

44V+p …

αp process: 
14O+α       17F+p
17F+p        18Ne
18Ne+α …

3α reaction
α+α+α      12C



alpha-p process

Schatz et al. (1999)

how far the p process 

gets depends on the 
burning temperature



72Kr

73Rb

74Sr

Mass measurements of 
rp-process waiting point nuclei

72Kr; Rodriguez et al. (2004)
ISOLTRAP/ISOLDE

T1/2=17.2s

proton 

separation 

energy

73Rb(p,γ) rate
(x1,5,100,104)

β

(p,γ)

68Se; Clark et al. (2004)
CPT/ATLAS
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He ignition in a H-rich environment: GS 1826-24

Galloway et al. (2003)

1997-98

2000

2002

Heger et al. (2007) comparison with 

Woosley et al. (2004) models

• very regular burster, recurrence times 

3-6 hours

• rp-process gives long ~100 second tail

• recurrence time goes down as 1/Mdot 

as expected



Galloway et al. (2003)

5.9 hours

4.0 hours



Galloway & Cumming (2006)

• Transiently accreting millisecond X-ray 
pulsar, accreting at ~6% Eddington 
during outburst 
• Hydrogen burns away before ignition 
=> pure He layer
(tburn = 12 hours for solar material; 

observed Δt ~ 24 hours)

He ignition after H depletion: SAX J1808.4-3658

Woosley et al. 2004 ApJS

Galloway et al 2007 RXTE catalog



Cornelisse et al. (2003)
see also van Paradijs et al. 
(1989)

burst rate (per day)

burst duration (s)

Transition to stable burning

above ~1037 erg/s  (about 10% 
Eddington), bursts become short, 
irregular, and only burn ~10% of the 
accreted fuel 
=> evidence for some other kind of 
burning, stable burning?

transition occurs ~ factor of ten below 
the theoretically expected value


