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Low-Mass X-ray Binaries (LMXBSs)
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What are superbursts?

= Superbursts are X-ray bursts that last for several hours.

= So far, superbursts seen in 8 LMXB systems.

= Likely due to unstable burning of a deep layer of 12C in
neutron star ocean.

= 12C produced during H/He burning at much shallower depths
(i.e., in normal X-ray bursts and/or stable H/He burning).

= After building up *2C layer for ~1 year (~1000 Type I bursts),
T and p high enough at base that the 12C ignites.
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Normalized Count Rate

Fic. 5.—Fitted light curve for KS 1731260, assuming the distance given in
Table 1. Solid data points are included in the fit, open data points {with fluxes less
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* late-time light curve set by thermal cooling
wave propagating through the hot ashes into
the star

e assuming all the 12C fuel burns instantly and
hydrostatically provides a good fit to late time
light curve

* but...

= not a good fit to early time light curve.

= what triggers the precursor Type | burst?
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Burning Questions
Given that:

1. The 12C ignites at such high densities
(p ~ 10° g cm3 => strong degeneracy)...

2. And 12C burning is so temperature
sensitive (e ~ T29)...

Q: Will the burning become hydrodynamic?

Specifically, will the nuclear heating timescale
thear™ (dINT/dt)t ~ C T/ &

during the burn become shorter than the
dynamical time

tyn ~ h/cg ~10°s ?

Yes

"> Explosive burning... a detonation!



3 burning stages:

Imescales during burn

hour-long runaway detonation
convective stage 1 1
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Imescales during burn

Minimum ignition depth needed to
get hydrodynamic burn t, ., <ty
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Modeling the burn: I. the convective stage

1. Before ignition, entire
atmosphere is radiative.

2. After ignition, a convective
zone forms; it has an adiabatic
temperature structure:

T(y) ~y", n~0.3

3. Convective zone grows as ¢
increases.
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Modeling the burn: Il. the detonation

» Solve propagation of detonation and shocks using a
1D finite difference, Lagrangian, hydro code.

o Couple the hydrodynamics to a 13 isotope a-reaction
network: (includes a-chain, heavy-ion, and (o,p)(p,Yy)
reactions).
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Temperature (10° K)

Modeling the burn: Il. the detonation
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* Detonation moves outward
into lower density, colder fuel.

o At ~4x1011 g cm2 detonation
dies since .5 > toyn

» But shock keeps moving out
and steepening!
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Modellnq the burn . the detonatlon

log,, Column Depth (g cm %)

log,, Column Depth (g cm %)

« Shock steepens as power-law with column depth (Ap/p ~ y-9/16)

» deposits lots of entropy in H/He layer... by the time shock hits the
H/He at y=108 g cm?, Ap/p ~ 5-10.

* H/He layer adiabatically expands in dynamical time (~us) to cooler T.

 depending on how deep the H/He layer, shock can ignite the “He...
and trigger a Type | precursor burst.
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Shock-triggered helium burning
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« about 1/2 the time there is
enough H/He around that the
shock ignites the “He and
triggers a precursor burst

» precursors have been found in
4 out of 4 cases in which the

onset was observed... (uh oh?)
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Summary & questions

 strong degeneracy of 12C ignition layer
=> thear < 14y, => detonation.

» detonation drives a shock that steepens as it
moves upward.

» shock hits H/He layer, triggering He burning 1/2
the time

« accounts for precursor burst (He burning) and
pre-precursor burst (shock breakout).

* have seen precursor 4/4... should we worry?

« what would it look like if it was a deflagration
Instead of a detonation?

» what about 2D propagation effects? sliding
detonation...
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