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What was old is new againWhat was old is new again

Our technique:Our technique:

LINEAR
STABILITY
ANALYSIS

LINEAR
STABILITY
ANALYSIS



In other words...In other words...

We, for the first time, calculateWe, for the first time, calculate
both the structure of a steady-stateboth the structure of a steady-state
burning layer on a neutron star andburning layer on a neutron star and
the perturbations of that steady-the perturbations of that steady-
state solution to linear order.state solution to linear order.



What makes it better?What makes it better?

For each configuration, we knowFor each configuration, we know
–– whether it is stable,whether it is stable,
–– what drives the instability,what drives the instability,
–– how fast does it grow, andhow fast does it grow, and
–– whether the burning oscillates.whether the burning oscillates.

Earlier analyses typically gave a senseEarlier analyses typically gave a sense
about the stability but little else.about the stability but little else.
Does the mode grow faster than theDoes the mode grow faster than the
accreted layer?accreted layer?



How does it work?How does it work?

Perturb the outgoingPerturb the outgoing
surface flux,surface flux,
Calculate the newCalculate the new
solution [with fsolution [with f11eeγγtt],],
Vary Vary γγ until  until TT11=0 at=0 at
a depth where thea depth where the
diffusion time isdiffusion time is
1/|1/|γγ|.|.
Bonus: FBonus: F11=0 too=0 too
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Does it really work?Does it really work?

We find the sameWe find the same
major burstmajor burst
regimes:regimes:
–– H burstsH bursts
–– He burstsHe bursts
–– Mixed burstsMixed bursts

Prompt v. delayedPrompt v. delayed
burstsbursts
Unstable v.Unstable v.
overstable overstable triggerstriggers
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Which type of fuel?Which type of fuel?

 log (Lacc/LEdd)

 lo
g 

(E
H

e/
E

H
)

-3 -2 -1

-2

-1

0

1

2

3

-3 -2 -1

-2

-1

0

1

2

3

-3 -2 -1
-2

-1

0

1

2

3

-3 -2 -1
-2

-1

0

1

2

3



Which type of trigger?Which type of trigger?
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Critical Column DensitiesCritical Column Densities
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Recurrence TimeRecurrence Time
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Burst DurationBurst Duration
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Observational Comparison (Observational Comparison (αα))

αα  is the ratio of the is the ratio of the
persistent flux to thepersistent flux to the
flux during the burstflux during the burst

Above 3% Above 3% LLEddEdd we we
find the same trends infind the same trends in
α α as observed.as observed.

Below 3% Below 3% LLEddEdd we we
can’t account for thecan’t account for the
low values of low values of αα ..
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Duration and IntervalDuration and Interval

The bursts that ourThe bursts that our
prescription predictsprescription predicts
typically last longertypically last longer
and are lessand are less
frequent thanfrequent than
observed.observed.
The fuel layer onlyThe fuel layer only
burns partially,burns partially,
leaving material forleaving material for
the next burst.the next burst.
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Where can I buy one?Where can I buy one?

Check out Check out astroastro--phph/0303447/0303447..
Our method faithfully reproduces all ofOur method faithfully reproduces all of
the previously known burst regimes forthe previously known burst regimes for
hydrogen and helium burning.hydrogen and helium burning.
It also identifies a new region of mixedIt also identifies a new region of mixed
bursts on the onset of stable burningbursts on the onset of stable burning
where the burst is delayed and awhere the burst is delayed and a
substantial portion of the fuel issubstantial portion of the fuel is
consumed in between bursts.consumed in between bursts.
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