The connection between bursts & crust

Edward Brown

In this talk

e Overview of accreting neutron stars

e Building the crust from the ashes of X-ray
bursts

e The effect on “surface” phenomena
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Low-mass X-ray binaries (LMXBs)

e Neutron star primary with
~solar mass companion in short
(< 1 day orbit)

® Mass transfer through Lagrange
point

e Drop 1 H atom onto neutron
star, receive

N GMWIH

o~ 200 MeV

E

copyright T. Piro, UC-Berkeley



Crust structure
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Mass transfer cycle of a LMXB

e Parameters giving a final
configuration matching
PSR1855+09

 (M)=5x10"10 M yr!

e The mass-transfer

(LMXB) phase lasts for
0.4 Gyr

e The neutron star
accumulates = 0.2
solar masses

¢ Most LMXBs should have
replaced the original crust

Tauris & van den Heuvel

Porb age
ZAMS ® . 1500 days 0.0 Myr
15.0 1.6
Roche-lobe overflow 1930 days 13.9 Myr
13.0 1.6
“e
common envelope
+ spiral-in
4.86
helium star O@ 0.75 dayS 13.9 Myr
486 1.6
supernova \/ j:o 1.00 days 15.0 Myr
399 16
neutron star o @ 2.08 days 15.0 Myr
1.3 16 ecc=0.24
LMXB (X ®) 1.41 days 2.24 Gyr
1.3 1.59
® 12.3 days 2.64 Gyr
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millisecond pulsar white dwarf




Journey of an accreted fluid element

Envelope: accreted H, He

T

Outer crust: nuclei, e

Inner crust: nuclei, n, e
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Rp-process
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Abundance

Abundance

Products of X-ray bursts
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Journey of an accreted fluid element

Envelope: accreted H, He
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Outer crust: nuclei, e
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Crust structure
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Path to neutron drip
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Gupta, Brown, Schatz, Moéller, & Kratz (2007)
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Composition set by rising Fermi energy

Consider the symmetry term in the mass fmla.,

N+Z

The electron Gibbs energy, per nucleon is

1
—(E+PV) =Y, u,
ny,

and minimizing the total energy
with respect to Y, gives

1w
2 8E,

Y, ~

NB. This fmla. also follows from
He = Un — Up
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With captures into excited states
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Nuclear Structure Effects
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Electron capture reactions, outer crust
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The heating sets
e the quiescent luminosity of transients (previous talks)

e ignition depth of superbursts (Brown, Cooper & Narayan, Cumming et
al.)

e X-ray bursts at low accretion rates (Cumming et al., Peng et al.)
The composition sets
® transport properties

e mass quadrupole (Bildsten 1998, Ushomirsky et al. 2000, Haskell et
al. 2006)
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For steady accretors, no
E_ ~ 200 MeV/nucleon

grav

Onue ~ 1 MeV/nucleon

But many sources accrete
transiently —observe heated crust in

quiescence (Brown, Bildsten &
Rutledge 1998)

Cen X—4: Chandra ACIS-S/BI, June 23 2000
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from Heinke et al. 2007, following Yakovlev et al. 2004
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Superburst profiles
in ‘t Zand et al. 2003
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Variation of crust temperature

Gupta, Brown, Schatz, Moéller, & Kratz 2007
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lgnition columns

Gupta, Brown, Schatz, Moller, & Kratz 2007

6g - + 1+ 1 T T T T T T T T =T
S5F =
4_ —

Yien (10" g cm™)




Temperature [K]

lgnition at very low accretion rates

Peng, Brown, & Truran 2007, following Fujimoto et al. 1981
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Composition at base of accreted layer

1 = 5.7 X 10 > 1i1gqq

- diffusion off

X/X(t = 0)
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Composition at base of accreted layer

1 = 5.7 X 10 > 1i1gqq
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- diffusion on
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Simulations find weak flashes!
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o

He flashes at large depth

e Repeated flashes build up
massive He layer

e Eventually 3a ignites, produces
more energetic burst

e [gnition depth sensitive to heat

flux from reactions in crust

(Brown 2004, Cooper & Narayan 2005,
Cumming et al. 2006)
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Summary

® Deep crustal heating
e In the outer crust, nuclear structure & composition matters!

e Amount of outer crust heating affects ignition of superbursts, long X-
ray bursts (Cumming et al. 2006, Peng et al. 2007)

e Pay attention to all phenomena



