What lies beneath

Edward Brown, Michigan State University

A Piro, Carnegie Obs.

Neutron stars should have a km-
thick crust composed of nuclei,
electrons, and free neutrons.

Accretion pushes matter through
this crust and induces nuclear
reactions.

The heating from these reactions
sets the ambient temperature (“Qb")
for X-ray bursts and superbursts.

Observing the response of the star
to these reactions allows us to infer
the properties of matter in the deep
crust and core.



Crust structure
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Heating from e~ captures into excited states
Gupta et al. 2007
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crust reactions |

NUCLEOSYNTHESIS IN SUPERNOVA OUTBURSTS AND THE
CHEMICAL COMPOSITION OF THE ENVELOPES OF
NEUTRON STARS

G.S.BISNOVATYI-KOGAN and V.M. CHECHETKIN
Institute of Applied Mathematics, U.S.S.R. Academy of Sciences, Moscow, U.S.S.R.

A

Fig. 2. Schematic representation of (A4, Z). The curves of constant &g = Qp — Q» have been in-

dicated by dashed lines. The thick black line indicates the boundary of existence of a nucleus for

which Qn =0. The step line aiasas...ar correspond to variations of (4, Z) with increasing density
of the cold material. At the point ax, ¢s attains the maximum &gmax.



e.g., 2C ignition

Cumming & Bildsten 2001; Strohmayer & Brown 2002; Cooper & Narayan 2005;

Cumming et al. 2006
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MULTI-INSTITUTIONAL JINA/JINA-CEE EFFORT: EC/B- strength: QRPA (P. Moeller, S. Gupta, W.
Hitt);masses: AME2012, FRDM (P. Moeller); n-capture rates: TALYS (S. Goriely, Y. Xu) with corrections
from P. Shternin; pycnonuclear fusion rates: M. Beard, A. Afanasjev, L. Gasques, M. Wiescher, D.
Yakovlev

Following reactions into the inner crust
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Following reactions into the inner crust

MULTI-INSTITUTIONAL JINA/JINA-CEE EFFORT: EC/B- strength: QRPA (P. Moeller, S. Gupta, W.
Hitt);masses: AME2012, FRDM (P. Moeller); n-capture rates: TALYS (S. Goriely, Y. Xu) with corrections

from P. Shternin; pycnonuclear fusion rates: M. Beard, A. Afanasjev, L. Gasques, M. Wiescher, D.
Yakovlev
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BB Nuclear Energy Deposition in the Crust
for Different Initial Compositions
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Inferring crust properties from cooling | et

Ushomirsky & Rutledge, Shternin et al., Brown & Cumming, Page & Reddy, Turlione et al,, 1 001

Deibel et al., Merritt et al., Parikh et al., Ootes et al.
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Inferring crust properties from cooling

Ushomirsky & Rutledge, Shternin et al., Brown & Cumming, Page & Reddy, Turlione et al,,
Deibel et al., Merritt et al., Parikh et al., Ootes et al.
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Inferring crust properties from cooling
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Inferring crust properties from cooling
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dStar: Open-source neutron star cooling
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crust cooling | surface temperatures
after a 12 yr accretion outburst
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The following 8 slides were made using the open-
source code dStar (https://github.com/nworbde/dStar).



https://github.com/nworbde/dStar
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12C ignition
Cumming & Bildsten 2001; Strohmayer & Brown 2002; Cooper & Narayan 2005;
Cumming et al. 2006
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Possible resonance in 12C

Cooper, Steiner, & Brown 2009, following Perez-Torres et al. 2006
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Nine years later...
LETTER

https://doi.org/10.1038/s41586-018-0149-4

An increase in the *C + °C fusion rate from
resonances at astrophysical energies

A. Tumino®?*, C. Spitaleri*3, M. La Cognata?, S. Cherubini®3, G. L. Guardo®#, M. Gulino"?, S. Hayakawa?>, I. Indelicato?,
L. Lamia®3, H. Petrascu®, R. G. Pizzone?, S. M. R. Puglia?, G. G. Rapisarda?, S. Romano?3, M. L. Sergi?, R. Spart4? & L. Trache*

12C("“N, a2°Ne)2H and 12C("“N, p23Na)2H
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12C ignition
Cumming & Bildsten 2001; Strohmayer & Brown 2002; Cooper & Narayan 2005;
Cumming et al. 2006
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Tasks

KS1731-26: bursts (with oscillations), superbursts,
crust cooling: can we make a consistent model?
Talks by Ootes, Meisel

- What produces shallow heating?

Compositional domains in crust: extend reaction
network calculations to include neutron diffusion—
is the inner crust unique?

Talks by Caplan, Deibel



