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Crustal thermal evolution
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Crustal thermal evolution

Accretion stops

Temperature profiles in the crust
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Crustal thermal evolution
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Crustal imprints [Potekhin, Chugunov, NS, Gusakov 724]
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Crustal inputs for cooling simulations
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Total heating: general considerations
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Total heating: general considerations

Accreted crust
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Initial composition for the crustal simulations

Envelope burning H/He — Fe/Pd
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Three models of thermonuclear ashes

Superburst
10_15"'”'"'l"''l"''l'"'|'"'|'"'|""|""|""|""|'E
o2b |Keek & ]

CH: Heger’'11] :
310‘”; 3
810k E
§
£ 10k E
o] F ]
[35] - ]
10°F E
77:|||||||||||||| H"I | | | | I:

100 10 20 30 40 50 60 70 80 90 100 110

mass number

Kepler X-ray burst

10_ EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

2_ |Cyburt-+’16]

abundance (mole/qg)
o
[

10010 20 30 40 50 60 70 80 90 100 110
mass number

10 Err T T T T T T
Talks of ?p Extreme rp 3
D. Galloway zgm_a; |Schatz+’01] _E
H. Schatz = ]
D. Page Em : _
E 10'*‘;— E
© 10°E ﬂ M L 2

10754520 56 hﬂ'é'n' 50-50"50 60106 116 11

mass number



Initial composition for the crustal simulations

Envelope burning H/He — Fe/Pd
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Three models of thermonuclear ashes

Kepler X-ray burst
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Evolution in the outer crust
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Heating in the outer crust

Total accumulated heat in the outer crust
with experimental masses AME2020 plus
HFB24/FRDM12 theoretical mass evaluations

* Superburst Q.~ 0.15-0.20 MeV /baryon
* Kepler Q~ 0.17-0.26 MeV /baryon
* Extreme rp Q= 0.12-0.15 MeV /baryon
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Evolution in the upper layers of the inner crust
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Evolution in the upper layers of the inner crust

Simplified reaction network in the inner crust:
Check for allowed reactions, which minimize

for which reverse reactions dominate

\IJ:G_I'LHN]O N __||____ﬁTK _______ ||__
|Gusakov, Kantor, Chugunov’21| 2 |5 = —;%;f}‘:g" ———————— =3
. . . - 2 I | O before oi 3
* Small part of nuclei reacting according to the 19} ¥ afterci ]
.. 10 b ' Expreme rp x fu
L priority rules (based on <t,,,.) - Rynpm R pyyy., e s, A eiies v
35 F— ||| """"" oo ||i """"" [rr T o ||| """ 3
e Increase the pressure and . Ll wEn | Frow: =
- - — ?::: F===== $%;: — === ===5F= é
Main reactions at the oi interface: BE oo T
- = e === = = —
* neutron captures : == it — — — H =3
* electron emissions - O before ol -
X final

............ FITTTTN | | NTPTTETEY FITTTTTET PP BN T
Pycnonuclear fusions play some role only E L | emwumm— NS AARAARAA AAARM e
for Kepler ashes ‘ ;_________::::::::%:;;
[ ;
S 0 e Efffif—?;ﬁéiiz I — — 1 — I
In contrast to the traditional approach, 15 B0 O before oi ]

o 1l S CERRE I + after oi

|

Superburst  x finl
|

........... TP [ TP PRI PRI P A T

10 e

20 30 40 50 60 70 80 90
INS, Gusakov, Chugunov’23] N



37
36}

23

22

@21—
20
19F
18f

17

Evolution in the upper layers of the inner crust
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Transition to the core

Envelope burning H/He — Fe/Pd
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Heat profile in the crust

, , . Total heat release
Mam. r.eactlons are near the oute.r—mner crust +  Kepler and Superburst ashes Q. ~ 0.5 MeV /baryon
transition and at the crust-core interface «  Extreme 1p Q,~ 0.2 MeV /baryon
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Accreted crust models
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Pasta imprints on the cooling curve
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Do pasta have lower conductivity?

Classical molecular dynamics VS Quantum molecular dynamics
(point-like particles) (Gaussian wave-packets)
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Do we have sizable amount of pasta at all?

With perturbative method for adding

(microscopic (shell + pairing) corrections
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3D HF +BCS in the mantle

In attempt to systematically study pasta phases in large domains within fully
microscopic framework we generalize 3D HFB code MOCCa [Ryssens, Heenen, Bender ’15|

Proof of principle example: Prehminary
Iterative procedure for calculating

spaghetti shape using ETFSI
solution as a guide

n,=0.07 fm*, N=16164, Y =0.033
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Using spatial symmetries
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Conclusions

o We developed multicomponent simplified reaction network for the accreted crust
considering neutron hydrostatic and diffusion equilibrium condition.
In contrast to the traditional approach:
 Total deep crustal heating amounts only to 0.2-0.5 MeV per baryon
 QOuter-inner crust transition and equation of state is close to the catalyzed crust
 Pycnonuclear reactions purify the composition only if initial ashes were
abundant in light elements (A = 30)

o It is uncertain whether the pasta layer possesses reduced thermal
conductivity and whether it exists at all. To provide more definitive answer
within fully microscopic framework at large scales we generalized 3D HFB code
MOCCa and made proof-of-principle calculations. More results are coming...
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Cooling with realistic crust composition and heating
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e superburst?
o partially accreted crust? Disordered layer is required with Q= <Z»?
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