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Schematic crust structure
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Can we infer information on neutron-rich matter?

Ideal MR-TOF-MS A

Stolen from dT T

Maroua Benhatchi

Nikolai Shchechilin, ULB
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Unstable accretion process in low-mass X-ray binary

Nikolai Shchechilin, ULB

General paradigm of accreted crust

Cotiptesy of: R.M.. Lidlany

also talk of M. Nava Callejas
and I. Sulatana
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Crustal thermal evolution

Temperature profiles in the crust
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Crustal thermal evolution

Temperature profiles in the crust
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Crustal thermal evolution
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Help us to constrain crustal physics
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Nuclear physics inputs for cooling simulations
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redshift factor
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Initial composition for the crustal simulations

Envelope burning H/He — Fe/Pd
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Ash abundances depend on

the accretion rate and
the accreted material
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Evolution in the outer crust
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Heating in the outer crust
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Cooling in the outer crust
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Mass models for the entire chart, rms < 0.6 MeV
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Heating in the outer crust

Heat distribution in the outer crust
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Transition to the inner crust

———————————————————————————————— During the course of accretion nuclei sink in
the sea of neutrons
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Transition to the inner crust
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Evolution in the upper crustal layers

Thermonuclear reactions output provided by
Kepler X-ray burst model
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Reaction pathways are driven by binding energies
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Reaction pathways are driven by binding energies
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Reaction pathways are driven by binding energies
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Role of nuclear binding energies

Deviations in theoretical predictions for masses of 0 | — FRDM12 |
neutron-rich nuclei lead to pycno fusion e

~ 30% difference in heat release
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Role of nuclear binding energies
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Deep crust

Envelope burning H/He — Fe/Pd

Energy of nuclear clusters is significantly
affected by free neutrons,

only theoretical calculations but guided by

experimental data on neutron-rich isotopes
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Example of the nucleon density profile
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Accreted crust models

Envelope burning H/He — Fe/Pd
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Evolution of multicomponent composition with
FRDM12 and heating sources are available at
https://www.ioffe.ru/astro/NSG /accrust/

INS, Gusakov, Chugunov ’21,22,23]

One-component CLDM-+Shell effects

|Gusakov & Chugunov 24|
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Accreted crust models

Envelope burning H/He — Fe/Pd
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Evolution of multicomponent composition with
FRDM12 and heating sources are available at
https://www.ioffe.ru/astro/NSG /accrust
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Conclusions

o Nuclear reactions on neutron-rich nuclei heat up the crust of accreting neutron stars

o Reaction flows extend beyond the experimentally measured region of the nuclear chart,
and calculations are forced to rely on the theoretical predictions of nuclear binding energies

o Despite the overall good reproduction of experimental data (rms < 0.6 MeV) theoretical
mass models vary significantly in individual masses (AM < 5-7 MeV).

o This affects reaction Q-values and nuclear evolution pathways.

o As a result
« difference in heat release reaches up to 30 %
* conductivity changes by a factor of 4

impact on crustal thermal evolution

correct interpretation of observational data from X-ray telescopes

* Pushing future mass measurements of nuclei with Z around 10 and 20 up to the
neutron dripline will help to decrease theoretical uncertainties of nuclear evolution in
the crust and to improve the predictive power of nuclear models beyond the neutron dripline
(in the deep crust).

Nikolai Shchechilin, ULB



ISOCHRONOUS MASS SPECTROMETRY

Nikolai Shchechilin, ULB

Thank youl!

Injection

Hot Fragments

- Courtesy of RN Ludlam.

Connecting physics in the lab and in the cosmos
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