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White Dwarf Cooling Timescales
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White Dwarf Cooling Timescales
The textbook answer: Hansen, Kawaler, & Trimble



White Dwarf Cooling Timescales

To get a precise answer for white dwarf cooling, must account for
Accurate composition profile produced by stellar evolution
Thermodynamics: heat capacity of internal thermal reservoir
Opacities: rate of heat transport from core to surface

along with potential residual sources of energy that can slow cooling:
Crystallization
I Latent heat
I Mixing induced by phase separation

Heavy element sedimentation
Distillation? (Blouin et al 2021)



Phase Separation in Action in MESA
0.6 M� MESA White Dwarf Model
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Net Result: Oxygen-Enriched Core
0.6 M� MESA White Dwarf Model
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Cooling Delay
0.6 M� MESA White Dwarf Model
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Cooling Delay

Montgomery et al (1999)



Vanilla White Dwarf Cooling

0.6 M� Carbon-Oxygen DA White Dwarf
Standard (“thick”) hydrogen envelope (∼ 10−4 M�)
Core crystallization and phase separation



Cooling Comparisons
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“Vanilla” White Dwarf Cooling?

All of these tracks had:
0.6 M� Carbon-Oxygen DA White Dwarf
Standard (“thick”) hydrogen envelope (∼ 10−4 M�)
Core crystallization and phase separation

What did I forget to mention?
Phase diagram details (Segretain 1993, Blouin & Daligault 2021)
Conductive opacities (Cassissi 2007, Blouin 2020)
Equation of State (Segretain 1994, Jermyn 2021)
Interior C/O profile (50/50 vs produced by stellar evolution)
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Part I Summary

“Vanilla” white dwarf cooling comparisons raise some questions.
What pieces of physics can we be confident we have the right
answers for?
To what extent do our models all agree as long as we implement
the right physics correctly?
What is left as inherent uncertainty in cooling timescales?

And now for Part II: making things complicated.
22Ne (Bildsten & Hall 2001, Garćıa-Berro 2008, ...)
The Q-branch and some metal-rich stellar populations motivate
additional input physics.
Do our code implementations show enough agreement that we
can disentangle the effects of 22Ne sedimentation?
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Adding in Some 22Ne
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Differences

Extra cooling delays from 22Ne are not consistent across codes.
At Z = 0.2, the cooling delay is

LPCODE: 1 Gyr
BaSTI: 0.5 Gyr
MESA: 0.4 Gyr

This affects proposed solutions to the Q-branch cooling delay.
Camisassa (2021) LPCODE models suggest WDs descended
from Z = 0.06 progenitors could experience a significant delay.
For MESA models including standard 22Ne sedimentation, an
equivalent delay would require Z > 0.15.



NGC 6791



NGC 6791
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Does NGC 6791 require 22Ne Distillation too?



Part II Summary
More work to do to understand the level at which different WD
codes agree, inherent uncertainties in WD cooling physics.
Latest models are cooling faster than previous generations.
Does this require that additional cooling delays associated with
crystallization operate beyond just the Q-branch?
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Backup: Phase Diagrams

Phase diagram from Blouin et al (2020), Blouin & Daligault (2021)
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