Neutron star phase transition
Probed via interfacial modes
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Neutron star structure
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Neutron star matter: Crust+Mantle
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Neutron star matter: Inside the core
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Gravitational-wave strain

Constraint the Matter Phase

M-R relation example: NS/HS | NIs40SS
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Detailed structure of EoS
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Probing weak phase transitions?

Density discontinuity effect on the M-R
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Brightness

Minor!

Density discontinuity effect on the tidal deformability

Minor!
EoS | SKI6 | RS | SLY4 | APR4 | DD2 | DDME2 | TW | DD-LZ1
A 488 597 299 248 682 712 406 722
ApT 496 | 651 303 260 714 738 424 755

Only dynamical tide helps!




Neutron star seismology
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¢ These oscillation modes are affected by EoS,e.g. T

~ dlnp
e Can be excited by tidal motion, and NS coalescence

e Can couple to the orbital motion, and affect GW radiation



Neutron star Interfacial mode
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Neutron star Interfacial mode- Y
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Wave function of the shear
interfacial mode
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Neutron star Interfacial mode- 7,

4/1\

Wave function of the shear
interfacial mode—Introduce PT at 71 0
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Neutron star Interfacial mode- 7,

Wave function of the density
interfacial mode
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Neutron star Interfacial mode- ¢,

Wave function of the density
interfacial mode

Domin: Core fluid 7 > Tp
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Mode mixing of 7, —i,
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Extremal case: coincide interfaces
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Quark-core affected Neutron star Interfacial mode- 7 0
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Quark-core affected Neutron star Interfacial mode- 7 0
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Binary NS system and Gravitational waves
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Binary NS system probing transitions?

Density discontinuity effect on the M-R

Minor!
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Density discontinuity effect on the tidal deformability

SKI6 | RS | SLY4 | APR4 | DD2 | DDME2 | TW | DD-LZ1
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Minor!



Binary NS system and Gravitational waves

Compact star
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Binary NS system and Gravitational waves

Compact star

Full-elastic case

Inelastic case:

Crust Shattering
Crust Melting

Tsang et al, Phys. Rev. Lett. 108, 011102
Pan, et al, Phys. Rev. Lett. 125, 201102




Binary NS system and Gravitational waves

Compact star e . . .
Modification to the gravitational wave
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Detectability of phase transition from GW signals

Compact star . . . .
Fisher information analysis

(assuming no prior)
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Detectability of phase transition from GW signals

Detectability in the full elastic case
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Detectability of phase transition from GW signals

Inelastic case:

Crust Shattering
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Detectability of phase transition from GW signals
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Detectability of phase transition from GW signals

Distinguishing the twin-star

Compact star
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Outlook and Summary

1st order Phase transition could have a minor effect on M-R and deformability
1st order Phase transition can significantly affect Interfacial Mode

These effects are promising to be detected using GWs from BNS

A Complete and consistent GR treatment still lack
Inelastic process is still not very clear

Coupling with other modes is yet to be analysed
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Thank you!

Questions?



