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High precision measurements of the EOS from next-generation detectors
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But can we go beyond the EOS? What can we learn about the underlying nuclear interactions? )



Chiral Effective Field theory
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Astrophysical NS observations?



Chiral Effective Field theory
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In this talk, focus on this




In principle, how would we do this?

Model for interaction between particles
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In principle, how would we do this?
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In principle, how would we do this? .
Tolman—Oppenheimer—Volkoff

(TOV) equation
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In principle, how would we do this?

Bayesian inference requires ~10” model evaluations

Model for interaction between particles
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The solution: Use emulators to accelerate calculations

Emulators mimic the behaviour of the full-scale model at a small fraction of its computational cost
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Emulators for neutron matter calculations
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e Use Many-Body Perturbation
Theory (MBPT) as ‘High
Fidelity Model’

e Approximate MBPT predictions
with lowest eigenvalue of a 2x2
matrix

M = MO —+ C1M1 -+ C3M3

Neutron Matter (PMM)
(Agqt) = 0.04%
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Emulators for the TOV equations

We use an ensemble of feedforward neural networks to emulate solutions to the TOV equations
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Emulators for the TOV equations
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Ensemble learning decreases
test uncertainties by an order of
magnitude

e Average uncertainty on test samples is 0.02 %
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Putting everything together

p(d, H|0)p(6|H)

PO = = )

Estimate the posterior using MCMC; Use
emulators to evaluate Likelihood

For the data, we use:

e GW170817 +2 MSo ar constraint

0 = Z0.72755 [GeV ]
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Putting everything together

2-parameter model

d, H|0)p(0|H jﬁs‘:@ﬂ# - |
p((9|d, H) =p( 7 | >p( | ) 5-parameter model

p(d |H ) 7-parameter model
Prior
Laboratory
Estimate the posterior using MCMC; Use Ry4=11.7970% km
emulators to evaluate Likelihood

A ¢ = 252433 [GeV ]

For the data, we use:

e GW170817 +2 MSO ar constraint

e + NICER’s JO0O30 observation

e + NICER’s JO740 observation

e + NICER’s J0437 observation




We can do much better with next-generation detectors!
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200 2 parameter model
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ET for 1 year’s worth of observation i

15 — 7 parameter model
For source population, assume '
uniform distribution on component o
masses with random pairing into
binaries E 1.0r M. =1.133 Mg N

SNR = 413.38

From the generated 427 events,
select the 20 loudest events; SNR >
225. Analyse each event within the
Fisher Matrix approximation
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We can do much better with next-generation detectors!

Within 1 year, next-generation
observatories can measure c,
at a level comparable with
laboratory data.

Marginalization over
high-density EOS necessary to
avoid systematic uncertainties
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Conclusion and Outlook

We have demonstrated how to use astrophysical NS observations, especially next-generation observations, to
constrain microphysical parameters governing the nuclear interaction

Future work: ' l
e Improved nuclear interactions at higher orders in the EFT expansion “0
~ilis

e Explore EFTs with heavier degrees of freedom, such as the Delta
resonance

e Going beyond the Fisher Matrix approximation: Implement emulators in

GW analysis pipelines such as PyCBC

Thank Youl! .

e Incorporate systematics carefully: Waveform modeling, High density
EOS extrapolations, emulator uncertainties, etc.




