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Parametric vs. Nonparametric Inference
Parametric constructions:

● Typically, include a small number of parameters and claim they reproduce proposed EOS reasonably well
● Think of fitting a collection of data with a fixed function

Parametric analyses require the function to be
of a specific form which may or may not faithfully
represent the data.
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Parametric constructions
● only allow for certain types of behavior (set of measure zero), and all expected behavior must be built into 

the model from the start
● If true EOS is not exactly described by the parameterized model, it can never be exactly recovered

true EOS

best fit model systematic errors
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Parametric vs. Nonparametric Inference



Nonparametric constructions:
● Do not assume a functional form for the EOS a prior
● Think of making a histogram or kernel density estimate instead of using a fixed functional form

Nonparametric analyses assume things about the
type of correlations within a function but do not require
the function to have any specific form!
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Gaussian processes generate functions that have support along the entire real line, so we map the sound speed 
to an auxiliary variable that spans this range

different uncertainty
at different pressures
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We can also extract 
“nuclear parameters” 

directly from
nonparametric EoS
Without the need for

“parametrized EoS models”

PREX favors
large L → large p(nsat)

Essick+ PRL (2021)
Essick+ PRC (2021)
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astro data can distinguish between 
nuclear theories at high densities nuclear experiments probe lower densities
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100 MeV < L
30 MeV < L < 70 MeV
All L

Essick+ PRL (2021)
Essick+ PRC (2021)

Comparisons with Terrestrial Nuclear Experiments

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528


28

100 MeV < L
30 MeV < L < 70 MeV
All L

large L 
suggest a 

local max in 
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100 MeV < L
30 MeV < L < 70 MeV
All L

large L 
suggest a 

local max in 
sound speed

PREX 
uncertainty too

large to require this

possible
1st-order

phase transition 
just above n0
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Nonparametric EoS Inference

only the GP has independent marginal distributions for all pressures

consider a toy model:
  → fitting a 1D function (pressure vs. energy density) 
       without constraints
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proton fraction

nuclear energy per particle

symmetric-nuclear-matter
energy per particle
(local min at n0)

condition for β-equilib

solve these 
self-consistently 
to obtain S0(n) 
and then 
compute
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improved precision in nuclear 
experiments is unlikely to affect our 
knowledge of NS radii without 
improved theoretical calculations
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current Rskin uncertainty
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