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BAYESIAN INFERENCE FROM MULTI-MESSENGER ASTRONOMY

Agnostic Physics Informed
* Model-independent e Model-dependent
* Noevidenceto physical ¢ Quantitative measure
guantities of physical parameters
Metamodeling
* Quasi-independent
* Quantitative measure Bayes' theorem: Likelihood  Prior
of physical parameters p(Hy | D, 1) =PI HLDp(HL 1)
Margueron, Casali & Gulminelli. Posterior P(DID —T—

PRC97, 025805 and 025806 (2018)
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SPEED OF SOUND IN NEUTRON STARS
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TWO-ZONE INTERPOLATION OF PHASE TRANSITION

Color superconducting two-
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TWO-ZONE INTERPOLATION OF PHASE TRANSITION
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TWO-ZONE INTERPOLATION OF PHASE TRANSITION
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Two-zone interpolation builds a mixed phase construction between

Py(p) = ay (0 — r)* + by (W — ) + ¢y 1 < fhe

(1) stiffened hadronic equation of state due to excluded volume
(quark Pauli blocking - substructure effects at high density) and
(2) quark equation of state with correction for density-dependent
bag pressure (confining effects at low density).
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TWO-ZONE INTERPOLATION OF PHASE TRANSITION
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CONSTANT SPEED OF SOUND AND NLNJL
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CONSTANT SPEED OF SOUND AND NLNJL
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IMPACT OF A BAG CONSTANT
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SPEED OF SOUND IN HADRON-QUARK CROSSOVER
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SPEED OF SOUND IN QUARKYONIC MA
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CONCLUSIONS

* Bayesian inference based on multi-messenger astronomy data supports a
high peak in the speed of sound (max(cs?) > 0.45) at e=350-600 MeV/fm3

* Conclusion that high sound speeds (cs* > 1/3) indicates hadronic phase is
made without considering CSC matter

* Agnostic approaches clearly cannot account for CSC matter

* The phase transition before the peak can be provided by a bag constant
dependent on density



CONCLUSIONS

* The high peakin the speed of sound may be related to the presence of
guark matter in the form of a mixed phase, taking into account the
density-dependent bag constant, crossover, or a quarkyonic form

e CSC matter can be well approximated by constant speed of sound model

* Probably peak in cs? given by agnostic approach with use of multi-
messenger astronomy indicates existence quark matter in core of
neutron stars
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