Constraining the dense matter equation of state
with ATHENA-WEFI observations of
neutron stars in quiescent LMXBs
S. Guillot ' ,F. Ozel 2

! Instituto de Astrofisica, Pontificia Uni. Catélica de Chile, ? University of Arizona

The X-ray thermal emission from neutron stars (NSs) in quiescent low-mass x-ray binaries (QLMXBs) allows us to place constraints on the dense
matter equation of state (dEoS). This science goal of ATHENA requires combining the Mns—Rxs measurements from qLMXBs. | present simulated
observations of known qLMXBs, and how well the dEoS can be reconstructed from ATHENA observations of these qLMXBs.
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The thermal emission from the NSs in qLMXBs are powered by X-ray spectral analyses of qLMXBs inside
NS surface dominates the X-ray deep crustal heating, radiating globular clusters provide R measurements
emission of gLMXBs. energy through an H-atmosphere. to constrain the dEoS.
From Mns-Rns Measurements Simulated Observations
to Dense Matter Equation of State .
25}
- 4 Solving the equations of stellar structure in a relativistic regime: 20 o
i . df p(rn\llrl (l - l‘|l‘l) (l : zr P(r I) (l .’(..\ll,rl) e S \
’5 » p dr r? plr) M(r) r '\ \ ‘
g ) dM aar) m; % confidence .‘_ " \"-\/'
E aul” dr w-: contours
< : o L L] 10 2 14 16
g ) Using a Bayesian approach, we solve for P(p) by finding P, P> P; Fine (i
i Py at three fiducial densities o, p2, ps, given the measured Mys(Rxs): Simulated Mns=Rws contours measured
[ ~ x _» . from ATHENA observations of 8 known NSs
140 142 14.4 14 5‘ v‘:.:m) 152 154 P(Pr. Py Py) x H/ Py (M, R|Py. Pa, Py) Prosio(M)dM with known properties.
iog (p/ glom”) . Exposure time necessary for at least ~50 000 counts.
Total exposure needed = 550 ksec,
20, - = I ———
Slowly-rotating neutron stars: | — Best-fit inderred gEoS B — Best-fic nferred o€o$ —
y_ g 2‘,3 10 concour - ) s 10 contowr
Emission spectrum possibly distorted for Py, < 3 ms. 4 e 2 -
Low magnetic field neutron stars (B~10° G): 9 ! 9 20 )
No evidence of high magnetic field (X-ray pulsations, etc...). 5 1.5 \ <15
! ‘ |
Isotropic surface emission: 19 | 0 I
Source of heat deep inside NS creates isotropic emission. ok = \ . Z L
T8 0 0 12 14 % i 3 10 12 14 I
Globular cluster distance measurements: Rie () R (k)
Expected GAIA precision on GC distance: ~2%. Best-fit inferred dEoS from 8 NS contours  Best-fit inferred dEoS from 8 NS contours
2% uncertainties included in the Mns—Rns contours, without calibration flux uncertainties. with 10% systematics added
Pure hydrogen atmosphere: on the Mns=Rns contours.
H-rich matter transferred from main-sequence companion. A Rne ARxne
Atins 0 NS y
Heavier elements stratify within 10 sec. = +1.7% at 1.4 M, = +3% at 1.4 M;
Rxs : Rxs :

Mp_cmsmLhmnf Brown et al. 1998;

* Neutron star atmosphere models: Zavlin et. al 1996; Heinke et al. 2006; Haakonsen et al, 2012,
* Res measurements: Heinke et al. 2006;Webb & Barret 2007; Guillot et al. 201 I; Servillat et al. 2012; Guillot et al. 2013, Heinke et al. 2014.

* Equation of state inversion: Read et al. 2009; Ozel et al. 2009, 2010; Steiner et al. 2010, 2013; Ozel et al. 2015.




