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lius diagram for a star made of ordinary matter (thick line) and purely

quark stars (thin lines). The numbers at the lines indicate the parameter B.

YYudin et al., Astron. Lett. 40 (2014), 201
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Fig. 1. Mass-radius diagram for a star made of ordinary matter (thick line) and purely
quark stars (thin lines). The numbers at the lines indicate the parameter B. Fig. 2. Mass radius diagram of hybrid stars for various values of the parameter B

YYudin et al., Astron. Lett. 40 (2014), 201
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Invariance w.r.t. the phase transition construction

The constant—speed—of-sound (CSS) model:

2Alford, Han, Prakash, Phys. Rev. D 88 (2013) no.8, 083013
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Invariance w.r.t. the phase transition construction

The constant—speed—of-sound (CSS) model:

— dimensionless baryochemical potential

fg = LB :(#)1/(1%)

Hscale ’

— pressure
p(us) = Aig™” - B,
— baryon density

ng(ug) = (L+ B) -2 p,

Hscale

— energy density
e= B+ BAL ",
— p(e) relation: e = Bp+ (1 + B)B.

2Alford, Han, Prakash, Phys. Rev. D 88 (2013) no.8, 083013
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The constant—speed—of-sound (CSS) model:

(GW 170817 ex:luded
(Rezzola et al.)

— dimensionless baryochemical potential
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— energy density
c=B+BANL",
— p(¢) relation: e =Bp+ (1 + B)B

3Cierniak, Blaschke, Eur.Phys.J.ST 229 (2020) no.22-23, 3663-3673
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Invariance w.r.t. the phase transition construction
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3Cierniak, Blaschke, Eur.Phys.J.ST 229 (2020) no.22-23, 3663-3673
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Invariance t. the phase transition construction
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3Cierniak, Blaschke, Eur.Phys.J.ST 229 (2020) no.22-23, 3663-3673
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Invariance w.r.t. the phase transition construction

The mixed phase parabolic ansatz:

*Abgaryan, et al., Universe 4 (2018), 94
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Invariance w.r.t. the phase transition construction

The mixed phase parabolic ansatz:
Pu(p) = aa(p — pe)® + ca(p — pe) + (14 Ap)Pe,

Gibbs condition for phase equilibrium:

Py(pn) = Pm(pn)
Po(rq) = Pm(kq) »

ok ok
P = P
P H(1H) ok m(H) 5

ok L
ok Polke) = 5k Pulg) -

Derived parameters (k = 1):

—2r1+Kp(He—HH)

N e nQ)hH—nq)’

an = —2r1+K2(Bc—1Q)
27 pe—rp)rp—1Q)’

k1 = n@(pe — Q) — nH(ke — HH) + PQ — Ph,

Ky = nQ — ny.

*Abgaryan, et al., Universe 4 (2018), 94
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Invariance w.r.t. the phase transition construction

The mixed phase parabolic ansatz:
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Invariance w.r.t. the phase transition construction

Invariance w.r.t. Maxwell — > mixed phase construction (pasta phases)
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®Cierniak, Blaschke, Astron. Nachr. (2021), arXiV: 2106.06986
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Invariance w.r.t. the phase transition construction

Invariance w.r.t. Maxwell — > interpolation construction (soft - stiff transition)
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Special point locations for constant sound speed
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Invariance w.r.t. the phase transition construction
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Invariance w.r.t. the phase transition construction

4.5
4.0 =0

35 p
3.0 /Ay / Cs MSP Rmin Rma.x
. s

B [Mo] | [km] | [km]

g o 0.35 | 1.82 - -
vl 0.40 | 2.07 | 12.18 | 12.29
00 0.45 | 2.30 | 11.84 | 13.41

! R tkm] 0.50 | 2.50 | 11.56 | 13.91
0.55 | 2.68 | 11.30 | 14.20

g 0.60 | 2.86 | 11.05 | 14.45

N

25

2.0

low 170817 excludag

e ’ g 8 0.70 | 3.22 | 10.67 | 14.67
Z 170317 cxcutes
= 1.00 | 400 | 9.95 | 14.84
T , ,
05 o special point The values of cZ, largest possible Msp and
00 the radii range (Rmin — Rmax) of a 2 Mg

s 0 11 R[lsm] “ 15161 hybrid star. Bold red rows correspond to
the nINJL fit from [6].

6Anti¢, Shahrbaf, Blaschke, Grunfeld, arXiV: 2105.00029




Conclusions and outlook

Conclusions:

@ A special point is a feature of neutron star mass radius
relations unique to hybrid stars.

@ The special point does not depend on the choice of the
hadronic equation of state, phase transition onset density or
the type of transition, thus

@ The novel NICER PSR J0740+6620 measurement suggests a
stiff high density equation of state, in tension with hyperon
hadron models. The existence of hybrid stars solves this
problem and hints at a possible hybrid neutron star nature of
the 2.6 Mg constituent of GW190814.

Outlook:
@ Special point of rotating neutron stars?
@ Relation between the special point and tidal deformability.

@ The special point at a finite temperature.
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