'Hebrew University of Jerusalem

?loffe Institute

Self-similarities of
Equations of State
and M — R curves of
Neutron Stars

Dima Ofengeim?®?, P. Shternin?, T. Pirant

The Modern Physics of Compact Stars & Relativistic Gravity — 2023
12 September 2023



NS Equations of State

» Equation of state = EoS > P(p),n(p), composition(p), ...

» Cold degenerate matter ——T | —
T < 101°K, Tp~101%K

8 ' —— nucleons
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—— + quarks ,
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Oppenheimer-Volkoff Mapping
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Oppenheimer-Volkoff Mapping
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Dimension of EoS Manifold

Lindblom (2010): spectral representation

> 34 «realistic» E0S € PeR peuAx
> universal fit < npeuAuds
InT(P) =yo +y1InP +y,(InP)* + y3(InP)* + y4(In P)* + -
P$p rms ~ 3 — 8% F_pc2+P dp
N \ / - 2 2
Y C d(pc
$ rms ~ 1 — 5% J P (pe?)
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Dimension of EoS Manifold

Lindblom (2010): spectral representation
> 34 «realistic» E0S € npey

npeulX
> universal fit < npeuAuds
InT(P) =yo+y,{InP +7y,(InP)? + y3(InP)3 + y,(In P)* + ---

— 8% " pc’+P dP
% ~ pc?  d(pc?)

Y
rms ~ 0.5 — 49

handful self-similarity of
lol=- Mol parametrization: M—-—R&P—p

curves
th | S M 2% RMmax

Work Pmajpmax |:> explicit Yoy
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Plan of the Further Talk

1. Describe the zoo of used EoSs

2. Build the Inverse OV mapping
> Step I: Pmax' pmax < Mmax' Rmax

» Step ll: self-similar curves
P/Pmax — p/pmax > Universal fits

» Step lll: self-similar curves
M/Mmax R R/Rmax

\

3. Apply the Inverse OV to
observations
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* Ozel & Freira
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Step I: Mmax; Rmax S Pmax' pmax
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Mmax

3
p max

G3 Pinax

— pfit
Csmax — R

maxy Rmax S Pmax: pmax

4

pmax Pmax

Po Poc?

) Rmax —

o nucleons

© + hyperons 1
& 1sobars -
o + quarks 4

S

max
— fr

GPrax

?é
=
Q
O

3.0 F

pmax Pmax

(

Po Poc?

Mmax Gpmax c(pmax/p0: max/pOC ) -

)

2.5 |




Step I: Mmax; Rmax S Pmax' pmax
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Self-similar P(p)
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Step II: Universal Fit P(p)
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Step lll: Universal Fit R(M)

_ Ry M a=0.478
RMumax 1+ [2(\5 )RMmax ]\/1 M. T 1 fitting parameter
R1/2 —R(MmaX/Z) +[2(ﬁ_1)R 1/2 —2+a\/§]<1— )
Mmax

Mz 1M =

. nucleons
. + hyperons
& 1sobars

. + quarks

—1.5

1, max [0R)|

R1/2 + f(Mmax» RMmax)

3 parameters M 1 ax Rvmaxo R1/2
M — R feels P(p < 3pg) at VM
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number of EOSb number of EoSs
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Inverse Oppenheimer-Volkoff

Mapping
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Inverse Oppenheimer-Volkoff
Mapping

1 N
: fM(Pmax: pmax) = M pax

] fR (Pmax» pmax) = Rmmax
1 Ri/2
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Inverse Oppenheimer-Volkoff

Mapping
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Analysis of Observations: Method

M.« > radiopulsars
PSR J1614-2230 M| fit R(M)

PSR J0348+0432

Arzoumanian+’18; Fonseca+'21

Cs max(Pmax» pmax) <cC

2G
GWs: A = f(RCIZI) R1/2 > Rmmax
Yagi & Younes’13,'16 s 1 1 ~
GW170817 fM(Pmax: pmax) = M 0%
Abbot+’18
fit of NS fR(\Pmax» pmaﬁ) = Rmmax
1T O
. R. R
M R; € (spectrum)i \. 1/2 )
PSR J0740+6620

Miller+’19; Riley+'19 \

PSR J0030+0451 fit P(p) ?
Miller+'21; Riley+21 -

Cas A Shternin+'23 _J
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Analysis of Observations: Results
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Add More Observations

M.« > radiopulsars
PSRs J1614-2230, J0348+0432 | fit R(M)

T J0952-0607, J1311-3430,
Spider ;1653-0158 J1810+1744 Cs max(Pmax> Pmax) < €
PSRs Kandel&Romani’23 R1/2 > RMmax
- A — £(26M\ Yagi& Younes 4 I )
GWs: A f(Rcz) '13,'16 fM(Pmax» pmax) = Max
GW170817 fR(fmax; pmaﬁ) = Rmmax
. R
MR, € (flt of NS ) S 1/2
spectrum/,
PSRs J0740+6620, J0030+0451 k\
+ X-ray bursters Cas A fit P(p) ?
AU 1702-429, 4U1724-307,
SAX J1810.8-2609 J
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Results for More Observations
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Discussion

* Physics or antropology?

 Extend to p < 3py”?
> Lattimer & Prakash 2001: R, 4, o PY/4(2n,)

* Extendto M < 1M?
» Sufficient dimension of M — R curves family?

« Account for rotation?
» Talk by A. Konstantinou
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Conclusion

« Maximum-mass NS - handful universal scale of
hydrostatic properties of NSs
« Using this scale we
» provide universal fits for P—pand M — R
» derived explicit (semi)analytic inverse
Oppenheimer-Volkoff mapping

 This inverse OV mapping — new handful tool to
gain properties of superdense matter from NS
onservations
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Thank you!

More equations of state are welcome
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Comparison with Other Works
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