Massive neutron stars as mass gap candidates

Zenia Zuraig', Banibrata Mukhopadhyay?, Fridolin Weber?3

lIndian Institute of Science, ?San Deigo State University, 3University of California, San Deigo

T

We explore the theoretical
possibility of massive neutron stars Equation of state (EOS) Mass-Radius relation (DDMEX, n=02,y=2)  M\EF-LISdFI=le BN ETERNT1d | HER 1 B
(NSs) o » euation of State 2s- "‘-\\ — B=08xI0N G r-05.10 Mass-Radius relation (DDMEX, n=0.01, y = 2)
- examining how the mass Changes - G Nuceos L6 DL b e sem09xa0sGm0s 0  B—0Gxoo
: Y | 227 S ucieons > I R o b1 x 10 Gk 05,7
under different relativistic mean | **]=akiw. | zs 1y e e e
. . ==+ DD2, Nucleons ,;z,,:’é/’ = 'I,’ i / v Bp=2x108G,k=0.5, TO
field NS equations of state (EOS) P e iy L au-zx10%Ge-05, R0
o : : g —— DDME1, HypDel 5 (L e oo
-> additionally checking how adding | 3 -~ oovez neons S
. . . o Egﬂiij :iiiilns ﬁff?’/ .... T e e o BZ =4 %108 G,k=0.5 RO
magneth fleld and an|SOtrOpy Can E 0001 DDMEX, HypDel @”j”? 0'011 2 13 14 15 16 17 18 19 =20 | (& Bo=5><1818 g,x=g.5,Tg
g k ~=- Bo=5x10!8G,k=0.5R
affect the system T -
‘ Tidal deformability (DDMEX, n=0.2,y=2) . ' . . . . '
200 A L ! B 0G KeO 12 13 14 15 16 17 18 19 20
e B ! —_—- BZ=0G:K=O.5 R (km)
. - L Y I o —-- By=0.6x10® G,k=0.5,R0
We usle. ConStraIntS .On tldal ° 0 __-.250 5(|)0 750 10?00 12|50 15|00 17|50 2000 12001 “\\ -' \_"".\ :% __ gozg-zxigiz g.Kzg-g.ig
deformability from observations (A, , < Fneray Densiy (Hevifm? oot S
: 00 Ll Ma=80 _
800 andlor A,, <580) and magnetic to ” < TSI o
. . . 600 1 s N _ 1000
gravitational energy ratio (E,..,/E;rqv) tO — Obcervations S RURT e -
] . 400 A | N, \\\ N <
ensure physicality of our results. - TS _
pny y on NS EOS eNIEE S | 00
| tt 1.2 1.4 1.6 1.8 2.0 2.2
nuciear matter M (M) 0.
m | . 012
. . Isotropic (Pure EOS) results
There exists an observational mass B (10'°G) | Mo (M) | R (km) | ME/GE
gap between the heaviest NSs and Mass-Radius relation (isotropic) 1.18 (TO) 2.8423 13.990 | 0.192
" — GMI1L
the lightest black holes. . — swL W s\ 118(T0) 2.6906 13182 | 0.0558
M DD2 0 2 4 6_ {kr:] 10 12 14
HOWEVER — o02 .
Observations like GW190814 L — DDME? Changing K
(detected an ObjeCt Of mass 250 _ ;5 PDMEX Mass-Radius relation (DDMEX, n=0.01,y=2) 3000+« \Tidal deformability (DDMEX, non-magnetized)
. . — W 700 ST
2.67 MG) are Changlng thIS. = 10 22 R B A ¢ 23997 ‘“‘::\\‘\\\ 5(;)600 ~rs =580 \\\;\\‘\ \\\
Massive neutron stars (> 2.5 M) ' £ ,\
n n - - 0.5 - _ \ v s
are prime candidates to fill this k e | I N TS .
mass gap! o0 | | | I
10 12 14 16 18 20 K;O:Z  Bu—5x10%G | __
R (km) — x=03 (i BE B
| : :8: | s W — 0 - : , :
— k=0.6 o — 1.0 1.2 1.4 1.6 1.8 2.0
o0 11 1I2 1|3 1|4 1|5 1|6 1|7 1|8 1I9 20 M {Mo)
R (km) C — I relation (DDMEX)
relation . C — A relation (DDMEX)
;Zi**.,“ os | °* @ Eg%
Modified TOV equations Ansatz for anisotropy C [ RNy R o
(@) 0.125 “m‘“ * 0.15 1 Fit
2 o 0.100 A ""-w.,_:\hm 0.10 1 -
2 2 B E . H“*H"M 0.05 4 M‘"‘% s
d_m — 2 I B KT (p + pr) (p + 3pr 4 ) ) 0030 1.2 1.4 1.6 1.8 20 000 | . | . | T‘iﬁ""l"‘"
— 47‘[7" (p 1 ) 7-[ L S |991o{|.’M3) 00 25 50 75 Inl(o/.\o) 125 150 175
dr 87-[ 2 &l) I — A relation (DDMEX) ,
m Q , ko2 e Universal Root mean
d 1 r (RO) > IS - relation square error
O s + k=05 s q
P A = ol - 7 C—1 0.1626%
dr o —l 815- — j‘,d‘"f T . 0
2 2 1.0 A ,w-‘"f C - A 03721%
B* 2 | B | B -
_ (,0 + pr) (47’[7"3 (pr g + m ) KT p + pr 49T p+ 3p7‘ " R 2N ; I —A 1.9505%
| dio/

) N -2
4@ -

dp \8m ) \dp, " Pure EOS effect not sufficient for mass gap.

‘ ‘ i Bowers & Liang (1974) = Require additional physics =2 magnetic field
_ For radially oriented (RO) fields Deb, Mukhopadhyay & Weber (2021,2022) g . pny g
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For transversely oriented (TO) fields B(p) = B. + B | 1 14 ’ NS. Strong field induced very massive NS may
PJ) = Ds o+~ €XPY T o not satisfy tidal deformability constraint,

although this result is profile-dependent.
Bandyopadhyay et al. (1997, 1998) Anisotropic stars have a better chance of
complying with tidal deformability constraint.
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