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Highlights

L Over last several years, there are lots of interest in massive compact objects, with their
several direct/indirect evidences

(d GW190814 confirms existence of a compact star of mass 2.5-2.67 solar mass = in so-called mass gap =
massive neutron stars?

U Since last 15 years or so, at least a dozen evidences for SNela are, whose peculiarity lies with lightcurve,
its over-luminosity and low ejecta velocity

O Arguing super-Chandrasekhar progenitor white dwarf

L Approach: compact objects (1) with strong magnetic field, (2) in modified gravity, (2) matter encountering
noncommutative physics at high density, (3) having Ungravity effect, (4) having net charge, (5) having many
variant magnetic fields, anisotropic matter and field effects (see the next talk)

U Since last one decade or so, we have been enlightening issue by magnetic field and modified gravity

U Other consequences: white dwarf pulsars, gravitational radiation, SGRs/AXPs, etc.

0 Brings super-Chandrasekhar white dwarfs in lime-light 2 many groups joined working in the field 2 not
necessarily high magnetic field based idea

0 Leading to their mass-radius relation, e.g. for white dwarf, different than that of Chandrasekhar 2>
could be prolate/oblate spheroid



All SNela data

Taubenberger 2017

Handbook of Supernovae', edited
by A. Alsabti and P. Murdin, Springer.

Present talk primarily focuses on
magnetized white dwarfs
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field could be in dynamo and geometry?
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Virial theorem based argument
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Fossil origin of strong field

Growth: mass of the white dwarf Increases

due to accretion - gravitational power increases
over degeneracy pressure - star contracts -
any initial seed magnetic field (B) increases as
“Bmr?“is conserved

Magnetostatic equilibrium: once B increases,
total outward force further increases balancing

gravitational force = Repetition of above cycle
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T Evolution of white dwarfs
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log[p (10%° g/cc)]

Uniform rotation:

Mass varying from
1.4-1.8 M, for ME/GE, KE/GE are in accordance with

0.004< ME/GE < 0.12 Braithwaite 2009; Komatsu et al. 1989
é_

Rotating Magnetized White Dwarfs
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Nonrotating B-WDs in finite temperature

Magnetostatic balance
and photon diffusion equations:

Boundary conditions:
p, R, M at surface for a given L

r(2)-nmfiom((2))
B = (Bs, By)

Theory and simulation by
Cambridge STARS perfectly match

Eventually mass and corresponding
central density to be restricted by, e.g.
pycnonuclear reaction-based instability.
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From conservation of total energy: presence of
magnetic effect at the expense of thermal effect
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Figure 5. The effect of magnetic field optimizing luminosity to attempt

to match with Chandrasekhar’s mass—radius relation (black squares), for

(Bs, Bp) = (107, 10'4)G(magenta downward triangles), while the lines

with red circles and blue upward triangles represent the results with

L =10"*Lg for (Bs, By) = (0, 0) and (10°, 10'"*)G respectively. All

cases correspond to dT /dr = 0 below the interface radius. See Table 3 Gupta, BM, Tout, MNRAS 2020
for specific luminosities.



From conservation of total energy: presence of
magnetic effect at the expense of thermal effect

R/1000km (B, Bo)/G L/Ls MMo  Mosiginal /Mo pe/10°gem™  pd™™ /100 g em™

20 (10,10 8 x107%  0.166 0.165 0.106 0.0983
20 (107,10 7x10™  0.166 0.165 0.095 0.0983
13.965 (102, 10'%) 10~6 0.287 0.288 0.3934 0.4095
13.965 (107,10 3 x 107> 0.289 0.288 0.3854 0.4095
9.645 (107, 10'%) 10~ 12 0.566 0.545 2.29 2.36

9.645 (107,104 10~ 12 0.551 0.545 2.121 2.36

7.57 (107, 10 10~ 12 0.829 0.763 7.873 7.738
7.57 (107, 10 10-12 0.818 0.763 7.7563 7.738
4.968 (10%, 10'% 10-16 1.273 1.094 57.19 55.35
4.968 (107, 10') 10-12 1.270 1.094 56.35 55.35
2.7215 (10°, 10'%) 10-16 1.794 1.335 720.89 686.96
27215 (107, 101 10~12 1.793 1.335 718.62 686.96
2.068 (107, 104 10-16 1.886 1.381 2473.8 1962

2.068 (107, 1014 10-16 1.886 1.381 2462.4 1962

Very low luminosity: dim

Gupta, BM, Tout, MNRAS, 2020
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Obtaining new limit: spirit of Chandrasekhar
Quantum (EoS) effect: Constant or fluctuating fields

i 3
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Effects of cooling and Ohmic and Hall decay
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Table 3. The effects of magnetic fields on the B-WD luminosity in order for the magnetised mass-radius relation to match with the
non-magnetised relation. The initial field at ¢ = 0 is kept fixed at B = (109.1014) G for all the radii listed here. The topmost entry
for each radius is for the initial time ¢ = 0 whereas the bottom two entries list the corresponding parameters for t = 7 = 10 Gyr after

including the cooling rate and magnetic field decay over time. While we evaluate the magnetic fields assuming that Ohmic dissipation is
the dominant process for the top entries of 7 = 10 Gyr, for the bottom entries, we assume that Hall drift is the primary process for the
central field decay to Bg > 1012 G below which Ohmic dissipation dominates.

R/1000 km  t/Gyr tho/T By /G By /G L/La
2.0 0 10° 1014 1016 1.378 1.865
0 - g 458 x 1013 116 1.478
4.58 _ .

10 1 ABEXCIOT - sge g0t 16 1.377 1.542

4.0 0 109 1014 10—16 1.204 1.469
0 o g 278 x 1013 1012 1.218

10 0.224 ZTEXADT gy 101t 3 x 107 1.201 1.201

6.0 0 109 1014 10—16 0.956 1.074
0 . g L165x 1013 108 0.951

10 ggox10-2 LFOXIT g it 25106 U951 0.951

8.0 0 109 1014 10—12 0.709 0.762
0 o 0.86 x 1012 2x 10" 0.699

10 Hogxqo-2 O86x107 L liot 7y 10-6 U.699 0.699

10.0 0 109 1014 10—12 0.512 0.527
0 o 6.02 x 1012 8 x 105 0.496

10 g9y -3 O002x107 ol o0 10-5 U.496 0.496

12.0 0 109 1014 7% 1078 0.376 0.376
0 . 3.69 x 1012 10—3 0.354

10 188 x 10-3 09X 107 3.75 x 1010 105 0354 0.354

14.0 0 109 1014 2% 10-6 0.286 0.286
0 o 3.06 x 1012 10—3 0.262

10 992 x 10-3 00X 107 3.08 x 1010 10—5 0.262 0.262

16.0 0 109 1014 4% 10-6 0.228 0.228
0 oo 2.00 x 1012 10—53 0.204

10 1.34 % 10—3 2.00 x 107 2.01 x 1010 105 0.204 0.204

18.0 0 10° 1014 5x 106 0.190 0.190
0 e 1.87 x 1012 105 0.165

10 775 10-4 18T Lo 1.88 x 1010 105 0.165 0.165

20.0 0 109 1014 7 x10-6 0.164 0.164
0 2.97 x 1012 105 0.138

297 7 .
10 370 x 10-4 29T X10T 5 08« 1010 10-5 0.138 0.138

Mamo/Me Mo topm = (7% 10" y1) pl/d Ry/? (pave/ pe)

taan = (5 X 10" yr) lé%Bo_,%zLTc?.?Pc,lo



Continuous Gravitational Wave from B-WDs

Signal emitted by a tri-axial compact star rotating around
a principle axis of inertia is characterized by the amplitude
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Small x assures applicability of results BM, Rao, Bhatia, MNRAS 2017
Kalita, BM, MNRAS 2019

from XNS/LORENE codes
Kalita et al., ApJ, 2020; MNRAS 2021



Toroidally (centrally) dominated B-WDs with poloidal

surface fields:
B_..: (Tor) 210" G, B_.,, (Pol) ~ 1012 G, B, ¢ (Pol) < 101° G

Table 5. WDs possessing toroidal magnetic field for p. = 2 x 10'® g em™>. Here By is the strength of the maximum magnetic
field in the WD and Rpg is the equatorial radius. t,; means the timescale is very large.

M Rg
(Mg) | (km) Biax (G) | P (s) | ME/GE KE/GE Lew (erg/s) | ho tio (year)
1.71 | 2095.4 | 2.6 x 10'* | 2.0 1.0x 107" | 5.4%x107* | 3.1 x 10* 1.7 x 10729 | ¢,
1.44 | 1315.7 | 1.1 x 10 | 2.0 1.0x 1072 | 2.7x 1072 | 2.6 x 10*° 4.6 x 10722 | t,,
1.67 | 1767.6 | 2.6 x 10 | 10.0 | 1.0 x 107 | 2.0 x 107* | 2.3 x 10°° 7.5 x 10722 | tu
1.43 | 12537 | 1.1 x 10" [ 100 | 1.0x 1072 | 1.0x 107* | 6.3 x 10%? 3.7 %1072 | ¢,
| T LLLL T LLLL] I BLLLLL | LLL] I
17 e  Poloidal magnetic field
d= 100pC 10 i Galactic binaries & Toroidal magnetic field |
19 eLISA
10-7r LISA  ALIA-
10_5 < ‘Ix’x’ _Iy’}" |/[:’:’ < 10_4
10—21 L -
+ Extreme LISA(1 year)
L, and L, exhibited in quite = < 10-2L mc;-._ss BBO _
different ranges ratio
& inspirals DECIGO
10*25 L ° -
4 . Massive binaries
Kalita, BM, MNRS 2019 1027+ | . J |
Kalita et al., ApJ, 2020 s
Wickramasinghe, Tout, Ferrario, 10 10
MNRAS 2014 v (Hz)



Lp

Powers of magnetized rotating white dwarfs

Behaving/Modelled like rotating dipole:
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Kalita et al., ApJ, 2021



GW S/N for various compact objects
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White dwarf with anisotropic effects
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White dwarf with anisotropic effects
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Figure 5. Variation of the total mass in the units of solar mass (M /M) with the total radius (R) of the stars for (a) varying Bp and k = 0.45
(left panel), (b) varying k and By = 3.79 x 10 G (middle panel) and (c) varying i and ~y, where By = 3.79 x 10 G and k = 0.45 (right
panel). Solid circles represent maximum possible mass for the stars.

Deb, BM, Weber, ApJ (to be submitted)
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Figure 6. Variation of the total mass in the units of solar mass (M /M) with the total radius (R) of the stars for (a) varying Bo and & (left
panel), (b) varying By, where K = 0.45 (middle panel) and (c) varying K, where By = 5 X 10" @ (right panel). Solid circles represent
maximum possible mass for the stars.



Summary and Conclusions

» Highly magnetized, stable white dwarfs (B-WDs) and neutron stars have a
variety of implications, including enigmatic peculiar over-luminous SNela

» Numerical simulation of Cambridge STARS argue B-WDs to be toroidally
(centrally) dominated with lower surface (maybe dipole) fields

> New, generic, mass limit of white dwarfs seems to be more than 2M,
» They are triaxial, determined by their stable equilibria conditions

» They are difficult to observe or rare, due to decaying fields, hence not remained
massive longer, and/or fast losing pulsar nature, and/or low luminosity

» They could be very good candidates for LISA (1 year integration), but
also for Einstein Telescope and future DECIGO/BBO missions

> Hence, appropriate mission in GW astronomy and otherwise, e.g. radio
astronomy, should be planned to probe them
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