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

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

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

❑ Arguing super-Chandrasekhar progenitor white dwarf 

❑ 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)

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

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

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

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



Taubenberger 2017

Handbook of Supernovae', edited 

by A. Alsabti and P. Murdin, Springer.

All SNeIa data

Present talk primarily focuses on 
magnetized white dwarfs

↓
Following talk by Debabrata Deb will 
take over neutron/strange stars



How strong field could be in dynamo and geometry?

• For magnetic field ~ 108 G for star of size

106 km

• Flux ~ 1020 G km2

• For a 1000km size white dwarf, B ~ 1014 G 

Wickramasinghe, Tout & Ferrario, MNRAS 2014; Quentin & Tout, MNRAS 2018; 

BM, Sarkar & Tout, MNRAS 2020; Bhattacharya et al., MNRAS (submitted)

• Dynamo based 
simulations by STARS 
argue that at end of 
main sequence, star 
will have toroidally 
dominated magnetic 
fields

• Field decays from 
center to surface



Virial theorem based argument

Gravity      Thermal      Magnetic

Equilibrium solution of mass 2-3Mʘ is 
possible depending on EoS (i.e. Г or field)

BM, Sarkar, Tout, MNRAS 2021

This gives us more confidence to explore 
full-scale numerical calculation of stellar 
structure with strong field and finite 
temperature

With, e.g., Г=4/3, Г1=1.8
α ↓ , β ↓ , β/α fixed



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  
“B π r2 “ is conserved

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

gravitational force → Repetition of above cycle
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Evolution of white dwarfs

Accretion phase Spin-powered phase
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n=m=3: dipole

Neglecting detailed CV physics



Density contours for purely 
toroidal field configuration 
with different angular
velocity and

Polar hollow

Subramanian, BM, MNRAS 2015
Kalita, BM, MNRAS 2019

M ≈ 2.5 Mʘ

ME/GE, KE/GE are in accordance with
Braithwaite 2009; Komatsu et al. 1989

ρ0 = 1010 gm/cc

Rotating Magnetized White Dwarfs

P=kρГ , Г≈4/3, ν
m≥20

Bmax~3x1014 G, Bs≥109 G

~  105

Uniform rotation:
Mass varying from
1.4-1.8 Mʘ for
0.004< ME/GE < 0.12
←

↑
Differential rotation:
Mass varying from
1.4-2.6 Mʘ for
0.004< ME/GE < 0.14

Ωc = 30 rad/s

Simulated by XNS code



Nonrotating B-WDs in finite temperature
Magnetostatic balance
and photon diffusion equations:

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

B ≡ (Bs, B0)

Gupta, BM, Tout, MNRAS 2020
Bhattacharya et al., MNRAS (submitted)

Luminosity = 10-4 Lsun

Theory and simulation by 
Cambridge STARS perfectly match

Eventually mass and corresponding 
central density to be restricted by, e.g. 
pycnonuclear reaction-based instability.



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

Gupta, BM, Tout, MNRAS 2020

B≠0



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

Gupta, BM, Tout, MNRAS, 2020

Very low luminosity: dim 



Obtaining new limit: spirit of Chandrasekhar 
Quantum (EoS) effect: Constant or fluctuating fields

For extremely
high density regime

Mass is independent of ρc and radius becomes zero
Chandrasekhar’sOurs

For μe=2 (carbon-oxygen white dwarf)

Γ=2 and hence n=1 Γ=4/3 and hence n=3

Das, BM, PRL 2013

P = K ρΓ

At constant and fluctuating fields



Effects of cooling and Ohmic and Hall decay
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Typically upto 105-6 Year 
the mass remains 
unchanged → Beyond 
They are not massive





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

BM, Rao, Bhatia, MNRAS 2017
Kalita, BM, MNRAS 2019
Kalita et al., ApJ, 2020; MNRAS 2021

For  χ→ 0

Consider small χ approximation cases          

Small χ assures applicability of results 
from XNS/LORENE codes



Toroidally (centrally) dominated B-WDs with poloidal 
surface fields: 

Bcent (Tor) ≥ 1014 G, Bcent (Pol) ~ 1012 G, Bsurf (Pol) ≤ 1010 G 

Kalita, BM, MNRS 2019
Kalita et al., ApJ, 2020

d=100pc

10-5 <                            < 10-4

LD and LGW exhibited in quite 
different ranges

Wickramasinghe, Tout, Ferrario,
MNRAS 2014



Powers of magnetized rotating white dwarfs
Behaving/Modelled like rotating dipole:

Kalita et al., ApJ, 2021
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GW S/N for various compact objects
BBO, 4000km

DECIGO, 4000 km

ALIA, 4000 km

BBO, 1000 km

DECIGO, 1000km

ALIA, 1000km

BBO, 4000km

DECIGO, 4000 km

DECIGO, Pol

BBO, Pol

DECIGO, Tor

BBO, Tor

ALIA

TianQin

LISA

S/N=5

P=2 s, χ = 30, d = 100 pc

χ = 45, P = 5.54 s, d = 3.5 kpc

Super-Chandrasekhar candidate
Kalita et al., ApJ, 2021



White dwarf with anisotropic effects

∆ = pt – pr – B2/8π for TO

∆ = pt – pr + B2/8π for RO

Deb, BM, Weber, ApJ, 2021



White dwarf with anisotropic effects

Deb, BM, Weber, ApJ (to be submitted)



Summary and Conclusions

➢ Highly magnetized, stable white dwarfs (B-WDs) and neutron stars have a

variety of implications, including enigmatic peculiar over-luminous SNeIa

➢ 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 2Mʘ

➢ 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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