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

ÇGW190814 confirms existence of a compact star of mass 2.5-2.67 solar mass Ą in so-called mass gap Ą
massive neutron stars?

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

ÇArguing super-Chandrasekhar progenitor white dwarf 

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

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

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

ÇBrings super-Chandrasekhar white dwarfs in lime-light Ąmany groups joined working in the field Ą not 
necessarily high magnetic field based idea

Ç Leading to their mass-radius relation, e.g. for white dwarf, different than that of Chandrasekhar Ą

could be prolate/oblate spheroid



Taubenberger 2017

Handbook of Supernovae', edited 

by A. Alsabti and P. Murdin, Springer.

All SNeIadata

Present talk primarily focuses on 
magnetized white dwarfs

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



How strong field could be in dynamo and geometry?

Å For magnetic field ~ 108 G for star of size

106 km

Å Flux ~ 1020 G km2

Å 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)

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

ÅField decays from 
center to surface



Virial theorem based argument

Gravity      Thermal      Magnetic

Equilibrium solution of mass 2-3M╒ is 
possible depending on EoSόƛΦŜΦ ˥ ƻǊ ŦƛŜƭŘύ

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., ˥=4/3, ˥ 1=1.8
ʰ Ҩ Σ Ҩ̡ Σ /̡ fhixed



Fossil origin of strong field

Growth: mass of the white dwarf Increases 
ŘǳŜ ǘƻ ŀŎŎǊŜǘƛƻƴ Ҧ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ǇƻǿŜǊ ƛƴŎǊŜŀǎŜǎ 
ƻǾŜǊ ŘŜƎŜƴŜǊŀŎȅ ǇǊŜǎǎǳǊŜ Ҧ ǎǘŀǊ ŎƻƴǘǊŀŎǘǎ Ҧ 
any initial seed magnetic field (B) increases as  
ά. ̄r2ά ƛǎ ŎƻƴǎŜǊǾŜŘ

Magnetostaticequilibrium: once B increases,  
total outward force further increases balancing  

gravitational forceĄRepetition 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 å 2.5 Mᾔ

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

ɟ0 = 1010 gm/cc

RotatingMagnetized White Dwarfs

P=kɟɻ, ɻå4/3, ɜmÓ20

Bmax~3x1014 G, BsÓ10
9 G

~  105

Uniform rotation:
Mass varying from
1.4-1.8 M╒for
0.004< ME/GE < 0.12
ҥ

ҧ
Differential rotation:
Mass varying from
1.4-2.6 M╒for
0.004< ME/GE < 0.14

ʍc = 30 rad/s

Simulated by XNScode



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

Boundary conditions:
,́ R, M at surface for a givenL

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

Gupta, BM, Tout, MNRAS, 2020

Very low luminosity: dim 


