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Magnetic field in SNe could be , strongly influence 
the electron motion as well as weak interactions

1014∼16 G

n ↔ p

β−

β+

e− capture

e+ capture

‣  decay and  capture: 
determining the abundance 
flow and the isotopic ratio 


‣  : determines electron 
fraction , which further 
affect the neutron-richness.
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▸ Electron capture rate with magnetic field
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Famiano et al, ApJ 898, 163
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Phase space:

Cross section of neutrino interaction 
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 as a function of B-field strengthEF

= Summation of electrons on all levels

ρYe =
N+

V
+

N−

V

 ( )ρ6 = ρ/106

(Bcrit =
π
e

[2π(ρYe)2]1/3)
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‣ Fermi energy within magnetic filed
B-field

+

-

Bcrit

Bcrit

Bcrit

• , only lowest Landau level occupied,  decreases 
monotonically as a function of B

• The new Landau level leads to a peak of , results in a wiggle shape

B > Bcrit EF

EF

Degenerate plasma 

EF E

fFD

1

E(n, σ, pz) > EF : F(n, σ, pz) = 0

E(n, σ, pz) ≤ EF : F(n, σ, pz) = 1

Total number of electrons

Magnetic Field Impact on Weak Interactions 
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‣ Definition of ν − sphere
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κt(νe) = κs(νen) + κs(νep) + κa(νen)

κt(ν̄e) = κs(ν̄en) + κs(ν̄ep) + κa(ν̄ep)
κt(νx) = κs(νxn) + κs(νx p)

s: scattering on n&p,  
a: absorption on n/p

Opacity

M. Ruffert, H.-Th. Janka, and G. Schafer (1995)
S. Rosswog and M. Liebendorfer (2003)

A. Perego, R. M. Cabezon, and R. Käppeli (2016)



Pages:

‣ Definition of ν − sphere

τνi
([s1, s2]) = ∫

s2

s1

dsκνi
(s)

τ = ∫
∞

Rν

drκt(r) =
2
3Optical Depth along the path [s1, s2]:

Neutrino transport inside the sphere (Leakage Scheme)ν−

Scattering 
Absorption

Free-streaming

ν
ν̄

n p

5

κt(νe) = κs(νen) + κs(νep) + κa(νen)

κt(ν̄e) = κs(ν̄en) + κs(ν̄ep) + κa(ν̄ep)
κt(νx) = κs(νxn) + κs(νx p)

s: scattering on n&p,  
a: absorption on n/p

Opacity

M. Ruffert, H.-Th. Janka, and G. Schafer (1995)
S. Rosswog and M. Liebendorfer (2003)

A. Perego, R. M. Cabezon, and R. Käppeli (2016)

κB
a (νen) = AρYnp( 1

mec2 )2
∫ ∞

0
σνN(Ee, B)E4

ν fFD(Eν, μν; Tν)

∫ ∞
0

E2
ν fFD(Eν, μν; Tν)

change with B-field

[1 −
1

exp(F5(ηνe
)/F4(ηνe

) − ηe) ]
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‣  Opacitiesν(ν̄)
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GR1D: 1D Core-Collapse SNe code

EoS: Lattimer & Swesty LS180 (1991) Progenitor: 9.6 M⊙ massive star (Heger)

O’Connor & Ott375 2010; O’Connor 2015

Y. Luo et al submitted
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•No significant change @High 
density&temperature region (B is 
not strong to make  confine on 
LLL)

e±

•Quantized phase space of  e±

Enhancement of the number density
Enhancement of the interaction rate

GR1D: 1D Core-Collapse SNe code
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‣  Spheres evolutionν(ν̄)

•Enhanced  spheres after bounce until 
150 ms

ν(ν̄)

•Enhanced opacities directly enlarge  
spheres

ν(ν̄)

• -sphere is more sensitive ν̄
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•The leakage scheme with B-field is 
modified in GR1D

•B-field is set as a const, but with 
rcut = 100 km

Neutrino transport inside the sphereν−
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‣  Luminosityν(ν̄)
× 1053
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‣  Mean energyν(ν̄)
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Mo is a valuable element to study all nucleosynthetic processes 
in the solar-system.


Why Magnetic field

Isotopic fraction in %

Bisterzo et al., MNRAS 
418, 284 (2011); ApJ. 
787, 10 (2014).
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Isotopic fraction in %

Bisterzo et al., MNRAS 
418, 284 (2011); ApJ. 
787, 10 (2014).


Poole, EPSL, 473, 215 (2017).
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A site with both process and  processνp− r−

Why Magnetic field

MHD-Jet SNe

High entropy

NeutrinosSNe

Neutron-rich

Nishimura et al 2015
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NSE
ν; ν̄

Collapsing & BouncingEx
pl

os
ion kT ≤ 1MeV

nucleosynthesis starts

▸ Inside the -sphere, anti-neutrinos are more sensitive to B-field, -spheres are 
enlarged by B-field while luminosities are suppressed due to less energy release 
rate.
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Why Magnetic field
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