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Based on Work in Preparation

Neutrino MSW Matter Potential

When neutrinos propagate in matter,
the coherent forward scattering off the
background particles leads to the
Mikheyev-Smirnov-Wolfenstein
(MSW) matter potential and could
modify neutrino flavor conversions
remarkably [1].

At the one-loop level, the NC potential depends on the charged-lepton masses. In
the Standard Model (SM), the ratio of the flavor-dependent part to the tree-level
CC potential is [2]
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Strategy for One-loop Calculations

CC One-loop 
Potential

NC One-loop 
Potential
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Table 1: The vector-type and axial-vector-type couplings for the NC interaction of neutrinos in
the SM, where s ⌘ sin ✓

w
and f = u, d, e.

where cf
V,NC

and cf
A,NC

refer respectively to the vector-type and axial-vector-type couplings for the

NC interaction. At the tree level, these couplings in the SM have been collected in Table 1.

Assuming the distribution of background fermions to be homogeneous and isotropic, one can

average the e↵ective Hamiltonian over all possible states of background fermions and then obtain

the e↵ective potential for the SM left-handed neutrinos [21, 22]
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where Nf is the net number density of the background fermion f and only the vector-type coupling

cf
V,NC

is involved. Notice that the NC potential is independent of neutrino flavors at the tree level.

For electron neutrinos, the CC part of the two-body scattering amplitude can be derived from

the e↵ective Hamiltonian
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where the Fierz transformation has been performed and ce
V,CC

= ce
A,CC

= 1 in the SM. In a similar

way to the derivation of the NC potential, one can easily get the CC potential of electron neutrinos

V
CC

=
p
2GµNe c

e
V,CC

. (2.4)

Therefore, the total matter potential for electron neutrinos is Ve = V
CC

+V
NC

, while those for muon

and tau neutrinos are Vµ = V⌧ = V
NC

. For ordinary matter composed of protons, neutrons and

electrons, together with the vector-type couplings in Table 1, one can simply use Np = 2Nu +Nd

and Nn = 2Nd + Nu and the condition of charge neutrality Np = Ne to reproduce the results of

V
CC

and V
NC

in Eq. (1.1).

From the above derivations of the tree-level matter potentials, it is evident that one should

calculate the renormalized scattering amplitude of ⌫↵+ f ! ⌫↵+ f at the one-loop level and then

find out the e↵ective Hamiltonian corresponding to the loop-corrected amplitude. Starting with

the loop-level e↵ective Hamiltonian, we can extract the coe�cient for the vector-type interactions

involving the background particles. More explicitly, for the NC part, we identity the correction to

the vector-type coupling cf
V,NC

, which will be denoted as �cf
V,NC

⌘ bcf
V,NC

� cf
V,NC

with bcf
V,NC

being

the loop-corrected coupling. For definiteness, we take the Fermi constant to be Gµ as determined
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Perform the one-loop renormalization of 
the SM in the on-shell scheme.1

Compute the one-loop neutrino scattering 
amplitudes in ordinary matter.2

Finite scattering 
amplitudes

Extract corrections to the vector-type 
couplings of CC and NC interactions.3

The latest values of  all 
physical parameters

Evaluate the one-loop corrections to the 
MSW matter potentials.4

One-loop Scattering Amplitudes
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☞ It is the same for all-flavor neutrinos.
☞ The flavor-dependent difference is two

orders of magnitude smaller.

The relative correction to CC potential
turns out to be 6%.

☞ This correction is only for electron-
neutrinos and could affect neutrino
flavor conversions.

☞ It can be probed in the next-generation
long-baseline accelerator experiments,
such as DUNE and T2HK.
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Sensitivity on DUNE 

The difference between oscillation probabilities in two cases of neutrino mass
ordering could be resolved at DUNE [3]. So the distinction at the sub-percent
level induced by quantum corrections is promising to be detected.

1

-1

1
0

2 2
3

3

1 2 3 4 5-180

-120

-60

0

60

120

180

E [GeV]

�
[°
]

‰

Summary
Ø A complete one-loop calculation of the MSW matter potential is presented in

the SM.
Ø The relative size of the correction to CC potential of electron-neutrinos is 6%,

while that to NC potential of all-flavor neutrinos can be as large as 8%.
Ø Such corrections could affect the neutrino oscillations and be examined in the

next-generation experiments.

p Previous works only concentrate on the flavor-dependent corrections.
p The one-loop corrections to the CC potential have not been studied thus far.

A complete one-loop calculation of  the MSW potential is necessary.
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With equal number densities of protons
and neutrons, the relative correction to
NC potential is

Charged-current
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