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Neutrino oscillations in matter woitenstein 1978

« "The effect of coherent forward scattering (leaving the medium unchan
ged) must be taken into account when considering the oscillations of n
eutrinos traveling through matter”
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ClaSS|Ca| fle‘d:COhereﬂt State Glauber, Sudarshan, 1963
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Fermions propagating in a vector medium

 Consider fermions propagating in a classical vector DM background
L = %g/f’“t/jy“t,b A (x) - A"y (x) ~ €], pre X + el "y etx

« Coherent forward scattering - medium contribution to the propagator
- modified dispersion & field normalization
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Dispersion relation

» The modified propagator & its poles:

5, rbT;lf A +2-rrl-2j / | 5_?/?13’ _ qf pﬁg — My, (1 F Em) =0.
’ (A + mg,) — 4m%_,E2 | S ;
5 20m?, A —2m2, ( E ) (E (1—-3,) — .m,,}_,,.Ek)
k= I ‘ y
3 2\’ o 19 \ My ) | |
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( + Tﬂﬁ,- ) Tfl,} — ‘Z‘)"z (1 o Ep) + Tn%} (1 _ Q{'J?']_.E'p) :
Y =3%,, .

 Solutions for E = E (p; k, m]z/,,cSmlzp), or A =E? —p? — mf/,.
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Field normalization in medium

* Inverse propagator in vacuum:
1 - ¢+m¢

« Normalization of field in medium: ¥ — z%/2 y:
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Limiting analytical solutions (y,)
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Limiting analytical solutions (y,¥s)
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Numerical solutions for A & Z
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Constraining VDM couplings

* The rest mass correction, E ~ mlzp + (Smlz/), may be in conflict

with the observations (my,) = :m, and m,".

* In high-momentum limit, A «< p §m,, amounts to add an
constant potential §E, < ém,, spoiling the MSW effect if VDM
s flavor-dependent.

* The normalization Z = 1/2 in the relativistic limit contradict to
various SM precision measurements such as lepton-flavor
universality and so on.



Constraints on L, — L;
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Constraints on L, — L

fifth force + EP

N
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Constraints on B — L
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Constraints on the kinetic mixing
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Summary

« When considering an ultra-light (scalar or vector) DM, its
iImpacts on the particle dispersion and normalization have to
be taken into account.

* There can be a medium-induced rest mass, or a potential
term in the dispersion which may be sizable and thus
constrained by the observations.

* For VDM, a peculiar field normalization Z = 1/2 appears in
the relativistic limit which highly constrains its coupling.



