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Outline

 Neutrino oscillations in vacuum

Flavors and masses; mixing and flavor change

e Neutrino oscillations in matter:

Wolfenstein potential; dispersion relations of neutrinos

 Neutrino oscillations in dark matter

Medium-induced mass and "Weyl" neutrino oscillations; Implications

e Discussion and conclusion
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Neutrino Oscillations In Vacuum



Flavors and Masses

 Flavored neutrinos: Weak interaction eigenstates
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* Neutrino masses: Majorana (LNV)  Dirac (LNC)
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Mixing and flavor change

» Weak eigenstates # Mass eigenstates
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« Two-flavor neutrino propagation in vacuum
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Neutrino evolution equation

* Propagation Hamiltonian:

d Y= (Ve, v, vT)T M =U*"mU" (Majorana)
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e Two-flavor evolution:
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Neutrino Oscillations in Matter



Wolfenstein potential

« Wolfenstein 1978: “Coherent forward scattering of neutrinos leaving
the medium unchanged must be taken into account.”
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* Neutrino evolutions in matter: , _»*
viv = g ='W
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Generalized Wolfenstein potential

* In @ medium with arbitrary N, and N,

(H,) = %ﬁGFmI%V m2

(Hy) = ¥V2Gpmi,
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Medium-dressed spinors

* Self-energy correction to neutrinos
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« Massless spinors satisfy
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Dispersion relations

« Wolfenstein potential for mg, >» p?, Neys/m.,
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myy, p

 Medium-induced neutrino oscillation for 2m,p >» m7,,
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Neutrino Oscillations in Dark Matter



Generalized medium

e Variant models of dark matter and mediator

L' = gqi fitV*Var X, + h.c. (1)
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Jai [irVar ¢ + h.c.
Jap VBTRV(ZL ¢ + h.c.

Jap VﬁTRVaL ¢ +y ¢ frfi+hc(5)

(2)
(3)
(4)

APCTP 2020-11-15

"Neutrino Osillations in DM"

1 1
Ly, = > viigdv, + Evﬁiﬁvﬁ

1_0 1__ +.,C
—5 vRMvL—EvLM Vi

(ug,vy) or (uy,ug = (v,)°)

EJChun@KIAS

13



General formulation

e In a Lorenz invariant medium:

L=1,(p) (P — P21 — ¥2)u, () + Gr () F — #21 — K2, ug(p) 21 ,= 2,
—Up(P)(M + Zo)u,(p) — i, ()M +2)ur(p)

o

* Rest mass correction: 5, = gy pp,,/m3

e Kinetic correction - Dispersion relation changed - “Effective
mass” (refraction index) & DM potential induced.

e Denser medium > Heavier mass (larger refraction)



Neutrinos In a scalar medium

* Neutrino-DM Iinteraction
L' = gai firVar @ +h.c.= gy fiivér ¢” + h.c.
» Self-energy corrections by the medium: %, ,

Liin = U (p) (P — Y21 — K2)up(p) + ur (@)@ — ¥, — KZ,)ur(p)



Diagramatic calculation
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Finite temperature/density calculation

« Modified neutrino propagator in a medium:
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Self-energy corrections

e For v and v,
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Free spinors in a scalar medium

e Egs of motion

® - Dur*w () =M ug(p) Iy = pudi + k2
(p — Z)u)/” ug(p) = M uy(p) X, =Epuli + k2,

* Dispersion relations for “massless” (Weyl) neutrinos: M = 0

(p—2)2=0 *) Different dispersion
(p—2)2=0 relations for Majorana
and Dirac neutrinos
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Dispersion relations  on’
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Fffective mass in a medium

 For the galactic DM density; pgy ~ 03 Gev/em? ~ 2.3 x 1076 ev*

gal 2
o pB ) 0.02eV
Smiy = — ~ 2.5%x1073eV2 (gg*t
mgal 2 mlz)M € (.gg )aﬁ( MpM

e [t Is an L-conserving mass-squared:| E? = p? + 6m?

. . . . . 2
» Medium-induced neutrino oscillation: g ~ p + 2"

2p

e Low-p limit:| g~ J/smz?
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Weyl neutrino oscillations

 Solar and Atmospheric neutrinos: E,, = p

Psol = (0.1 —10)MeV,  pugm = (0.1 —100) GeV a2 {3.8 x 10-10:-12 gy }

—-11:—14
Am2, =75x1075eV2, AmZ,, =25x103ey2 2P 1 1.2x10 eV
 Neutrino oscillation by medium-induced (mass)? for
p? >» 2mpyp » §m?,ms; p* » dm? > 2mpyp, m;
« CP asymmetry may be observable for mpy =~ 1071 1* eV
20m? — mfc Sm?

2Zmpvp  2p

E, > +e ; T€emMpym
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Discussions

* Neutrino oscillation may be due to the medium effect.
» Observing 0vgBp will exclude the Weyl neutrino oscillation.

 Origin of DM density?
Ultra-light cold DM, coherent oscillation, late decay, ...

 Sensible UV-completion?
Dark sector coupling only to neutrinos...
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