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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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}[eff =22 Gr Verytey eLVuVel
= V2GpN, Very°ve,

2
2> E=p+ 1:_1;, ++2GpN, “Wolfenstein potential”
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Neutrino oscillations in Dark Matter

« Consider neutrinos propagating in a classical DM background

L'=-gdw+-g d*vw i o
1~ 1 o,z P(x) = ¢pc(x) = pre™ " + pre™”
L'=-govf+-9°¢"vf
« Coherent forward scattering - medium contribution to the propagator
- modified dispersion relation

P p =tk P
S g In the relativistic limit: Choi, EJC, Kim, 1909.10478
ik[ | : lik 2 . 2012.09474
| | m : _
Ry Ry E~p+ v+ 19" + |g¢k| "Neutrino oscillations
Ok / 0} Ol O 2p even with m, = 0"

(Wolfenstein)
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Neutrino Propagation in Dark Matter

« Medium effect in neutrino propagation in a classical DM background

L= %gcﬁvv + %g*$+1717
;1 = 1 ez
L'=-govf+-9°¢"vf

* Yet unexplored coherent process of transition

P pxk

’ g g J Av—>f x g¢_kap+kPLup

R gqbkap—kPLup
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$(X) - ¢p.(x) = d)ke_ik'x + queik-x

LNV: G = i

EJC, 2112.05057



COhereﬂt State:C|aSS|Ca| flE'd Glauber, Sudarshan, 1963

- Eigenstate of annihilation  ¢(x) = f(mg?;Ek e~ % 4 qfelh]
operator: i
.} o< edk xai |0y b () = (¢c|P(0)|bc)
C — d’k [ —ik-x_l_ * ik-x]
(Delaklde) = dr; (Pelag |de) = by ~ ) 2n)32E, pre Pye
Monochromatic + non-relativistic
 Energy density: br = (2m)32E(6°(k — ko) o, ko=~ (Mg, my?V)
poV = (el [ Buatald) = [Blon  Po = 2B810l? ~ 2mi ol
k —-20
k 6| ~ 108GeV (10 eV)
me
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Analysis setup

« Work in the mass basis of neutrinos coupling to

a classical background:

1 . — 1 . . _
L = Egijgb(x)vaij -+ Egijfle(X)VjPRVic

— 1,C * = C

“Flavour structure of the coupling”
gdij = ga,BUaiU,Bj
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|gdol ~ 0.01eV
= g~10~1° (

me

10720y

)




Two-flavour case

e Consider two-flavor neutrinos:

Ve = CgV1 — SpV>
Vy, = SgV1 t CoV3

* The v, - v, transition amplitude:

Aye = cgsg(Ay; —Azp) + c5A21 — S§A12

o 0

Standard oscillation + Medium effect with g, # 0

Medium effect in transition
W|th 911,22 *+0
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Transition amplitudes in medium

* v; = v; transition amplitude:

Aji = (dc; vj P2 |e~Hof2U (L5, ty)e ot vy, py; )

) / tz
Uty ty) = Te o 4O = 4 if dt fd?’x L'(x) + -
Lty

U = I. Standard neutrino oscillation

A](')i = (Cbci Vj, p2|€_iH°(t2_t1)|Vi; p1; o) e HEL O withL =t, — t;
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Transition amplitudes in medium

e U=1i ttlz dt [ d*x L'(x): Medium-induce transition v;(p) = v;(p + k)
t

. 2 .
Aj; = (¢ciVj:Pz|9_1Hot2if at fdgx L' (x) etHot1|v;, py; @)
ty

, 1 L N . 1 . C’\.[. vl > } V]
L= EgjinPLvigb(x )+ 5 9jiViPrvi ¢ (%) AW EY
1tk
Be(x) = poe™"0* + ¢ ethor  v(x) = f apupe” P + apTuget” x
p
t S S _ .S S
Ali o< g(*) ’ dt ei(Epiko_EpiEko)t (*) [upikOPLup vaRvpikO]
- g 0
o g tq ZEpiko ZEP
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Transition probability
|2

. . . 2 2
- Three independent contributions: B, o |AJ.|" + |ALE|" +|ALe

* Assuming |g¢,| K m,, consider

. . Am%lL + Am%l
two couplings independently P,. = sin?(26) sin? Mgy =~k my
Y12, 922" 4E. ’

my |g12¢0/?m? ALL

Ep~ By +o0 B ®my +c0s2(20) T2 T2 2 ( 2 )

2 (83, E) :

. Add|t|9nal contribution to be +sin?(26) gzzbol?mi, . o (mol
smaller: sin 2z ST\~

5P, < 0.1 P2Ps P
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Constraints from neutrino oscillation data

" SN1987A 7 |gdol ~ 0.01eV

1 CMB: 1904.07810
1 BBN: 2009.08104

 ESELIN N e o [l UM REY ) e [P e el o S W) P e o [ M Y RNy MERL R S M M
- . '

20  -15 ~10 5
Log [my/eV]
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Summary

* Interesting medium effects in neutrino propagation — medium potential,
Induced mass-squared, CPV, etc..

- Discussed yet another transition process v;(p) — v;(p + k) that occurs in
the classical background of ¢, /¢, and is highly constrained by the neu
trino oscillation data.

 This process is suppressed in the limit of m,, - 0, where neutrino oscillat
ilons can be solely due to the medium effect.
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