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Introduction

Studies of medium effect in neutrino propagation
 Neutrinos traveling through matter (Wolfenstein '78):
“Coherent forward scattering leaving the medium unchanged
must be taken into account in neutrino oscillations.”
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Introduction

- Neutrinos traveling through L'=-gw +h.c.
an ultralight DM: B(0) = b.(x) = doe=* + h.c.
Berlin, 1608.01307
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Dark medium of an ultra-light boson

« Huge number density - classical field Hui, 210111735
Myriam'’s talk
—6
ng = L 3 % 1014 (10 eV) cm—3 Py = Po = 0.3 GeV/cm?
Mg Mg

21 10~%eV\ /250km/s
Adp = ~ 1.5km
m¢ v

Glauber, Sudarshan, ‘63
10_66V>4 (250km/s>3 Classical field=Coherent state:
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ngg = NgAqg ~ 10 ( v Indefinite number of particles in phase
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Coherent state

* Eigenstate of annihilation ¢(x) = 4’k e kX 4 gl etkx
9 (2m)32E) | k
operator: )
|¢C> o efk qbkaf(rlo) ¢c(x) = <¢C|C£1(<x) ¢c>
—ik-x * 1K-Xx
— (27'[)32Ek [gbke + gbke ]
* Energy density: Monochromatic: ¢, = (2m)32E;63(k — ko),
By = (el | Exataxlge) py = 2E§|dol? ~ 2mj ||
k
4n8 10_20eV)
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Analysis setup

« Work in the mass basis of neutrinos coupling to
a classical background:

1 . — L o=
L= fgij¢(x)vaij + EgiijT(x)ViPRV]?
() lgol ~ 0.01eV

= 9~10" ()

— 1,C * = C

"Flavour structure in the coupling?”
gdij = ga,BUaiU,Bj
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For a simple picture

« Consider two-flavor V, = CgVq — SpV5
neutrinos: V, = SpV1 + CoV;

 The v, - v, transition In
€ B . 2 2
medium is describe by :  Aye = casg(A11 — Azz) + cgAz — s5Aq
{ } PN

Medium effect with g, # 0

Standard oscillation &
Medium effect with g;1,, # 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) + -
ty

e U = I. Standard neutrino oscillation

Ajc-)i — ((PC; Vj,p,|€_iHO(t2_t1)|Vi,p , ¢C> X e_i Eil 5” with L = t2 — tl
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Transition amplitudes in medium

* Medium-induce transition: v;(p) = v;(p £ k)

Lty
A%, = (e; v;, pa|e otz j dt ] d3x L' (x) elMot1 v, py; be)
]

Vi

1 —C N 1 * — c Kt >
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The transition probability

o I 2 2 12
Three |nd.epe.ndent Pre 5 |A%]7 + |43 + |ALs]
contributions:

« Assumin <Km,, AmZ, L

ming 9 %ol . Y P,. = sin?(20) sin? =
consider two couplings u AE,
Indepeﬂdeﬂt|y 912,922 2 |922¢k|2mv2 - M
(20) -—= sin
2 maE; 2
Ey~E,+5—, Ex, =®my
ZEV 0 2 s . +
+COSZ(29) 1912 Pkl mé 2 sip2 (A21L)
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Constraints from neutrino oscillation data

" SN1987A 7 |gdol ~ 0.01eV

CMB: 1904.07810
: BBN: 2009.08104
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Conclusion

« Ultralight boson can form a coherent state providing a classical backgro
und of DM.

* It has interesting impacts on neutrino oscillations, cosmology & astroph
ysics when coupled to neutrinos.

* A yet unexplored process v;(p) — v;(p £ k) in neutrino propagation is di
scussed.

« Depending on flavour structure, strong constraints can be obtained.

* This process Is suppressed in the opposite limit of m,, - 0, where neutri
no oscillations may be solely due to the medium effect.
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