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Evidence for neutrino oscillations
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Evidence for neutrino oscillations
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Evidence for dark sectors

ordinary

Planck Collaboration, R. Adam et al.,
matter Astron. Astrophys. 594 (2016)

Dark

matter
Dark

Energy
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Neutrino portals
to Dark Sectors
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Detecting dark sectors: neutrino portal

We assume dark sectors is coupled to neutrinos
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Detecting dark sectors: neutrino portal

Coherent forward scattering on a Dark Background

Ve e V X

N
AL N

e- Ve
V ~ Gr Ne Vb ~ Gp Np
GF ~ gWZ/mWZ GD ~ gD2/|'nD2

Secluded sectors (gp << 1) are observable only
In neutrino oscillations if mp is small enough
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Generic dark background

Neutrino propagation in a generic Dark Background

Vector Scalar Tensor

— T 1 — vy *
L= Nia“[z@u%g + (Vi)ap]Ng + {5]\@ Map + (Fuv)apd™’|io2Ng + hC}

Vo > VB

Vo > VB

m, V, F are generated by exotic couplings to the dark world
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Neutrino mass from vector couplings

Assume VH is unpolarised for scales >> O(100) m

s
(VO (V)= 0, (V'V7)~ ?<V2>, (V%) ~ const

{P | 3|1p| <V2> T ‘P‘ > ‘V‘

V|+Lp?+--- |p| < |V,

See also:
R. Fardon, A. E. Nelson and N. Weiner, JCAP 0410 (2004) 005

H. Davoudiasl, G. Mohlabeng and M. Sullivan, 1803.00012
G. D’Amico, T. Hamill and N. Kaloper, 1804.01542
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Effective hamiltonian

In the limit of small constant V, F

Hsm Hp

o — (U2 U 0 a(p)  b(p)
‘ 0 grmomyT b'(p) —a*(p)

a(p)=-Vo+p-V b)) =-4V2(E+iB)- D)

We further assume no dependence on p

Qee Qepy Qe 0 beyy  Der
_ * _ .
a=|ag, Quu GOur b = De . 0  bur
k k
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Atmospheric
neutrinos
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The role of atmospheric neutrinos

Atmospheric neutrinos are relatively well known with high energy
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The role of atmospheric neutrinos

At large energy we can reach smaller Hp (Hsm <~ Hp)

SuperK - Phys. Rev. D 91, 052003 (2015) lceCUBE - arXiv:1709.03434,
See C. Arguelles talk on Friday
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The role of atmospheric neutrinos

Another regime occurs when Hsm << Hp

2
HD,off

Pla — B) x
( ) HD,diag

One cannot set a robust constraint on the magnitude of Hp
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The role of atmospheric neutrinos

Another regime occurs when Hsm << Hp

lceCUBE - arXiv:1709.03434, See C. Arguelles talk on Friday
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The role of atmospheric neutrinos

For energies satisfying Hpo >~ Hsm we can access the scale Hp

. . Reactor
Astrophysical Atmospheric & Solar
l ! -— e |

IHpl [GeV]

Atmospheric v can fill the gap with Astrophysical v

Francesco Capozzi - Max Planck Institute For Physics 16



Future constraints from atmospheric v

We consider two experiments

lceCube

IceCube Lab

/ Deep Core

EMe! Towey
IMm

Probes the regime
E > 400 GeV

ORCA/PINGU

Probes the regime
E <100 GeV

Francesco Capozzi - Max Planck Institute For Physics
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Future constraints from atmospheric v

Constraints on axp from ORCA/IceCUBE (10 years)

Normal ordering

Im(a_)[10%° GeV]
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Future constraints from atmospheric v

Constraints on axa from ORCA (10 years)

Normal ordering
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Future constraints from atmospheric v

Constraints on bag from ORCA/IceCUBE (10 years)

Normal ordering
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Vector V¢

Dark Standard
Matter Model

(1) 0,

Sterile

Sector

F. Capozzi, |. M. Shoemaker and L. Vecchi, JCAP 1707 (2017) 021
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Vector V¢

Neutrino oscillations in DM halo

VAN J*mpm i\
VH ~ 10724 GeV sin? 9, 22
S ( ma 0.4 GeV/cm? MpPM

\"

See also:

R. Horvat, Phys. Rev. D59 (1999) 123003
C. Lunardini and A. Yu. Smirnov, Nucl. Phys. B583 (2000) 260—-290
O. G. Miranda, C. A. Moura and A. Parada, Phys. Lett. B744 (2015) 55-58

P. F. de Salas, R. A. Lineros and M. Tortola, Phys. Rev. D94 (2016) 123001
V. Brdar, J. Kopp, J. Liu, P. Prass and X.-P. Wang, Phys.Rev. D97 (2018) no.4, 043001
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Vector V¢

Neutrino oscillations in the Sun (assuming DM clustering)

® = DM particle

Y = DM-nucleon interaction

O = Ve

F. Capozzi, |. M. Shoemaker and L. Vecchi, JCAP 1707 (2017) 021
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Vector V¢
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Conclusions

Oscillation experiments can probe dark sectors even with very tiny couplings

Atmospheric neutrinos play an important role

ORCA/PINGU and IceCube have complimentary roles

Francesco Capozzi - Max Planck Institute For Physics 26



Thank you
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Ultra-light vector DM

V/PDM
T A

Ultra-light vector A" coupled to sterile vs, with <A> =

_ 107° eV PDM
Vi~ 10724 GeV sin?0, [ —22
. (5 x 10—19 m A 0.4 GeV /cm3

Constraints:

Avoid DM-v interaction reaching equilibrium.
We require ' (Vs—>Va+A)<Hat T =ms

STm 0.1 m
< *  ~6x 1071 i
JA \/sin2 0 Mpy (Siﬂ@) eV
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Ultra-light vector DM

V/PDM
T A

Ultra-light vector A" coupled to sterile vs, with <A> =

_ 107° eV PDM
Vi~ 10724 GeV sin?0, [ —22
. (5 x 10—19 m A 0.4 GeV /cm3

Constraints:

Avoid disappearance of Ve from SN1987A Va+Vs—> Vs+Vs
We require the optical depth to be less than unity

1/2 /0.1 \Y?
<92% 107 ( ma )
ga S =X 102 eV sin 6

Francesco Capozzi - Max Planck Institute For Physics 29



Tensor coupling F

Fuv induced by dipole interactions with a dark gauge boson A
(suppressed vector coupling)

both charged under
dark radiation

LD gsvs

s 2 100 eV myg ra
Fu ~ 107 GeV sin? 6, (2} (24 )( eV m )\/ P

Constraints:

Avoid disappearance of ve from SN1987A
Assuming no relic abundance for W,®: gs < 0.3

Francesco Capozzi - Max Planck Institute For Physics 30



Scalar coupling

Scalar field ¢ oscillating near its minimum (misalignment).

¢ Is coupled to vs

VP

me

m,, ~ sin® 0, y

Requirements

y/mge >~ 1 eV

oscillation frequency 1/m¢y >~ few years.

See:

A. Berlin, Phys. Rev. Lett. 117 (2016) 231801

V. Brdar, J. Kopp, J. Liu, P. Prass and X.-P. Wang, Phys.Rev. D97 (2018) no.4, 043001
G. Krnjaic, P. A.N. Machado, Lina Necib, Phys.Rev. D97 (2018) no.7, 075017
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lceCUBE constraints on LV

lceCUBE - arXiv:1709.03434
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Future constraints from atmospheric v

Constralnts on ao(B from ORCA/IceCUBE (1 O years)
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Future constraints from atmospheric v

Constraints on axa from ORCA (10 years)

Normal ordering
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Future constraints from atmospheric v

Constralnts on bo(B from ORCA/IceCUBE (1 O years)
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auTiﬂ

A partial cancellation between Relau:] and Im[a,:], may take place

2k [(Im[a,ﬂ])z — (1 — 2008(4923))(R6[CLN7—])2] + O(CLB),

ST

Puisr — ple=0) xRela,| + A

atm S 2(923
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Event asymmetries

We calculate (N-Nsm)/VNsu, for ORCA and ap, = 1023
Track Cascade
10° 10 L0
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Event asymmetries

We calculate (N-Nsm)/VNswm, for ORCA and ayr = 10-23

Track Cascade

E/GeV

1 09 08 07 06 05 1 09 08 07 06 05
0/T 0/
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Event asymmetries

We calculate (N-Nswm)/VNswu, for ORCA and by = 1023

Track Cascade
. ! 1 02
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Vector V¢
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