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Outline

“*Neutrino oscillation in Fermionic DM background.
“*Neutrino oscillation in ultralight bosonic DM (QM approach).

“*Quantum field theory approach to neutrino oscillations in scalar DM.

“*Summary.

Wei Chao, Beijing Normal University



Topics relevant to neutrino physics
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What we concern: -DM connection

Properties of neutrinos are similar to these of dark matter

Neutrino is a hot dark matter candidate

v < DM

Sterile neutrino is typical warm/cold dark matter candidate

The sighal of neutrino in direct detection experiments is similar to that of DM
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Neutrino-DM connection
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WIMP-nucleon cross section [cm?]

Neutrino-DM connection
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Neutrino-DM connection
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Neutrino-DM connection

Neutrino portal DM: Sterile neutrino + :--
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Neutrino oscillation

First discovery of neutrino oscillation
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Neutrino oscillation parameters

Parameters

F. Capozzi et al , 2107.00532

Parameter Ordering Best fit lo range 20 range 30 range “lo” (%)

dm?/107° eV? NO, IO 7.36 7.21 — 7.52 7.06 — 7.71 6.93 — 7.93 2.3

sin® 012/107" NO, IO 3.03 2.90 — 3.16 2.77 — 3.30 2.63 — 3.45 4.5

|Am?|/1072 eV? NO 2.485 2.454 — 2.508 2.427 — 2.537 2.401 — 2.565 1.1
IO 2.455 2.430 — 2.485 2.403 — 2.513 2.376 — 2.541 1.1

sin® §13/1072 NO 2.23 2.17 — 2.30 2.11 — 2.37 2.04 — 2.44 3.0
IO 2.23 2.17 — 2.29 2.10 — 2.38 2.03 — 2.45 3.1

sin® 023 /107! NO 4.55 4.40 — 4.73 4.27 — 5.81 4.16 — 5.99 6.7
IO 5.69 5.48 — 5.82 4.30 — 5.94 4.17 - 6.06 5.5

§/m NO 1.24 1.11 — 1.42 0.94 — 1.74 0.77 — 1.97 16
IO 1.52 1.37 — 1.66 1.22 — 1.78 1.07 - 1.90 9

Axio_No I0O-NO +6.5

Parameter TT+lowE TT, TE,EE+lowE  TT, TE, EE+lowE+lensing TT, TE, EE+lowE+lensing+BAO

Qk oo —0.056+ 04 —0.044%0:03 —0.011+0913 0.0007+0:0057

>m,[eV] .......... < 0.537 < 0.257 < 0.241 <0.120

|/ 3.007037 2.92+0-3¢ 2.8910-3¢ 2.99+032

) S 0.2461 00> 0.240+0.9% 0.239%0.92 0.242+0.923

dng/dlnk.......... —0.004+901 —0.006%0013 —0.005+09%3 —0.004+09%3

FO002 « « o oo v v v v ennn < 0.102 < 0.107 < 0.101 < 0.106

WO o oo e e —1.56f822§ —1.58f8ﬁ% —1.57i8:28 —1.()4f8:i8
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Aghanim et al. [Planck] 2018

% Neutrino oscillaitions in dense matter, S.Luo,
PRD 2020, ZZ Xing and J.Y. Zhu, NPB 2019,......

% Matter effects with exotic BSM neutrino
interactions, A.Smirnov and X.j. Xu JHEP 2019,
S.F. Ge and S.Parke, PRL 2019, GJ.Ding and F.
Feruglio, JHEP 2020, ......

% Interpretation the discrepancy of measured CP
phase by T2k and Nova: Denton, Gehrlein and
Pestes, PRL 2021; Chatterjee and Palazzo PRL
2021.

% Neutrino oscillation in dark matter, J. Liao et al.,
2018 J. Liu et al., PRD 2018, S.F. Ge and
Muryama, 2019, W. Chao et al., 2020, Dev et al.,
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L oscillate in a specific lepton portal Fermionic DM

Gauge portal to fermionic DM via the U(1) L,-L, 9auge symmetry
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Neutrino oscillations in Fermionic DM
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Neutrino oscillations in Fermionic DM
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Neutrino oscillations in
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Neutrino oscillations in Bosoinic DM

Ultralight bosonic DM
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Neutrino oscillations in Bosoinic DM

Matching neutrino oscillation into classical oscillator
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Neutrino oscillations in Bosoinic DM

Quantum field theory approach Setup
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Neutrino oscillations in Bosoinic DM
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Neutrino oscillations in Bosoinic DM
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