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The era for non-canonical DM

+ Standard WIMP
+ CDM@small scale structure

+ Null result In direct detection

o Ultra-light bosonic DM
e If m~10A-22 eV, de Broglie wavelength ~ kpc, good for small scale
® Large occupation number

Connection to SM: photon, lepton, baryon, neutrino (Asher Berlin, Gordan
Krnjaic, Pedro A. N. Machado, Lina Necib) etc



Ultralight bosonic DM

Scalar DM model
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Vector DM model
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DM MSW effect for neutrinos

Solve classic E.O.M (p/A2 = mA2)
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Ultralight bosonic DM

Dispersion relation: (E N Vﬁ)z _ ]52 4 m2
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Scalar DM model
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Neutrino effective potential in DM medium
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Vacuum oscillation: 1/, — 2"
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MSW oscillation at Earth: VMew = \/ineGF

Schrédinger equation:  H = V.. + Viiaw + Ve



Ultralight bosonic DM
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ScaIar DM case
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e Linear term (classic)
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» Quadratic term (classic = QFT forward scattering)
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Sca\ar DM case
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DM from Misalignment
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Scalar DM case

2}% (cb (ymy, +m,y) + cbeQ)

* Naive estimation of constraints: ¢ ~ 1,

L 5 09
e Local DM density: 0.3 GeV/cmA3  Po — _mq5¢0

2
y/me ~ O(eV)

Vet =

e Expansion on Probability:

P.g = Py + Py cos(mgt) + Py cos®(myt)

* Modulation eftect and Average shift

 Modulation resolution for 1/m>10 min.



Scalar DM case
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e Pseudo-scalar: axion



Vector DM case

1
Vi = =57 (2(py - )9Q + 6°Q%¢?)
* Linear term (Clasl/sic): Only for fully polarized vector DM QM—T — O’ 17 —1
“ " O = Eudo cos(met)
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* Quadratic term (classic = QFT forward scattering): both fully polarized or
unpolarized
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Vector DM case

1
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* Linear term (clasl/sic): Only for fully polarized vector DM QM—T — O, 17 —1
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* Quadratic term (classic = QFT forward scattering): both fully polarized or
unpolarized
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Vet =

Vector DM case

2F,

50 .
' FI’oIarlzed Vector
40/ S
% .
) :
O :
L X
30" EIC-'
N ¥
< < >
< | ® S
20_‘ n =
(=
O
o
__________________________________________________ _.0'-.-.-
10 =
- LLF
................. -
10 e N
0-11 10 9 _8 — 6
10 10 10 10 10 10

g/mg[ eV

= (200, 00 +5°Q)

Unpolarlzed Vector

40

30}

LAR Exclusion

..DUNE Sensitivity

RENO Sensitivity

12K Exclusion

20
39 )

10 1
20 ]
g e ]
0

107" 10

* Some thoughts: m~10/-22 eV, g<10A-30!!!1




Ultralight DM Summary

* We introduce ultralight bosonic DM and non-standard
iInteraction with neutrinos

» Stringent constraints from oscillation:
e Scalar, unpolarized Vector: y/m <~ eV
e Polarized Vector: yym<~10/-10 eV

e Linear term apply when classic field description holds, #>>1
(m<10AM-16 €V, if neutrino coherent length L ~ 10/-10m)

 Quadratic term always applies (QFT forward scattering),
valid for any DM mass



