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New Physics beyond the SM?
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What is dark matter?
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Neutrino mass generations
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Old History: Majorana neutrino mass from the dim-5 Weinberg operator « ﬂf gHHTf Lﬂc
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Neutrino mass generations

Neutrino mass from higher dimensional effective operators

. i F. Bonnet et al, 2009; Y. Liao, 2011
Majorana neutrino mass the tree-level: (F. Bonnet et a iao )

The unique operator of dim 2n+5, that can give neutrino masses 6245 — @ X (HTH)H
at the tree level is WEIDELE T A2n
Neutrino mass from loop corrections:
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Is neutrino correlated with DM?

Properties of neutrinos are similar to these of dark matter

Yes!

Question:

Are new physics relevant to
neutrinos and dark matter related
with each other?

Neutrino energy flux E¢ [cm‘23'1]

Hope so!

WEI CHAO

10"

—

o
—
N

N
o
(=2}

RN
(@)
o

-
<
D

107"

1078

Neutrino is a hot dark matter candidate
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Sterile neutrino is typical warm/cold dark matter candidate

The signal of neutrino in direct detection experiments is similar to that

of DM
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Generating DM & neutrino mass via seesaw

Type-ll seesaw + spontaneous breaking U(1)_L

V(S, @, A) = V(®, A) — ui(STS) + A(S'S)*
+2(STSND D) + Ag(STS)Tr(ATA) + u®lit,A'® + AS®ir,ATd +h.c.,

+ AT ++
o ¢¢ | NG A S V. + S +1a N
p— Vo + @ + Ly —_— — ° =
b ~ A = L StiE A+ \/5 d . Majoron
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V2 V2
Majoron massive! Majoron massless!
Neutrino massive I |
EWSB scale fa y«)l. T
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Majoron dark matter

ﬂVg%(T)VA(T)
, , T<Tg
m(1) =13 V213
0, T'>Tc

my < My,

I,
TOSC — TC

M, = 1.079 x 10~ eV

my, 2 My

WEI CHAO

Energy Scale

A
L
L 4
A
A/
A
L
L
’Q
A 2

Early time

e Oscillation

___,_____________..

L 4
~Q

Late time ™.,

_____________"____

Time



Majoron dark matter
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Majoron interactions

Vertices Coefficients
a* Vi + IMVAVE + I VEVA + IAVEVasVas + 20 Vah + I V5h + L6 Vih
2 MV Vis + %A4V11V13V223 + %)\5V11V13V223 + AV11 Vi3 Va3 Va3 + %)\4V123V21V23
+ 2 A5 Vi3 Va1 Vas + s AV3Vo1Vas + 2 AVi3Vas Va1 + A2 Va1 Vah + AsVa1 Vi + A6 Va1 Vil
22h? IMUD VS + %)\4U121V223 + %A5U121sz3 — %ZAU121V23V:°.3 + AU11U21 V13 V33
—AU11Us1Vi3Vas + 3 AaU51 Vi + 12U Vis + 302U31 Vas + 3A3U31 Vas + 3 AU21Us1 Vi + 3A6U31 Vas
M U110 Vi + %A4U11’U¢V223 + %A5U11U¢V223 — AU11v4Va3Vaz — v/2uU11 VizVas
a’h —AU11V13Vasvs + AU11V13Vazva + AU21v4 Vi3 Va3 + %/LU21V123 + AU Vizva + 2AsU21Vizvoa
+ 2 AU21 Vi3vs + AoUs1 Viava + AsUz1 Vasva — AUz1v4VizVas + 2 AUs1 Vizva + AeUsi Vazvs
2G2 SMVEAVEE + 2AaVA Vs + A5 VA1 Vas + AAVA VasVas + AaVi1VizVa1 Vas + AsVii VasVar Vas
+AV11ViaVa1Vas + AV11VisVasVar + 2 AaVia Vet + 3 AsVizVar + s AVi3 Va1 Var + 3 VA Vas + SAsV51 Vs + 2 A6Vt Vs
20FG- A1V cos? B + %)\4V123 sin? B + %)\5V123 sin? B + %)\5V13V23 sin 3 cos 3
+4/2A\Vi3 V33 sin B cos B + A2 Vg sin? B + %A3V223 sin? B + %)\4V223 cos?
0G3 AMVi1Vis + 3 A4V Va1 Vas 4+ 3 A5 Vi3 Va1 Vas + AV Va1 Vas + AV VasVay
+2XaV11Vi3Va1 + 2AsViiVisVay + AVi1 VisVo1 Var + Ao Vs Vas + A3Vay Vas + A6 V3 Vas
MU Vi1 Vi + 524U71 Va1 Vas + 5AsU11 Va1 Vaz — 5 AU Va1 Vaz — 5 AU VasVal
ah’G +AU11U21 V11 Va3 + AU11U21 Viz Va1 — AU11U31 Vi1 Vaz — AU11Us1VisVar + 3 AaU31 ViiVis
+2X5U3 Vi1 Vi 4+ AoU3 Vo1 Vas + AsU3y Va1 Vag + AU21Uz1 Vi1 Vis + AeUs; Va1 Vas
avv Vazm, /va
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TWO IMPORTANT INTERACTIONS

A haa
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Neutrino oscillationin M
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W-boson mass anomaly
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Summary

Axion-like DM
Type-ll seesaw

Neutrino mass

Thank you!
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