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Non-gravitational Interaction of DM:
Renormalizable Portals

Scalar portal (A1S+X252) | H |2
- Vector portal B, V"
*Neutrino portal LHN

Motivations For Neutrino Portal:
* Explains neutrino mass
* Less well-studied portal to the Dark Sector

* Rich phenomenology
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Diagonalizing the mass matrix

light neutrino, heavy neutrino, and mixing angle:
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Secluded regime

U is small for TeV scale neutrinos,
effective coupling between DM and SM is small

indirect signature: (gamma rays, antiproton, CMB distortions)
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Direct annihilation to SM
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Model:

—L D mi\gb!Q + My XX T myNN + [AlflﬁNR + ¢oX(yNp + yrNgr) + h.c.]

global U(1) lepton number symmetry:
forbids light SM neutrino masses Bertoni, Ipek, McKeen, & Nelson 1412.3113

mixing angle a free parameter that can be large! Batell, Han, McKeen, & BSE 1709.07001
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Sterile Neutrino constraints:

p decay
nonvanishing |Ue4| and/or |U 4]

— modified Gp — affects measuring CKM

Lack of distortion ine™ energy spectrum in u* decay

T :
leptonic and hadronic decay

neutrino oscillation

BBN :

number of relativistic species

Invisible Higgs and Z decays
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Sterile Neutrino constraints Cont.:
Rare meson decays 4
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Sterile Neutrino constraints, Cont.:

LHC searches, W mass measurement:
Heavy neutrino decays invisibly into dark sector,
distortion of the kinematics of the decay
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Dark Matter Phenomenology

my=400 GeV
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Direct Detection:

spin independent scattering off nuclei via Z .
10~ . . ,{@V ////\Q |
! R A
Recent: XENONI1T, PandaX-ll ! I ! 7 l\/%
Future : SuperCDMS SNOLAB S E—--,;{l:mﬁm’x, Y : ,:,' A
o | i y2 "f-._ ______ M s .i‘-‘ i i P 4 S .
Neutrino floor e o PORIITRT T o //
1070 S0 N
b?: / : O’E 9;'
T " i i LS
ﬁl 10 i i ,’;\,- /‘;7}
Direct detection provides a powerful ¢ o ! ! S8
probe of the high Dark Matter mass region i i et i 4
i P P /9
001  0.10 1 10 001  0.10 1 10
Note: these limits can be weakened or m,=mgy/3 (GeV) my=mg/3 (GeV)

evaded if the Dark matter has a mass splitting 8



DM Structure:

Missing satellite problem: observation of fewer satellite
galaxies of the Milky Way than expected

Possible solution:

Relatively strong coupling between Dark matter and light
neutrinos

—s produces a pressure agains gravity

_, suppressing the growth of small scale structures



Cutoff mass:

below which structures do not efficiently form

Mcut ~ IOSM@ (

3.36 My

10" Mg < Moy < 109M

Bertoni, Ipek, McKeen, & Nelson 1412.3113 10-8
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my=10m, m4=400 GeV
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Summary

* Neutrino portal is an economical, predictive and less

well-studied model to explain thermal WIMP DM.

* Rich phenomenology

* Can solve Dark matter problems, e.g. missing satellite

problem
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