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The key question
• Can we “predict” the DM mass given the neutrino
mass?

Outline
• Brief discussion on evidences of the neutrino mass and the DM
existence
• Effective Lagrangian to connect the DM and neutrino mass
• A UV-complete toy model
• Conclusions and outlook
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Atmospheric neutrinos are produced from the decays of
600
particles resulting from interactions of cosmic rays with
Earth’s atmosphere. We have previously reported the results
400
of a number of atmospheric neutrino observations spanning
energies from 100 MeV to 10 TeV [1, 2, 3, 4]. In each case, a
200
significant zenith-angle dependent deficit of νµ was observed.
0
These deficits have been interpreted as evidence for neutrinos
oscillations [5]. If neutrinos have a non-zero mass, then the
160
probability that a neutrino of energy Eν produced in a weak
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traveling a distance L through the vacuum is:
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P(να → νβ ) = sin 2θ sin
Eν (GeV)
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where θ is the mixing angle between the mass eigenstates
0 -1
and the weak eigenstates and ∆m2 is the difference of the
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FIG. 3 (color). The positron fraction above 10 GeV, where it
begins to increase. The present measurement extends the energy
range to 500 GeV and demonstrates that, above ∼200 GeV, the
positron fraction is no longer increasing. Measurements from
PAMELA [21] (the horizontal blue line is their lower limit),
Fermi-LAT [22], and other experiments [17–20] are also shown.
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FIG. 4 (color). (a) The slope of the positron fraction vs energy
over the entire energy range (the values of the slope below 4 GeV
are off scale). The line is a logarithmic fit to the data above
30 GeV. (b) The positron fraction measured by AMS and the fit of

Effective Lagrangian
• Here, we propose a very simple idea to connect the DM and
neutrino mass.
• We start with an effective operator (Weyl-spinor notation)
connecting the Majorana DM particle (𝜒) and the standard
model (SM) neutrino (𝜈):

• As shown below, the scale 𝛬 is actually lower than the
electroweak (EW) scale, which justifies explicit SU(2) breaking
in the effective operator.

Effective Lagrangian
• To realize this effective operator, one can involve a scalar ɸ
which links DM to the SM sector:

Where L is the SM lepton doublet while H is the Higgs doublet.
• After integrating out ɸ, one obtain the effective DM-neutrino
operator:
• The Lepton number (L) assignment is: L(𝜒)=-1, L(ɸ)=2 and
L(L)=1 such that lepton is conserved in the effective Lagrangian.

Effective Lagrangian
• In the context of effective language, the only lepton number
violation (LNV) comes from the Majorana DM mass term:

• The DM mass could result from some hidden sector, which does
not couple to the SM sector directly but only via DM.
• Therefore, one has a direct connect between the DM and
neutrino mass because the neutrino Majorana mass term m𝜈𝜈𝜈
requires LNV, which is zero if m𝜒=0.

Effective Lagrangian
• By contracting two 𝜒s, the neutrino receives a radiative mass

• We use the dimensional regularization scheme with the modified
minimum subtraction that can be justified if the underlying UVcomplete theory has exactly the same DM-loop diagram.

Effective Lagrangian
• The DM-neutrino effective operator determines the DM
annihilation cross section:

• There are two contributions from opposite chiralities

• The interference between opposite chiralities is nearly zero due
to the very small neutrino mass.

Effective Lagrangian
Ø There are two unknown parameters
in the operator, m𝜒 and 𝛬.
Ø They are completely determined,
given the DM relic abundance and
neutrino mass.
Ø For demonstration, we only study
one neutrino flavor, the heaviest
active neutrino, with the mass of 0.05
eV to 0.2 eV (PDG and Planck data).

UV-complete Toy Model

UV-complete Toy Model
• ɸ𝜒 obtains a vev, that breaks lepton number (L(ɸ𝜒)=2) and gives
a mass to DM. Then, LNV is passed to 𝜈 via DM.
• The scale 𝛬 in the effective operator 𝜒𝜒𝜈𝜈/𝛬2 can be obtained by
integrating out ɸ, 𝜉,N and replacing H by a vev 𝑣::

• Given GeV 𝛬 with y,c2,3~1, we have roughly mN*mɸ~ O(100
GeV2). From EW precision test constraints on the active-heavy
neutrino mixing, y𝑣/mN<0.1, (0803.4008), one has 1<mN<100
TeV with 1 MeV<mɸ<0.1 GeV.

UV-complete Toy Model
• Alternatively, the DM-loop induces a mixing between ɸ𝜒 and ɸ
and consequently a small vev of ɸ is triggered, that gives a
small Majorana mass to 𝜉..

UV-complete Toy Model
• The neutrino mass matrix in the basis of 𝜈, N and 𝜉 reads

• Comparing the neutrino mass from the mass matrix
diagonalization to the one directly from the effective DMneutrino operator 𝜒𝜒𝜈𝜈/𝛬2, the scale 𝛬 can be inferred.
• In fact, it is a realization of the inverse seesaw proposed by
Mohapatra and Valle in 1986.

UV-complete Toy Model
There are two important requirements to achieve the DM and
neutrino connection:
Ø The LNV comes from the hidden sector which only couples to the
SM sector via the DM loop and the LNV source manifests as the
DM Majorana mass in the low-energy effective theory.
Ø The heavy particles that are being integrated do not enter the DMloop that is the distinctive feature of this model from models in the
existing literature, rendering the model more predictive.

Conclusions and Outlook
Ø Here we propose a simple model based on the effective operator
𝜒𝜒𝜈𝜈/𝛬2, which connects DM (𝜒) and neutrino (𝜈) physics.
Ø The DM annihilation cross section is determined by the operator.
Ø The neutrino receives a radiative mass from the contraction on
two 𝜒s via the DM Majorana mass, which is the only LNV source
in the low-energy theory.
Ø Two unknown parameters in the operator, m𝜒 and 𝛬 can be
completely fixed to be of order MeV and GeV, given the
observed DM relic abundance and neutrino mass.

Conclusions and Outlook
Ø We provide a UV-complete toy model to realize this DM-neutrino
connection in the context of the inverse seesaw mechanism.
Ø The toy model fulfills two important requirements. First, the LNV
source arises from the hidden sector, which couples to the SM
sector through DM only, i.e., the LNV term manifests as the DM
Majorana mass term in the low-energy theory.
Ø Second, the heavy particles associated with the scale 𝛬, do not
enter the DM-loop.

Conclusions and Outlook
Ø The model predicts a MeV neutrino flux from S-wave DM
annihilations, which could be detectable at neutrino experiments.
Ø MeV DM will reheat the neutrino sector when it decouples from
the thermal bath, i.e., N𝜈=4.4 (1207.0497) in conflict with the
CMB measurement N𝜈=3.15±0.23 (1502.01589).
Ø The tension might be alleviated by including three neutrino
flavors to increase the DM mass above 8 MeV.

