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Late Time Neutrino Mass Models ∗

• SuperK, K2K, SNO confirm that neutrinos have mass

• Theorists still need to construct a ν mass mechanism

(Seesaw, hard to test)

• Introduce new symmetry to Lagrangian only for ν’s

(Example: U(1) flavor symmetry)
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• Effective Lagrangian below the electroweak symmetry

breaking scale and close to the neutrino flavor

symmetry breaking scale

LD
ν = Lkin + yνφνN + V (φ) LM

ν = Lkin + yνφνν + V (φ)

– Neutrinos acquire mass, mν = yν × f , when symmetry

is broken, where < φ > = f , f & 10 keV

– Pseudo-Goldstone bosons produced with mass MG

(PGB’s are light, MG << f)

– Neutrinos interact via the new scalar



New ν − ν Interactions in Late Time Neutrino

Mass Models
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ν ν
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What is the Effect of New Interactions on SRN

Neutrino Flux?

• SRN neutrino energies will be redistributed at each

redshift, z

• Can expect significant modification of the SRN flux as

a result of redistribution

– SRN flux can have regions of depletion relative to

flux without new interactions

– SRN flux can have regions of enhancement relative

to flux without new interactions

• These modifications could be detected at large neutrino

detectors



Supernova Relic Neutrino Flux

F (Eν) =

∫
zmax

0

RSN(z)
dN(Eν)

dEν

(1 + z)

∣∣∣∣c
dt

dz

∣∣∣∣ dz

• RSN is the comoving rate of supernova formation

• dN/dE is the energy spectrum for neutrinos emitted

from supernova ∗

• dt/dz accounts for cosmological evolution
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What is the Flavor Composition of the Neutrino

Flux that Emerges from Supernovae?
• Matter oscillation effects lead to neutrinos emerging as

mass eigenstates
• Relationship between emergent flux and production

flux depends on neutrino mass hierarchy ∗
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SRN Flux at Earth

(No New Interactions)

Fνα
=

3∑

i=1

|Uαi|
2Fνi

(SRN Flux at Earth)

|Ue1|
2 = cos2 θ12, |Ue2|

2 = sin2 θ12, θ12 = θ� and |Ue3|
2 ≈ 0

For electron antineutrinos

Fν̄e
= cos2 θ12Fν̄1

+ sin2 θ12Fν̄2
.

In terms of neutrino flavor eigenstates at production point
Normal Mass Hierarchy

Fν̄e
= cos2 θ�F 0

ν̄e
+ sin2 θ�F 0

ν̄µ

Inverted Mass Hierarchy

Fν̄e
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ν̄τ
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How Do Resonance Interactions Affect Neutrino

Flux? ∗

• Cross section for resonance in Breit-Wigner form is

σRes '
y4

ν

16π

s

(M2
G − s)2 + M2

GΓ2
ν

with Γν, the boson decay width into two neutrinos,

given by

Γν ∼
y2

νMG

4π

• For a SRN on resonance (Eν = ERes
ν = M2

G/2mν)

σRes '
π

M2
G
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• Mean free path for neutrino through the CνB is given

by

λRes ≈
1

nνσRes

∼
M2

G

πT 3
ν

∼
2mνE

Res
ν

πT 3
ν

• For Tν ∼ 9 × 10−5 eV

λRes ∼ 5 × 10−7 pc
mν

5 × 10−2 eV

ERes
ν

10 MeV

• For standard SRN neutrino energies and sub-eV

neutrino masses, mean free path is very small



Acumulative Resonance Effect
• Signal in SRN flux will be combination of absorption

and replenishment from G decay

• For neutrinos emitted with energy greater than the

resonance energy at redshift z, they can have resonant

scattering at z̄ if

ERes
ν = ESN

ν

1 + z̄

1 + z

• Neutrinos from G decay have flat energy distrubition,

i.e. EG
ν = fERes

ν , 0 ≤ f ≤ 1

• Energy observed today is

EObs
ν =

fERes
ν

1 + z̄
=

fESN
ν

1 + z
= fEunscattered

where Eunscattered = ESN
ν /(1 + z) would be observed energy

of neutrinos without resonant process



SRN Flux with New Interactions

Example spectrum for neutrinos emitted from SN at redshift z = 0.5

• Depletion of flux in region ERes
ν /(1 + z) ≤ EObs

ν ≤ ERes
ν

• Replenishment of flux from 0 energy back up to

Eunscattered for each neutrino energy in resonance region
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Final effect will be accumulative (range of redshift)



What can we Learn about ν’s from Interactions?

Can neutrino-neutrino interactions through a new light

scalar allow one to distinguish

• Neutrino mass hierarchy?

– Normal mass hierarchy (m1 ' m2 � m3)

– Inverted mass hierarchy (m1 ' m2 � m3)

– Quasi-degenerate neutrino masses (m1 ' m2 ' m3)

• Dirac vs Majorana neutrinos?

• Absolute scale of neutrino masses?



Modified SRN Flux

• Consider specific values of parameters

– Values of neutrino masses consistent with

experimental constraints

– Mass of G within allowable parameter space

• Position of dip cutoff for neutrino mass eigenstate i is

Ei = M2
G/2mi



• Resonance process is blind to the type of neutrino that

produced resonance, i.e. scalar decays into all three

neutrino mass eigenstates

– Branching fractions given by Pj ≈ m2
j/Σ

3
i=1m

2
i

• Modified flux of jth mass eigenstate is given by

F̃j = Fj − F res
j + Pj ×

∑

i=1,2,3,1̄,2̄,3̄

FRes
i→j′

• Observed electron antineutrino flux is then

F̃ν̄e
= cos2 θ12

˜̄Fν1
+ sin2 θ12

˜̄Fν2



Neutrino Mass Hierarchy
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Inverted Hierarchy

• Example: m1 ' m2 ' 0.05 eV, m3 ' 0.008 eV

• For 0.05 eV neutrino to have ERes
ν ≈ 12 MeV, MG ≈ 1 keV

• Then 0.008 eV neutrinos have ERes
ν ≈ 63 MeV
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Normal Hierarchy

• Example: m1 ' 0.002 eV, m2 ' 0.009 eV, m3 ' 0.05 eV

• For 0.002 eV neutrino to have ERes
ν ≈ 12 MeV,

MG ≈ 220 eV

• Other two neutrino mass eigenstates have dip at lower

energies, ERes
2 ≈ 3 MeV and ERes

3 ≈ 0.5 MeV

• Overall depletion because G decays dominantly back

into heaviest neutrino mass eigenstate, which does not

contribute to electron antineutrino flux
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Degenerate Hierarchy

• Possibility remains that neutrinos have nearly

degenerate masses, i.e. m1 ' m2 ' 0.06 eV, m3 ' 0.08 eV

• This case is difficult to distinguish from inverted

hierarchy



Dirac vs. Majorana Neutrinos?
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• If neutrinos are Majorana particles (red), each boson

decay produces a νν or ν̄ν̄

• If neutrinos are Dirac particles (blue) then the boson

can decay to νN̄ or to Nν̄

Overall factor of 1/2 for Dirac vs. Majorana particles



Determining Neutrino Masses
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Normal Hierarchy

• Two neutrinos could visibly go through resonance, i.e.

two light nearly degenerate neutrino masses, one

neutrino mass approximately 0.05 eV

• Ratio of peak positions leads to determination of

neutrino masses, ERes
1 ≈ 12 MeV, ERes

2 ≈ 16 MeV



Folding dF/dE with ν̄e + p → n + p+ Cross Section
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• Differential flux folded with the detection cross section

(inverse beta decay induced by antineutrino capture in

the detector)

• Cross section for antineutrinos on protons is increasing

function of the energy, leading to observed shape

Main features, i.e. dip location, remain unchanged



10 100 1000 10000
MGHeVL10-10

10-8

10-6

10-4

yΝ

Excluded

Coupling
too weak

• Must satisfy BBN and supernova cooling constraints

• Coupling must be strong enough for effect to occur

• Off-resonance processes only important for very small

region of parameter space (νν → 4ν’s)

• For experimental detection threshold of

Ethreshold ≈ 7 MeV and lightest neutrino mass

mlight ≈ 0.001 eV, vertical line is lower MG threshold



Conclusions
• In late time neutrino mass models, additional light bosons are

generically present

• Interactions between the SRN and CνB neutrinos can lead to

dramatic changes of the SRN neutrino flux

• Measurements of these effects can lead to

– A direct test for late time neutrino mass generation models

– A clear indication of the presence of the CνB

– Determination of the neutrino mass hierarchy

– Possibility to distinguish between Dirac and Majorana

neutrinos

– Measurement of the absolute values of the neutrino masses

• Measurements of these effects are well within reach of future

neutrino experiments (Gadzooks, HyperK, UNO, MEMPHYS)


