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In this connection:

Particular properties of neutrinos: 
smallness of their mass and specific large mixing 
may indicate on  origin of the mass connected to the 
Dark sector

Neutrino mass from 
the dark sector 

Massless neutrino 
oscillations from 
interactions with dark 
universe

Show the range of possibilities under discussion
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sin2q13 ~ ½ sin2 qC

UX = U23(p/4)U 12 , q13
X ~ 0  

Ga

UPMNS ~ Ul
+ UX

diagonal 
phase matrix 

Ul ~ VCKM
UX = UBM , UTBM

quark mixing 
matrix

sin2q13 = sin2q23 sin2qC  (1 + O(l2))   

S. Petcov, AYS, 1993

In general,

The data are in  a good agreement with the relation 
between the lepton and quark mixing matrices:

matrices of special form
dictated by symmetry

reproduces  approximately the quark -lepton complementarity , QLC  

sinq13~   ½ sinqC

gives prediction for 1 -3 mixing
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From global fit F. Capozzi, et al. Prog.Part.Nucl.Phys. 
102 (2018) 48, arXiv:1804.09678 [hep -ph] 

~ 20% deviation in sin 2q13 

can be due to deviation
of q12

l from qC

which in turn is related 
to difference of q and l -
masses 

Renormalization (RGE)  
effects from GUT 
scales to low energies

for sin 2 qC

lines:  predictions from QLC

sin2q13 = sin2q23 sin2qC (1 + O(l2))   



Common sector for quarks 
and leptons. Implies 

may have special 
symmetries  which lead 
to BM or TBM mixing

From the dark sector coupled 
to neutrinos.  Responsible  for 
large neutrino mixing 
smallness of neutrino mass 

UPMNS ~ VCKM
+ UX

Q - L unification,  GUT  

ml ~ md mD
n~ mu

CKM physics, hierarchy, 
of masses and mixings  
Froggatt -Nielsen (?), relations 
between masses and mixing 
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mD ~ MD = diag
non-diagonal

ALPs

Gbasis = Z2 x Z 2  

Ą origin of U X

Scale of M S  

MPl

keV - MeVBasis fixing symmetry:

MS  

MD  
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Simplest  case: three  singlets S (combinations of S) which couple 
to RH neutrinos  Ą inverse or double seesaw  

n

nc

S

if M S ~ MPl, MD ~ MGUT

mn= mD
T MD

-1T MS MD
-1 mD

MR  = MD
T MS

-1 MD 
RH neutrinos get 
mass via see-saw 

If

For light neutrinos

mD = A MD mn= A2MS

Structure of mn is  determined by MS, it does not depend on 
the Dirac mass matrix structure  (Dirac screening)  

MS  
MS << MD - inverse seesaw

MS >> MD - double seesaw



D. Hernandez, A.S. 1204.0445
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p , n - integer|(U X )ij |
2 = cos2 

pnij

pij

Unitarity condition

Si cos2 = 1
pnij

pij
similar for the sum over j

This allows to reconstruct the matrix U X up to discrete number 
of possibilities.   BM mixing is among them

To fix U X one can use  the residual symmetry approach:    

Gf

(Z 2 x Z 2 )V                (Z 2 x Z 2 )H                

non-abelian group 

Embedding leads to general expression (via symmetry group condition) 

UX
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mD ~ MD = diag

mass hierarchy no mixing
CKM mixing -
additional 
structure

UXUCKM

SO(10)

basis 
fixing 
symmetry  
Z2 x Z 2  

Non-trivial 
charges

Z2  x Z 2      S4

(0, 1) 
(1, 0) 
(1, 1)     

(0, 1) 
(1, 0) 
(1, 1)     

MS ~ MBM

Visible sector       Portal         Hidden sector

Double seesaw

Spontaneously 
broken by flavons

Ghidden = S4 

and BM mixing

MS ~ MPl

MD ~ MGUT

Xun-Jie Xu , A.S 
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flavor symmetry in m

SU(2) L x SU(2) R x U(1)B-L

with q -l similarity 

x P

mq ~ ml ~ mD
n
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Fields   L L LR cL cR S     
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Higgs 
doublets

Higgs bi -doublet

breaks 
L-R symmetry

inverse seesaw

with Majorana mass terms

MD ~ MR ~ PeV

m~  10 keV
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No connection to masses

Mass hierarchy from additional symmetries
U(1)  Froggatt - Nielsen mechanism

Discrete symmetries ðrestricted possibilities  to explain 
mass spectrum (degenerate, partially degenerate  spectra) 

f

L

n
power n is determined by U(1) charges 
of the corresponding operators

Non-linear realization of flavor symmetries 



r1 x r2 x r3 x rY = I

For terms of potential Yj1j2 j3

Siki + kY = 0

invariance requires

for weights

Additional condition which acts as Froggatt - Nielsen factors

Yukawa couplings form multiplets they are fixed by symmetry

modular formsY transform as superfields

jI
Ą (ct+ d)   r(g)jI

kI

kI is the weight of multiplet
r(g)  is the representation of gelement of the group GN

c, d parameters of transformation g

Model  building



It can be considered as special case neutrino mass  generation 
with multiple RH neutrinos   

Resembles generation due to extra dimension in deconstruction  mode  



Strong hierarchy (small quantities)  
without small parameters

fast
rotation

slow
rotation

nL
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yRn yR2

one massless
state mostly

here 

Y H

Mixing of massless state 
in yRn is suppressed 
by factor qn ,  q > 1

Yukawa coupling with massless state  Yq-n
mn=      Y<H>

1 
qn

A. Ibarra et all
1711.02070  [hep-ph]

G. Giudice, et al
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Massless state

N2 = S0....n q2jNormalization:

Mixing of massless
state in yRn

1/N 

1 q2 - 1 
qn q2  - q-2n

mn= Y<H>/N
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Do the observed oscillation effects imply neutrino mass?
Can oscillation data be described without neutrino mass?

Wolfenstein : oscillations of massless neutrinos. 
Require non-standard interactions (NSI) 

If  mediators of NSI are heavy
(effective 4 fermion interactions)

Matter  effects (potentials) do 
not depend on neutrino energy

In contrast, experiments do show dependence of the oscillation 
effects on neutrino energy ðpresence of terms in the Hamiltonian 

m2

E
H  = ... +

Atmospheric neutrinos
Solar neutrinos*
KamLAND
Daya-Bay, RENO 

Explicit oscillatory dependence
for fixed baseline



1/E  dependence of the matter potential appears if

s >> (mmediator )2

Square of total energy 
in the center of mass

òabove resonanceó

mass of 
mediator

For SM weak interactions  with W boson as mediator  and 
scattering on relic neutrinos the condition is satisfied for E > 10 21 eV

C. Lunardini , A.S. 

The 1/E condition can be satisfied for light enough  mediators

Existing oscillation data are for E > Eb = 0.1 MeV (solar pp-neutrinos)  

s  = 2Emtarget

S.F. Ge , H. Murayama,  E. J. Chun, Ki-Yong Choi,  Jongkuk Kim,,,

Can scattering with 1/E dependence of the potential substitute 
neutrino mass completely? 

Changing 
paradigm



Relic neutrinos   

Refraction on BG particles 

Dark matter particles,  other particles of the Dark sector

Refraction on known particles due to new long range forces

Neutrino interaction with DM

Via light mediators Immediately 

Generic 
problem

mn(z) ~ nDM(z)  mn(z) ~  nDM(z)  

Mass increases becoming > 5 MeV and z = 1000
Problem with structure formation 


