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Three-dimensional pictures of Ly« filaments
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Dark matter properties

Apart from its manifold gravitational influences, (particle) dark matter has so
far eluded detection, prompting model builders to think more broadly about

what dark matter can be and in the process consider other and more subtle
ways to search for it.

Agrawal, et al, arXiv:1610.04611 [JCAP]


https://arxiv.org/abs/1610.04611
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Explain also small neutrino masses

In the following discussion we use the following doublets

o H+ o Vi
-

corresponding to the Higgs doublet and the lepton doublets (in Weyl Notation)
respectively, such that

Li - H =eqpL?HP, a,b=12



Standard model extended with U(1)x gauge symmetry

Fields | SU(2). | U(T)y | U(")x
L 2 —1/2 | |
Q 2 -1/6 q
dr 1 -1/2 d
UR 1 +2/3 u
er 1 —1 e
H 2 -1/2 | h
P 1 0 n

Table 1: The new and fermions with their respective charges.



One parameter U(1)x SM extension
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Table 2: possible solutions with at least two repeated
charges and until six chiral fermions.
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Local

Radiative Typ9'| seesaw —Local: only U(1)B—L! arXiv:1812.05523, with J. Calle, C. Yaguna, O. Zapata [PRD]
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Dirac Radiative Type-I seesaw with Majorana mediators win . caite and 6. zapata, arxiv1909.0957
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Dirac Radiative Type-I seesaw with Majorana mediators it . catie and 6. zapata, anxiv1909.0957%
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Dirac Radiative Type-I seesaw with Majorana mediators it . catie and 6. zapata, anxiv1909.0957%

. Fields | SU(2). | U(T)y | U(1)s—t
Mediator
Majorana U(l)B_L o ZQ L 2 71/2 —1
. () Q 2 ~1/6 | 1/3
8 H» 'S dr 1 12 | 1/3
X
! Ug 1 +2/3 | 13
e _ er 1 -1 = 9
y n # Bx O g H 2 1/2 0
2 // \\ n 2 1/2 7/4
4 3 3 \ 16 S 1 0 3/2
T
¢ L Ngr 6« Ng VR o 1 0 13/4
a * VR1 1 0 —4
| S VR 1 0 —4
I UR3 1 0 5
N v v o1 41 3v 1 IQIIR] :: 0 3/2
= — — — == = = = O —=— —
sz "TTTy TRt 5y R2 0 S
Ngs 1 0 3/4
Eo | 1 | 0 [ 3/4°



. 2
L>-g7 ZqFF7“F+Z\ L +i19'9s2,) 9|
- [hiaLinNRa + yjaVRjU NRa + I/‘)aNiCRaNRaS* + hC] - V(H757777 U)'
F (¢) denote the new fermions (scalars)

V(H,S,n,0) =V(H) + V(S) + V(n) + V(o)
+ As(HTH)(S*S) + Mo (HTH) (0% o) + As(HTH) (n'n)
+ X4(S*S)(0%0) + As(S*S)(n'n) + As(nTn) (0™ o) + A7 (nTH)(H'n)
+ Xg(n'HS*o + h.c),



Neutrino masses and LFV
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where F(x) = xlogx/(x — 1).
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A. Ibarra, C. Yaguna, O. Zapata,
arXiv:1601.01163 [PRD]



with A. Rivera, arXiv:190711938
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(One-loop) Dirac neutrino masses




Small Dirac neutrino masses

To explain the smallness of Dirac neutrino masses choose U(1)x which:

- Forbids tree-level mass (TL) term ( Y(H) = +1/2)

L1y =hpeqp (vg)T LOHP + h.c
=hp (vr)'L-H+hc
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Small Dirac neutrino masses

To explain the smallness of Dirac neutrino masses choose U(1)x which:
- Forbids tree-level mass (TL) term ( Y(H) = +1/2)
L1 =hpeap (rr) T L2HP 4 h.c s
=hp (VR)TL-H+h.C U(l)p—L — Zn

- Forbids Majorana term: vgrg
- Realizes of the 5-dimension operator which conserves lepton number

in SU(3)C X SU(Z)L X U(‘I)y X U(’I)B,LZ

Ls_p= % (I/R)Jr L-HS+h.c
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Small Dirac neutrino masses

To explain the smallness of Dirac neutrino masses choose U(1)x which:
- Forbids tree-level mass (TL) term ( Y(H) = +1/2)
L1 =hpeap (rr) T L2HP 4 h.c s
=hp (VR)TL-H+h.C U(l)p—L — Zn

- Forbids Majorana term: vgrg
- Realizes of the 5-dimension operator which conserves lepton number

in SU(3)C X SU(2)L X U(‘I)y X U(’I)B,LZ

Ls_p= % (I/R)Jr L-HS+h.c

- Enhancement to the effective number of degrees of freedom in the

early Universe ANgg = Neg — Ng%" (see arxivaz1n.o1ss)
13
See E. Ma, Rahul Srivastava: arXiv:1411.5042 [PLB] for tree-level realization
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A. Solaguren-Beascoa, M. C. Gonzalez-Garcia: arXiv:1210.6350 [PLB]

The right-handed neutrinos decouple when

( dec) = H( dec) 1
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Same constraints as before
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Conclusions

It makes sense to focus our attention on models tha can account for neutrino masses
and dark matter (DM) without adhoc symmetries

One-loop Dirac neutrino masses

A single U(1)x gauge symmetry to explain both the smallnes of Dirac neutrino masses
and the stability of Dirac fermion dark matter

- Spontaneously broken U(1)x generates a radiative Dirac neutrino masses

- A remnant symmetry makes the lightest field circulating the loop stable and good
dark matter candidate.

- For T1-2-A: Either Singet Doublet Dirac Dark Matter or Singlet Scalar Dark Matter
with extra scalar and vector portal

- Dark symmetry for Majorana mediatiors
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