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In This Talk,
We discuss gauged U(1); , model.

It is possible to explain tiny neutrino masses and
dark matter (DM) from type-| like seesaw diagram.

In our model, U(1),, is free from anomaly.

Constraints from neutrino oscillation data,
LFV search, DM abundance, and DM direct
search can be satisfied.

New particle masses are in the TeV—scale.
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The standard model (SM) is successful.
Neutrinos are massless in SM.
Neutrinos have tiny masses.m, ~ 0.1eV
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Introduction

Tiny Neutrino Masses

 The standard model (SM) is successful.
* Neutrinos are massless in SM.
. Neutrinos have tiny masses.m, ~ 0.1eV

* What is the origin of neutrino masses?
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Introduction

TeV-scale Loop Suppression Scenario
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Radiative seesaw models DE Mo, PRD 23 07730 (2006)

with Zz sym metry @ M. Aoki, S. Kanemura, O. Seto, PRL 102 051805 (2009)

= We can explain neutrino masses and DM !
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Introduction

Questions

* What is the origin of
the Majorana mass term of
right handed neutrinosVr?

* What is the origin of the
artificial Z, symmetry?

= We consider gauged U(1), , model.
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Model of U(1),, Gauge Symmetry

S. Kanemura, T. Nabeshima, H. Sugiyama, PRD 85 03304 (2012)
+ ]
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* |n previous study, they explain the origin of

Majorana masses and DM stability with U(1)g,.

* But, additional new particles are required to
cancel anomaly.

=We construct an improved anomaly-free model.
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Model

Our Model

S. Kanemura, T. M. , H. Sugivalma, PRD 90 013001 (2014)
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* B-Lcharge assignments
* Determination of (N, Ny,
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Model

Our Model

S. Kanemura, T. M. , H. Sugivalma, PRD 90 013001 (2014)

_ (0"
g Vr)d(Vr)i|(VR) i = (770) gV
SUQ)y. 1 |1 1 1 2 1
Uly [0 |0 0 0 % 0 .
a —
U(D)g_t % _% \/§3+1 \/53—1 \/§3+2’ \/§3+2 i—1—_14

* B-Lcharge assignments

+ Determination of (N, I\lw)}Anomaly free conditions

—>We take (N, ;,Ny)=(1,4) for: - ¢§3_ Lasan example.
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Model

Our Model

S. Kanemura, T. M. , H. Sugivalma, PRD 90 013001 (2014)
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L Particles of dark side }

Ut1],, - global U(1),,,

(1°,5°) & (19, 3) ;
= 1)10r H; is DM candidate!
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Model

U(1);, Symmetry Breaking
vy = V2 (°)
* B-L gauge mass is given by characteristic charge.

2
Mz = 9B~V (¢&B-L charge of o: 2/3)

* Yukawa interactions:

Lyukawa = LsM-vYukawa —|(Yr)a (Vr)a (VR)a (UO)* —\Wy): (Wr)i (Y1) (00)*
o hia(¢L)i (VR)a s” — fg@'L—e (¥r); 1+ h.c.

= K1), explain the origin of masses of

a Majarana neutrinoand singlet—fermions!
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Model

Radiative Type-| Seesaw

* Light Majorana neutrino mass term is generated
by the loop suppressed Dirac mass term

& TeV-scale v;. " "
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= We can explain tiny neutrino masses!
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TeV-scale Gauged U(1);, Scenario

Model

gaulged
MSUR)L x U(l)y x UL x UM)par ;g
ettt <‘7 >
10 TeV gauged
! TeV'SU(Z)L x U(1)y x U(1)p U)o
X " F § K B B B B B §B O
100 GeV ()

- 1€V-seesaw

0.1eV

by loop suppression!
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Constraints

Benchmark

* This parameter set satisfy neutrino oscillation data,
LFV search, DM abundance, and DM direct search!

0.0178686 -0.0248746 -0.019737 0.0255808

jki:: -0.0182223 0.0110461 0.0129624 -0.00818099
0.0140402 -0.00598335 -0.00904845 0.00222417
T
mpr = 250GeV h; = (0.7 0.8 0.9 1)

(Mg s Moy, Mpg, My, ) = (650, 750, 850, 950) GeV
(mp, myg) = (125,1000)GeV cosf = 1

(M, , M, my=) = (60,450,420)GeV cos# = 0.05
H1 ~ S
= New particle masses are in the TeV—scale!
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Constraints

Lepton Flavor Violation

* L—>ey

BR(/L — 67) — 6.07 X 10_14 @benchmark point
BR (i — ey) < 5.7 x 107(90% C.L.)

MEG, PRL 110 201801 (2013) /y S\Bﬁ
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=> Yukawa coupling f¢; can satisfy LFV constraints!
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Constraints

Fermion DM scenario is excluded!

Relic abundance Direct search

1

3 \° mZmsyy
osr ~ | —
> 20, ) 3w (my +mp)?

— 30TeV < v,

= There is no value of v, satisfying two constraints.
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Constraints

U(1), charged scalar should be DM!

(T Singlet field under the SM gauge group)
* Relic abundance - Coupling is independent of v, .

A/09./0
0. "HiH
H \\ 17%1 f
0~ ""'G"<_ Q.h? = 0.1199 + 0.0027
Hl 4 T f Planck, arXiv: 1303.5076
. Dlrec’gsearch I 2( ; )4 -y
Hl """""""""" Hl 3 20, ) (M, +my)?
A Oexp = 9.2 X 107" cm
N N LUX, PRL 112 091303 (2014)

= To satisfy direct search, we needv, > 31 TeV .
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Phenomenology

Collider Phenomenology

Z’-production Vo = 60 TeV

o = 0.3 b @1atev-tHc L. Basso, arXiv: 1106.4462

q

VR - _1
Suppressed bqu_L 3

= We can distinguish our model from others!
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Conclusions

U(1);., model can explain tiny neutrino masses
and dark matter by gauge symmetry breaking
w/o artificial Z, symmetry.

Additionally, the origin of Majorana mass term
can be explained.

We construct an anomaly-free model at the TeV-scale.
In our model, fermion DM is excluded.

We can distinguish our model from others
by observing v.
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Model

Anomaly Cancelation of U(1);,

* \We want to construct radiative tvp+e-l like seesaw model.

— Cl{ _*\J3
sur 1 |1 |1 1 |2 |1 VL(*Vf) (o )c
Uy Jo [0 |o 0 . 0 (0) VR(VR)
U(1)p-L % —l .x4-% X x+1 | x+1 (Vr)i ()" (Yi);
* \We know B- LofSI\/I is (B-L)ps =3, (B-L)g\;> =3.

* We can get anomaly cancelation® (@)
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Constraints

Neutrino Masses

e When we write (my)ew = foi 1i; (fT)jE’ ,
I;; can be diagonalized byU;; .
U_ll(UT)_l — diag(Xla X27 X37 X4)

* Then, Yukawa matrix f,, can be associated

with values of neutrino oscillation!
(my)ee = Uinsme UM g = (FU)I8(fU)T

( [m )
‘/X_; 0 0 0
0

f=Uuns| O %

U—l
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Constraints

Fermion DM scenario is excluded!
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Ocxp — 9.2 X 10~ 46 em?

LUX PRL 112 091303 (2014)
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Constraints

Constraints on Scalar DM

J.M.Cline et al, PRD, 88 055025 (2013)

1. )\7—(17—(1¢ depends on relic abundance.
(<)

2.7’ propagating is dominant.
We need vo > 31TeV. (/)

H —H;
7
N N

45 50 55 60 65 170
.. mqy, (GeV) 2 4
ogp = AH1H1¢ m%\f f2 4 \/§—|— 2 i m%lm?\[
my  Am (my, +my)? N 3 20, ) (M, + mN)?
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Constraints

Constraints from Collider Experiments

 LEP-Il bound: vy = 10.5TeV pro, 74033011 (2006)

Y,

e 7' search bound: myz 2 2.86 TeV arias-conr-2013-017




Phenomenology

Predictions of Branching Ratio

* Branching ratios of Z' decays:

BR(Z — ¥i;) = 0.18

0.28 0.16 0
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