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Motivation

Simplest Seesaw mechanism is untestable.

For making the scale of neutrino masses generation lower,
loop quantum correction is a natural choice.

The usual loop correction model need some discrete
symmetry to forbidden tree mass. It can be used to
stablize Dark Matter candidate. eg. Ma model....etc.
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/2 parity from U(1) gauge symmetry

A toy model (Krauss-Wilczek, 1989):
U(1) gauge symmetry:

¢ — exp(10)¢

S — exp(2i0)S T b= =9
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After SSB of U(1), ¢ become a 72 odd particle.



Gauge Symmetry and Particle content

G=SUB3).®SU2), ®U(1), ®U(),
We assume SSB of U(1), symmetry happen around TeV scale:
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Neutrino masses
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Neutrino masses

e For u,A~TelV’,m,~0.0leV we demend:
g~10" ~10m, /v,

For only one generation of #1; , NR :

g Q18 8183
Mjix | 281 & &8
8381 8382 g32

It give eigenmasses: 0,0, g7 + g5 + g3

» We need at least 2 generation of #, and N.



Lepton Flavor violation

* When neutrinos get Majorana mass i — eee
W — ey could happen.

* Experimentally,
Br(u—ey)<107"

In this model, ¢ — €Y can rise via dim-6
operator: Zd)a“”eRFW
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/' in collider

The Kinetic mixing between field strengths
of U(1)y and U(1)vis possible: £>--p»x

2 e

So the Drell-Yan production of Z’ in LHC is possible.

B(Z! — uu) : B(Z, — dd) : B(Z! — ¢eé) : B(Z, — vi) =5.63:1.66:4.99: 1
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/2-0odd fermions
Aﬁ:er SSB Dirac term

N
Yrvg —— Y, VS
5 Mar™eL T T

Cnew D
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Majorana mass terms

m”is arbitrary, in principle. But NAUTRALLY it
shall be around TeV.

Thus we get 4 new Majorana fermions with TeV

MAaSSeSs.
:>{X17 X2 X3, X4}



/2-odd fermions as DM

Let us call the lightest mass eigenstates of 77; and
N ,be X, if Xiis the lightest Z2-odd particle, it
should be stable and become the Dark Matter.
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/2-odd fermions as DM

e The Z2-odd new fermions in our model cannot
be DM because M,  >>M, for fitting Q,,,A° ~0.12

 X: decays into SM particles and Z2-odd bosons.



Scalar spectrum

The complete scalar potential is :

V(®,n,0,5) =as|®]* + 7 n|* + m2lol® + mglS|?
+ M| @F + Xafnl* + Aslo[* + A4S
+ X517 [n]* + Xe|@Tn|? 4+ A7 |®[%|0 ] + As|®[?| S|
+ Xo|n)?a]? + Aio|nl?[S)? 4+ Ai1ln|?]S|?
+ kD oS + pooS + pan'do + h.c.

The parameter space is plenty enough to have:

[ Vacuum: (®)=246GeV, (n) ={o)=0, (S)~TeV ]




Scalar spectrum

Unitary
gauge:

i6

S=W,+s,)e Sr = Integrate out
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Scalar spectrum
Mass of 1= : M2 = u2 + \svl

Mass matrix of {Ren’,Rec"} -

M MZ + Aev3 H2Vg + KUsUs
odd ~—
UaVe + KUsUs 12 + A3 + 24109

Mass matrix of {Imn’,Imc"°} -

P M2 + \vi LoVp — KUV
odd ~—
Uy — KUSVp o + A\v3 — 2[11 Vg

{Ren’, Rea” } > {Hi, Hyj H,,, A ,masses should
{Imn°, Imo®} —= {A;,As} bearound Vd tols .



Scalar spectrum

This model have 4 classes of scalar bosons:

h  standard model Higgs boson — 1
n* Charged Z5 odd scalar — 2

Hi - Neutral Z- odd scalar — 2
Ai12 Neutral Z2 odd pseudoscalar — 2

 SM Higgs doesn’t mix with Z2-odd scalar bosons.

 InLHC: . A H,
7 K Z’

H, 4 4



/2-odd scalar as DM

Either H, or 4, is the lightest Z2-odd scalar boson,
it would be stable and play a role as DM.

cscalar D )\Hl hH12 + )\Al hA%

* This model contains the usual singlet scalar DM
model.
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/2-odd scalar as DM

Annihilation:
T oo U] = 8)\2’0’(% Zz F(ho — X;)
ann Urel (4]\[3 L 7n‘/210>2 + Fh(ﬂnio ZA[S;

A = cos® a(As + Ng) + sin? a\- + sin 20( o + KUg) Vg

A = cos? (A5 + ) + sin® 07 + sin 26(ps — Kug)/ve

[ is decay width of Higgs
Ms is mass of H1 or A1.

* For M, >>m ,, hh, ZZ, WW decay channel open.

hO’



/2-odd scalar as DM

C.P. Burgess et al. / Nuclear Physics B 619 (2001) 709—-728
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Fig. 2. Four samples of the log A—m g relationship between A and m g, which gives the correct cosmic
abundance of § scalars. For these plots the Higgs mass is chosen to be 100, 120, 140, and 200 GeV.
The abundance is chosen to be 2,42 = 0.3.



Spin-Independent direct detection:

/2-odd scalar as DM

arXiv:1103.5606

10-37 '; T T T T | T T ='
3 :
| >~ . CDMS (shallow-site data) 1
10 ? ~ 0\ \ 1:
C N 3
10 L
100 I
10 CDMS II
XENON100'
10-42 ] ] 1 I ] . 1 ,
1 3 4 6 7 8 9 10

|
5
m_ (Ge

V)



/2-odd scalar as DM
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/2-odd scalar as DM

4 . | R
B Singlet Scalar

DM model

Our model
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* One thing new is that if masses of H, and 4
are close, H, A, — Z° — SM is important for

their depletion.

e —

* Atight relation between
coupling A and M can’t £_.
come out by usual scalar - _ ..

DM model and our model. 20 40 €0 80 100
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Summary

 With introduce a U(1) gauge symmetry and
several degree of freedoms, this model can give:
1. neutrino masses via a 1-loop correction.
2. provide a singlet scalar DM candidate to
explain DM abundance.
3. stabilize DM by a Z2 parity a |la
Krauss-Wilczek.
4. all the new d.o.f. can be explored in TeV

scale. ie. LHC.



Thank You !



