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Z2 parity from U(1) gauge symmetry

A toy model (Krauss-Wilczek, 1989):
U(1) gauge symmetry:
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After SSB of U(1), ¢ become a Z2 odd particle.



Gauge Symmetry and Particle content
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Neutrino masses
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Neutrino masses
e For u,A~TeV,m, ~0.01eV, we demend:

g~10"* ~10m, /v,

For only one generation of 1, , N o

g12 818> 8183

Mo | 881 g5 @8
8381 8382 g32

It give eigenmasses: 0,0, g2 + g2 + g2

* We need at least 2 generation of N, and N R



Lepton Flavor violation

* When neutrinos get Majorana mass 1 — €ee
U —> €y could happen.
* Experimentally,

Br(u —ey) <10
In this model, £ — €% can rise via dim-6 operator:
LdaH epF,
Give: 1(?‘24 C}(l)
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/' in collider

The Kinetic mixing between field strengths
of U(1)v and U(1)vis possible: £ > —%B’“’XW

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

B(Z — uu) : B(Z, — dd) : B(Z — ee) : B(Z, — viv) = 5.63: 1.66 : 4.99 : 1
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/2-odd fermions

After SSB: Dirac term
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Majorana mass terms

mPis arbitrary, in principle. But NAUTRALLY it
shall be around TeV.
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Thus we get 4 new Majorana fermions with TeV

MasSes.
q{Xh X2 X3 X4}



/2-odd fermions as DM

Let us call the lightest mass eigenstates of [1; and
N be ¥1,if ¥1is the lightest Z>-odd particle, it

should be stable and become the Dark Matter.
1

(o)

QD}\/th ~ (.12

2

OannUrel = 24 Tj\ljz Z ‘gzlggl|2 2(1 — 2x + 2'27 )

A2 /(A2 2 , _ ,
r=M?/(M? + M?) % 1 I




/2-odd fermions as DM

e The Z2-odd new fermions in our model cannot
be DM because M, >>M, for fitting Q_,,h? ~0.12

e ¥ decays into SM particles and Z2-odd bosons.



Scalar spectrum

The complete scalar potential is :

V(®,n,0,5) =7g|®* + Flnl* + Falo* + we|SI°
+ AP 4 Aa|n[* + Aslo]® + A4l S|
+ X5 (@2 n]* + X6 |®Tn|* + A7 |® %[0 |* + Xs| @[S
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The parameter space is plenty enough to have:

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




Scalar spectrum

Unitary
gauge:
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Scalar spectrum
Mass of 1~ : M2 = 12 + A2

Mass matrix of {Ren’, Rea’} :
M = ( M3 + Asv3 H2Vs + KUSUS )
[2Vp + KUSVs g + AqUg + 241105
Mass matrix of {Imn°,Imc°} :
M2 + \gvg LoVp — KUSU® )

M! . =
odd 5 5
oy — KUSUS [l + Arvg — 2010g

{Ren’, Rea”} == {H, Hs} H,,, A, masses should
{Imno,lmao} — {Al,Az} be around U® toVUg .



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
A12 Neutral Zs odd pseudoscalar — 2

e SM Higgs doesn’t mix with Z2-odd scalar bosons.
 |n LHC: A

Hl
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/2-odd scalar as DM

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

Escala,fr D )\Hl hH12 -+ )\Al hA%

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

Annihilation:

2.9 0
T (AME = m3g)? + Thoms, 2 Mg

A = cos? a(Ns + Ng) + sin® a; + sin 2a(ps + Kvs) /s
A = cos?d( A5 + Ng) + sin® 07 + sin 26(us — Kug)/ve

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

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



/2-odd scalar as DM

Spin-Independent direct detection:  arxiv:1103.5606
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/2-odd scalar as DM

m =120 GeV ' m =180 GeV
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/2-odd scalar as DM

-
Singlet Scalar

Our model D) DM model

\

* One thing new is that if masses of H, and A
are close, H,A - Z° - SM is important for
their depletion.

 Atight relation between
coupling A and Mg can’t
come out by usual scalar o ioGe

log A
R
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Summary

 With introduce a U(1) gauge symmetry and
several degree of freedom, 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.



Thank You !
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