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Introduction /Motivation
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Introduction

m Restore symmetry between Left-Right sectors
m Generate naturally small neutrino masses

m Accomodate dark matter
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Minimal Left-Right Model

Gty m Simple extention of the SM gauge group

A m Spontaneous/Explicit breaking of P (SU(2), «+——SU(2)g)
ol foee (also CP)
m Genartion of naturaly light neutrino masses (Seesaw I/Ill)

SU(3)CXSU(2)LXSU(2)RXU(1)B_L

(u _ 1 _(ur) _ 1
QL—(dL)=[3»2;1,§] QR—(dR>=[3,1;2,§]

o= (Zt) =[1,2,1,~1] g= (Zﬁ) =[1,1,2,-1).

n ~(1,2,2,0), A; ~(1,3,1,-1), Ag ~(1,1,3,-1)
Seesaw I/l

n ~(1,2,2,0), ¢ ~(1,2,1,1/2), ¢r ~(1,1,2,1/2)
Double seesaw through Weinberg dim-5 operator

Flavour changing neutral currents
*N.G. Deshpande et al., Phys. Rev. D 44, 837 (1991).
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Alternative Left-Right Model

Gauge U(1)p

S SU(3)C><SU(2)L1><SU(2)R><U(l)?,L
Oleg Popor @ds : B2Lg) (Bu)n:(G.12—p)
e B s (L21,-3) (mzi(1,1,2,)
P GLL-3) d(33)
(’:3 ﬁ;)L :(1,2,2,00  N¢:(1,1,1,0), \

m ALRM is motivated by superstring-inspired Eg model

m Flavour changing neutral currents are naturaly absent tree
level

| Wﬁ has lepton number +1 and odd parity so they do not
mix with Wi

m SU(2)g breaking scale can be below as TeV, W5 and Z'

____are reachiable at IHC
fE. Ma, Phys. Rev. D 36, 274 (1987); K. S. Babu, X.-G. He, and
E. Ma, Phys. Rev. D 36, 878 (1987);J: L. Hewett and=T. G. Rizzo, 410



Dark Alternative Left-Right Models

with Global Symmetries

Gauge U(1)p

Sy"‘A"I‘_e;a for Fermion SUB)c X SUQ), X SUQr X U(1) S Scalar SUB)e X SUQR), X SUQr X U(1) S

VL= We), 1,2,1,-1/2) 1@ 1,2,2,0) 1/2
Ol e Ur=(n e (1, 1,2, -1/2) 12 &= 0,0%, (1,2,2,0) -1/2
: 0, = (d), (3,2,1,1/6) 0 @, 1,2, 1,1/2) 0
Ok = (u, g (3, 1,2,1/6) 1/2 @ 1, 1,2,1/2) -1/2
dg G, 1,1,-1/3) 0 A 1,3,1,1) -2
hy (3,1,1,-1/3) 1 Ag (1,1,3,1) -1 1

No tree level FCNC

Neutrino masses(m, ~ (A?) = L — (-1)}, R parity)
Fermionic Dark Matter (Scotinos) (m, ~ (A%))

Lepton number given by L=S-T3gr

(¢9) =0 by S-Tap

h, W% has L=1,¥1

SM particles are even, n, h, W2, and Afg are odd under
parity

#S. Khalil, H.-S. Lee, E. Ma, Phys. Rev. D 79, 041701(R) (2009)
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Dark Alternative Left-Right Models Il

with Global Symmetries

Gauge U(1)p

Symmetry for Fermion SU(3)c X SU(2), X SU(2)g X U(1) s
ALRM Y =(ve) (1,2,1,-1/2) 1

Yr=(n e (1,1,2,-1/2) 3/2
Vg (1,1,1,0) 1
n (1,1,1,0) 2 Scalar SUB)e X SUQ), X SU@)z X U(1) s
Qr = (wd), (3,2,1,1/6) o @ 1,2,2,0) -1/2
Or = (1, h)g (3,1,2,1/6) -1/2 ®=0,0"0, (1,2,2,0) 1/2
dg (3,1,1,-1/3) 0 @ (1,2,1,1/2) 0
hy, 3,1,1,-1/3) -1 P 1,1,21/2) 1/2 §

m No tree level FCNC

m Dirac neutrino masses(m,, ~ <¢) >

= Dirac Fermionic Dark Matter (Scotinos) (m, ~ ($%))

Lepton number given by L=S+T3g and is conserved

<¢(1)> =0 by S+T3pr

vrUR breaks L and generates Majorana neutrino mass

through canonical seesaw

m n remains Dirac fermion protected by residual global U(1)
(n, W§ ~1, h, 63~ ~-1)

§S. Khalil, H.-S. Lee, E. Ma, Phys. Rey. D 21, 051702(R) (2010)
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Particle Content of the U(1)p ALRM

Gauge U(1)p

Symmetry for particles | SUB)¢ | SU2)L | SUR)r | U(L)x | U(1)s
ALRM (u,d)y, 3 2 1 1/6 0
Oleg Popo (u,h)r 3 1 2 1/6 | —1/2
dg 3 1 1 -1/3 0

hr, 3 1 1 -1/3 -1

(v, 1)L 1 2 1 -1/2 0
(n,))r 1 1 2 -1/2 1/2

VR 1 1 1 0 0

RE}R)M Gauged nL 1 1 1 0 1

(¢1,4%) 1 2 1 1/2 0
(6%, 6%) 1 1 2 1/2 1/2
n 1 2 2 0 -1/2

¢ 1 1 1 0 1

Whv)r| 1 1 2 —1/2 | 2

(W3, 9)r 1 1 2 1/2 1
X& 1 1 1 1 -3/2
Xr 1 1 1 -1 -3/2
Xr 1 1 1 0 -1/2
X3& 1 1 1 0 —5/2

o 1 1 1 0 3

9
YC. Kownacki, E. Ma, N. Pollard, OP, M. Zakeri, 1706.xxxx
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Symmetry breaking, Mass Generation, and Flavour Changing Neutral

Currents

Gauge U(1)p
Symmetry for
ALRM

(¢%) =0, (n9) = 0 and conserve S+T3g
m All exotic fermions have half integer charges under S+T3g

Oleg Popoy

m Particle content and charge assignments result in
additional unbroken Z, symmetry, under which exotic
UL, Gauged ferminons are odd and others are even

m S+T3g is broken to S’ by (o) # 0 and gives masses to
exotic fermions

m S’ charges for exotic fermions are different from S+T3p
charges

m Presence of ¢ induces ¢(30* and X?RX?RC breakes S’
further to Z3
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Particle content of proposed model under (T3sg + S) X Z5

Gauge U(1)p
Symmetry for
ALRM

particles gauge Ty + S | global §' | Z
u,d,v,l 0 0 1 +
(67, 62), (13, 19), 6% 0 0 1|+
U(1), Gauged 0k, 1 1 w |+
ALRI b, (nd, 1) -1 -1 W |+
Vs X2t 3/2,—3/2 0 1 =
VUi XR 3/2,-3/2 0 1 | =
Yk Vg 5/2,1/2 1,-1 |w,w?
X3k X3 —1/2,-5/2 | 1,-1 |w,w?
i 3 0 1 |+
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Conclusions
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(Alternative, Dark)Left-Right Models have no tree level
FCNC

Generate naturally small neutrino masses (Seesaw
[/11/111/Double)

Rich phenomenology accessable at LHC

Conclusions

Different variations are possible

Natural Dark Matter candidates due to residual symmetry

2 layers of DM stabilized by Z3 and 25 in case of Gauged
DLRM
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