6th ComHEP: Colombian Meeting on

é COM High Energy Physics

Left-Right Mirror Model with
Dark Matter
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Left-Right Mirror Model

Gauge group

SUB)e ® SQ2)x ® S(2), ® U(l)y |

We also incluye a discrete symmetry =9 22

Leptons Quarks
Field SU(3)c @ SU(2)L ® SU(2)r @ U(1)y- Field SUB)c®@SU2)L ® SUR2)r@U(1)y:

i (13 2, 1, _1) ugR (3q 1, 1, 4/3)
i (1,1, 1, 0) ddp (3,1, 1, 2/3)
i (1’ 1, 1, _2) Q?L (3v 2, 1, 1/3)
Ai (1’ 1, 1, O) {L?L (3~ 13 1, 4/3)
s (1, 1,1, —2) o, (3,1, 1, 2/3)

/Az‘ (1, 1, 2, —1) Q?R (3, 1, 2, 1/3)

Mirror

Gauge eigenstate




Left-Right Mirror Model

Gauge group

SUB)e ® SQ2)x ® S(2), ® U(l)y |

We also incluye a discrete symmetry =9 22

Scalars Gauge fields

Field SUBB)c®@SU2)L @ SUR)r@U(1)y- Field SUB)c ®SU(2)L, ® SU22)r @ U(1)y-
D (1,2, 1, -1) Wi (1, 3,1,0)
@ (1,1, 2, —1) B (1,1, 1,0)

wg (1, 1, 3, 0)




Spontaneous Symmetry Breaking

The symmetry breaking pattern should be as follows
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Scalar potenual V=246 GeV

The scalar potential is

_ é
V== (100 + 3070 + ’;1 (@'®)" + ($'d) | +1, (0'0) ($'d)




Scalar masses

After the symmetry breaking, the neutral Higgs boson squared
M2 =
iy

Thus, the neutral physical states are

(H) - ( COS & sina) (Re :450:)
H —sina cosa/ \ Re[4*
In this case the mixing angle for neutral scalar is given by
24,0V
A (v2 — 92)
and the neutral scalar masses are

iy = 4y (74 ) =27 (7 = )7 4 41,0297+ [Hismetomsm
i 2 ) D) 2\ 2 9 0) Heavy neutral
o201 P

tan 2a) =




Scalar and fermion interactions

The Yukawa interactions are
/s "z = P A ~
Ho= N Irtdes Lt Y Lty i thoc
i i, i.j
After SSB, =
oz . Myt hoc.

For the lepton sector, :
ooy T
M = 2

o Ky

Thus, the mass matrices can be diagonalized through unitary
matrices Ua, fora = LR; as My = UZMUR.



W . U Aa Ea
e write U, = - :

Thus, the tree-level interactions of the neutral Higgs bosons H
and H™ with the Iight fermions are given by

SZZY= (Hcosa—ﬁsina)

2\/5 / 25 My %W . -
—(FT FR)sz;e (Hsina + H cos a) L h.c

\/_fLMW,

o(pp - H) - BRH — X)
c(pp — HSM) : %’%(HSM - X)

:%X:

m [nterseCtay

= bl;, T_T+9 /,'l_,l/l+, WW*’ ZZ*? Lol

0.0 cosa ~ 0.7 (AzAL>ff = (”L)f.f_

-1.0 -0.5 0.0 0.5 1.0 1Jj
cosa

(@) Y9~y = ) 74
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Neutrinos masses and mixing

Yukawa couplings for the neutrino sector:

$E C T, C e C
Z, = hVyVip + XiiVir <Vj ) T XiliL ”jL) +0,l; P <VjL>

ijbi lR(I)U]L + h.C.

ij"i

When doublet scalar fields acquire VEV's we get the neutrino
mass terms




Dark matter and Neutrinos

The charge under Z2 symmetry for the doublet scalar fields
can generate two scenarios,

1) &, — & O




) O, — P b
ZZ

W /y=0;=5;=0

In this case the ordinary neutrinos can be written separately
from for mirror neutrinos in the matrix as follows

v
0 _/Iij C
— V2 il
(Fur Vun) < Ordinary
l L/IZT Xii ViR
\/5 ] ]
. 3
)(ij _/11] AC
= o 2 V;
Go Za)|, . 7 |(5) <=
— ViR



By assuming the natural hierarchy | 4| <|y;| among the
mass terms, the mass matrix for ordinary neutrinos can
approximately be diagonalized, yielding

0 = .
\/—2- 0] - Mizght 0
e 0y
o ij v
Mlight Ve /1)(—1 4T M2 =
We /oaramejer}e/1 and 1 matncm —S D
2 —
= \S L > D= Dlagona/ (¥1>72:33)

So, the matrix for light neutrinos is

szz
2m

MY&M = —_§D



We consider the lightest mirror neutrino as Dark Matter
candidate. The mass matrix for mirror neutrinos was introduced

as
. niA
- Aij ﬁ’lij .
(i)iL’ IQCVR) Uaere :
0
In the scenario oo —— 3 (I),(f)

Z)
the candidate is linked with particles through the mix of the H"

Dark\\ fAM
Matter . irror
H,H




Relic density

10"F | :
® Mz=1.3548TeV, My=0.5TeV -
® Mz=1.3548TeV, My=1.0TeV '
* Mz=1.3548TeV, My=2.0TeV

4 | ® Mz=2.7096TeV, My=0.5TeV _

Lo \ ® Mz=2.7096TeV, My=1.0TeV '

N 17=2.7096 eV, Mi;=2:0TeV
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Sl scattering cross section
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SUMMARY

« We explore DM in LRMM, assuming the lightest mirror
neutrino as DM.

« Masses for SM neutrinos are included by see-saw type |.

« Some model parameters are constrained to explore a

benchmark for DM relic density and Sl cross section

e Under the Plank collaboration reported value for non
baryonic relic density, we find that the heavy neutral scalar is

viable as portal with mass ~1TeV for the reported limit for Z’
mass in the LRM.
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