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LEFT-RIGHT MIRROR SYMMETRY
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LEFT-RIGHT MIRROR SYMMETRY

SUGB). ® S(2); ® U(l),
S(2)

SUG)C ® Sy @ S2), ® Uy

We also incluye a discrete symmetry = ZZJ
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SCALAR FIELDS AND SSB

T

Spontaneous Symmetry Breaking



SCALAR FIELDS AND SSB

The symmetry breaking pattern should be as follows

() (D)

SUQ2), ® SUQR)g ® Ul)y — SUQ2), ® U(l)y — Ull)gey



SCALAR FIELDS AND SSB

The symmetry breaking pattern should be as follows

SUQ), ® SUR), ® U, |Y su), @ vy, B v

y
ol

ged

Wl o



SCALAR FIELDS AND SSB

The symmetry breaking pattern should be as follows

SUR), ® SUQ)z ® U1y

SUR2); ® U(l)y

= U(l)ged

v = 246 GeV



POTENTIAL FOR SCALAR FIELDS

The scalar potential is

_ 2_
V= - (800 +B6'0) + 2 | (0'0) + (60 | +4, (2'0) (60)

\/ 2 |
These terms can be included so that | (I)
the parity symmetry is broken softly.

Terms with mixing between ordinary
and mirror doublet fields are
excluded.




POTENTIAL FOR SCALAR FIELDS

The scalar potential is

| :
V= (100 + p676) + 2| (070) + (670 | 44y (00) (670)

After the symmetry breaking, the neutral Higgs boson squared

T DAy 200
HY = A AD
2/,0V 245V

mass matrix is



POTENTIAL FOR SCALAR FIELDS

The scalar potential is

| :
V= (100 + p676) + 2| (070) + (670 | 44y (00) (670)

After the symmetry breaking, the neutral Higgs boson squared

" 2/11\/2 24,0V
e A =
2/,VV 245V

Thus, the neutral physical states are

H _ [ cosa sina Re[¢”’
H —sina cosa/ \ Re[¢"

mass matrix is




In this case the mixing angle for neutral scalar is given by

2/,VV

tan 2a) =
an( a) /11 (V2 - 92)

and the neutral scalar masses are

ms = Ay v +v \//12 v —v2 +4/12v2f/2

o + \//12 = \72 + 4&2\/



In this case the mixing angle for neutral scalar is given by

2/,VV

tan 2a) =
an (2a) y (V2_f;2)

and the neutral scalar masses are

m[% = (v2 + 92) — \//112 (v2 — 92)2 + 4/12\/292

mi=Adi )+ \/ e o e

H ————»| Higgsfrom SM
H ——— | Heavy neutral Higgs



In this case the mixing angle for neutral scalar is given by

2/,VV
/11 (V2 = \72)

tan 2a) =

and the neutral scalar masses are

ms = Ay v +v \//12 v —v2 +4/12v2f/2

L Higgsfrom SM New portal for DM
. B —— | Heavyneutral Higgs <—T



GAUGE AND SCALAR FIELDS

The kinetic terms for scalars are

Zscalar = 0®)' (D,@) + (f)ﬂcﬁ)T (D,9)



GAUGE AND SCALAR FIELDS

The kinetic terms for scalars are

Zscalar = 0®)' (D,@) + (f)ﬂcﬁ)T (D,0)

For simplicity, we have written the covariant derivative as

2
the coupling constants associated SU(2),




GAUGE AND SCALAR FIELDS

The kinetic terms for scalars are
L)' BY2%4) L
Zscalar = D'®)' (D,@) + (D d) (D,0)

For simplicity, we have written the covariant derivative as

D,=o0 +lg22 WLﬂ+zg1Y’B

—)

D —0 +zg22 WRﬂ-l-lle’B

the coupling constants associated SU(2)



GAUGE AND SCALAR FIELDS

The kinetic terms for scalars are
L)' BY2%4) L
Zscalar = D'®)' (D,@) + (D d) (D,0)

For simplicity, we have written the covariant derivative as

—>

D,=o0 +lg22 WLﬂ+zg1Y’B

.
D=J+5 Wr, +18, Y5,




GAUGE AND SCALAR FIELDS

The kinetic terms for scalars are
L)' BY2%4) L
Zscalar = D'®)' (D,@) + (D d) (D,0)

For simplicity, we have written the covariant derivative as

D,=o0 +lg22 WLﬂ+zg1Y’B

—)
A\

D,=d,+ zg22 WRM +igl b

the coupling constants associated U(l)y.




GAUGE AND SCALAR FIELDS

The kinetic terms for scalars are

Zscalar = 0®)' (D,@) + (f)ﬂcﬁ)T (D,0)

For simplicity, we have written the covariant derivative as

s
Dﬂ=(3M+lg25-WLﬂ+zg1YBﬂ

-

A e : ;
DM=6M+zg25-WRM+lg B




FERMIONS AND SCALAR FIELDS

The renormalizable and gauge invariant interactions of the
scalar doublets with the leptons are described by the Yukawa
interactions, which takes the form for charged leptons

e 7 1 20 &A ~
ZL5 = Z At i Pep + Z At igPe + Z Hieerth.c.
i\j i.j i.j



FERMIONS AND SCALAR FIELDS

The renormalizable and gauge invariant interactions of the
scalar doublets with the leptons are described by the Yukawa
interactions, which takes the form for charged leptons

Z 4,0, ®ey + Z ﬂl’JffRCDéO i Z el er+h.c.

The VEV's of the neutral scalars produce the fermion mass
terms, which in the gauge eigenstate basis read

7 = l/fLMl//R A .



FERMIONS AND SCALAR FIELDS

The renormalizable and gauge invariant interactions of the
scalar doublets with the leptons are described by the Yukawa
interactions, which takes the form for charged leptons

Z 4,0, ®ey + Z ﬂl’JffRCDéO i Z el er+h.c.

The VEV's of the neutral scalars produce the fermion mass
terms, which in the gauge eigenstate basis read

S =Myl e
For the lepton sector, the non- dlagonal mass matrix M, takes

K O
M_(ﬂK)

the form



FERMIONS AND SCALAR FIELDS

The renormalizable and gauge invariant interactions of the
scalar doublets with the leptons are described by the Yukawa
interactions, which takes the form for charged leptons

. 7 S ~
ZL5 = 2 At ?L(Deﬁ? + Z ﬂljf fRCDeJQL + Z ,uljefLeﬁe +h.c.
ij ij ij

The VEV's of the neutral scalars produce the fermion mass
terms, which in the gauge eigenstate basis read

S =Myl e
For the lepton sector, the non-diagonal mass matrix M, takes

| 1 | |

the form (K - 1 |
| » M e = 2 K/ 2 _;t//\ |
| = U K’li = v |

Loos 2



Thus, the mass matrices can be diagonalized through unitary
matrices Ua, fora = L R; as

Mp = UIMUp.

U ACl ECl
. Fa Ga .

We write Ua as



Thus, the mass matrices can be diagonalized through unitary
matrices Ua, for a = L,R; as

Mp = UIMUp.

We write Ua as




Thus, the mass matrices can be diagonalized through unitary
matrices Ua, fora = L R; as

Mp = UIMUp.

U ACl ECl
. Fa Ga .

Thus, the tree-level interactions of the neutral Higgs bosons H

We write Ua as

and H” with the light fermions are given by

- Hy; .
SZZY s flL(AZAL)ij—l 1]!3 <Hcos a — H sin a)
2\/5 My |
. . - |
+ﬁflL—l(F;feFR)l-jf;e <H Sin a + Hcosa) +h.c.

V2 My
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NEUTRINO MASSES AND MIXING

With the fields of fermions introduced in the model, we may
write the gauge invariant Yukawa couplings for the neutral
sector:

= ~
A\ A\

+6,1, 515( JR) 4T, ®u + A1 @0, + hec

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

mass terms ¢ (@ . ) M, M, 7
U—mass vl vl MD MR lPiR

12



NEUTRINO MASSES AND MIXING

With the fields of fermions introduced in the model, we may
write the gauge invariant Yukawa couplings for the neutral
sector:

L - A~ - :

= ~
A\ A\

+6,1, 515( JR> 4T, ®u + A1 @0, + hec

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

)

mass terms
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NEUTRINO MASSES AND MIXING

With the fields of fermions introduced in the model, we may
write the gauge invariant Yukawa couplings for the neutral
sector:

= ~
A\ A\

+6,1, 515( JR> 4T, ®u + A1 @0, + hec

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

12



DARK MATTER AND NEUTRINOS

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

DO —— OO P
Z2

13



DARK MATTER AND NEUTRINOS

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

o9 (6 = C i (6
Z, = NViLUjR + XiiViR <VjR> + XiViL <VjL> + ‘\&& L <VjL>

13



DARK MATTER AND NEUTRINOS

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

13



DARK MATTER AND NEUTRINOS

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

g6 4 Bo—o0,=6:3 0
Z2
b - 5 5 otk

=5 C s G2 ety (68
Z, = NViLUjR + XiiVir <VjR> T XiliL (VjL> o &({‘liL(D (UjL>

+6,1,.0 (v ( JR) Al ®vp + X1 @0y + hec.



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

gy—mass = (\PVL’ TCUL) <MIL) MIIZ> ( Ci>



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

A vy
' £ =1 Ap
ol e
lL?, I/R) o ok A
S ViR
Ve

=



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

0 L,ll..
5
¥
E’Iij Aij



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

0 ﬁ/lij ( Mlight 0 )
~ -
- 0 Mizeavy



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

’
0 ﬁ/lij szight 0
L/IT - e \ 0 Mheavy
\/5 ij ij 1/\
2
i = heavy .
Mlight - _/1)( 1/1T | Myeav)’ ¥



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

0 ﬁ/lij ( Mlight 0 )
~ -
- 0 Mizeavy

We parameterize A and X matrices as
A=V
y=mD™'S



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

0 ﬁ/lij ( Mlight 0 )
~ .
- 0 Mizeavy

We parameterize A and X matrices as
A= y5-
y=mD7'S

5= 8

- *D=Diagonal (y;,y,,%) |



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

0 e .
5 i Mllght 0
v ~ ( : )

i x 0 e
Then, the inverse matrix for X is
1
)(—1 = _S—ID
- |

and the matrix for light neutrinos is

- 22
: 3=
M= —2y SD



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

0 ﬁ/lij ( Mlight 0 )
~ -
- 0 Mizeavy

In order to diagonalize the matrix M we use the PNMS matrix

22
.
Y yTsuTD

o

PNMS transpose matrix

Diagonal [myl, . my3] =



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

0 ﬁ/lij ( Mlight 0 )
~ .
; 0 Mizeavy

e
\ Mifzeavy Ny

 In order to diagonalize the matrix M we use the PNMS matrix

5
L yTsuTp
2m |

Diagonal [myl, 7, my3] =



DARK MATTER FROM MIRROR NEUTRINO

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

as
A Pooa
£ tj =4 I e |
(U 1L UV LR ) 5 = 4 55 M| rr Or

P A :
i 0 ViR

— J
\/5

16
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Mz=1.3548TeV, My=0.5TeV
Mz=1.3548TeV, My=1.0TeV
Mz=1.3548TeV, My=2.0TeV
Mz=2.7096TeV, My=0.5TeV
Mz=2.7096TeV, My=1.0TeV
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SUMMARY

We explore DM in LRMM, assuming the lightest neutrino

mirror as DM.

Masses for SM neutrinos are included by see-saw type I.
Some model parameters are constrained to explore a
benchmark for DM relic density and Sl cross section

Under the Plank collaboration reported value for no baryonic

relic density, we find that the heavy neutral scalar like Higgs

is viable as portal with mass ~11eV for the reported limit for

Z’ mass in the LRM.

Under lastest reported limit for Sl cross section by XENON1T,

we find that DM mass is viable for ~O.5TeVor less.
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