«O0>» «Fr «E» < : .

Debasish Borah

IIT Bombay

JaipUr 2010



Outline

INTRODUCTION

LRSM wiTH HIGGS DOUBLETS

LRSM wiTH HIGGS TRIPLETS

SUSYLR MODEL WITH HIGGS DOUBLETS

SUSYLR MODEL WITH HIGGS TRIPLETS

SUSYLR MODEL WITH HIGGS TRIPLETS AND BITRIPLET
REsuLTS AND CONCLUSION

WORK IN PROGRESS

Debasish Borah (IIT Bombay) TeV scale Left-Right symmetry Jaipur 2010

2 /37



Introduction

MOTIVATION

» Recently P.S.B. Dev and R.N. Mohapatra have shown the existence of TeV
scale left-right symmetry with spontaneous D-parity breaking in a model
which can also account for tiny neutrino masses as well as gauge-coupling
and b — 7 unification (PRD 81, 013001 (2010)).

'Based on arXiv preprint 1006.2245 with co-authors Sudhanwa Patra and Utpal Sarkar

(Physical Research Laboratory, Ahmedabad)
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» Recently P.S.B. Dev and R.N. Mohapatra have shown the existence of TeV
scale left-right symmetry with spontaneous D-parity breaking in a model
which can also account for tiny neutrino masses as well as gauge-coupling
and b — 7 unification (PRD 81, 013001 (2010)).

» They, however did not explicitly derive the ground state of the scalar
potential in their model. Our purpose is to study all possible Left Right
models with spontaneous D-parity breaking and show explicitly whether the
ground state of the theory allow a TeV scale intermediate symmetry along
with correct order of neutrino masses. *
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Introduction

MOTIVATION

» Recently P.S.B. Dev and R.N. Mohapatra have shown the existence of TeV
scale left-right symmetry with spontaneous D-parity breaking in a model
which can also account for tiny neutrino masses as well as gauge-coupling
and b — 7 unification (PRD 81, 013001 (2010)).

» They, however did not explicitly derive the ground state of the scalar
potential in their model. Our purpose is to study all possible Left Right
models with spontaneous D-parity breaking and show explicitly whether the
ground state of the theory allow a TeV scale intermediate symmetry along
with correct order of neutrino masses. *

» We also show the gauge coupling unification in the SUSY versions of each
such models.

'Based on arXiv preprint 1006.2245 with co-authors Sudhanwa Patra and Utpal Sarkar
(Physical Research Laboratory, Ahmedabad)
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» The standard model gauge group is extended to
5U(3)C X 5U(2)L X SU(2)R X U(I)B_[_
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» The standard model gauge group is extended to
5U(3)C X 5U(2)L X SU(2)R X U(I)B_[_

» Parity is spontaneously broken and smallness of neutrino masses arise
automatically by seesaw mechanism.
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Introduction

LEFT-RIGHT SYMMETRIC MODELS (LRSM)

» The standard model gauge group is extended to
5U(3)C X SU(Q)[_ X 5U(2)R X U(l)B_[_

» Parity is spontaneously broken and smallness of neutrino masses arise
automatically by seesaw mechanism.

» Supersymmetric version of such models come with other advantages like
stabilizing scalar masses, natural dark matter candidate (LSP), gauge
coupling unification etc.
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Introduction

LRSM WITH SPONTANEOUS D-PARITY BREAKING

» Usual LRSM also contains a discrete Z, symmetry (in addition to the gauge
symmetry) under which left-handed fields interchanges with the right handed
ones. This discrete symmetry also forces us to take the coupling constants of

SU(2)r and SU(2), same gr = g1.
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» Usual LRSM also contains a discrete Z, symmetry (in addition to the gauge
symmetry) under which left-handed fields interchanges with the right handed
ones. This discrete symmetry also forces us to take the coupling constants of
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Introduction

LRSM WITH SPONTANEOUS D-PARITY BREAKING

» Usual LRSM also contains a discrete Z, symmetry (in addition to the gauge
symmetry) under which left-handed fields interchanges with the right handed
ones. This discrete symmetry also forces us to take the coupling constants of
SU(2)r and SU(2), same gr = g1.

> In usual LRSM, this Z> symmetry as well as the SU(2)r gauge symmetry
breaks simultaneously.

» As considered by Chang and Mohapatra'1983, addition of a singlet field
which transform as 7 — —n under this Z, symmetry called the D-parity
breaks this discrete symmetry first leaving the gauge symmetry unbroken.
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» The D-parity breaking introduces an asymmetry between left and right

handed Higgs fields and makes the coupling constants of SU(2)g and SU(2),
evolve separately under the renormalization group.
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Introduction

LRSM WITH SPONTANEOUS D-PARITY BREAKING

» The D-parity breaking introduces an asymmetry between left and right
handed Higgs fields and makes the coupling constants of SU(2)g and SU(2),
evolve separately under the renormalization group.

» This D-parity breaking is different from the low energy parity breaking
observed in the weak interactions which arises as a result of SU(2)g gauge
symmetry breaking at a scale higher than the electroweak scale.
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Introduction

LRSM WITH SPONTANEOUS D-PARITY BREAKING

» The D-parity breaking introduces an asymmetry between left and right
handed Higgs fields and makes the coupling constants of SU(2)g and SU(2),
evolve separately under the renormalization group.

» This D-parity breaking is different from the low energy parity breaking
observed in the weak interactions which arises as a result of SU(2)g gauge
symmetry breaking at a scale higher than the electroweak scale.

» In such models although the type | seesaw term still remains sensitive to the
U(1)g—1 breaking scale Mg, the other seesaw terms namely type Il and type
Il becomes sensitive to the D-parity breaking scale.

Debasish Borah (IIT Bombay) TeV scale Left-Right symmetry Jaipur 2010 6 / 37



LRSM with Higgs doublets

LRSM with Higgs doublets
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LRSM with Higgs doublets

PARTICLE CONTENT OF THE MODEL

The particle content of the Left-Right symmetric model with Higgs doublet is
QL=(3,2,1,1/3), Qr=(3,1,2,1/3)
v, =(1,2,1,-1), Vg=(1,1,2,-1)
®=(1,2,2,0), H, =(1,2,1,1), Hr=(1,1,2,1)

where the numbers in the brackets are the quantum numbers corresponding to the
gauge group SU(3)¢ x SU(2). x SU(2)g x U(1)g—.. To the above particle
content we add a parity odd singlet scalar field (1,1,1,0). We denote the
vacuum expectation values of the neutral components of the Higgs fields as

(®1) =vi,v2, (H)=w, (Hr)=vgr, (n)=s
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LRSM with Higgs doublets

SCALAR POTENTIAL MINIMIZATION

Minimizing the scalar potential gives

A6
o =wvi 4 dsvp + 2 5 V[_VR+ILLh¢(V]_+V2) vg =0 (1)
ov A6
a—v = NRVR + )\5VR + = ) VRVL +/14h¢(V1 + V2)V[_ =0 (2)

where 117 and % are effective mass terms of H; and Hg given by

12 = u2 4+ Ms + Xgs® + (g + af)vive + a1 (V2 + v2) + aavi + azvi
p% = pa — Ms + Ags® + (g + ) )viva + a1 (VP + v3) + aavi + azvi (3)
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LRSM with Higgs doublets

SCALAR POTENTIAL MINIMIZATION

From equations (1), (2) we get

A6
vivr(2Ms) + (A5 — ?)(vf — V3)vivg + the(vi + w)(v3d—v3) =0
Thus a non-zero value of () = s does not allow a solution with v; = vg.
Assuming v; < vg < s, M will give

_,Uhqb(Vl + vo)vr
= - <7 4
vt 2Ms (4)

If we set ppp = M =5= 108 GeV, and vio ~ Mz then :—; comes out to be of the

order 1078 which is desired for type Il seesaw. Unlike LRSM without D-parity
breaking, here vg need not be very high but can be as low as TeV.
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LRSM with Higgs triplets

LRSM with Higgs triplets
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LRSM with Higgs triplets

PARTICLE CONTENT OF THE MODEL

The particle content of LRSM with Higgs triplets is
Qu=3211/3), Q=(3,1,2,1/3)

v, =(1,2,1,-1), Wg=(1,1,2,-1)
¢ =(1,2,2,0), A =(1,3,1,2), Ar=(1,1,3,2)

To the above field content we add a parity odd singlet scalar 7 like in the previous
case. We denote the vacuum expectation values of the neutral components of the
Higgs fields ®1, A, Ag,n as

(O1) =wvi,vo, (A =v, (AR)=vg, (n)=s
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LRSM with Higgs triplets

SCALAR POTENTIAL MINIMIZATION

Minimizing the scalar potential gives

ov
= pivi +2p1v; + p3vivi + (Bivive + Bavi + B3v3)ve = 0 (5)

E
ov
e HRVR + 201V + p3VRV] + (Brvave + Bavi + B3vg)ve = 0 (6)
where 47 and % are effective mass terms of A, and Ag given by

17 = pA + Ms + 26s” + 2(a2 + a3)vive + a1 (Vi + v3) + azvp
P2 = A — Ms + Xes® + 2(aa + a3)viva + (Vi 4 v3) + azv2

Debasish Borah (IIT Bombay) TeV scale Left-Right symmetry Jaipur 2010 13 / 37



LRSM with Higgs triplets

SCALAR POTENTIAL MINIMIZATION

Equations (5), (6) gives

(2Ms + (vz — v0)(p3 — 2p1))vive = (V0 — vi)(Brviva + B2V + B3v3)

Thus a nonzero vev of 7 disallows those solutions for which v; = vg. Assuming
vi € vg <K s, M will give

= r(Biviva + Bovi + B3V2)
L= 2Ms (7)

Here if we take vg of TeV scale then the scale of parity breaking M, s should be
low (~ 108 — 10° GeV) so as to give v, ~ eV needed to account for neutrino
masses by type Il seesaw.
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SUSYLR model with Higgs doublets

SUSYLR model with Higgs doublets 2

2P.S.B. Dev and R. N. Mohapatra, Phys. Rev. D81, 013001(2010)
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SUSYLR model with Higgs doublets

F1ELD cONTENT OF SUSYLR MODEL WITH HIGGS
DOUBLETS

The particle content of Supersymmetric Left-Right model with Higgs doublet is
Qu=(3,2,1,1/3), Qr=(3,1,2,—1/3)

v, =(1,2,1,-1), Vg=(1,1,2,1)
®; = (1,2,2,0), &y =(1,2,2,0) H =(1,2,1,1)

) 3 )

H =(1,2,1,-1) Hp=(1,1,2,-1), Hr=(1,1,2,1)

3 ) 3

We add a parity odd singlet superfield p to the above particle content. We denote
the vev of the neutral components of ®1, ®,, H;, H;, Hr, Hg and p as

(P1)11) =wv1, ((P2)22) =va, (Hi,HL) =vi, (Hr Hr)=vr, (p)=s
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SUSYLR model with Higgs doublets

SUPERPOTENTIAL

The Higgs part of the superpotential is
W = pyTr[n®] m®;] + Mpp + fi(H] ®;Hg + H &;Hg)
+mp(H 7 H, + HE 2 HR) + Mip(H mHL — HE 72 HR)

The scalar potential is V = Vr + Vp + Viorr Where VE = |F;|2 F; = —% is the
F-term scalar potential, Vp = D?°D?/2, D = —g(¢ T;«bj) and Vi is the soft

supersymmetry breaking scalar potential.
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SUSYLR model with Higgs doublets

SCALAR POTENTIAL MINIMIZATION

The effective mass terms of the doublet Higgs fields after p acquires vev are

1 1
1, = Z[(mh +sh)? + AV, g, = Z[(mh +sM1)* + 3]

1 1
Wi = gllmn = s\ + B3 i, = L~ s\) + 2]

Minimizing the potential with respect to v;, vg, we get the relation

(Avi + 4(1‘12 + )\%)V[_VR +2fi(v1 + vo)(mp + 4u))(v,% — VE) + (4sA;

+8/\15(M — mh))v,_vR =0

which shows that the minimization disallows the solutions where v, = vg.
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» Assuming v; < vg < s, M the above expression gives rise to

vR(2f1mh(v1 + V2) + 4()"?12 + )\%)VLVR + Aq V]_)
8(m;, — M)S}\l + 4sA,

v
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SUSYLR model with Higgs doublets

SCALAR POTENTIAL MINIMIZATION

» Assuming v; < vg < s, M the above expression gives rise to

- vr(2fimp(vi + o) + 4(f2 + A2 vivg + A1vi)
‘ 8(mp, — M)sh; + 4sA,

> If we set
my ~ M ~ s~ 10°GeV D-parity breaking scale

and allow m, — M ~ 108 GeV by appropriate fine tuning then the above
relation will give rise to the desired ratio v, /vg ~ 1075. For such a choice of
scales we can fine tune the parameters to get a light Hg having mass

pr ~ vg ~ TeV and a heavy H; having mass ji; ~ s, M ~ 101® GeV.
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SUSYLR model with Higgs doublets

NEUTRINO MASSES

Introduce fermion triplets X;, > g. The relavant Yukawa terms that gives masses

by

£ = hgel Cioy Xy Hi +gjth Cioy Xjr Hr
+ Ms Tr(X] CX, + T} CZg) +he.

Now the mass matrix in the basis (v, vg, L%, ¥7) reads as:

0 mP 0 hy
M — (m2)T 0 gw 0
v 0 gTvR /\/Iz 0
hTV[_ 0 0 MZ

Debasish Borah (IIT Bombay) TeV scale Left-Right symmetry Jaipur 2010
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SUSYLR model with Higgs doublets

NEUTRINO MASSES

If one assumes My >> g vg >> m2 hv, one gets

1
my, = s [mg) Mg (m)))T —vevemy (g h)T = vevi (g h) (m?)T] (1)
vi(g'g)
with right handed neutrino masses

Mr=vig (Ms) ' g’ (12)

» If we assume that the first term of [11] will dominate then the seesaw

relations will become m, = ,'\Zi As me. = 0.5 MeV, we need the values of the
right handed Majorana neutrino as: Mg = 103 GeV to have 0.1 eV light

neutrino mass.
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SUSYLR model with Higgs doublets

NEUTRINO MASSES

If one assumes My >> g vg >> m2 hv, one gets

1
my, = s [mg) M (m)))T —vevemy (g )T = vevi (g h) (m)T] (1)
vi(g'g)
with right handed neutrino masses

Mr=vig (Ms) ' g’ (12)

» If we assume that the first term of [11] will dominate then the seesaw
2
mE

relations will become m, = Mo As me. = 0.5 MeV, we need the values of the

right handed Majorana neutrino as: Mg = 103 GeV to have 0.1 eV light
neutrino mass.

» The second and the third term in the equation [11] can also contribute to the
neutrino masses if v, /vg ~ 107°.
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at the SU(2)r breaking scale.

» Minimal field content above does not give rise to exact unification. For
required unification purposes we add two copies of 4(1,1,1,2), 4(1,1,1,-2)
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SUSYLR model with Higgs doublets

GAUGE COUPLING UNIFICATION

» Minimal field content above does not give rise to exact unification. For
required unification purposes we add two copies of 6(1,1,1,2), 4(1,1,1,—2)
at the SU(2)r breaking scale.

» For desired seesaw My ~ vg, but such light triplet fermions will ruin the

gauge coupling unification for a TeV scale SU(2)g breaking scale vg.
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SUSYLR model with Higgs doublets

GAUGE COUPLING UNIFICATION

» Minimal field content above does not give rise to exact unification. For
required unification purposes we add two copies of 6(1,1,1,2), 4(1,1,1,—2)
at the SU(2)r breaking scale.

» For desired seesaw My ~ vg, but such light triplet fermions will ruin the

gauge coupling unification for a TeV scale SU(2)g breaking scale vg.

» Unification and small neutrino mass are possible only if SU(2)g breaking
scale as well as mass of the triplet fermions are close to the unification scale.
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SUSYLR model with Higgs doublets

GAUGE COUPLING UNIFICATION

» Minimal field content above does not give rise to exact unification. For
required unification purposes we add two copies of 6(1,1,1,2), 4(1,1,1,—2)
at the SU(2)r breaking scale.

» For desired seesaw My ~ vg, but such light triplet fermions will ruin the

gauge coupling unification for a TeV scale SU(2)g breaking scale vg.

» Unification and small neutrino mass are possible only if SU(2)g breaking
scale as well as mass of the triplet fermions are close to the unification scale.

» Adding a fermion singlet however allows the possibility of TeV scale Mg, tiny
neutrino masses and unification simultaneously.
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Gauge coupling unification in SUSYLR model with Higgs doublets

sU@),
SuR),

sudn

16

18

FIGURE: Gauge coupling unification with Mg, = 500 GeV, Mg = 1.5 TeV, M, = 10%




» SUSYLR model with Higgs triplets and added parity odd singlet leads to
1993.

charge breaking vacua as was studied by Kuchimanchi and Mohapatra in
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SUSYLR model with Higgs triplets

SUSYLR MODEL WITH HIGGS TRIPLETS

» SUSYLR model with Higgs triplets and added parity odd singlet leads to
charge breaking vacua as was studied by Kuchimanchi and Mohapatra in
1993.

» We also find that the minimization of the scalar potential does not allow a
TeV scale Mg with correct order of neutrino mass.
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SUSYLR model with Higgs triplets and bitriplet

SUSYLR model with Higgs triplets and bitriplet 3

3S. Patra, A. Sarkar, U. Sarkar, and U. Yajnik, Phys. Lett. B679, 386(2009)
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Q=(3,2,1,1/3), Qr=(3,1,2,-1/3)
v, =(1,2,1,-1), Vg=(1,1,2,1)
;= (1,2,2,0), & =(1,2,2,0), A=(1,3,1,2)
A=(1,3,1,-2), A°=(1,1,3,-2), A°=(1,1,3,2)
n(1,3,3,0), p(1,1,1,0)

We denote the vev's as (A_) = (A}) = v, (AS) = (AS) = vg, () =
v, <¢—+> =V, <77+—> = Uy, (77—+> = uz, (’000} = Uo

«O)>r «F»r < > A
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SUSYLR model with Higgs triplets and bitriplet

SCALAR POTENTIAL MINIMIZATION

oV
M = ,u%(2vl_) + 2)\%v1_(vf — v,%) +2(fuy + F up)Mavg + ver(f + £*)[2my, (v (13)

+un + u3) + AvZ + vive(f + )] + 4vim? + 2Avis + Asvg(ur + up + u3) =0

oV
Ovr
+up + u3) + AvE + vive(F + )] + 4va§ —2Avgs + Asvi(un + up + u3) =0

= HR(QVR) — 2)\2VR( — v,%) + 2(fur + ) Mave + vi(f + F*)[2my, (uy (14)

Where the effective mass terms u2, % are given by

= (/\/IA + )\25) + /\gm,,s + = (f2 + f*2U§) (15)

2

(% = (Ma — X2s)? — Aam,s + = (f2 + £*213) (16)

2
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v =

Assuming v, < vg < m), s we get from equations (14), (15):

_VR[MAuzf* + m,,(uz + U3)(f + f*) + U1(fMA + m,,(f + f*)]
2mysAo + 4Masho + 2As

(17)
» For vg ~ 1 TeV and v, ~ eV, the D-parity breaking scale has to be as low as
s~m,~ Mp ~ 1010 GeV.
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SUSYLR model with Higgs triplets and bitriplet

SCALAR POTENTIAL MINIMIZATION

Assuming vi < vg < m,, s we get from equations (14), (15):

—VR[Mauxf* + my(uz + w3)(f + %) + u1(fMa + my (f + )]

17
2mysAo + 4Masho + 2As ( )

vV =

» For vg ~ 1 TeV and v, ~ eV, the D-parity breaking scale has to be as low as
s~ m,~ Mp ~ 10 GeV.

» In such a type Il seesaw dominated case, the right handed triplets A€ will be
as light as pug ~ vg ~ 1 TeV and the left handed triplets A as heavy as
pr ~ 1019 GeV.
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SUSYLR model with Higgs triplets and bitriplet

SCALAR POTENTIAL MINIMIZATION

Assuming vi < vg < m,, s we get from equations (14), (15):

—VR[Mauxf* + my(uz + w3)(f + %) + u1(fMa + my (f + )]

17
2mysAo + 4Masho + 2As ( )

vV =

» For vg ~ 1 TeV and v, ~ eV, the D-parity breaking scale has to be as low as
s~ m,~ Mp ~ 10 GeV.

» In such a type Il seesaw dominated case, the right handed triplets A€ will be
as light as pug ~ vg ~ 1 TeV and the left handed triplets A as heavy as
pr ~ 1019 GeV.

» However such light Higgs triplets with B — L charge 2 spoils the gauge
coupling unification.
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SUSYLR model with Higgs triplets and bitriplet

NEUTRINO MASSES

[,’”’ = yU-E;Lq)ij + y,-/jf,'Léij + h.c.
+ f (tk CioaArlig + (R < L)) + h.c. (18)

After symmetry breaking, the effective mass matrix of the neutrinos is

—fvivg V2
my=—————hfthT =m" +m
v 2my s VR v v
As discussed before, the type Il term can become dominant (even if vg ~ 1 TeV)
if we take m, ~ s ~ 108 — 101° GeV. But such a low D-parity breaking scale does
not favor unification and we have to keep this scale very close to the unification
scale.
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The minimal particle content above does not give rise to exact unification. For
unification purposes we add two copies of heavy colored particles

x(3,1,1,0),%(3,1,1,0) which decouple after the SU(2)g breaking scale Mg.
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100

gauge coupling unification in SUSYLR model with Higgs triplets and bitriplets
T T T
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FIGURE: Gauge coupling unification with Mg = 10* GeV, M, = 10'® GeV
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Results and Conclusion

REsSuLTS AND CONCLUSION

» After taking into account of spontaneous D-parity breaking, the minimization
of the scalar potential also allows the possibility of Mg ~ TeV, v, ~ eV in
LRSM with Higgs triplets and SUSYLR models with Higgs triplets and Higgs
bitriplet. It also allows Mg ~ TeV, v, /vg ~ 107 in both susy and non-susy
LR models with Higgs doublets.
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Results and Conclusion

REsSuLTS AND CONCLUSION

» After taking into account of spontaneous D-parity breaking, the minimization
of the scalar potential also allows the possibility of Mg ~ TeV, v, ~ eV in
LRSM with Higgs triplets and SUSYLR models with Higgs triplets and Higgs
bitriplet. It also allows Mg ~ TeV, v, /vg ~ 107 in both susy and non-susy
LR models with Higgs doublets.

» In SUSYLR models with Higgs doublets, gauge coupling unification is
possible even for a TeV scale Mg as also shown by Bhupal Dev et al (2010).
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Results and Conclusion

REsSuLTS AND CONCLUSION

» After taking into account of spontaneous D-parity breaking, the minimization
of the scalar potential also allows the possibility of Mg ~ TeV, v, ~ eV in
LRSM with Higgs triplets and SUSYLR models with Higgs triplets and Higgs
bitriplet. It also allows Mg ~ TeV, v, /vg ~ 107 in both susy and non-susy
LR models with Higgs doublets.

» In SUSYLR models with Higgs doublets, gauge coupling unification is
possible even for a TeV scale Mg as also shown by Bhupal Dev et al (2010).

» However if we add fermion triplets for seesaw, then unification is not possible
with TeV scale SU(2)r breaking scale. Adding fermion singlet for seesaw
purposes can evade this difficulty.
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Results and Conclusion

REsSuLTS AND CONCLUSION

» In D-parity breaking SUSYLR model with Higgs triplets, the minimization
conditions do not allow the possibility of a TeV scale Mg and eV scale v,
simultaneously.

» In SUSYLR model with Higgs triplets and bitriplet, we can have TeV scale
Mg and eV scale v; only if we keep the D-parity breaking scale as low as 100
GeV.

» However such a choice of parity breaking scale spoils the gauge coupling
unification. The gauge couplings unify if we take Mg = 10'? GeV and the
D-parity breaking scale as 10'® GeV with inclusion of two extra pairs of
colored superfields.
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» There are two SUSYLR models with spontaneous D-parity breaking: one with
Higgs doublets and the other with Higgs triplets and bitriplet.
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Work in Progress

REALIZATION WITHIN SO(10) FRAMEWORK

» There are two SUSYLR models with spontaneous D-parity breaking: one with
Higgs doublets and the other with Higgs triplets and bitriplet.

» P.S.B. Dev and Mohapatra had shown that the Higgs doublet model can be
realized within SO(10) Grand Unified Theory (GUT) framework with
16,16,10,45 Higgs representations (PRD 81, 013001 (2010)).
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» The SUSYLR model with Higgs triplets and bitriplet can be realized by simple
extension of MSGUT (Minimal Supersymmetric GUT) with a 54 Higgs.
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Work in Progress

BITRIPLET MODEL WITHIN SO(10) FRAMEWORK

» The SUSYLR model with Higgs triplets and bitriplet can be realized by simple
extension of MSGUT (Minimal Supersymmetric GUT) with a 54 Higgs.

» MSGUT contains 10,126,126, 210 Higgs representations and it was shown
(PRD 70, 035007 (2004)) that SUSYLR with broken D-parity can not be
realized as an intermediate symmetry.
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BITRIPLET MODEL WITHIN SO(10) FRAMEWORK

» The SUSYLR model with Higgs triplets and bitriplet can be realized by simple
extension of MSGUT (Minimal Supersymmetric GUT) with a 54 Higgs.

» MSGUT contains 10,126,126, 210 Higgs representations and it was shown
(PRD 70, 035007 (2004)) that SUSYLR with broken D-parity can not be
realized as an intermediate symmetry.

» We check that in MSGUT—+ 54 it is possible to realize SUSYLR with broken
D-parity as an intermediate symmetry.

» However, the scale of this intermediate symmetry with correct fit to observed
fermion masses is still under investigation.
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Work in Progress

b — 7 UNIFICATION IN THE BITRIPLET MODEL

b — 7 Unification for the doublet model shown by Dev and Mohapatra (PRD 81,
013001 (2010)) can also be shown for the Bitriplet Model. *

Running fermion masses in SUSYLR model with Higgs triplets and bitriplets

log10(my/GeV)

. . . . . . .
0 2 4 6 8 10 12 14 16 18
log10(M/GeV)

FIGURE: Fermion masses evolution in the bitriplet model with Ms.s, =1 TeV,
Mg = 10" GeV, M, = 10'® GeV and |f| = 0.79,tan 3 = 10 at M = M

4from arXiv:1010.6289 with U.A.Yajnik (11T Bombay)
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