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New Minimal Supersymmetric SO(10) Grand
Unified Theory

FM
—_—
Higgs irreps: 10y,1204,1264,1264,21043
—_————

AM
Matter fields: 3 x( 16={Q, L., uf, df, If & vf})

Gauge fields: 45=12 SM + 33(additional)

o Fermion Masses: 16x16=10 @ 120 @ 126 = 10 +120+126
126 = (15,2,2) + Ag(10,1,3) + A.(10,3,1) + (6,1, 1)

o Seesaw Mechanism = Massive Neutrino
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Superpotential & SSB

m 210° + My 10° 4+ X 210° + M 126 - 126 + n 210 - 126 - 126
10 - 210(y 126 + 5 126) + Mo 120 - 120 + k 10 - 120 - 210

p 120120210 + ¢ 120 - 126 - 210 + ¢ 120 - 126 - 210

hag 10 - 164 - 165 + fap 126 - 16,4 - 165 + gag 120 - 164 - 165

Whmscut
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o GUT scale VEVS : SUSY SO(10) — MSSM*
((15,1,1)) 5, : @ ((15,1,3))210 : w
<(17 1, 1)>210 P <(107 173)>126,ﬁ 10,0

@ D Terms, preserve SUSY : |o| = |7

) : s A
@ F Terms : SSB completely analyzed by single cubic(in x= —22)
eqn®.
8x° — 15x% 4 ldx — 3= —6(1-x)? ; ¢=2M
nm

#Aulakh, Mohapatra(1982), Clark, Kuo and Nakagawa (1983)
5Au|akh, Bajc, Melfo, Senjanovic and Vissani(2003)



MSSM Higgs

@ Various color singlet bidoublets in 10y, 1264, 1264, 2104, 1204
mix to form the light doublets of MSSM.

@ Fine tune Det?{ = 0 to keep 1 pair of Higgs doublets H, H light.
@ Bi-Unitary transformation = UTHU is diagonal.

H=> aih H=> ah

@ NMSGUT : 45+48+ 10+252+4-210+120=685 Fields = 26 MSSM-irrep
types : Chiral GUT scale spectra and Threshold effects.®

6 Aulakh, Girdhar(2003,2004), Fukuyama, llakovac, Kikuchi, Mejanac, Okada (2004), Bajc, Melfo, Senjanovic
and Vissani(2004), Aulakh, Garg(2006), Aulakh, Garg and Khosa(2014)



Features of NMSGUT

@ Completely realistic fit of all fermion mass mixing data’

@ Prediction of distinctive MSSM spectra

©

Light smuon (muon g-2)

Large Ag and p parameter

Normal shierarchy (my, 5 >>m; 5 )

Heavy stop,sbottom, large Ag necessary for l\/lf,”sy >> My
@ NMSGUT requires these to survive !

©

©

©

@ GUT scale threshold corrections = 7, > 103*yrs >> 1028 yrs(typical
without threshold corrections) &.

7C.S. Aulakh and S. K. Garg, Nucl. Phys.B857 (2012)101

8C. S. Aulakh, 1. Garg and C. K. Khosa, “Baryon Stability on the Higgs Dissolution Edge : Threshold corrections
and suppression of Baryon violation in the NMSGUT", Nucl.Phys.B882 (2014) 397-449;7arXiv:1311.6100- [hep-ph]



S0(10) extended with O(N,) gauged family
symmetry

@ Higgs channels of SO(10) carry family index, are called Yukawons.

(126(£), 126(X), 10(H), 210(®), 120(®)) = Sym/AS rep. of O(N,)

@ YUMGUT superpotential:
W = Tr(m®® + A\d* + MZ.E 4+ nd.L.X + ¢.H.(7Z + 7.X) + MyH.H)

Wr = Wa.(hHag + fXa + g048)Vs

15—=3 MSGUT

Fermion Yukawa couplings = { 21 5 5 NMSGUT



@ GUT scale VEVS : SO(10) x O(Ng) — MSSM

(15, 1, 1)210 1 aaB (15, 1, 3)210 I WAB

(1a 17 1)210 . PAB (10, 17 3)126,% - OAB, 5AB

@ Higgs mass matrix H becomes 2N, (Ng + 1) dimensional.

Ng(Ng +1)/2-tuples({ $11, $22, -~ Ny Ny » V20120 V213, oo, V26N, —1,ng }) of 10,126, 126, 210
—Mpy V3w — a) —7V3Q(w + a) —39(5)
24— V3w — a) —(2M + 4nQ(a — w)) Dyg —2n/3Q(5)
—3V3Qw + a) Dyg —(2M + 4nQ(w + a)) Dy
—vQ(0o) —2n/3Q(0) D4 (—2m + 6AQ(w — a))

@ For Ny = 2 (symmetric invariant Tr[< V > .H.H])

Vi 0 Via /2
Q[Vv] = 0 Voo Via /2
Vi /vV2 Vi /vV2 (Vi + V)/2



SM fermion and neutrino Yukawas

@ MSSM Yukawas are generated dynamically via VEV of Yukawon field.

F Wy (fATVAl/aA-F ?1/1/9)/\/5)

@ V, W are the normalized right and left null eigenvectors of the mass
matrix H (fine tune DetH = 0).

@ Neutrinos and charged leptons Yukawas are obtained from Y, Yy by
the replacement f — —3f.



F and D term equations

W = Tr[m(p2—|—322+6w2)+2)\(a3+3pw2+6aw2)+M50+n(p+3a—6w)(002700)]

2m(p — a) — 2Xa”> 4+ 2 w’ =0

2m(p + w) + AM(p + 2a + 3w)w + Aw(p 4+ 2a + 3w) =0
=F X=p+3a— 6w

o0+ 00 = —%(mp+3)\w2) =
Mo +n(xo+0ox)/2=0 MG +n(xg +35x)/2=0

For Ng =2

Sys of Homogeneous eqns $ (011,02, 012}

= $£-=.5=0
X1 0 X12
Nontrivial sol. = Rank(Z) < Ng(Ng +1)/2 ==10 x X12
X12 X122 X1+ X2




Non degenerate case : Det[=] =0 and Rank[=] = 2

Det[Z] = (x1 + x2)(xT> — x1x2) = 0
Consider the branch x1 = —x2, X3, # X1X2

X101 ) _ X101
012 = — ) 012 = —
X12 X12
022 = —011 ; 02 = —011

The pag eqns then imply

FllX%z
2(x%o +x7)
Fii = F» ; Fi, =0

011011

Dg_| =0 < |oag| = |5ag| We assume cag = ag. Then eqgns for oag
soluble. Rest solved by combination of analytic and numerical methods.



Hidden Sector BM Superpotential

@ Visible sector contribution to O(2) D term

—4x1lo 2 * * *
,m[7><;1 1l 4 e (prn — paa) + 3at(ans — a22) + 6wiy(wis — wa2)]
12

@ Bajc-Melfo (BM) superpotential with a pair of symmetric multiplets
bab, Sab facilitates null family (O(N,)) D-term®.

Wi = TrS(ugd + /NgAgd?)

@ Local minimum (< ¢s >= —4&, < S; > undetermined) breaks
SUSY.

@ VEV of S; is fixed by coupling to Supergravity.

@ O(Njg) charged components are fixed by minimizing potential from
D-terms of family symmetry (and common Sugry scalar mass term).

9C. S. Aulakh, arXiv:hep-ph/1402.3979



A toy solution with 2 generations

Yukawa coupling eigenvalues and mixing angles in the quark and lepton
sectors :

v = {0.068,0.021}  ; Y, ={0.036,0.005}
vDP — {0.091,0.003}  ; Y/ ={0.015,0.006}
Ockm = 7.41° fpmns = 33.68°

Values of YUMGUT couplings and vevs of Higgs fields :

£ =0.872 4 0.547/ ; n=04
A= —0.038 +.005/ ; v =0.32 ¥y=-16
W= 0.141 — 0.203/  0.317 4 0.189/ p— —0.236 — 0.200/  0.179 — 0.028i
~ \0.317+0.189/ —0.267 + 0.307/ — \ 0.179 — 0.028/  —0.230 + 0.120/

0.086 — 0.237/  0.197 + 0.104/

A= —0.230 — 0.352/  0.338 4 0.078i ST
- ~ 77 \0.197 +0.104i —0.086 + 0.237/

0.338 +0.078/  —0.447 4 0.120/



3 generations

@ Rank 5 (least degen.):
Det[o] ~ Det[=] = Det[c] =0

It provides the existence of one or more light sterile neutrino
@ One needs to consider the most general superpotential having

different couplings for singlet and irrep.
@ Lower the rank = Rank 4 (found acceptable solutions)

@ Use only symmetric irrep of O(3) (worked Rank 4)

E(%+%)+?(%+\}7€) A E;/3§+?:/8§A 'A’\}EJF?)‘A//‘()E
Yy = E%Jr?% E(—% +X\/A%)+?(f§%+%) E\‘% +?Z\1[!21A
W +F% ho +78 —2h% 2t %
E(;/ler'%)Jr?(;}%Jr :/162) A EA%JJWTQ A A%Jr?;/lg
Y= B%+?%& B(—71§+%)+?(—%+%) E%‘F?Ll;f
hoh + 7 R ~2h<2 —2f 2



Y% — {0.125,0.055,0.001} ; Y% = {0.026,0.011,0.004}
Y% = {0.275,0.122,0.003} ; Y,”*¢ ={0.038,0.014,0.01}
0% =348 ; 03 =601° ; 063 =2867°

0;; = 14.33° ; 01, =20.53° ; 03 =35.13°

§E=768+0.16/ ; X=0.18—-.03/ ; n=0.034
vy=-053 ; 4y=-260 ; h=.14 ; f=.23+4.04i

—1.8304 — 0.7199/ 1.5213 — 0.445/ —0.0854 4 0.0056/
A= 1.5213 — 0.445 0.6854 + 0.7288i —0.0906 — 0.0529/
—0.0854 + 0.0056/ —0.0906 — 0.0529/ 1.145 — 0.009/
—0.2976 + 0.0331/ 0.3609 — 0.0673/ —0.2904 + 0.0343i
P 0.3609 — 0.0673/ 0.2394 4 0.4181/ —0.5147 — 0.2562/
—0.2904 + 0.0343/  —0.5147 — 0.2562/ 0.0581 — 0.4512/
1.0622 + 0.3626i —0.7826 + 0.3279/ —0.0567 + 0.0102/
w’ = | —0.7826 4+ 0.3279i  —0.3667 — 0.2597/  —0.1406 — 0.0597/
—0.0567 + 0.0102/  —0.1406 — 0.0597/  —0.6955 — 0.1029/

1.7398 + 4.1109i —1.6868 + 2.0758/ 0.0202 + 0.042/

, 1.5506 — 5.4394 1.7398 + 4.1109i 0.0011 — 0.0811/
sy =
0.0011 — 0.0811/ 0.0202 + 0.042i 0.1361 + 3.3636/

D'y = 275.1583



Summary and Remarks

We have shown that quark and lepton Yukawa couplings can be
generated dynamically in renormalizable SO(10) GUT extended with
O(Ny) family group.

A hidden sector with a pair of (Sap, ¢ap) fields break supersymme-
try and facilitates Do(n,) = 0. Susy breaking is communicated via
Supergravity.

Dynamical Yukawa generation reduces no. of parameters dramatically
and produced acceptable solution for Ng = 2 and N = 3 without
optimization(worked till now).

Both N, =2 and N; = 3 have light scalars with mass ~ Ms along
with light modes in BM superpotential.

Complete demonstration require optimization of numerical code for
Ng = 3 respecting fitting criterion of NMSGUT!!
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