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N
The model

We propose a natural Sy x SO(10) supersymmetric grand unified
theory of flavour.
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N
The model

We propose a natural Sy x SO(10) supersymmetric grand unified
theory of flavour.

541

e Enforces CSD(3) vacuum alignments

SO(10):
e Predicts right-handed (RH) neutrinos = type-I seesaw
mechanism.

Elena Perdomo (1705.01555) Invisibles17 June 12, 2017 3/11



The model

We only allow small Higgs representations 10, 16 and 45.

Representation
Field g "s0(10) zF
Y 3 16 1
HE 110 0
Hg, 116 0
HY? 1 45 0
HZ Y 1 45 2
Gi 3 1 0

Quarks and leptons

Break electroweak symmetry

Break SO(10) and give RH neutrino masses
Separate quarks and lepton masses

Gives DT splitting via DW mechanism

Acquire CSD3 vacuum alignments

ZE breaks to Z¥, the usual R parity in the MSSM.
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___________________________
CSD(3) from Sy

Sy enforces the flavon vacuum alignments

1 0 0
(p1)=wv1 | 3 |, (p2)=wa| 1 |, (¢3)=w3|1
-1 -1 0

VEVs driven to scales with the hierarchy

v K vy L vz ~ Mgur.

Yukawa matrices will have an universal structure dictated by

CSD(3).
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Yukawa Matrices

e Up-type quarks and neutrinos couple to one Higgs Hj;, leading to
Yukawa matrices Y;; ~ (¢;)(¢;)T with an universal structure

The right-handed (RH) neutrino mass M has the same structure as
the Y.
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Yukawa Matrices

e Up-type quarks and neutrinos couple to one Higgs Hj;, leading to
Yukawa matrices Y;; ~ (¢;)(¢;)T with an universal structure

The right-handed (RH) neutrino mass M has the same structure as
the Y.

o Each matrix is rank 1.
e Natural understanding of the hierarchical Yukawa couplings:
Yu ~ 03 /MGy, Ye ~ 03/ My, Y ~ v3/MGyr-
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Yukawa matrices

e Down-type quarks and charged leptons couple to a second Higgs
H{), with a new mixed term involving Y12 ~ (¢1){¢2)7
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Yukawa matrices
e Down-type quarks and charged leptons couple to a second Higgs

H{), with a new mixed term involving Y12 ~ (¢1){¢2)7

o This new term enforces a texture zero in the (1,1) element of Y9,
giving the GST relation for the Cabbibo angle, i.e. 91, ~ \/ya/ys.
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Yukawa matrices
e Down-type quarks and charged leptons couple to a second Higgs

H{), with a new mixed term involving Y12 ~ (¢1){¢2)7

o This new term enforces a texture zero in the (1,1) element of Y9,
giving the GST relation for the Cabbibo angle, i.e. 91, ~ \/ya/ys.

o It also leads to a milder hierarchy in the down and charged
lepton sectors.
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Light neutrino mass matrix

@ The light neutrino Majorana matrix, after seesaw, will also have
the CSD(3) structure

11 3 000 0 00
m’'=pi 1 1 3|4+p5 {0 1 1) +p3{0 0 0
339 011 0 01

where the parameters u; are given by

— 2 (y;/)z

u R

(2

e Flavons yield to normal hierarchy m; < ms < mg .

Elena Perdomo (1705.01555) Invisibles17 June 12, 2017 8 /11



Numerical fit

@ The model accurately fits all available quark and lepton data
within 1o, with a minimum y? ~ 3.4.

e The CP phase ¢ is left as a pure prediction and 2 preferred
regions are given by

280.7° < ! < 308.3° and  225.1° < &' < 253.2°.

o The model predicts significant deviation from both zero and
maximal C'P violation.
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Conclusion

Simple

Natural

Complete
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Conclusion

Simple
e Minimal field content.

o Low-dimensional representations.

e CSD(3) from Sy.
Natural

o “Universal Sequential Dominance”.
e O(1) dimensionless parameters.
o Explains mass hierarchies.

Complete

@ Reproduces all available quark and lepton data.
e Doublet-triplet splitting.

o 1 term of O(TeV).
o

Acceptable proton decay.
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If you want to know more...

A natural S4 x SO(10) model of flavour H clusi@es

(based on arXiv:1705.01555)
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Field Content

Representation

Field Sy SO(10) Z4 Z4 ZE Field Representation
1€

0 3 16 1 1 1 Sy SO(10) Zy Z4 7%
HY, 110 0 2 0 X1 1 16 3 3 1
HY, 110 2 0 0 yi 1 16 0 3 1
Hyg 1 16 2 1 0 X2 1 16 1 3 1
Hl)?- y 1 16 1 2 0 o 1 16 5 3 1
Hyy 1 45 2 1 0 ° —

Z X3 1 16 1 1 1
HZ 1 45 1 2 0 L 16 5 1 1
HE-L 1 45 2 2 2 X3
¢ 11 2 2 0 x3 1 16 2 1

! 11 1 1
é1 31 0 0 0 X2 6 0
b2 31 2 0 0 P 1 1 0o 2 1
@3 3/ 1 2 2 0
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Superpotential

by

GUT _ _
WS = $daXa + XaXaHE + XaXaHiy + pxsHig + Mopp

+ Xoxs (Has + Hi5) + XoxpHio + xaxeHiy,

There are also Planck-suppressed terms

W(Planck) . XaXaHEHE; ¢¢¢3Hijo
Y - + )
Mp Mp
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Up-type quarks and Dirac neutrinos

6:71 f{fb ?1 &2 }{1“0 @?z fo hl% ?3
L) gy | g o) g g |
Yooxoox1oxaox1 ¥ vooXe T X2 X2 Xe ¥ vooXs X3 X3 Xz ¥

Down-type quarks and charged leptons

ot I{ i <ZI52 ¢I>2 I‘II & ?2 3 }.1 i 3
CO(HE) ¢ (HE) C(HEY) () CCHEY) L (HET)
vooxiT x X2 Xe ¥ X2 Xa Xa o X2 ¥ voXs X5 X3 X3 @

Right-handed neutrinos
</?3 IIJE I?T; C%:z a IIIE ?E C?a
VHE) M,y (HE) P(HE) S (HE)
L L L L L M, L -
voXs X3 PP X3 Xz ¥ Y Xa XeZXa Xa ¥
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Analytical estimates
Flavon VEV scales:

vy ~ 0.002MauT, vg &~ 0.05MguT, vy =~ 0.5MauT,
Estimated Yukawa couplings:

Y~y ~ v} /M2y ~4x 1075,
Yy oy~ g~ ys ~ 03 /My 2.5 x 1078,
Yy ~yl ~ yf ~ Y5 ~ 3/ MEyr ~0.25,
Yy ~ o ~ viva /ME A 1 x 1074,
yP'~ w3/Mp =~5x107%

Estimated RH neutrino mass parameteres:

MP~4x107 GeV, Mt~25x10% Gev, M}~ 10'° GeV.
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Analytical estimates for quark mixing

Strong hierarchy in Y* = almost all mixing in Y.

Leading terms in Y (and ignoring phases):

) 0 Yyl Yty - y” .,
Y = dy12 P ?/2 b, y§+2(ybz_y )
/
Yo — vyt ya+2(ya —y ) Y3
Mixing angles estimated by
g Y _ule e Y _wh—y" Vi w20~y
12~ - ’ 13~ - ) 23 ™~ - .
Y2d2 Yy Y3d3 Z/g Y3Cé yé‘f

Down-type quark Yukawa eigenvalues

ya ~ (yL)?/vh,  ys = b,y =yl
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Analytical estimates for quark mixing

Solving for y¢,, y4 and y4, we have

9e ~ [Yd g o VYdYs T yP g1 Yo 2(/Ysla - y")
1Ry Uy ———, U= )
Ys Yb Yb

The first equality is exactly the GST relation.

The GUT-scale values* from observation (with y” = 0) are
0, ~ 12.85°, 0], ~0.23°, 61, ~1.48°.

*assuming no SUSY threshold corrections
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Quarks
Observable Data Model
Central value lo range Best fit Interval

0%, /° 13.03 12.99 — 13.07 13.02 12,94 — 13.10
01, /° 0.039 0.037 — 0.040 0.039  0.036 — 0.041
0, /° 0.445 0.438 — 0.452 0.439  0.426 — 0.450
07 /° 69.22 66.12 — 72.31 69.21  63.22 — 73.94
Yo /1076 2.988 2.062 — 3.915 3.012  1.039 — 4.771
Ye /10_3 1.462 1.411 — 1.512 1.493 1.445 — 1.596
Yt 0.549 0.542 — 0.556 0.547  0.532 — 0.562
ya /107° 2.485 2.212 — 2.758 2.710  2.501 — 2.937
ys /107% 4.922 4.656 — 5.188 5.168  4.760 — 5.472
Yb 0.141 0.136 — 0.146 0.137  1.263 — 1.429
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Leptons
Observable Data Model
Central value lo range Best fit Interval

0%y /° 33.57 32.81 — 34.32 33.62  31.69 — 34.46
0% /° 8.460 8.310 — 8.610 8.455  8.167 — 8.804
0% /° 41.75 40.40 — 43.10 41.96  39.47 — 43.15
st /e 261.0 202.0 — 312.0 300.9  280.7 — 308.4
ye /107° 1.017 1.011 — 1.023 1.017  1.005 — 1.029
Yp /1073 2.147 2.134 — 2.160 2.147  2.121 — 2.173
y- /1072 3.654 3.635 — 3.673 3.654  3.616 — 3.692
Am3,/(107° eV?) 7.510 7.330 — 7.690 7515  7.108 — 7.864
Am3, /(1073 eV?) 2.524 2.484 — 2.564 2.523  2.443 — 2.605
mi /meV 0.441  0.260 — 0.550
ma /meV 8.680  8.435 — 8.888
m3 /meV 50.24  49.44 — 51.05
S m; /meV < 230 59.36  58.49 — 60.19
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Input parameters

Parameter Value Parameter Value Parameter  Value
yl /106 3.009 yf, /107 1.558 g 0.043m
vy /1073 1.491 ys /1073 2.248 Ba 0.295m
yy 0.549 ys /1072 3.318 Qe 1.6927
ydy /1074 —1.186 p /meV 2413 Be 1.755m
yd /1074 6.980 po /meV 2750 ¥ 0.9187
yd 0.137 ps /meV  2.900 n' 1.053m
yP /1074 1.243
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