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‘ Type 11 seesaw mechanisml

Ma, Sarkar, hep-ph /9802445
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Assumptions:

i) M2A positive definite, “35 not positive definite =

spontaneous symmetry breaking
Note: tia,@ =0=0;,=0

ii) Eigenvalues of u2, t;ns of order M — seesaw scale

v, Of order of electroweak scale

57;%—
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HA);;
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tjagvavg

d; ~ v2/M with v = 174 GeV
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| The modell

The multiplets: a = e, i, T

Three left-handed lepton doublets Dy,

Three right-handed charged-lepton singlets agr
Three Higgs doublets ¢,

Four Higgs triplets A, and A4

The symmetries:

S3: permutation of indices e, u, T

Two sets of three Z5; symmetries:

Zc(xl) . ¢Ot — _¢a7 arp — —OR
Z((xz) . DLa — _DLaa ap — —OR, A,B — —AIB iff 6 # Q.
Comments:

Higgs “glue” numbers z&l)
Discrete lepton numbers sz)
A, invariant under all these symmetries
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The Yukawa Lagrangian:

Lyukawa = —YoDrapaor+ ;y1DI C 'eAsDro

DY, C~'eA.Dy,) + He.

+y2 (D%‘ec_leAuDL‘r + D{uc_lsA‘rDLe_F

Charged-lepton masses: mqy = |Yovqa |

Neutrino mass matrix:

Y104 Y20+ y25u
M, = Y20 Y104 Y20,

y25u Y20e Y104
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Type II seesaw and symmetry breaking:

Virilinear = Z t qgijqua + H.c. = t'i,a,B — t6i45a,8
o

—1 .
0; = —tvave, (M2A>i4 (t=e,u,71,4)

However, this does not work: zc(f) = ,uzA diagonal =
de = 0, = 0 = 0, symmetry too strong!
Remedy: Soft symmetry breaking by dimension-2 terms
Symmetry-breaking options:
1. Flavour symmetries:
(a) All softly broken = all §; different
(b) pu < T exchange symmetry left unbroken =
0e =0, # 0~
2. CP violation:

(a) Hard breaking = no phase relation for §; # §;
(b) Spontaneous breaking = phases of all §; the same. .-



‘ A 3-parameter neutrino mass matrixl

O . — T exchange symmetry intact in Lagrangian
® CP spontaneously broken
Note: p «— T exchange symmetry spontaneously broken by

UV, # Uy O My, # M,

£ Yy y
M, = Yy T w with o, y, w € R
Yy w

Predictions:
o 913 = OO, 923 = 45°

e Absolute mass scale function of 6,5, = 0:
s?, < 1/3 = normal spectrum
s?, > 1/3 = inverted spectrum

® mgg X mg/3 JIGSAW’07
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Dashed vertical line: singularity at sin’?6 = 1/3

(Harrison - Perkins Scott value of solar mixing angle,
0 ~ 35.26°)
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‘ The group structurel

S3 commutes neither with the z1) nor with the z(?
Define N =2 Zo X 7Zis X Zo — 3 X 3 diagonal sign matrices

ms O R
G: , m,m & N, s € S3 = 3%X3 permutation matrices

0 ns
Multiplication law: (m,n,s) € G with n, m € N, s € Ss
(mq1,n1,81)(M2,n2,82) = (m181’m281_1, ’"/181"1281_1, S152)

G:{(ZQXZQXZQ)X(ZzXZzXZg)}NS3
Number of elements of G: 23 x 23 x 3! = 384
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Irreducible representations:

1P%7) ;. (m,n,s) — (det m)? (det n)? (det s)” with p,q,r € {0,1}

3{Per) (m,n,s) — (det m)® (det n)? (det s)” ms
3{par) (m,n,s) — (det m)® (det n)? (det s)" ns
§§p’q’r) : (m,n,s) — (det m)” (det n)? (det s)” mns

3-dimensional irreps used in the model:

ms for (e, Ppu, ¢r)

mns for (egr, ur, TR)
ns for (DLea DL“, DL‘T)
(detn)ns for (Ae, Ay, Ar)
Further irreps: four 2-dimensional and four 6-dimensional
irreps
Check: 8 x 12 44 x 22 +24 X 32 + 4 x 6% = 384
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