LFV decays of the Higgs boson and dark matter
in a new model for Dirac neutrino masses

Based on the work in progress by KE, S. Kanemura, K. Sakurai and H. Sugiyama

In [7], 1t was shown that 1f the signal of h — ut 1s observed 1n future collider experiments without detecting the signal of T — uy,
almost of all models generating neutrino masses are excluded. We construct a new model for neutrino masses and dark matter which
can be survive 1n such a case.
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1. Models generating neutrino masses

Seesaw mechanisms

Type-1 | Type-11 | Type-III
New field NiR A ZiR
Spin 1/2 0 1/2
SU(2)L 1 3 3
U(l)y 0 1 0

Tablel. Seesaw mechanisms (i = 1 ~ 3)

Majorana masses are
generated by the tree diagram

Models which generate
neutrino masses radiatively [1]

Loop diagram

Some models can also explain DM

2. LFV decays of the Higgs boson [7]

LFV decays by Yukawa interaction with new scalar ¢
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When models have only one new Yukawa interaction,
Br(h — pt) ~ 1072 Br(t — wy)

If h = ut 1s observed w/o T — uy,
M2 ~ 4, M6 ~ 8 and D5, D6, D13 ~ 16, D18
and Type-I, III seesaw mechanisms are excluded.

When two kinds of scalars couple with left (right)-handed lepton,

2 2

(YV'Y1)ru | (Y9 Ya)r, (Y,'Y1)7
Br(r — ) | ===+ -———| <|———| Can be cancelled
¥1 P2 ¥1
YY Y, 'Ys) i (Y,'v7) i

Signs of Ay, and Ay, are different, the cancellation occur in only
T = Uy.

> D3,D4,D11,DI12, D17

In D3, D4, D11, D12

(my)ij = me (Y )5 Yoro > Yy > Yo

If h - ut 1s observed w/o T — uy, only D17 may survive
in stmple models generating neutrino masses.

3. Our model

e.g., lype-l by a new unbroken Z, symmetry [2] .
v, N Vil
- | ém . g Some models generate
! ! Dirac type neutrino masses [3,4]
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Classification of simple models [5,6]
In the case of Majorana neutrinos [3]
Assume A & [s™ st || 0 |sf | eimen
SUR2)L || 3 2 1 [ 1 2 1
U(1 1 +1/2] 2 [F1 [ +1/2 | 1 | e, -
1. w/o new sym. S RERe SRRl Reicanss RN
. M1 O 10O 1 | 1
No new fermions. M2 O [ O 1
M3 O 1
M4 || O 1
2. w/ an unbroken Z, sym. — = ST
M6 1
SUR)L | UMy | 2> M7 5 8 1
VaR 1 0 Odd M8 O 1
(a=1~3) Tablel. Classification of models
which generate Majorana neutrino masses
In the case of Dirac neutrinos [6]
SUR2)L, | U(l)y | 2 Z4
r .
- T 0 IEvenlOdd| £ 2 :Softly broken Z, sym.
A b2 by st st st sY n Sq 9 e; — ey
SU(2)L 3 2 2 1 1 1 1 2 1 1
U(l)y +1 | +1/2 | +1/2 | +2 +1 | +1 0 +1/2 | +1 0
Zo Even Odd e;L | €iR
Z) Even | Even | Odd | Even | Even | Odd | Even || Even | Even | Odd
L : Lepton # —2 0 0 —2 —2 —2 —2 —1 —1 —1
D1 O [ O 1 [ 1
D2 O 1 | 1
D3 O O O 2
D4 O O 2
D5 O O | O .
D6 O | O 1
D7 O 1
DS O O 1O 1] 1
D9 O O | O 1 [1
D10 O O 1| 1
D11 O O O 2
D12 O O 2
D13 O O O 1
D14 O O 1
D15 O O | O 1
D16 O | O 1
D17 O O | O 1| 2
D18 O O | 1
Table2. Classification of Models which generate Dirac neutrino masses
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