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Summary of this talk

In previous works, it is shown that

if the Lepton Flavor Violating (LFV) decays of the Higgs boson
are observed in the near future collider experiments,
a wide class of models for neutrino masses are excluded.

S. Kanemura, H. Sugiyama, PLB (2016),
S. Kanemura, K. Sakurai, H. Sugiyama, PLB (2016),
M. Aoki, S. Kanemura, K. Sakurai, H. Sugiyama, PLB (2016)

In our work,

we built a new model which is not excluded in such a case,
and show this model can explain tiny neutrino masses and
the existence of dark matter under current constraint on LFV processes.
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1. Models for neutrino masse and classification of them

What is the origin of tiny neutrino masses ?
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1. Models for neutrino masse and classification of them

( Classification of models for Majorana v by new Yukawa int. )

, S. Kanemura, H. Sugiyama PLB (2016)
Assumptions

- New scalars : New scalars do not have color or flavor.
- New Symmetry : Exact Z, sym. ( Dark matter)

Softly broken Z, sym. ( Prohibit FCNC @ tree level )
- New Fermion : Gauge-singlet Z,-odd fermions yg (a = 1,2,3).

* Models include only a minimum kind of scalars for v masses.

> Type |, lll seesaw mechanisms are not included in this classification.
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1. Models for neutrino masse and classification of them

All new Yukawa interactions and new scalars

Z,-odd fields are in red letters

Models for Majorana v masses
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1. Models for neutrino masse and classification of them

{In the case of Dirac neutrino masses)
Additional assumptions S Kanemura, K. Sakurai, H. Sugiyama, PLB (2016)

LA | ¢ | & | st | s | sf | 2| n | s5 |88 |
. - . SU(2) 3 2 2 1 1 1 1 2 1 1
New fermions : U(l)YL 11 | F1/2 | 172 +2 | #1 | +1 0 |[+1/2] #1 | ©
. Za Even Odd
V;? (i=123) Lepton # || —2 | 0 0 | —2 | -2 2] —2 | =1 ] 1] -1
Z} Even | Even | Odd | Even | Odd | Even | Even || Even | Even | Odd
D1 v [ Vv
D2 v 7
- New symmetries : oS ‘ A
D5 v v v
Lepton # conservation DS v v
D7 7
- .\ C D8 v v v
7 J D9 7 v v
x VR (VR) D10 v v
Dil v 7 7
D12 v v
D13 v v 7
Softly broken Z, sym. — ‘ z
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2. Higgs LFV decay in models for neutrino masses

Classification of models by new Yukawa interactions

Strongly

constrained !

\Q

LFV processes
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v i
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2. Higgs LFV decay in models for neutrino masses

Current experimental constraints for LFV decays of the Higgs boson
are not so strong, but from theoretical aspects,
they have stronger constraints in some models for v masses.

In the models with a kind of scalars which contribute to LFV processes.

Y

éf'/ A S eow)
SN TN Br(h — £0) ~ 10~ 'Br(£ — £'~)

<1079 —10"™

If h - £¢' are observed in near future collider experiments,
such a simple model are excluded.
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2. Higgs LFV decay in models for neutrino masses

We need that two or more kind of scalars interact with left-handed
(right-handed ) leptons to realize Br(h — £¢') > Br({ — (')

2
¥ (\T‘ ¥2 $
T(6 — 0'y) x - 1
.| L, [ s \
. l 2
F(h — 66/) XX V1 : Al ©9 : A9

If sign(A1) = —sign(Az2),

Br(h — £¢") > Br(¢ — £'7) in some parameter region
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2. Higgs LFV decay in models for neutrino masses

Which groups of models have this flavor structure ?

(In the case of Majorana neutrino masses,

| p2 | st | s n_ | s3
Xype—l and -l

SeeSaw mechanisms

4//\2 1 |1 2 |1

9 o O +2 [ +1 | +1/2 ] +1
/7(9& o% N Odd
MIN_ O X5 N[/

ﬁg .\\&&(/C%/)O N Both mechanisms include

N N . .
ME [V N\ (/,@ 2‘6&& < only one LFV Yukawa interaction.
M5 N S& N
M6 v (/% N
M7
Mg N
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2. Higgs LFV decay in models for neutrino masses

Which groups of models have this flavor structure ?

(In the case of Majorana neutrino masses,

Xype—l and -l
SeeSaw mechanisms

| p2 | st | s n_ | s3

4//\2 1 |1 2 |1

S o O 12 |1 [ +1/2 ] +1
/7(9& O% N Odd
M1 @) &O’ v
M2 I\ Jpz‘/’/ O, Baoth mechanisms include

If LFV decays of the Higgs boson are observed

without the signal of LFV decays of the charged lepton,

M1 ~ M8 (all groups in the classification for Majorana v masses)
and Type-| and —lll seesaw mechanisms are excluded.
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2. Higgs LFV decay in models for neutrino

Masses

Only five groups (D3, 4, 11, 12, 17)
have such a flavor structure.

LA | ¢ | 6 [ s [ sE]sf | o | m |55 ||
In D3, 4, 11, 12 groups, SUU(SQ)LL 31 +12/2 +12/2 +12 +11 +11 (1) +12/2 +11 3
Zo Even Odd
It iS diffiCUlt LeptZzn# E:/Sn E\(z)en O(()id E;zn C;dzd E;ezn E;Sn E;in E;in C;dld
to make BR(h = £¢') large S i
enough to detect at near future exp. — o ‘ v
under constraint from neutrino = : . -
o o D7 v
oscillation data. Ds 7 7T
D9 v v v
v
v
In models in D17 group, LFV decays of the Higgs boson ‘
v v
can be large enough to detect the their signal in the near [
v
collider experiments ( HL-LHC or ILC).
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3. Our model

K. Enomoto, S. Kanemura, K. Sakurai, H. Sugiyama, PRD(2019)

A new model for Dirac neutrino masses which have D17 group'’s flavor structure.

New fields Neutrino masses
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) le} 1 2
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U(l)Y 0 0 1 3/2 1 1/2 ( 01 breaks ZZ) 81_ // ‘\ /
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Our model

LFV decays in our model ( sign(A;) = —sign(As) )

['(0— lhy) x

['(h — 007%)

2

Destructive

Constructive

L= (V1) (br) Vst +|(Y2) o) (Cr) 05 55
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3. Numerical results

107" =

Br(r — wy) = Br(h — pr)

10710 16'7"
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107* 107* 0.1
Yo = Lq, Ya 10*
Za ¢, 107%

(a=1,2)
—Varn < TasYas Zay Ca < Var
Ahs; = Ahsy = 2.0

Blue Points
Ahs; = —Ahsy, = 2.0

3. Numerical results

Br(r — wy) = Br(h — pr)

10710 16‘7 —
BR[h- urt]

Current upper limit

Expected limit
Belle IT @ 50 ab™*

Benchmark scenario

|
.

104 10~¢

0.1
2.74 214 10°*
347 10°*

3.50
1074 107 0.1
—3.50 —3.47 1074

226 350 10°%

— —— 7.0 x 107 ¢ Expected limit @ ILC250(L£ = 8 ab™ 1)

l. Chakraborty, A. Datta, A. Kundu, J.Phys (2016)
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3. Numerical results

Dark matter candidates : n°, 1, Y Yol—> /
I
DM in the benchmark scenario : Y, b st
. . . . . L
0.30 ; : W Y, . Vi
025}
020} __ - 107* 107* 0.1
E My, = 22.1 GeV Yo=| —3.50 —3.47 1074
M1 / 296 350 10~*
0.10f
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0.05 f
0.00} - Relic abundance of 14
)
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4. Summary

. We built @ new model for Dirac neutrino masses and dark matter.

. Our model has @ characteristic flavor structure,

and in some parameter region, it predicts the large branching ratio of

LFV decays of the Higgs boson.

It can be tested at near future Higgs precision test ( ILC!).

T%ﬂ% éf%
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Higgs LFV decay in D3, D4, D11, D12 groups

In models in D3, 4, 11, 12 groups,

(mV)IZi = My (Y oo )Ez' Me K My < My

It is difficult to explain neutrino oscillation data
if all elements of Y are same order.

-=

— qu,:>> Yia > Yiq (a=1,273)

Strongly constrained

Br(p — ey) <1071

In these models, BR(h — ¢¢') > BR(¥ — £'y) can be realized.
However, it is difficult to make large it enough to detect at near future exps.
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CP violation terms in Scalar potential

Complex coupling constants in scalar potential
01, 02, 03, 517 527 53

Z,-0dd scalars are in red letters l

Z,-Even @

Scalars !. __________ I ZZ_Odd o
o S—E n sy
SU(2)1, 2 1 2 1 —— Physical CP-violating parameters
Ul)y | +3/2| +1 |+1/2| +1 ==
Z, || Even | Even | Odd | Odd ' __1 Twoof 01, 02, 03, SPRS:
Lepton # —2 -2 —1 —1 -—-
Z! — e | Iy Oneof 01, 02, 03, &3
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Mass eigenstates in our model

Masses of new fermions

v masses @ tree level are prohibited ( generated radiatively )

Y (a = 1,2,3) have Majorana masses in the Lagrangian 1 R
%IDR (wR)

2

Masses of new scalars
™\ [ cos® sinf\ (O wi\ [ cosxy sinx\ (n"
w5 )  \—sin@ cosf) \ s7 Wy —siny cosy/ \s5

After symmetry breaking, new scalar particles are

+ ++ + + 0
7T177T27(I) 7w17w2777
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To realize BR(h — ¢¢') > BR(¥ —» £'y)

LFV processes (£ = £' y)

/
F(€—>€R’}/)OC /y‘}\\ + //r\\ + PR
// \ // \ // \
. \ \
——h——n —{F - {rRl—
2

I'(l— 0 y) o + e

\
/ \
—{B O al>—

L= Y1)y (CR) Vi 5T +[(Y2) ol (€R) 05 55 +[(Y) o Ten“ o5
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To realize BR(h — ¢¢') > BR(¥ - {'y)

Assumptions for large BR(h — ££')

F(€—>€/R’}/)OC /y‘}\\ + //r\\ + PR
A// \\ // \ // \
—y, <y, > X
2
Jf f Contributions
L (0 try) x PR + RN from mixing y
/ \ / M
—{v5 )Y

@ Majorana mass term of L) Large contributions
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To realize BR(h — ¢¢') > BR(¥ - {'y)

Assumptions for large BR(h — ££')

['(0— lhy) x

I'(¢— 0} 7) x

Assumption

2
/7‘}\\ + //>\\
G
2
TN <:3 No interference effect

X =0 (w 27", wy = s3)
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To realize BR(h — ¢¢') > BR(¥ - {'y)

Assumptions for large BR(h — ££')

F(E%E%W) 0.4 » 2 + —>

Assumption

X =0 (W =" wy =s3) & Y, <1
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To realize BR(h —» ¢¢') > BR(¥ - ¥'y)

Assumptions for large BR(h — ££')

2
[ (£ = lry) x A + Destructive
T
2
A A
I'(h— ¢ 1 L2 -
( R) X 7N + PR Constructive
_>_Y1+Y1_)_
Assumption :
- sign(Aq)
+ ot o ot :
x>0 (Wi 21", wy 2s5)a Y, <1a = —sign(As)
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Cancelationin 7 — 3u

[(r = py)

\

—>—Y1—<—Y1—>—

For destructive interference,

(V1Y) 7, x LF 4 (YY), x LF ~ 0

I'(r — 3u)

T

Va

Y;
4

|
Y

S

Y
Y
|
Y;

7

For destructive interference,
(Y1Y1T)MM(Y1Y1T)W x LF' + (Y2Y2T)MM(Y2Y2T)W x LF' >~ 0
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BR[r-pmuu]

T = Uuu Vs h - urt

Y
T LB —— B ) =Br(h o )
107 .
"""" Upper limit 4.4 x 10~
10°*
————— Expected limit 1.0 x 107?
9
0 Belle IT @ 50 ab™*
10—10
Ah,sl — Ah82 — 2.0
107" AR ;
Wt/ i Blue Points Aps, = —Aps, = 2.0
10 10713 10710 1077 107

Red point Benchmark scenario
BR[h-pur]
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LFV decays in the simple model

amt (2 =3Q,)%[S*2(YTY) 2 B
3(16m2)2G2 $ T}n‘l ’ BR({ — ey,)  (my < my,)
BR(( — ) =~ o 1300 }gz(yw) -
am — o B
3(167T2)2G% L Tn;lc BR(/ — Bl/él/e) <Tn,f > an)
vim,, A2m2 [ SHYTY ) ’
1287 (1672)2 0t mA (my < my)
BR(h — 66/) ~ © 2
vimy N3 S (VY o | 3 " (my > my)
— I — m m
\ 1287 (1672)2 Lo Trljlc m2 f ¢
/
/ R(f — / ) 5

=

BR@ — E/Vng/)

BR(p — e) ~ BR(u — e, ) x 1072
BR(7 — £v) ~ BR(T — v, ) x 107!
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LFV processes in benchmark scenario

Processes | Numerical results
L — ey 2.36 x 1071

T — ey 8.26 x 10—

T — WY 4.68 x 10~
Processes | Numerical results
[ — eee 1.26 x 10~18

T — eee 4.28 x 10~18

T — nep 1.97 x 10~
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Processes | Numerical results
h — ue 1.43 x 10716
h — Te 1.56 x 10~
h — ut 4.05 x 10~°
Processes | Numerical results
L —> e 1.26 x 10718
T — eel 4.28 x 10718
T — uee 1.97 x 1011
T — [ 3.98 x 10~ 11
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