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Abstract of this talk

Extra U(1) gauge symmetry
SU(3)- x SU(2), x U(1)y x U(1)
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2 zero minor structure

Leptogenesis
H Dirac Yukawa couplings
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neutrino mass CP phase L o[NJNE(L, - H)
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Effective Majorana neutrino mass _
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Ut Ine @® Leptogenesis @ Conclusion @ Appendix

Two models
2, Model (+singlet or +doublet scalar)

Analysis : two-zero minor (texture) condition

3, Mass Matrix

Result : Dirac CP phase § and sum of neutrino masses ¥ m;
Analysis : seesaw formula

4’ LeptogeneSIS Result : sign of the asymmetry parameter

H, Conclusion
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Minimal Gauged U(1), Models
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Minimal Gauged U(1), Models

[Singlet O']

Charge assignment

field U(l)B+Le—3L“—LT
quark +1/3
eL,Ry’/eaNe +1
NL,R,V;MN/L -3
TL,R, Vr, N+ -1
o +2
others 0

Charged lepton mass

M, =

Lepton flavor violation

K. Asai (Univ. of Tokyo)
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Mass matrix

Lagrangian

L=—AN(Le- H) = ANE(Ly, - H)
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>\TeV1
- Majorana mass

Assumption

Enough small
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I\/IaSS matrix @ \Mass matrix

Two-zero minor condition

[Singlet O']
Seesaw mechanism PMNS matirx
M L~ _(M )_1MRM51 U;_MNSMVUPI\/INS — diag(ml, mo, m3)

o):/\/l,jl
1 —1

- —1 T
» ‘T\/\/o complex equatlons in terms of m]_, 5; Ol2, Ol3 ‘
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I\/IaSS matrix @ \Mass matrix

Two-zero texture condition

Doublet CDL]
Seesaw mechanism PMNS matirx
y —./\/lD./\/lﬁlME UbmnsMuUpmns = diag(my, ma, ms)
* | O] %
B (:8:)- M.

— * 1 .‘-
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VMass matrix

Flow of analysis

/.I Point!
neutrino mass CP phase )
may,msa, M3 (5,0{2,&3
Effective Majorana neutrino mass
(mgag)

\as functions of (912, (923, 913, 5m2, Am2/

L3

»

Leptogenesis

Asymmetry parameter

8(9/']' Am/%lv >\a)
7

Neutrino oscillation Neutrino Dirac

parameter Yukawa coupling

‘Tvvo complex equations in terms of mq, 0, 0y, Q3
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I\/IaSS matrix @ \Mass matrix

ﬁ e’ia2 — @R2<5)’ 6’1:053 _ _Rg((S)

m— 2 _ ms _
my  |Ra(S)]" ma [Rs3(0)]

Neutrino mass ratios can be obtained as functions
of the Dirac CP phase
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I\/IaSS matrix @ \Mass matrix

Two zero minor condition

2 _ 2 L
— ot =i 1 )
5m2 2 I
" (@ 2)
om?
= IR (1~ [Ra(0)]) € |Ra@)| (1~ [Ra(@)) =0 €= Ry < L

é f(012, 623,013, ¢€)

CP phase and neutrino masses can be obtained
as functuions of the neutrino oscillation parameters

my = f(012, 023,013, 0m?, Am?)
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@ \lass matrix

VMass matrix

S0

The following discussion is applicable to
1, the other U(1) lepton flavor symmetries

The methods of analysis are same but the structures
of the neutrino mass matrices are different

2, wide U(1)y., breaking scale
T e— Leptogenes S

Y, scale

MR scale

My, EW GUT
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VMass matrix

structural pattern

doublet

singlet

Le— Ly ER(+1)
. L,-L,  CR(+1)
_____ Lo-L  E}(+1)

A3(+1) Di(=1)

B - 3L, - (+6)

- B—3L,—3L. (+3)]
B-3L, PR (+6)

- B—3Le—3L- | (+3))
B —-3L, FR (+6)
B-3L,-3L, (+3)

Predictions for the neutrino parameters in the minimal gauged U(1)y, models

@ \lass matrix
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VMass matrix

structural pattern

singlet doublet

Bl laz 3, IR0 S Two-zero texture U
_ B+L.—3L,— L. DR(+2) -
Two-zero minor R 'B+L.—L,—3L, DR(+2)| - « [0
. 4B e o]+ | = M,
ol[o]] = M B-3L,-3L. | (3 -
0 = v . B-3L, FR @l
B-3L.—3L, | ° (+3) -
B -3L,
B—§L3— 3L ¥y E:: -
2°-€ 2K
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@ \ass matrix

VMass matrix

structural pattern

singlet doublet
Le— Ly Ef(+1) A5(+1) DY(-1)
. Li—L._CR(+1) B§(+1) BY(-1) * %
_____ Le-L~  ER(+1) A{(+1) Dy(-1) ol 0
B L ARGy
3L+ L,—L, AR(+2) - 0 =

* B-Le+L,—3L, Bi(+2) =
0 BtLe—3L,—L. Di(+2~ -
B+Le—L,—-3L, D3(+2) -

*x |0 B —3L, pr (+6) -

3 3 1

- B-jLu—5L, +

B 3L, PR (+6) B
- B—3Le—3Lr " | +

B —-3L; FR (+6) B

B - %Le - %Lu (+3)
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@ \ass matrix

VMass matrix

structural pattern

singlet doublet

Normal

Inverted

-
Two complex equations

have no solution
\_ J
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@ \lass matrix

VMass matrix

structural pattern

singlet doublet
_____ Le—L, ER(+1) | A3(+1) D¥(-1)
Normal  Lu—L CEGD| By(+1) Bi(-1)
Le— L, E3(+1) | AY(+1) D3(-1)
Inverted B—3L.—L,+L, |AR(42) ~

p
. 2
Two complex equations | . B-3Le—3Lr | | S5 I M, below EW scale
have no solution B=3L |pp (16) - ruled out by experiments
\ J  B-jL.—3L, (+3)
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VMass matrix

structural pattern

singlet doublet
A5(+1) DY(-1)

Normal
L.,—L

Inverted B-3L.—L,+ L, [A¥(F2) -

ER&(+1)| A¥(+1) Dy(-1)

,
Two complex equations | . B—-3Le—3Lr | SE) I
have no solution Bosl:  lpr (+6) .

\ J  B—3Le— 3Ly (+3)

K. Asai (Univ. of Tokyo)

@ \lass matrix

Prediction values for
neutrino mass conflict

with Planck limit

KA, K. Hamaguchi, N. Nagata, S.-Y. Tseng
and K. Tsumura, Phys. Rev. D99 (2019)

Predictions for the neutrino parameters in the minimal gauged U(1)y, models

Q55029. )

M below EW scale
ruled out by experiments
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VMass matrix

Sum of neutrino masses

B—L,—3L,+ L, B3]

Normal

Inverted

0.25

0.2

0.15

Zm; [eV]

0.1

0.05

0.25

0.15

Zm; [eV]

- 0.1

=1 0.05

|

| | |

p‘ancm +Io~vp+’ensm-g+ext_ .

I

42

44 46 48

623 [°]

50

Planck limit

@ \lass matrix

Zm,- <0.12 eV

B—L.+L,

Normal

- SL’T [BE]

Inverted

Zm; [eV]

0.25

0.2

0.15

0.1

0.05

0.25— T T T T
0.2 \
0.15— -1
S
2,
E | PO — — — —
W
0.1} a
0.05+— -
ol—L | I | | ]
42 44 46 48 50 52

These cases are excluded by Planck limit
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@ \ass matrix

VMass matrix

Planck limit

Sum of neutrino masses S m <012V

L,— L, [C% B+L,—3L,—L. D} B+L.—L,— 3L DY

0.25— ! ! ' 0o 0.25— l l l l T 0.25— I I I T 1
0.2-- P 0.2 N 0.2 N
%‘0.15_ E ;015_ ] ;015_ N
e PlanckT THoWP1eNSINOLOX e o o — o 2 o,

E : I : é T PEckmu)w'ﬁlerﬂHgﬂ _____ é ™ Pla-nckmwlengﬁng _____
W 0.1 Lo ] W ooak - W04k -
0.05f LT 0.05|- - 0.05|- .
o—L ' ' 1 | , | ! ! ! l ! | | \ \ | \

623 [°] 623 [] 623 [°]
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VMass matrix

Sum of neutrino masses

- (light) red band

in the parameters

uncertainty coming from the

@ \ass matrix

- (20) errors

R ¢ .A.{

L,— L. [C™] B+L,—38L, =Ly D+ Le— Ly, — oL [JUs

025 ! ! 0.25— T T T T T 0.25— T T T T T

0.2-- 0.2~ <| 0.2~ .

<015 -

i : <015 ~
g ﬂmmbw&lwmxt__,_ ,%

W 0.1 : E il PlanckTT+lowP lensing+ext. .

0.05}- o - 0,051 i

0 | | | | " | | : : | | |

42 44 46 48 50 52 =22 44 a6 a8 50 52

623 [°] 623 [°]
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@ \ass matrix

VMass matrix

. Planck limit
Sum of neutrino masses S m <012 eV

R R R

0.25 ' ‘ 0.25 T T T T T T 0.25 T T T T T T
0.2 0.2 - 0.2f .
5015 %0.15— - %‘0'15_ -
E oql ) £ o.: Tk TR oNT oG B == = = ) E 0‘: e R )
0.05t i . 0.05- - 0.05( .

o—1 L ' R T o | 1 l l ! | 1 \ \ ! I

42 44 46 48 50 52 42 44 a6 48 50 52 022 a4 a6 48 50 52

623 [°] 623 [°] 623 [°]

CR case has a strong tension with Planck linit
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VMass matrix

@ \lass matrix

dark (light) green band

Dirac CP phase

L,— L, [C%

o/t

42 44 46 48 50 52
623 [°]

K. Asai (Univ. of Tokyo)

B+L.—-3L,—L,D}Y] B+L.—L,—3L, D3]
2 2 T T T T T T
1.5 15 H
K K
N - <4 1
© ©
/
0.5/ /2%— 0.5 ~
/
0 | 1 / | | 0 | | | | | |
42 44 46 48 50 52 42 44 46 48 50 52
623 [°] 623 [°]

: 10 (30) favored region of

;
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I\/IaSS matrix @ \Mass matrix

" The strongest bound on (mgag)

uncertainty of the nuclear matrix

element for 136Xe
< 0.061-0.165 eV

KamLAND-Zen

0.05
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I\/IaSS matrix @ \Mass matrix

Effective Majorana neutrino mass

L,— L,[CR] B+ L.,—3L, — L. [D}]
1 B+L.—L,-3L Dy

(mgp) =0

0.2

0.15F .
L (mgg) = (UPMNSdlag(mlam27m3)UgMNS)€6|

il — (U;MNSdiag(mla ma, m3)UIT>MNS)€€|

— (MVL)€€| =0

{mpgpg) [eV]
o

KamLAND-Zen
0.05

NG Neutrinoless double beta decay processes
ol— ! | TR ! are observed
DR, DX cases are rejected
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@ \ass matrix

VMass matrix

@® In this work, minimal U(1)y~-models are analyzed and
only the 3 cases with a scalar singlet survive experimental constraints.

@® By analyzing two-zero minor condition, we found the prediction,
which is independent of the U(1) breaking scale, for the CP phases,
the neutrino masses, and the effective Majorana neutrino mass.
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Leptogenesis ® Leptogenesis

Parameters

Parameters in this model

in Lagranginan from experiments
Mixing angle

9127 9237 913
Squared mass difference

Dirac Yukawa coupling

)\67 >\u7 )\’T

2 2
Majorana mass Amsyy, Ams,
Lightest neutrino mass
N Aers Mog, Myy Ve
@ : phase CP phase
57 o, (3
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Leptogenesis ® Leptogenesis

Parameters

Parameters in this model

in Lagranginan from experiments
Mixing angle

9127 9237 913
Squared mass difference

Dirac Yukawa coupling

)\67 >\u7 )\’T

2 2
Majorana mass Ams, Am31 Two zero minor
Lightest neutrino mass | condition
Nepis Acrs Moo, My, (e /
@ : phase CP phase
57 o, (3
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Leptogenesis ® Leptogenesis

Parameters

Parameters in this model

in Lagranginan from experiments
Mixing angle

0127 9237 913
Squared mass difference

Dirac Yukawa coupling

>\67 )‘uv )‘7‘

_ 2 2
Majorana mass Amsy, Amg,

Aeua )\67'7 M€€7 MuT

L : phase
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Leptogenesis ® Leptogenesis

Parameters

Parameters in this model

in Lagranginan from experiments

. _ Misc |
Dirac Yukawa coupling IXIng angle
012, 023, 013

>|\:€7 )\“7 A;- Squared mass difference
reec parameters 2 9
Ams, Ams,;

Lightest neutrino mass
m7

CP phase
57 2, (3
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Leptogenesis ® Leptogenesis

Baryon asymmetry

Sign of baryon asymmetry

Yukawa couplings
diag(Ae, Ay, Ar) = Adiag(cos 6, sin 6 cos ¢, sin 0 sin ¢)

= A\n \
Ney — Ney
Asymmetry parameter ANo(Lo - H) = ANi(Lo - H)

€ = Z Im [{ At }2] f (%)

223

Sign of the asymmetry
parameter depends on (8, ¢)
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Leptogenesis ® Leptogenesis

Baryon asymmetry

Sign of baryon asymmetry

Relation between baryon and lepton generated \
ng/s 28
nr/s 79

Observed baryon asymmetry of the universe

Yap = ”?B ~87x 10" > 0

Sign of asymmetry parameter is negative
€1 <0
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Leptogenesis

(Aes Aps Ar)

@ Leptogenesis

Sign of baryon asymmetry

= A\(cos 6, sinf cos @, sindsin ¢)

n L, — L, [C% B"+ L.—3L,—L,[D}'Y] B :L L.— L, — 3L, [D3]
Nl X5 =M ) 9;_,_“ X e Ml e b X, I,
1 <0 c1 <\0
; ¢ : 0 g | |

SR

K. Asai (Univ. of Tokyo)

Predictions for the neutrino parameters in the minimal gauged U(1)y, models

PPP2019 @ YITP (July 31)



Leptogenesis ® Leptogenesis

(Aes Aps Ar)

Sign of baryon asymmetry = A(cos @, sinf cos @, sindsin @)

Ly - L.[C®] B + L, L.[D}] B+ L.—L,—3L.[DY]
= \\l Ne<d
2.0 €1 < U

0 Asymmetry parameter €; can be negative (e; < 0) e
in the almost all parameter in the CR and D} cases

>3

N
)
NS
o

NI

SR
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Le ptogeﬂeSIS @® Leptogenesis

(Aes Aps Ar)

: (oS8 sing e
Size of baryon asymmetry (cos B, sin @ cos ¢, sinsin @)

R R R
10 10 n 10
8+ - 8+ tan6=15 — 8r tane=15 B
To) < Te)
o o o
T 6r tanf=1 . ~ B- | < 6- |
X X X
NS 4 _ NS 41 | (\,'S 4 _
UIJ tan6=0.5 UIJ tan6=1 UIJ 2 7
2 — 2+ — taré6315
» tan6=0.
tan6=15 tan6=0.5 0
o ( an o an m ﬂ
0 T T 0 T T 0 T s
4 2 4 2 4 2
) ¢ )
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Le ptogeﬂeSIS @® Leptogenesis

Non-thermal leptogenesis

Shih-Yen’s poster
(Today 15:45~)
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COHC|USiOﬂ @® Conclusion

@® Only CR, DY and D® cases with a singlet scalar satisfy two-zero minor

condition and are consistent with the neutrino oscillation data.

@® By analyzing two-zero minor condition, we found the prediction,
which is independent of the U(1)yr breaking scale, for the CP phases,
the neutrino masses, and the effective Majorana neutrino mass.

@ We found that, in the CR and D} cases, the correct sign of the baryon
asymmetry can be obtained, and it is possible that enough large
baryon asymmetry can be realized.
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Appendlx @® Appendix

oa, = a,(exp) — a,(SM)
= (26.1 £8.0) x 10~ 1°

K. Hagiwara, R. Liao, A. D. Martin, D. Nomura, and T. Teubner (2011)

Anomalous magnetic moment Js . Landé g factor
Interaction between magnetic moment o _
and magnetic field S - muon spin
= = eh
Hint:_ﬂ,u'B HB = 5
. . mTmcC
Ly = gsiBS . Bohr magneton
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Appendlx @® Appendix

oa, = a,(exp) — a,(SM) Classical level

= (26.14+8.0) x 10717 9s =2

K. Hagiwara, R. Liao, A. D. Martin, D. Nomura, and T. Teubner (2011)

+ Quantum corrections

Anomalous magnetic moment o
. | o= | 4 fe-
Interaction between magnetic moment

and magnetic field — 24 & |
. = 2T
Hing = — My - B
a, = gs — 2

Hpy = gshBS : Quantum corrections
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Appendlx @® Appendix

T. Araki, S. Hosino, T. Ota, J. Sato,
567,“ — au(exp) — aM(SM) and T.Shimomura (2017)

102
= (26.1 £8.0) x 10~ 1°

K. Hagiwara, R. Liao, A. D. Martin, D. Nomura, and T. Teubner (2011)

/'boson contributes to muon g-?

104 .
; 92, /1 2m?z?(1 — x) 102 107 10° 10
T g 0 xﬂmi + (1 — z)m?%, M> [GeV]

K. Asai (Univ. of Tokyo)  Predictions for the neutrino parameters in the minimal gauged U(1)y, models PPP2019 @ YITP (July 31)



AppendD( @® Appendix

Neutrinoless Trident Production W. Altmannshofer, S. Gori, M. Pospelov,
and I. Yavin (2014)

My > /S

iZ—)4p@LI-IC _E

oSMH+2Z) 1 4 (14 4sin? Oy + 202, /v%,)°

Y

o(SM) 1+ (1 + 4sin® Oyy)2

0.1¢

UCCFR/USM — (0.82 +0.28

001"

1073

001 0.1 1 10 102 10°
N i i N m, (GeV)
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Neutrinoless Trident Production W. Altmannshofer, S. Gori, M. Pospelov,
and I. Yavin (2014)

m, <Mz < y/S

O_(SM—I—Z’) _ s (5M) 4 o (inter) 4 O_(Z’)

1 2G%.as S 19
SM) 2 2 F
O'( )_§(C‘f—|—04) 9 9 <10g( ) )

(inter) Gp 9120‘/& log> s
/2 3m? 5 \m2

I
/4 2
5(Z) ~ 1 g alog(mzl>

2 2 2
m7, 6w mi,

0.01}

3x1073

o

OCHARM_11/0sm = 1.58 4

3x1074

| I T O Y Y I I | I [
001 0.03 0.1 03 1 3
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Neutrinoless Trident Production W. Altmannshofer, S. Gori, M. Pospelov,
and I. Yavin (2014)

72 < my, < /s

1 2G%.as S 19 .
SM) L/ 2 2 F sy W
o M) ~ 2(CV—Iz—C'A) = (log (mz> : )
/
O_(inter) ~ Gr g OVOé 10g2 i 3x107
V2 3m? m? |
2
@) o 1 7¢%« log m’,
—_ 1 -3
m? 727> m%, 0

OCHARM_11/0sm = 1.58 4

3x1074

| I T O Y Y I I | I [
001 0.03 0.1 03 1 3
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BABAR experiment BABAR, Phys. Rev. D94, 011102 (2016)

Trident
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Neutrino-electron scattering S. Bilmis, I. Turan, T. M. Aliev, M.
Daniz, L. Singh, and H. T. Wong (2015)

Kinetic mixing £ > -eB,,, F'*" AT
| 2 102h T Neoee P
contributes to v,-e~ process L ChARM I e

10-7 -_|_|_|_|_|_|_|,|] L IIIII|,|] L IIIII|,|] L IIIII|,|] L IIIII|,|] L IIIII||| 1 ||||||-|
10° 102 10 1 10 10° 10® 10*

M, (MeV)
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Scalar doublet VEVs in the doublet cases

Doublet CDL
Scalar doubelt VEVs

o=(3) @=(2)

U(1),,—1,-symm. breaking Scale]

vz\/v12+v22:246GeV

U(1),,—, -symm. breaking scale in the doublet cases
should be below the EW scale
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Neutrino Trident Production

Neutrino Trident Production

the production of a u*u~ pair from the scattering Y
of a muon- neutrino with heavy nuclei Y - /
.y . / ut
Sensitive to light Z’' coupled Z
with muon
.-
V/Z
N , S N
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Neutrino Trident Production

Neutrino Trident Production

the production of a u*u~ pair from the scattering
of a muon- neutrino with heavy nuclei

0.1-

Sensitive to light Z' coupled o
with muon oo,

vy <100 GeV = gz < 10°°

v = 100 GeV |

10731

7' is lighter than tauon: mz < m; T Gew v
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The minimal gauged U(1), _; model

O Constraints on (mzs, gy’)

I KLOE
10_35

“’ The VEV of &, (v;) breaks
" | not only U(1), but also SU(2),,

510-7

1107

110~

Le— Ly i: v, should be lower than the

v > 100 GeV .. | electroweak scale(v; < 100 GeV)

eTr

Qer/

; 10—13

; 10—14

; 10—15

Tz 1w 110

My [GeV] M. Bauer, P. Foldenauer and J. Jaeckel, JHEP 1807 (2018) 094
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Lepton Flavor Violation

Doublet Cbl] For simplisity

YeV2 0 Yerna
7' current M, — 1 - -

— T = 0 Yu V2 0
‘ mzi S My ‘ V2 0 0 yiw

Jp‘, D éL’Y“’TL

Lepton Flavor Violation
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Appendix

Lepton Flavor Violation

@® Appendix

Doublet Cbl] For simplisity
/ 1 YeV2 0 Yer V1
Z current ‘ — ‘ M, = = 0 s O
— /
L oe vt s T 0 0 v
diagonalizing
Lepton Flavor Violation Me .
Ml — Uz m'u, UR
4 -
R cosfr r 0 e‘igbsinOL,R
e UL g = 0 1 0 Emy _
Z/ —e_wsinHL,R 0 cos0r r tan 0r, ms
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Appendix

Lepton Flavor Violation

Decay width

2
D(r—eZ') = 220

m? m2,\’
sin” 20, <2+ ;) (1— 22)
mz, m

ARGUS limit

ARGUS collaboration (1995)

B(t —eX) <27x107°

Limit on the mixing angle 8,

|sin 26| < {

7 x 107°
1 x

(mZ/,gZ/) = (100 MeV, 10_3)
10_5 (mZ’7gZ’) = (10 MeV, H X 10_4)

@® Appendix
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Lepton Flavor Violation

a) K. Hayasaka et al (1995) b) BaBar Collaboration (2010)
Other experimental limits Z; ﬁ/.légdédoiﬁaebtozilaélo9n8?2)016) d) TWIST Collaboration (2015)
O Limits on y,, O Limits on y,,
a)BR(T_ —Se putuT)<2.7x1078 ° BR(p — eX) < 9.6 x 10-5
)BR(T — e7) < 3.3 x 107 B = )

YBR(p — eX) <1075
for mygr = 13-80 MeV

e)BR(,u —ey) <4.2x 1071

Charged lepton-flavor mixing is extremely small
0; =0 or 7T/2 (No charged lepton-flavor mixing)
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Minimal Gauged U(1),__,, Models

Charge assignment

field | N, N, N,

la| # 1 a=—1
U(l) _LTCharge of NELB
(2 - ) o0
\ ta+1 4a—1
OnlyT{e, e) component in M,

can be non-zero
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Neutrino oscillation parameters

NuFIT v4.0 result with the Super-Kamiokande atmospheric data

www.nu-fit.org

Normal Ordering Inverted Ordering

Parameter Best fit +10 30 range Best fit £10 30 range
sin? 0 0.31019:0%3 0.275-0.350 0.31075015 0.275-0.350
sin? fos 0.58215-015 0.428-0.624 0.58210-018 0.433-0.623
sin? 03 0.0224070:00062  0.02044-0.02437 | 0.02263000002  0.02067-0.02461
Am32,/107° eV? 7.3970% 6.79-8.01 7.3970% 6.79-8.01
Am2,/1073 eV? | 252510033 2.431-2.622 —2.5127503  —(2.606-2.413)
6 [°] 217158 135-366 280753 196-351
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PMNS matrix

PMNS matrix
lepton version of the CKM matrix

( C12C13 | S$12C13 | 813€_ics 1 s

Upmns = | —S12C23 — c12823513€®°  c1aca3 — 512523513€%°  S893C13 e’z
5 . .C\c3
S$12823 — €12C23513€Y°  —C12823 — S12C23513€  C23C13 e'3

ul 1 v [ ] . _
H- - ju — QGL”}/“PLVL
W,

c:'.' vo ®m B 08" 1] up 1

. = 2¢ U,

t L v " H B LYPMNSY L'LVL
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Quantum correction to neutrino mass matrix

U(l)Lu—Lr symmetry breaking scale >» electroweak scale

Large quantum corrections break two zero minor structure
of M,, 7

Result

The two-zero minor neutrino-mass structure in our model
is robust against quantum corrections
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Quantum correction to neutrino mass matrix

The right-handed neutrinos are integrated out to give

the following dimension-five effective operator:

1
e §_a5(La -H)(Lg - H) + h.c.

k k%
Cap = x 0 x
x % 0

@ right-handed neutrino mass scale
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Quantum correction to neutrino mass matrix

Higgs quartic coupling
1
‘COIuart — _§>‘(HTH)2

SU(2) up-type, down-type, and charged-
gauge coupling lepton Yukawa matrices

K = —3¢2 +2Tr (SYJYU +3YTY, + Y;Ye) +2)
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Quantum correction to neutrino mass matrix

dC 3 K
a fy \T t .
S 273 (YY) C+C(Y'Y)] - 167T20

K = =363 +2Tr (3V]Y, +3Y[ vy + Y] Y.) + 2

Y, : di |
C(t) = I (OI(OCO)IE) % 77y dingona
t=1In(u/pg) Ho: initial scale

1 [ 3 [
Ik (t) = exp {16#2 /o K(t’)dt/} , I(t) = exp [— 353 /0 YIY,(t)dt']

where
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Quantum correction to neutrino mass matrix

dC 3 T K
= I f |
U 352 [(Y6Y6) C’+C’(Y6Y6)] " 16 2C’

Col0)=CH0)=0= C ! (t) = C; t) =

|9y’ TT TT
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Neutrinoless double beta decay

Decay half time Nuclear matrix element IR e
//d\ o //g\
—1 n'd¥ > ‘d|
2 | ‘
(T0) =G | M| (mgp)? t———
Z*CaSeYZITIgd}
Phase space factor 1 im}“

107'E KamLAND-Zen (**Xe)

Effective Majorana mass

(mgg) (V)

— 2 2L -
(mpg) = E (Upnins)ei 107 :
1.2 2 2 2 o 2 _i(az3—26 1073 =

— 012613m1 + 3126136 2m2 —|_ 8136 ( )m3 Eo v S vl P b

10* 10° 10% 10 50 100 150

mlightcst (CV) A
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