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Neutrino oscillation parameters FIT3.2 (2018)
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Recent achievement

r2) =85 T. Kobayashi, K. Tanaka, T.H. Tatsuishi, [arXiv: 1803.10391]
') =A,: F. Feruglio, [arXiv: 1706.08749]
r4)=S,: J.T. Penedo, S.T. Petocov, [arXiv: 1806.11040]
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modular A ZE L I 5E T/ = ) b, ad — bc =1
ct+d

— % D chiral multiplet ' | % Z 1

¢;(t) = (ct + d) Fip;(y)p;(7)

S. Ferrara, D, Lust, A. Shapere, S. Theisen , Phys. Lett. B 225, 4 (1989)

k; : weight
pi(¥) :y(=S,T) ZHIZHILT AT(N) DFRIRITT

modular form (multiplet)

f(@) = (ct+ D*p)f(v)

modular invariant superpotential

w = z ﬁ1,i2...ini(7)¢(i1)¢(i2) ¢(ini)
i

K+ Kyt kn, =k & Pf (D) X pii(T) X =+ X pp, ¢, (1) 31 of [(N)




p. 10

Modular form

Dedekind eta function & & [Z modular weight k = 2 ® modular form%& {5

Dedekind eta-function

T](T) = q1/24 1_[(1 _ qn) = 2T
n=1

S i T Z
n(=1/t) = v=itn(z) n(t+ 1) = e™/121(1)
r(2) = S;: T. Kobayashi, K. Tanaka, T.H. Tatsuishi, [arXiv: 1803.10391]

Main topic T(3) = A,:  F Feruglio, [arXiv: 1706.08749]

r4)=Ss,: J.T. Penedo, S.T. Petocoy, [arXiv: 1806.11040]
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Modular weight 2 D modular form (A4 triplet) F. Feruglio, [arXiv: 1706.08749]

Y1(=1/7) Y (7) ic+1) Y1 (7)
Y,(=1/7) | = %p(S) | Y2(7) |, L+l |=pM| Y2(2)
Y3(=1/7) Y3(7) 3+ 1) Y5(7)
Coupling Y | I TIE7 < v DE#EKL

Y;,Y,, Y5 |3 Dedekind eta function TEX oM 5 (t 72T DEE):

@B @+ D/3) ' @+2/3) 0 Go)
) =or [n(r/3) PG DR3) Tncron Y n(3r)]
vty = LT | n @ D/B) | (t2)/3)
2T wmn@:/3) n(+1)/3) n((t+2)/3)
iy = _L[TED  n @D/ | 2)/3)
=2 @3 T3 T @+ 23]

w = e2mi/3

1+ 12 + 36¢% + 12¢° + . .

—6g 3 (1+7¢g+8¢>+...) |. g = e*™
) ‘, ) 2 _
—18¢%3(1 +2¢ + 5¢% + ... Y7 +2YY3 =0
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Modular weight 2 @ modular form (A4 triplet)

AGEY4)) Y;(7) Yi(t+1) Y;(7)
Y,(=1/7) | =p(S) | Y2(D) |, Lia+1) |=pM| Y2(v)
Y3(=1/7) Y3 (1) Y;(t+ 1) Y3(7)

pY) 1 y(=S,T) ZHI 5T BI(N) DEIRITFI

Fr3) =4, 2ZZX %586

(-1 2 2 1
Al =1 2 M= o w = e2mif3
2 2 -1 w?

p(S) =

t R.A. Toorop, F. Feruglio, C. Hagedorn [arXiv: 1112.1340]

§S2=(ST)3 =T3=1%xE
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ETILDRBT ') = A4, ET /L without flavon

Model | : Type | seesaw

Model Il : Weinberg operator

Model Ill : Dirac neutrino

preliminary

Normal Hierarchy : consistent

Inverted Hierarchy :

Normal Hierarchy :

Inverted Hierarchy :

Normal Hierarchy :

Inverted Hierarchy : consistent
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relims:
Y
Y = Y2 | : modular forms of weight 2
Y;

I'(3) = A, "% superpotential

we = aepHa(LY) + BppHa(LY) + y7pHa(LY)
wp =g ( vrRH, LY J 1

m, = —mbimymp or m, = mp

Model Il : Dirac neutrino

Model | : Type | seesaw ‘




TR & FRNTHRE R p. 15

Prelim;
ETILIZEFTNA/NTA—XIZDODNT ‘ m'nary

Y
Y = Y2 | : modular forms of weight 2
B3/ t&5ZhIERES

we = aepHg(LY) + BpurHq(LY) + y1rH(LY) a, B,y :real without loss of generality
wp = g(vpH,LY ) charged lepton mass TiR X %

VR1 20.Y1 — Yy Y3 — 1Yo ’Uir.}?:% — 7Y
wp =vy, | Vra | @ [g1 | 2vYs — Yo — pY7 | @ g | Yo — 1Y)
VR3 20, Yo — 1Y) — 1. Y5 Ve Y1 — VY3

2 DND{EFH parameters: T, g( 32)
1
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Model | : Type | seesaw (NH) Preliminary ‘ 0.90-1.12

+(0.01-0.07)

1.43-2.12
+(76-104)°

FIT3.2 (2018)

30 interval Normal Hierarchy
Am3, [6.80,8.02] X 10~°[eV?]
Am3, [2.399,2.593] x 1073[eV?]

sin? 6, [0.272,0.346]
sin? 0,5 [0.418,0.613]
sin? 0,3 [1.981,2.436] x 1072

sin? B,5 : 0.53813:933 (10 range)
sin? @, , sin? 8,5 — allowed in full range of 30

sin? 6,3 > 0.54 --- will be tested in near future

Maximum CP violation (6.p = +90°) is realized around 1¢ value
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Model | : Type | seesaw (a) NH prelim,-nary ‘

—a2—htFY/EEDLER:¥m; <0.16
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KamLAND-Zen
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0.001
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from PDG 2018

ri_/\
VAN

Z D

my ~ m, ~ 40 [meV]
ms ~ 60 [meV]

U L3R ) EBR THREE T HE
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Model Il : Dirac neutrino (IH) prelim,-nary

FIT3.2 (2018)

30 interval
Amf,
Amf;

sin? 0,
sin? 0,3

sin? 0,3

sin? 6,5 ,sin? 0,5, sin? B3 - allowed in full ra

Maximum CP violation (6.p = £90°) is realized

Inverted Hierarchy
[6.80,8.02] X 10~5[eV?]
—[2.369,2.562] x 10~3[eV?]
[0.272,0.346]
[0.435,0.616]
[2.006,2.452] x 1072

sin? B,5 : 0.55413:923 (10 range)
nge of 30

around 1o value
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Model Il : Dirac neutrino (IH) pre”minary ‘

+(0.01-0.07)

+(0.94-1.10)

FIT3.2 (2018)

30 interval Inverted Hierarchy
Am?, [6.80,8.02] X 10~°[eV?]
Am?, —[2.369,2.562] x 1073[eV?]

sin? 0, [0.272,0.346]
sin? 0,3 [0.435,0.616]
sin? 0,5 [2.006,2.452] x 1072

Lightest neutrino mass >5.7 meV

Model | (NH) DFEER & [ 3FI8RY
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modular symmetry
S 2QRTT A —FZ A ETER(F—F RT3 /%7 MEh o FEIRATEE)
- S3,44,84, A5 ERFEDOERERDEEZFITFD
-7 L= —IRE O EA & L TS ARBE

flavon ZE A L 7 ULy A, 1R8 % 2 AT
- Normal Hierarchy : Type | seesaw C consistent
- Inverted Hierarchy : neutrino 7 Dirac particle & L 7355 (Z consistent

SHEDEE
- A= T X—
DB T(2) = S5, T(4) =5,,T(5) = A
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Backup

Modular weight 2 @ modular form
FIIREEL LT

modular form (component)

fi(@) - (et + A)*ifi(7)

RHYEERA AT HE

%Z log fi(t) = (ct + d)*?

z log f,(2) + (ct + d) Z ki]

. d
Zkizo AT EZIngi(T) D weight I3 2
i [

fi(7) : Dedekind eta function Z %

fi(@ = (D)% o weight i a;/2 Ya=0 T Yk
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. d
Modular weight 2 @modular form : EZ a; logn(c;7) Z a; =

i

['(N) O multiplet Z1E% (A, DAY)

v =32 (T)+1 ) o (222 — 310gn(30)
1 = 3c—|logn (3) + logn | — ogn | — ogn(3t

V- ¢ d'1 (T)_I_ 2 T+ 1 o T+ 2\]
2 = CdT_Ogn 3 w= 108N 3 wlogn 50

V- 6 d'l (T)+ | T+ 1 w21 T+ 2\
3 = CdT_OgU 3 wlogn 3 w= 108N 3 )

c: ESHEK

modular form ( A, triplet )

Y(7) = (ct + d)*p()Y (7)




Backup

Modular weight 2 D modular form (S3; doublet)

AGE Y\ Y, (7) i(t+1)\ _
<Y2 (—1/’[))2 = 12p(S) <Y2 (T)>2 ’ (Yz (t+ 1))2 = p(T) (
G2 (DD @)
W= [n(T/Z) tNET DD Sne
v o V@D w@+ v/
20T am | n(r/2)  n((r+1)/2)

Y:(7)
Y, (1)

)
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Modular weight 2 @D modular form (S4 doublet & triplet)
J.T. Penedo, S.T. Petocov, [arXiv: 1806.11040]

i(=1/7\ _ Y:(7) it+1)\ _ Y1 (7)
(1), =77 (Yz(r>>2' (e + ), =P (),
Y3(—1/7) 140 Y;(t+1) Y3 (1)
,(-1/1) | =7°p)| L@ | , Yo+ 1) | =pM| Ys(7)
Ys(=1/7)/ Ys(1) /5 r+1)/,, Y5(7)/

#ﬁ+ﬂ@+ﬂﬂﬂ+1ﬂd®+zﬂﬁﬂﬂw® n"(z+1D/4 7' (@T+1D/4D

MO =107 TaE e T G Dm TGy D T e D/
Y,(7) = [1,1, w?, w, w?, w] Y;() =[1,-1,-1,-1,1,1]
BIR DA BT B

Y,(1t) = [1,-1, —w? —w,w? w] Yo(7) = [1, -1, —w, —w? w, w?]

1/ -1 20* 2w 1/ -1 20 2w?
p)=(,. &) P(5)=§<2w 2 —w2> M =(] o) P(T)=§<2w 202 _1>

202 —w 2 202 -1 2w
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Modular invariant kinetic term
v
|au¢i|
(T — 7*)ki

S. Ferrara, D, Lust, A. Shapere, S. Theisen, Phys. Lett. B 225, 4 (1989)

scalar component @ modular Z &

¢i(7) - (et + d)~¥ig; ()
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Prelimi
Model Il : Weinberg operator ‘ Nary
Yy
Y = Y2 | : modular forms of weight 2
Y

we = aepHg(LY) + BupHq(LY') + yTrHq(LY ) STt e NI sl R E LR R aat

w, = ——\(Hr_;_HU_LB"')l : neutrino mass term

Normal Hierarchy :

1

Inverted Hierarchy :
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Model Il : Dirac neutrino

we = aepHy(LY) + BupHy(LY) + vrpHa(LY)

wp = g(vrH.LY )1

!

Normal Hierarchy :

: neutrino mass term

Inverted Hierarchy : consistent

relims:
Y
Y = Y2 | : modular forms of weight 2
Y;

: charged lepton mass term




