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Harrison, Perkins, Scott (2002)

4 )

sin? f1p = 1/3, sin? Or3 = 1/2, sin? 613 = 0,

273 /173 0
Utri—bimaximal — — 1/6 1/3 _ 1/2

S VB VIR Vi)

Tri-bimaximal Mixing (TBM) (& fEELGHEETIMEINSD

1 0 0 11 1 1 0 0
mppy = ™m0 1 0| 4z [ 1 1 | 4muzmalfgo Q]
0 0 1 11 1 0 1 0

A4 symmetric

Integer (inter-family related) matrix elements E. Ma, 6. Rajasekaran 2001
suggest Non-Abelian Discrete Flavor Symmetry. '
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Subgroups of SU(3)

Ishimori,Kobayashi,Ohki,

Fa m i ly Sy m m et ry Okada,Shimizu,Tanimoto;

Eubo, <.

Escobar, Luhn ({' X fl) A (ﬂ,b)

A(6n?) 2 (Z,, X Zn) X S3

by S.F King

C.Luhn, JHEP 1103, 108(2011) arXiv:1101.2417
A.Merle, R. Zwicky, JHEP, 1202 128(2012) 1110.4891
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Another origin of finite discrete groups

Modular Group

It is well known that
the superstring theory on certain compactifications
lead to non-Abelian finite groups.

Indeed, torus compactification leads to
Modular symmetery,
which derives 53, A4, 54, A5 veeaee o



2 Modular Symmetry of Flavors
2.1 Modular group

Superstring theory 10D The extra 6D
Our universe is 4D - should be compactified.

B Compactification 5
Torus compactification ‘ ‘ ‘ X &) X &) X &

We get 4D effective Lagrangian by integrating out over 6D.
5= fd4xd6y Liop = fd4x Lete

- L ¢ depends on the structure of @

1 » 4D effective theory depends on[internal space]




2D torus (T?) is equivalent to
parallelogram with identification of confronted sides.

f f JHE
© - SIS

Two-dimensional torus T2 is obtalned as
T2=1R2/ A

by Feruglio

A is two-dimensional lattice,
which is spanned by two lattice vectors

(%,¥)~ (X,y)+n,04+n,0; o,=2mR and o,=2nRT

T =a, /a, is a modulus parameter (complex).

The same lattice is spanned by other bases under the transformation

ay \ [ a b (Vo ad-bc=1
(]-:'i o ¢ d (V1 ab,c,d are integer SL(Z,Z)

12




13

( vy ) _ ( a b ) ( g ) ad-bc=1
oy c d a3 a,b,c.d are integer

, a7t +b | Modular transformation

T =a,/a,

Modular transf. does not change the lattice (torus)

-

4D effective theory (depends on 1)
must be invariant under modular transtf.

[e.g.) Lett D V(1) p¢:9;
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The modular transformation is generated by Sand T .

¥ , ar+b
T — T =
cT +d

V. S I':7—71+1
duality Dicrete shift symmetry

) (£4)=( 1)
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S :

i}
Tt X q Duality
T !

S2=1 (8T} =1

+1 is identified

~

: T —> 7+ 1. Dicrete shift symmetry

/

generate infinite discrete group

Modular group



2.2 Finite modular group

Modular group
I'={S T|S?=1(ST) =1}

Modular group has subgroups

Impose a b 10
congruence condition I'(V) = {( ) € SL(2. Z)._( = ) - ( 0 1 ) (mod V) }

called principal congruence subgroups (normal subgroup)
'v= I'/T(N) quotient group finite group of level N

v ={S,T|S?=1,(ST)®> =1, 7" =1}

[ ‘_2 253 r32A4 |_4 254 ‘_5 1’A5 ]

16 isomorphic



We can consider effective theories with 'y symmetry.

Losf E@q’)(l) q:)(n) £(1), D non-trivial rep. of Iy
modular form

In cases of Ty (N=2,3,4,5)(Ss, As, Sa, As)
explicit forms of f(T) have been obtained.

¥=S, T
Automorphy fact
L ar 4 - utomorphy ackor' |
T RTE cT + d JlT) = filyr) =(ler + d ‘fj\(ﬂ
Modular transformation modular forms of weight k

Chiral superfields

Modular forms are explicitly given if weight k is fixed.
On the other hand, chiral superfields are not modular forms and

17 we have no restriction on the possible value of weight A7, a priori.



Consider  fi(r) ¢VV¢VH

Automorphy factor (cr + d)¥(er + d) ™ (et + d) 7 = (cr + d)F—FrFs
vanishes if k = kg + kj

et IS modular invariant if sum of weights satisfy > k;=k .

Simplest Modular invariant kinetic terms of matters

4 ™

I ~matter

Kihler potential \ = W= E
~ J

I}|2
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'N =~ {S,T|S2 =1,(ST)3 =1, TV =1}
Taking T°=1 (N=3), we have I; >~ A, group.

Number of modular forms depend on weight k
k+l for A, (2k+1 for S,)

There are 3 linealy independent
modular forms for k=2 (weight 2)

A, Triplet Z{ER T 5



Modular transformation is the transformation of modulus T

., _ar+b Sir— =, weight 2; k=2
T T =
cr+d | Tir—s 7+l 3 modular forms

(C0)=C% 0 (10)7G o)

fi(y7) = (e + &) p(7)ij f(7)

S transformation T transformation

Yi(—1/7) Yi(7) Yi(m+1) Yi(7)
Yo(=1/7) | 27%p(S) | Ya(r) |, a(r+1) | =p(@) | Ya(r) |-
3(—1/7) Y3(7) Y3(7+1) Y3(7)

=-T (ct + d)" ct+d = |

d
1 —1 2 2 § g 9
p(S) = 3 2 -1 2], p(M=(0 w 0], w= exp(ig?r)
' 2 2 -1 0 0 & '

20 Flavor symmetry acts non-linealy (Modular forms).
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F. Feruglio, arXiv:1706.08749

A4 triplet of modular forms with weight 2

g B (17/3) I} (r+1)/3) 7' ((t4+2)/3) 27 (37) \
il = ?T( (1/3) r;: ((r+1)/3) * n((r+2)/3) -~ n(37) )’
Yy(r) = —i (n T/3 n'((t4+1)/3) fr:r;’((TJrQJ/SJ)
R DR VORI
i) = 2 (L) S | e 2/5)
’ N ’r/3 ?((T—i—l)/B) - n((r+2)/3))° )
r) = g% H(1 —¢") Dedekind eta-function
= n(=1/7) =V=irn(r), (1 +1) =" n(7)
(YI(_T) = 1+ 129+ 36¢% + 12¢° + P h
Ya(r) = —6¢"3(1+7q+8¢*+---), [q =5 ] lal«1
Ys(1) = —18¢**(142q+5¢°+---). Y2 4+ 2V;Ys = 0
N\ )




2.3 Residual symmetry at fixed points

® When, T is fixed, the modular symmetry is broken.

What is a principle of fixing modulus T?

% Modulus stabilization (non-perturbative effect, model dependent)

Some models indicate the potential minimum
at or near the boundary of fundamental domain.

¥ Fixed point of T Residual symmetry

20> . .
: /i /ﬁ// @ Z,t=i 0Z;:t=-1/2+3/2i
1.5] / 7/ :
™ i / i S:t— -1 ST:t— -1/(tH1)
Z 1.0 g // :
= - e : P.P.Novichkov, J.T.Penedo, S.T.Petcov, A.V.Titov,
0.5 Fundamental domain of T | JHEP04(2019)005,arXiv:1811.04933
I on SL.(Z,Z) : P.P.Novichkov, S.T.Petcov and M.T,
i ] PLB 793 (2019) 247, arXiv:1812.11289
0.oL—- P.P.Novichkov, J.T.Penedo, S.T.Petcov,

22 -1.0 =05 0.0 0.5 1.0 JHEP03(2022)145,arXiv:2201.02020



3 fixed points in A,
'T‘T (t — t+1) preserved : <t>=« j (q=0) (Y,,Y,, Y3)=(1,0,0) N=3. Z;: {1, 7,73}
®S (Tt — -1/7) preserved : <t>=i (q=e2") (Y,,Y,, Y3)=Y,(i) (1, 1-V3, -2+3 ) Z,: {1,5)

® ST preserved : <t>=w (Y,Y,, Y3)=Y,(i) (1, w, -1/2w?) Z3:{1,5T,(ST)3}

2.0

w3=1 I‘
1.5¢

s 1.0 -9

: : o
Consider S and T transformations of

mass matrix (M ), , where L is 3. R
[ I Re[tau] \
Y zootTe TIMIMT=MM O = [T, MM =0
® Z,{1,5}) STMIMS = MM =[S, MTM] =0
N Zy{1ST(STP}: (ST)'MIM(ST) = M'M = |ST, M'M| =0

Mixing matrices which diagonalise (MtM) also diagonalize
23 T, S and ST, respectively |
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Construct Modular invariant mass matrix of quark/lepton

Example of A, symmetry of quarks

Non-Abelian Discrete Symmetry A, symmetry

Irreducible representations: 1, 1', 1", 3
The minimum group containing triplet

I't could be adjusted to Family Symmetry.

3: ( U, C., 1'|_) , 1 Ug , 1" Cr 1" th Symmetry of tetrahedron
3:(dy, s, b),lide, 1" s¢ 1 be

Flavor symmetry should be broken !
We should know how to break the flavor symmetry.

Key : Modulus T and Modular forms



Quarks Mass matrix in SM: | Yq ¢ (H) Q

Let us introduce Modulus (in the case of A,).

The modulus [ plays the role of a spurion

Up-type quark sector u V)
i ) k) (k
Qn=u", qrn=c, qu=t Qs = YL (1) = 1*2'{“(1')
f
7

“‘\\\I::::£§§§s§\ ,// Y.Y(r)
A, representation

1x1x3 x3 =
a1 H.@ au” Tut+ Y (1 )c—l—l”.}‘l"}(-r)z‘]H

VEV of Hand T give quark mass terms

o H)YLY (1)) uu+@(H)Ys" ((r)Ducc +a(H)Y;" ((T)) u't

-L’I

Then up-type quark masses are given as

25 Yy Iu1 H} ( ] QS + -))u (1 H Y(A)( ) Qg—i—”}'u, TL;: HYE)EM(T) Qg



We can construct a simple mass matrix by using weight 2 modular forms

A, assignments: left-handed doublet 3 right-handed singlets 1, 17, 1°

o, 0 0\ /YW V5 Y
Mi=|0 B8 0] " Ya
0 0 ~/\V, ¥ Y,

Iq

Typical mass matrix of fermions by using weight 2 modular forms

for both up- and down-quarks and charged leptons

6 real prarameters o, B,, vq and t are responsible for quark mass matrices.

However,
the simplest matrices for up and down quarks is inconsistent with V.

26



One can construct Modular forms with higher weights k=4, 6 ...

# of modular forms is k+1

Y’ 5] b
Weight 2 Y (2) _ }/,1 ay| @ | b ] = (aibi + asbs + asbs), © (asba + aiby +azbr)y,
3 Modular forms I as/ 5 \bs/ ,
1/?3 %‘ (szg —+ albg + agbl)ln
Qtllbl = (Lgbg == {I-gbg &ng — U-3b2
Modular forms with higher weights are @% (zagbg — arby — agbl) ® % (albg - GQb])
constructed by the tensor product of 2a2by — a1by —a3bi/ ;7 \asbi —aby/

modular forms of weight 2
11=1, 1el'=1, 1'81"=1, 191'=1.
J.T.Penedo, S.T.Petcov, Nucl.Phys.B939(2019)292

YO =v2+ovYs, YW =v2+o¥e, Y@ =¥V2+2Vi¥a=0,

Weight 4
5 Modular forms Y2 —YoY;
Y =|%-h%|
¥ —-NY,
YV =+ ¥+ - aYs
Weight 6 '
7 Modular forms ) SN Y3 4+ 2V1YL0Ys Y, Y3 +2Y1YsYs

Y;(gﬁ) — }/2(b) — }/’1—2}{2 AL 2}/22}/3 «. Y.{g?) }/—32}/1 i 2}/12}/2
27 }/3(6) }/1‘2}/'3 e 2}/32}/2 Y;:(G) }/32}/2 4 21,;2}/1

Il
(I
—
o
o
|
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Modulus t as the source of CPV?

AT present,
observed CP violation is in CKM matrix.

In the near future, CP violation will be observed
by the neutrino oscillation experiments. Hyper-K

In addition,
T violation may be observed in EDM of quarks/leptons.

High energy theory is often CP invariant
What is the source of CP (T) violation ?

VEV of modulus T is possibly the source of CP violation !



CP violation realized by fixing T, which is consistent with
the observed lepton mixing angles and neutrino masses.

29

CP transformation in modular invariant theory

3 CP violation of leptons

( ; . : N\
7y gt Y(z) X (zp), Y®(7) Ty Y (—r*) = X, Y (1)
L X (@)Xt =peld). 9.9 €G )

We can construct CP invariant mass matrices

in modular invariant flavor theory.

P.P.Novichkov, J.T.Penedo, S.T.Petcov,A.V.Titov,
JHEP 07(2019)165 [arXiv:1905.11970 [hep-ph]].



30

Model of CP violation in Lepton Sector

H.Okada, M.Tanimoto, JHEP 03(2021),010 [arXiv:2012.01688 [hep-ph]]

AT G IR 2R
SU@2) | 2 1 % | 2 1
A, 3 | {47, 1| 1| 4 |3 81,19
-k ||CD] [(0.0,0) | 0|0 |2 4

a. 0 0 Vi V3 ¥
Mg = vy B © e % ¥ Input of 3 masses
J\: ¥» v/,

1
w, = —E(HHHHLLYE,k})l Weinberg operator by using weight 4 modular forms

5 parameters
2Y1(4) _}/3(4} _}/2(4)

i 1 0 0 01 0
A, — Ku _}/'3(4) 2}/2(4) _}/1(4) 54) 0 0 1 Yg"?‘) t 80
v _y® oy g T T L
3x3x3
L L Y



PTG 10 0 00
=3 || B W) YF‘ (r) [+ Y () [0 0 1) +a5 Yy (r) |0 1
‘ ) Y 237 (r) I 10 "

Impose CP invariance Mp(=7") = Mg(r)",  M,(=7") = M,(7)’

6 parameters and T

which leads to ¢ and ¢, being real.
[ J] P = ] input data are 8

Input of 8 observed values: m,,m,, m;, 0,,, 6,3, 6,3, Am?,, , Am?,
31 output : 6¢p, <mee>, > m,;
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a. 0 0 e Y Be
ﬂ-[E = Uy [:} jE [:} '}/'{k') }/'('l':} }'{:k}

2 1 3
0 () Ye }--’”"J }?2”3} }1(53}

J\ 3 1 ‘B,

At fixed point of 1=i with weight 2 (k=2),
the charged lepton mass matrix is:

a. 0 0 Y: B T & B 0 1 _DrafB 1—4/8
Mg=v41 0 B, 0 Yo ¥ Y2 1=140 B: 0 1— \/ﬁ i —2+ \/§
0 0 Ve YB Yrﬂ le 0 0 ;‘}'e —2 4+ \/§ i = \/g 1
e = VgYo0e, Be = v3YoPe and e = vgYpve

There remains a residual symmetry {I, S},
which is a subgroup of A,.

[ [A-JLLMRL, 5] — () ]




Modular forms are given in the base of

T
T=18 i & .
0 0 w?

Move to the diagonal base of generator S

—1 0 0 1 0 0 -1 0 0
VaSVi=|0 1 0], VeusVih=|0 -1 0], Vaesvi=[0 —-10
0 0 —1 0 0 -1 0 0 1

% % 7 100 010 10 0
V=Bl &= # | B= ((J I 0). Py = (1 ) 0). Py = ((J 0 1)

g — = 00 1 00 1 010

Then, the mass matrix is transformed as:

[ ﬂ}HL = JIRLLEJ_;]

33
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)
3 ! . o i ™ o i
MRV = Ve MEMEVE, = 5 (0 @2 +22- V3R +(T-4v3)72 —(2—3)(a2—232+42)
2 — v (2-V3)B +7e

=

|
INo

|
B
—1
2
m b
|
b~
(@]
™ po
_|_
i
M ko
=
|
s
b
e
o
m b2
_|_

| )

| ]

|
B
=
ﬂa"’"
_|_
by

[ﬂ-f;;L Mgy, S| =0
M}, Mgy, is not diagonal because eigenvalues of S is (1, -1, -1).

A massless charged lepton appears |
2-3 flavor mixing angle is realized !

=2 _ 9@2 X2 " 1EO £ =~ 2 =

tan 265, = _}&E 2t B 157 for G > B
3 Ve — Qe -

05, ~ —15° for

sy 36 ﬁe

o~

A;t'.’
0, ~ 45° for B. > G > . 05 ~ —45° for B > Fe > d.

le

A large mixing angle is reproduced.



Neutrino mass terms

1
[ —E(Hu_HuL-LYﬁkJ)l ] Weight (L,)= -2

a4

The simplest case is k=4

g [V FS

; . 1 G g @ 1
My== | =¥ 27 ¥ +g.Y{" [0 0 1) +gevi) [0 1 0
y 0 1 1 14y O

~(4) (4) ~(4)
¥ 3O 2y y

At fixed point T=i, R

3 % —1 1 100 g 0
f\-f,,:;—{‘(G—S\/E)Kf 1 B g0 6 1]4]0 1 O

¢ R 010 1 00

Lo 1 0 0 11 1 1 00

35 Tribi mppy =251 [0 1 0|42z (1 1 1|4z 0 0 ]
0 0 1 1 1 1 0 1 0




Diagonal base of S

UE g1 == g2 0 0
M,=VaMVhE =% 0 3+ 9 - 19y ‘;—ﬁggl
0 5 92 3— 01+ 302
r N

e el el 0 0
M2O = NITM, = (fYD‘“) 0 G, + 6Re[g1] — 3Re[ga] £ (6 Re[gs] + 2i Tm[g go])
0 ¥3(6 Relgs] — 2 Tm[gigs]) G, — 6Re[g1] + 3Re[gy]
\_ Y,

G, =9+ |g1]* + |g2|* — Re[g} o]

, _ 1 V9(Re[gy])® + (Im[g7go])*
tan 20, = 7

2-3 mixing angle

e[g,]=2Re[g,]) we obtain 6,;v=45°

36



Modular forms at nearby fixed point T = i

(5]

Ya(T
}EEL; (1+a)(1— V3)
},1(;) € =6 =2050¢
DL (L+6) (-2+V3) <
Yi(7)
Yi(r) = 1+ 12q+36¢° + 12¢° + - --
Yo(r) = —6¢"3(1+7q+8¢432+---).
Ya(1) = —18¢°(1+2q+5¢° +--+).
g = FET’IT

37



NH for neutrinos
1.04
2.0
1.03 :
1.02 1.5
= T
N
1.00 e — £
0.99 0
0.98} ‘ 0
-0.10 -0.05 0.00 0.05 0.10
Re|r]

Figure 1: Allowed regions of 7 for NH. Green,
yvellow and red correspond to 2¢. 30, 50 confi-
dence levels. respectively. The solid curve is the
boundary of the fundamental domain, |7| = 1.

38

5[ Fundamental domain ¢f T
- on SL(2,Z)
o —
-1.0 -=0.5 0.0 0.5
Re[tau]



dop is predicted clearly in [98°,.110°] and [250°.262°] at 3o confidence level.

NH for neutrinos NH for neutrinos
0.105
350 -
300 0.100
250 NuFIT5. | - 5 0.095
5, 200 2,
é 550 S 0.090
100 e 0.085
52 0.080
0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.40 0.45 0.50 0.55 0.60
SmjfeV] sin? 63
NH for neutrinos NH for neutrinos
350 -
300
§250 z _
§ 200 A
& 150 g
v
100
50
0 -
0 50 100 150 200 250 300 350 0.40 0.45 0.50 0.55 0.60

az¢[deg] sin® 623




We can construct Seesaw Model of Neutrinos

H.Okada, Y.Shimizu, M.Tanimoto, T.YoshidaJHEP 07(2021) 184 [arXiv:2105.14292 [hep-ph]].

L| (e e, (NI H, | H | Y®

SU@2) || 2 1 1| 2| 2| 3
Ar |3 @1y | 31| 1] 3 | k31+kg g
weight 1| (Ke, Ky, ki) 1{ O 0 k
ke= L k,= 3, k.= 5
a. 0 0 Sl Ya(7) Ya(7)
Mg(t)=v4| 0 B 0O 1,;41“_) | 1“"1['”{ ) _ f“i( 7
00 7%/ \K%(n) + 457 (7) %27(7) +0:Y57(r) Yi7(7) + Y10 ()
2Y; (~14+gp)Ya (—1—gp)Ys
Mp = 7,0 ((_1_95_;1er 2,  (~l+gp)ti ) d. and gp, are real.
(=1+gp)¥a (-1-gp)Vi 2Ys
W -¥a =Y o
My=A|-Ys 2Ya -Y; M, = MpMy Mp
Y, Y, 2V

40
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350

300

— 250
=]

i 200
o

S 150

100

50

0

0.05 0.06 0.07 0.08 009 0.10 0

NH for neutrinos

T

r&\

mele\’]

NH for neutrinos

-u‘,
il
2
D i
-0.4 -0.2 0.0 0.2 0.4
Re[1]

predlctlon by Weinberg operator




4 Summary

@® CP violation is realized by VEV of modulus T,
which causes the breking of modular symmetry.
Predictions are clearly tested in the future.

® Quark/lepton mass hierarchy is realized at nearby
fixed point of .

® Is Modulus t common in both quarks and leptons ?
One modulus or multi-modulei (Simplectic modular invariance) ?
How is GUT approach of modular symmetry ?

Modular symmetry of flavors could be applied to other flavor
phenomena, SMEFT, EDM .....

Flavor theory of modular symmetry is developing !
42
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Multiplication rule of A4 group

Irreducible representations: 1,1°,1”7,3

-1 2 2 1 0 0 |
§=1 -1 2 |, T=[0 w* 0|; w=e*/3 for triplet
2 -1 0 0 w

2
2
i b1
as | X | by :@m’ll + agbs + (sgbg)D% (asbs + aiby 4 asby )4

as/ , bs "
o, (ngg i (?1[)3 & . (!353‘1)1;:
1 2a1b1 — asby — asbs 1 aobs — ashs
B " 2(!3(]3 — ("ilbg = ﬂ.gbl D 5 (!-152 — {'.{le
- 2(1«2")2 — ﬂ.lbg e ﬂ.gbl 3 - (i-gbl = (i.lbg 3
A4 invariant Majorana neutrino mass term 1 0 0
0O 0
(LL); = LyLy + Lol + Lyl Pl
- 010

A, invariant



Generalized CP Symmetry

Neufeld, Grimus, Ecker,1987
CP symmetry is non-trivial when flavor symmetry is set in the Yukawa sector.

Transformations of Irreducible representation in flavor group G
b(z) & pelg)¢(x), geG;  under a Flavor Symmetry

o(z) < X, B(zp) | T

If X, = 1,,we have canonical CP transformation.

However, under the CP invariance of Lagrangian,

X. is not necessary element of flavor group G
X, should satisfy a condition
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In CP conserved modular invariant theory

CP .
T — —T =T

The four-dimensional CP can be embedded to higher dimensional symmetry.

A six-dimensional proper Lorentz symmetry is the combination of

the four-dimensional CP and a transformation with negative determinant in the

extra two dimensions.

Such extra dimensional transformations correspond to z ->z* and z >-z*
z=Xx+1y, (xandy are real coordinates)

The transformation z >-z* maps the upper half plane Im[t] >0

to the same half plane.

Hence, we consider the transformation z --z* as the CP symmetry.

That means 20—
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CP transformation of modular multiplets

| = @ B xTe),  Y0) S YO ()~ XY |

r

YRl EE =)
Yo @) Yo = (er + d)*pi(u(y)) Y (=7") where u(y) = CPyC P!
By using consistency condition X, p:(¢)X:' = pi(g)
we obtain XTY O (_r*) 2y (er + d)pp (7 IXTY®(—7%)

Sowe have Y{¥(7)=sXyY¥*(—1")
Since Y®(—(—r))=Y¥(r), weget X;X;=|x/’L;. r=e?isaphase
Matrix X, is symmetric.

X =1, satisfies consistency condition X,p (g)X:' = p.(g)

in the symmetric base 4;(S) = pl(S) = pr(S™") = pe(S)  pi(T) = pH(T) = pe(T7)
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Modular S;, S; and A5 symmetries

|'2 ~ S3 group Irreducible representations: 1, 1’, 2

¥ (7_) — Yl(T)
T.Kobayashi, K.Tanaka, T.H.Tatsuishi, 2 ht k-_2 YQ(T)
Phys.Rev.D98(2018)016004, arXiv:1803.10391 Wight k=
k/2+1 modular forms
|'4 ~ S4 group Irreducible representations: 1, 1°, 2, 3, 3’
J.T.Penedo, S.T.Petcov, Y3(7)

Nucl.Phys.B939(2019)292, arXiv:1806.11040 | Ya(7) = (Yl(T)) ‘3 (1) = | Ya(r)

Ya(7) '.3;1 k=2 Ys5(7)
2k+1 modular forms wight k= 5

Iy, —~ A group

Irreducible representations: 1, 3, 3’, 4, 5
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P.P.Novichkov, J.T.Penedo, S.T.Petcov, A.V.Titov, | Ys(7)=| Y3
JHEP 1904(2019) 174, arXiv:1812.02158 Y,
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