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Modular symmetry

Phenomenological aspects

SMEFT with modular symmetry Kobayashi, Otsuka, Tanimoto, KY 2204.12325

Baryon/Lepton-number violating operator

Kobayashi, Nishimura,Otsuka, Tanimoto, KY 2207.14014

Summary


https://arxiv.org/abs/2204.12325
https://arxiv.org/abs/2207.14014

Flavor puzzle

Mass hierarchy puzzle
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Flavor mixing puzzle

large mixing

Small mixing . .
in neutrino

in quarks

/ Flavor symmetry ? \

e.g. U(2) flavor symmetry e.g. Discrete symmetry



Flavor puzzle

Discrete symmetry has been studied well to describe large mixing angle in
neutrino

e.g. A4 discrete symmetry
: Tetrahedral sym.

large mixing

v, . In neutrino

Recent hot topics: \
Discrete symmetries ~ Modular symmetry

recent progress — see Modular workshop@Mainz, May 2024 c.& Discrete Symmetry



Modular symmetry

Modular group often appears in the superstring theory

Compactification of the superstring theory

A
4 compactification
10D P | 4D

superstring our universe 2D torus x 3

Two dimensional torus is characterized by modulus 7

4

T\
£ A
0 1

complex 2D lattice
2D modulus
parameter T

1




Modular symmetry

Modular transformation does not change the lattice U =a,la,

(2D lattice)’ (2D lattice)
ay \ [ a b (Vo
o )\ ¢ d vy

SL(2.Z) = {(Z‘ Z)

a,b,c,de Z, ad-bc= 1}

modular transformation

The modular group is defined as the transformation group ¥, generated by S
and T i

S:7-> T:-1—>17+1

T
duality Discrete shift symmetry

(0= o) (0=

Modular group I’ I~ {S T|S* =1, (ST) =1}




Modular symmetry Szt o

T
Modular group [~ {5 T|S*=1,(ST)’ =1}
I'y ~{S,T|S*=1(ST)’ =1, 7" =1}

isomorphic
Modular symmetry =~  Discrete symmetry

N=3 F3 ~ A4 « focus on in this work
— 4 ~Y

N r, ~ &,

N=>5 ['s ~ A



Modular symmetry

|OD Superstring theory

Compactification 4D our universe + 2D torus x 3

4D theory (SUSY) I symmetry (modular)

Expectation value of modulus T
breaks the symmetry

Low scale phenomenology

SUSY breaking terms are invariant (covariant) under modular transformation
in moduli-mediated SUSY breaking scenario

We can consider modular invariant SMEFT (ugy, < 4 < uyp) by supposing
modular forms to be spurion



A4 symmetry

Non-Abelian discrete symmetry A, group could be adjusted to family symmetry:
The minimum group containing triplet

Irreducible representations: |, |7, I’, 3
LL (6%7 /-L%g, T}c{> Hd

SU2) || 2 1 2

Ay |3 (1,1,1) | 1

eR ’ /’tR y TR ’ (eLa //tLa TL)



A4 modular symmetry

Non-Abelian discrete symmetry A, group could be adjusted to family symmetry:
The minimum group containing triplet

Irreducible representations: I, 17, I’, 3 er» Mr-Tr» (€r, f1,7p)
Ly | (€%, u%, %) | Hq | modular form
SU©2) | 2 1 2 1
Ar I3 ] (1,1,1) | 1 3
k 9 (0, 0, 0) 0 2 k; : modular weights

Effective theories with 1, symmetry

modular form

LoD V() HpDp?

Holomorphic functions which chiral superfield with modular weight
transform under modular trans., are k; transforms as
called modular form with weight k
() —k; 1) ()
Y(7) = (ct+ A p()Y(2) ¢ = (cr+d)ypT(n)e

¢, fr) :representation of 'y

p@. P : unitary rep. matrix



A4 modular symmetry

Non-Abelian discrete symmetry A, group could be adjusted to family symmetry:
The minimum group containing triplet

Irreducible representations: I, 17, I’, 3 er» Mr-Tr» (€r, f1,7p)
Ly | (€%, u%, %) | Hq | modular form
SU©2) | 2 1 2 1
Ar I3 ] (1,1,1) | 1 3
k 9 (0, 0, 0) 0 2 k; : modular weights

Effective theories with 1, symmetry

modular form

LoD V() HpDp?

Holomorphic functions which chiral superfield with modular weight
transform under modular trans., are k; transforms as
called modular form with weight k
() —k; 1) ()
Y(7) = (ct+ A p()Y(2) ¢ = (cr+d)ypT(n)e

Automorphy factor (cr + d)¥(cr +d) ¥ (et + d) ™ = (cr + d)FF1—Fs
vanishes if k =k +k — Modular invariant



A4 modular symmetry

Non-Abelian discrete symmetry A, group could be adjusted to family symmetry:
The minimum group containing triplet

Irreducible representations: I, 17, I’, 3 er» Mr-Tr» (€r, f1,7p)
Ly | (€%, u%, %) | Hq | modular form
SU©2) | 2 1 2 1
Ar I3 ] (1,1,1) | 1 3
k 9 (0, 0, 0) 0 2 k; : modular weights

Effective theories with 1, symmetry

modular form
Lo D V() HPD Y

weight k; for matter fields:
weight k for modular form: even for I'y o . o
no restriction on the possible value, a priori

Y(7) — (ct + d)p(n)Y(7) PP = (ct+d)FipD(y)p?

Automorphy factor (cr + d)¥(cr +d) ¥ (et + d) ™ = (cr + d)FF1—Fs
vanishes if k =k +k — Modular invariant



A4 modular symmetry

The holomorphic and anti-holomorphic modular forms with weight 2 compose
the A, triplet

Yi(7) Yi(7)
Y, (r) = [Yalr) | . Y32(7r) =Y (r) = | Y5 (1)
Yy (T)

Yi (i=1,2,3) is a function of the modulus 7

Yi(T) 1+ 12q + 36¢* + 12¢° + . .. .
Yo(r) | = | —6¢'3(14+7¢+8¢>+...) q=¢€

—18¢%3(1+2q+ 5¢> + ...)
Once 7 is determined, the Yukawa is fixed

Modular forms with higher weights k=4, 6 ... are constructed by them



A4 modular symmetry

Modular symmetry is broken once T is fixed

Fixed point for 7 from the view point of the vacuum stability study

!
20— _—1+i/3
| //// T =w (ST symmetry) YT
1.5 //
Z 0 %/4 T =1 (5 symmetry) « focus on in this talk
= B . (the successful lepton & quark mass matrix
= 0 of _ T =100 (I'symmetry)  has been reproduced)
210 -05 0.0 05 1.0 S 7 ——
Re[tau] T
T:7->17+1

— e 27T

1 7 principal value q =

At exact fixed point, CP is not violated

— need small deviation from these point: 7 = (fixed point) +¢€
phenomenologically O(e) ~ 1072



Outline

Phenomenological aspects

SMEFT with modular symmetry Kobayashi, Otsuka, Tanimoto, KY 2204.12325



https://arxiv.org/abs/2204.12325
https://arxiv.org/abs/2207.14014

Modular symmetry in SMEFT

String Ansatz

n-point couplings y" of matter fields are written by products of 3-point couplings

a N

e.g. (4-point coupling)=(3-point coupling)X(3-point coupling)
O : fermion
D, D, ) | |
(4) _ (3) 3) o g Vix : 3-point coupling
l]kf ka ux Y Xke v cnl
K D, D, : scalar or gauge j

String compactifications leads to 4-dim low energy field theories with the specific
structure

4 Standard model effective field theory (SMEFT) ppyw < yu < ppp
coefficients of SMEFT operators can be written in terms of 3-point
ol coupling

-

String Ansatz U s

e.g.
A 4 (3) (3)
Hew ¥ I ] _ 3) (3 y>—<
W (@) (@7 ) “y()y)gsi "X N\

qr 9




In this talk

Strategy

write down fermionic SMEFT operator so as to be invariant at
A, and modular symmetry

focus on (LR) bilinear structure in lepton sector

expand modular forms Y(7) at three fixed point, and then include

small deviation : 7 = (fixed point) +¢ ®=0w (ST symmetry)
=1 (S symmetry)

: ® 7t =ico (T symmetry)
focus on T = i case

diagonalize the mass matrix and move to mass eigenstate basis

pheno. study

(g — 2)M, Lepton flavor violation, EDM



(LR) structure in the modular symmetry

LL (6%7 :uch TE) Hd Y(Te)
SU(2) || 2 1 2 1
Ay 3| (1,1",1) | 1 3
k 2 (0, 0, 0) 0 2
%y, structure I is omitted
|LpL; ]
Ay LI} @3

not invariant both
A, and modular



(LR) structure in the modular symmetry

LL (6%7 :uch TE) Hd Y(Te)
SU©2) || 2 1 2 1
A |3 1,11 |1 3
Eo| 2] (0,00 | o0 ;

modular form %y, structure I is omitted

(LeL;] [LgY(7,)L;]
Ay LI} @3 {1,L1"1'} ® 3@ 3

not invariant both

invariant
A, and modular



(LR) structure in the modular symmetry

LL (ecRa :ucRa T]%) Hd Y(Te)
SU?2) | 2 1 2 1
A |3 (1,17,1) | 1 3
kol 2] (0,00 |0 )

modular form

[LR Y (T )LL]

{~1 1”1}®§

—IEDI”GBI @ 3s P 3a

X0 (V@) e
| YO ®L = |Hh0)| ® (i“L
4 \Y3(T)) 1

3

1®1—1and1®1”=1()

> A, multiplication rule
3

(i)

(-1 2 2 10 0\ ¢
S=x|2 -1 2], T= w 0],
2 2 -1 0 w?) ¢

%y, structure I is omitted

- decomposition

The generators of A4 triplet

o O

13T

Wl

w=e€

= (Yye; + Yor; + Yauy) + (Yar, + Yy + Yoe )y + (You; + Yi7, + Yaep )y

, +(°">3s+("°)3a

i) L@ (XD ®L)

' =5, ® (Y() ® L)
+ir ® (Y(7) ® L)
17, ® (Y(0) ® L)

1IQUI'®1)—>1®1
1/®(1®1/@1//)_) 1/®1//
1//®(1®1/@1//)_) 1//®1/

=g ® (Yie, + Vo1 + Yoy )
+ir @ (You; + Y7, + Yze;)y0
+7r @ (Y37, + Yipp + Yoep )y



(LR) structure in the modular symmetry

Ly ®@ Y©) @ L1y = o, g ® (Yiep + Yor; + Yap )y +0, fig @ Yopy + Yi7 + Yiep)y
+7, T @ (Y31, + Yy + Yaep )y
(

= (ep, fip,7p) | O /., O Y5(7) Y(r) Y;(7)

a, 0 0) (Y,(0) Y3(0) Yy(0) <eL>
\O 0 Ve \Y3(T) Y,(7) Yl(T))

3

Same structure with mass matrix :

(@ 0 0) (V) Vi) Y@

Me — Vd O ﬂe(m) O Yz(’f) Yl(T) Y3(T)
0 0 Ye(m)) \Y3(T) Y,(7) Yl(’[))

a

\
if virtual mode is only higgs

.

l

RL

Vi « Yukawa A = Oy Pe = Pogny Ve = Cletm)

ijn

D,

h

— no flavor changing like y — ¢



(LR) structure in the modular symmetry

Ly ®@ Y©) @ L1y = o, g ® (Yiep + Yor; + Yap )y +0, fig @ Yopy + Yi7 + Yiep)y
+7, T @ (Y31, + Yy + Yaep )y
(

= (ep, fip,7p) | O /., O Y5(7) Y(r) Y;(7)

a, 0 0) (Y,(0) Y3(0) Yy(0) <eL>
\O 0 Ve \Y3(T) Y,(7) Yl(r))

1

Same structure with mass matrix :

(@ 0 0) (V) Vi) Y@

Me — Vd O ﬂe(m) O Yz(’f) Yl(T) Y3(T)
0 0 Ye(m)) \Y3(T) Y,(7) Yl(’[))

a

\
if there are additional unknown modes (e.g. multi Higgs modes)

RL

d.

l

3) . . .
Viim I o Yukawa — it causes flavor violations
®;
Suppose unknown mode contribution being small and couplings are Higgs-like

( Xe — Ko < a,, ﬁe _ ﬂe(m) < :Be’ Ye = Ve(m) < 7e >




(LR) structure in the modular symmetry

Ly ®@ Y©) @ L1y = o, g ® (Yiep + Yor; + Yap )y +0, fig @ Yopy + Yi7 + Yiep)y
+7, T @ (Y31, + Yy + Yaep )y

4 i i )
e e\m —|_ C
5e(m) 6€(m) e(m)
&e . &e(m) + Cq Ca __
Same oo e 1+ . 1+ 0, O’s are very small
Ve Ye(m) 1+ C
~/y _/V(N) 7_1_|_~C’7 E]-_|_5fy,
Ye(m) Ye(m) e(m)
\. Wy
if there are additional unknown modes (e.g. multi Higgs modes)
D,
Vim I o Yukawa — it causes flavor violations
®d.

J

Suppose unknown mode contribution being small and couplings are Higgs-like

( Ay — Ay K Qs

ﬁe _ ﬂe(m) < :Be’

Ye = Ve(m) < 7e

D




In this talk

Strategy

expand modular forms Y(7) at three fixed point, and then include

small deviation : 7 = (fixed point) +¢ ®=0w (ST symmetry)
=1 (S symmetry)

: 7 =ioo (7 symmetry)
focus on T = i case

diagonalize the mass matrix and move to mass eigenstate basis



at 7 = I (S symmetry); Diagonalization

Results of (LR) structure in interaction basis

BL parl'T, erl'T; erl' 1y
LR ,L_LLFTR éLFTR éLF,uR
66 Y3 (Te) Qe Y2 (7—6) Ole YS (Te)
Coeft. s » )
Ve Yo (Te) | Ve Ys'(Te) | Be Yo (Te)

Insert holomorphic modular forms of weight 2 at 7 =1

| Transrate
Y(r.=i)=Yi() | 1-3 Dy — D3 =Us Dy, Dy — D? = DyUL,
—24++/3 E;, — E? =UsE., E, — ES = E U},

The flavor structure of the FC bilinear operators at t =i

T = 1 + €, then the left-handed fields are not yet the mass eigenstate, but close to it

using approximate behaviors
Ya(7) Y3(7)
Yi(7) Yi(T)

1
~(1+6)(—2+V3), € =—-e~205i¢

2(1+€1)(1—\/§), 5

These approximate forms are agreement with exact numerical values within 0.1 % for |e| < 0.05

Mass eigenstate basisatt =i7and 7 =1+ ¢



at 7 = I (S symmetry); Diagonalization

Mass eigenstate basisatz =1and 7 =1+ ¢€

~ e = 2 e ~ e e e ~ 3/ e ~
é(ae ‘|\‘/2SR23%) (Be — s§ap0 + %531?13 — 5%125%23)7Ve) 5 (Be +\f12RO‘e)

(\/§S§3L + sTorl€1]) Ve — %3%23546 (\/§ST3L + |€1])Fe %(SS(fQL - \/§5§3L + 2|€7]) e

<l

- \/g CNyg(m) \/g

5712 =~ —|€il, 8223—_T&2 5 361:132_?’€>1k‘:
e(m)

1 Be(m)
2 Ve(m)

1 Qe(m)

Y

e
SR12 = — = ; SR23 SR13 =

Qe (m) 2 Ve(m)
&e(m) — (6 — 3\/5))/1(?;)046(711)7 Be(m) — (6 - 3\/§)Yi(z)5e(m) and /?e(m) : (6 - 3\/3)1/1(2)76(771)

parameters: modulus T, small deviation from fixed point €, coefficients (O, ﬂe, Ve

Best fit values of parameters in A4 modular invariant model to realize lepton mass
matrix, neutrino data

Pegm) ., Pe _ 1.50 x 10~2

~ ~

7= —0.080 + 1.0077, |e1| =0.165, "
Ye(m) Ve (e(m) (e

— predict flavor observables



In this talk

Strategy

) pheno. study

(g — 2),, Lepton flavor violation, EDM



Lepton dipole operator

Dipole operator

NP

electron (g —2),, EDM d,

/
C., =

LR

muon (¢ —2) , EDM d,

LR

F,uv Oey =
ER % Ep

|

(Cey

(V)

V2

ELO"LWERFMV

1
£dipole — A (C/ 037 +C;’YO

LR LR

Lepton flavor violation
u — ey, u — 3e, uN — eN

C’ Cév\

C/

C' ]

e

C/

(& —2),
. o> EDMd,

T — ey

.4— T— Uy, T — 3
\CZ.. tau (g —2),, EDMd,

RL

ey
RL



(&§—2), &p—ey

/ / /
Dipole operator | / Cery Cez Cew\
£ = C/ Oe _|_C/ Oe ee e er
F R ( thouhhL R7:> Coy = |0 G “o
j22% L C C/ C/
B V — m \ efy ey ey
Oy = —=E 0" ERF,, TR TT
ER EL LR \/i
(g—2), Lepton flavor violation 4 — ey
4mu (Y / mzﬂﬂ 1 ! 12 ! |2
AUJM — o \/_ A2 Re [C ] B(g’r — 887) — 87TF€ A4 ‘Ce’y‘ + ’Ce’y|
Aa, = a?® — ™M = (251 £59) x 107! B(pu* —ety) < 4.2 x 107" (90% C.L.)
1
TzRe C. ] ~1.0x107°TeV~? — |c’ | < 2.1 x 10719 TeV 2
NN A eu(ue)
strong flavor alignment specific flavor structure
/ c., c. C.
C ery / C?Z C(;Z C?J
T <21 %x107° KTl I g

/ / / /
C., Cop Loy Gy

ar



(&§—2), &p—ey

/ / /
Wilson coefficients in A4 modular symmetry in mass basis /CiZ C“;Z Ci’l\
/ . / 3 / o C/ / /
Ce'y =3 (1 o \/g)ﬁeyel‘ J Ce'y - 5 (1 - \/g)&ea Cé — \/g(l — \/g);?e 667 o Y Cefy Cefy
ee oz 2 TZ LR pe L EE KT
/ / /
. o \Cw Co, Cey )
TE T TT
¢ =X2(1-v3)a. (1 Je Tetm) )
TH 2 ’Ye(m) ae
3 5 ~ = = ~
Coy = V30 Ay (14 S Pt o e
e 2 Qe(m) e Be Ve(m)
C/ _ 2(1 -3 ”6 1 — 556 Beﬁm)
o= 3! V)5 ( Qem) Be )
Cév ~ R~ flavor alignment Be _ Be(m) + 5 _ 148 —q115
e 56 % 5e(m) B B N 3 =T
Sl =l =———="| <21x107 o i
Ce, (le Qe(m) D ‘ Qe _QemFla g4 o g5
pp O‘i(m) i Qe(m) Qe(m)
. B ﬁW(e :76(’7%/1)—*_6»7:1_*_,767 — 144,
& e(m) e(m) e(m)
] — — D5, — 6, < 1.4 x 1078
Qe(m)  Pe
without tuning between 6, 0] < O(1077), 05| < O(1077)



LFV 7> uy&7—ey&u— ey

: : : : : c., C.  C \
Wilson coefficients in A4 modular symmetry in mass basis / o a4
/ / /
- 3 ) ) c —|C, C. C
Coy =3(1=V3)BIG],  Coy =51V,  Co=vV3(1-V3)i “ey e ouhowr

\C;7 Ce, Céﬁ

TE T TT

3 ~€ ~6m
c;,yzia—ﬂ)&e (1— Yo el >>,
T (

© 2 ’NYem) %
3 A ~e ~em ~em ~e
cgvzi(l—\@ﬁe | 4 e Petm) o Pem) 5
e 2 Qe(m) e Be  Ve(m)

Cl, = >(1-V3)B, (1 O ﬁgf")) ,

the case that the additional unknown mode is the Higgs-like mode (9, ~ 03 ~ 0,)

C, C! -

ey 1 ey 5

= — x O(1) = xO(1) ~ 1072
C%L’Z \/g Céz (e

BR(z = uy) » BR(u = ey) ~ BR(z = ey)

e.g.U(2) case BR(7 = uy) » BR(u — ey) » BR(7 = ey)



LFV 7> uy&7—ey&u— ey

: : : : : c.. C. C \
Wilson coefficients in A4 modular symmetry in mass basis / o4
/ /
. 3 ~ ~ C = C C
Co, =3(1L=VB)BIetl, € =5 (1=VB)ae, €, =V3(1-V3) ey 67 A
272 TT / ,
\Cm Ce, Cw)
3 Yo Qe(m T4 TT
o 3 £(1 —V3)a, (1 e Zem )
TZ 2 Ve(m) Cle
3 A ~e ~e m ~e m ~e
cgvzi(l—\@)ﬁe 4 e Pem) o fem) 7
e 2 Oe(m) e Be Ve(m)

/ 3 > &6 Be(m)
Ciz_(l\/g)ﬁe<1~ ~ ) ,

2 Qe(m) e
the case that the additional unknown mode is the Higgs-like mode (9, ~ 03 ~ 0,)

/ /
Ciz L 1 % 0(1) Cie 88 O 10—2
Cl, B V3 C,, Q. < O1) ~

pe p

BR(z = uy) » BR(u = ey) ~ BR(z = ey)

Since the present upper bounds of B(T — ey) and B(T — uy) are 3.3 x |08 and 4.4 x 1078,
respectively, we expect the experimental test of this prediction for T = [y in the future



EDM d, & (g - 2),

Dipole operator

c,, = | C C’ C!

) & - <

1 / /
L"dipole — E (CEZ{OeV + C (9

F & N ot
ey — E o) VE F v TT
Lp E; V2 L Ry |

(V)
i

‘de/e‘ ,S 1.1%x107%cm =56 x 10713 TeV—!
ACME

I —12 —2
. —p Flm.<1.6x10 TeV y

— 2, COUPI.“ I I t i A4 x vs. I

modular sym.

C’ ~ 1
1 _ _
—Re[B.] ~ 1.0 1075 TeV~2  with _ 9P|~ 19 x 1078 —| —Re . =4.9x107% TeV~2
A2 A C’ (Ve A2

S M




EDMd, & (g —2), & pu — ey
_ with coupling relation
_ (8 2)“ in A4 modular sym.
%Im [Ggl < 16x 107 Tev 2 %Re. = 49% 1078 Tev~2

. .
o B

O ey 1.6 x 10712
«  ~ (Imdg) < =3.3x107°

k Re cgéz 4.9 x 10~8 J

Cl. =3(1—V3)Ble] = 3(1 — V3)Bepmy (1 + )€}

(1 = V3)Betm) (35 — Ja)

DO | O

Im[C, ] ~3(1— V/3)Be(m) (Tm 85) 1] Coy =

suppose

1| [Im dg| ~ |05 and |ds| =~ [d5] (o1 |da| < |05] )

Upper bound for B(u—ey) B(u™ — ety) < 2.3 x 1071



Outline

Phenomenological aspects

Baryon/Lepton-number violating operator

Kobayashi, Nishimura,Otsuka, Tanimoto, KY 2207.14014



https://arxiv.org/abs/2204.12325
https://arxiv.org/abs/2207.14014

Baryon/Lepton-number violating operators

SUSY extensions of the SM have Baryon/Lepton numbers breaking
interactions —Proton decay

— assume R-parity

B/L num. violating ope. can be forbidden by modular symmetry



Baryon/Lepton-number violating operators

Yukawa/Higher-dim. ops. : even-modular weights (ky € 2Z)

modular form fi(y7) = (ct + d)*p;;(¥)fi(t)  p :unitaly matrix

for S transformation fz’(SQT) — (—1)kpij(52)fj(7)

C(l) k = even, p(S?) =1, ie., pc FN,>
(ii) k£ =odd, p(S?) = —1I, ie, pelly

(—1)*p(S*) =1

focus on [ N rather than its double cover ['N



Baryon/Lepton-number violating operators

Superpotential

W = Z Y,..;, (1) Dy, - D)
n

Modular trf.: T DVYT = prTa

ST+t
Yukawa/Higher-dim.: Y(T) — (ST + t)kYp()/)Y(T)
Viatters ; b; = (sT+ ) ip; (V)

(Modular wegiths (k;))

Modular invariance requires

modular weight kY — Zi ki



Baryon/Lepton-number violating operators

Superpotential in MSSM

W =y Q:H,U; + y:QiHaDj + yi; LiH4E; + yli LiH,N; + m};N;N; + pH, Hg

holomorphic modular forms of even modular weight

chiral supermultiplets (Q,U,D,L,E,N,H) have integer modular weight k

modular invariance kY — Zi ki k; : modular weight

ki — ko — ku,p — kitiggs = 0
kY — ko — kD — KHiwes = 0
y QT D T Miles k™ — 2ky =0
K —kr — ke N — kHives = 0 _
Y L E,N Higg Ky — 2kHiges = 0

ky — kL — kg N — kHiggs = 0
arrive at two constraints :

kQ -+ kU,D ah kHiggs — even

kr + kE,N + kHiggs — even



Baryon/Lepton-number violating operators

Higher-dim. ops. : even-modular weights
— operator with even-modular weights : V/

When kHiggs is even weight (kq; ku,p, kL, kg N, kHiggs)

(i) Others are even — B/L breaking

(i) kg, ky pisodd, ky, kg nis even —L breaking

Vv: kL +kQ +kD =eventoddtodd=even
X : ky +kp +kp =odd+odd+odd=o0dd

(ii)kp, ky pis even, ky, kg nisodd —B breaking

(iv) Others are odd ~ —B/L breaking are prohibited

— Realization of R-parity(Z2 sym)
Possible in SU(5), SO(10) GUTs

~/
[
—

(iii)

Yukawa

H,H;

LH,

LLE

LQD

UDD

QRQL

UUDE

QQQHg

QUEH,

LH,LH,

LH,H;H,

UD*E

H,*H, E

QU L*

NI N RN RS

QQD*

N N N N N N N N N N N N N N NI

v

B and/or L violating operator




Summary

Flavor puzzle (mass and mixing in quark and lepton) might be controlled
by flavor symmetry

— Modular flavor symmetry

Discrete symmetry ~ Modular symmetry

We discuss pheno aspects from Modular flavor symmetry

- with SMEFT, predict Lepton flavor observables

- Baryon/Lepton-number violating operator can be controlled with
modular weight

Approach to other models with

to other flavor phenomena in the quark sector
b—sY ...



