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SMEFT (Standard Model Effective Field Theory)

— powerful bottom-up approach to find signatures of new physics
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— 2499 dim-6 op. in the SMEFT in the absence of any flavor sym.

e.g., AF = 1 semi-leptonic operators : (Ly*L)(Qy,Q), ..

Grzadkowski-Iskrzynski-Misiak-Rosiek, 1008.4884



Flavor symmetries from UV physics (string theory) ?
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Modular symmetry

= Absence of UV divergence in superstring theory
= Symmetries in the string EFT

10%7[GeV] | String scale

Compactifications :
— Torus '
— Calabi-Yau

String EFT with modular symmetry

 Flavor symmetries C Modular symmetry F. Feruglio, 1706.08749
* Modular sym. X CP C Generalized modular symmetry

CcP 1. Torus : Baur-Nilles-Trautner-Vaudrevange, (“19), Novichkov-Penedo-Petcov-Titov (‘19
e.g., SL (2; Z) x Z2 = GL(Z; Z) 2. Multi-moduli (Calabi-Yau) : Ishiguro-Kobayashi-Otsuka, (‘20)




Today’s talk : Modular symmetry in the SMEFT
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T2 torus

* SL(2,7Z) geometric (modular) symmetry
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Lattice vectors are related under SL(2,Z) modular transformation:
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T2 torus

* SL(2,7Z) geometric (modular) symmetry
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Finite subgroups of modular group

2

Modular group T (ST | §2 =1, (ST)3 =1}

Finite subgroups . = [/T(N)

['(N): congruence subgroup
Non-abelian discrete symmetries: [, =~ S5, I3 = A4, I, = 54, It = As, ...

identified with the flavor symmetries of quarks/leptons

F. Feruglio, 1706.08749



Finite subgroups of modular group

SL(2,7)

Finite subgroups :

[5 = A, : Tetrahedral symmetry

Generators: Sand T

S2=(ST)*=T>=1

{S,T|S%=-1,8*=(ST)3 =1}

Ty ={S,T|S2=(ST)3=TN =1}




SL(2,Z)Modular trf.
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Let us consider 4D effective theory which is invariant
under SL(2,Z) modular trf.




Modular symmetric 4D EFT

* |n models with modular symmetry,
Yukawa/Higher-dim. ops.

= Functions of modular forms with modular weights ky (€ ZZ)

z Yi i (D) bi, i

_|_
Modular trf. : T YT = ptvq
ST+t
Couplings : Y(T) - (ST 4+ t)kyp(]/)Y(T)
. " _k'
Izﬂﬂaot;j:fviliéht (k) ¢ = (sT+ )" p;i (V)i

p(y) € Inc SL(2,Z)

When ky = ),; k;, this action is invariant under discrete modular group I’
(We don’t need the flavon. )




Modular forms

Couplings are described by the modular function (modular forms)

E.g., A, triplet of modular function with k = 2
n : Dedekind eta-function
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Modular forms

Couplings are described by the modular function (modular forms)

E.g., A, triplet of modular function with k = 2

n : Dedekind eta-function
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Modulus-dependent Yukawa couplings would lead to

Modular forms

(1) Mass hierarchy of charged lepton masses
(2) Differences of neutrino masses squared and mixing angles

k = 4,6 modular forms : constructed by tensor products of k = 2
J. T. Penedo, S. T. Petcov, 1806.11040
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Ya(
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Modular A, models (Lepton sector)

Kobayashi-Omoto-Shimizu-Takagi-Tanimoto-Tatsuishi, 1808.03012
Okada-Tanimoto, 1905.13421,...Ding-King-Liu, 1907.11714

Ly | (R, W% Th) | Ha Y(z,)
su@) | 2 1 2 1
Ay 3] @17, 1) |1 3
Eoll2 | 0,000 |0 2

Agsinglets: 1:(S=1T=1), 1":(S=1T=w’), 1":(S=1,T=uw)

(122 1 0 0
Ay triplet:  S=3512 -1 2], T=]0 v 0
2 2 -1 0 0 w

modular form

[LL,] [LpY(7,)L;]
Agr ALINT}®3 —> (LI} ®3®3

k: 0 -2 0 2 -2




modular form

[LoL;] [LgY(7,)L;]
Ay (L1711 ®3 :> (171" ®3®3

In interaction basis,
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Coeft.




modular form

[LeL;] [LgY(7,)L;]
Ay (L1711 ®3 :> (171" ®3®3

k: 0 =2 0 2 -2

In interaction basis,
L @YD) QL )y =0, 8, ® (Yiep + Yorp + Yaup)y +1, fig ® Youp + Yy, + Yaep)y
+7, Tp ® (Y37, + Yiup + Yoep)y
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Flavor and mass eigenstates are slightly different
If there are additional unknown modes (e.g., multi Higgs)

D,
‘f>r ,e( Yukawa
D,



SMEFT with modular symmetry

Lepton Flavor Violations (LFV) Dipole operator | (

Lepton mass matrices are well fitt é " o O = %F o EF,
att=i+e (le]l = 0(1072)) * ' “

Modular 4, (csL(z 2)) case
T. Kobayashi, H.O., M. Tanimoto, K. Yamamoto,

2204.12325, 2112.00493

BR(t — uy) > BR(u — ey) ~ BR(t = ey)



SMEFT with modular symmetry

Edipole )

Lepton Flavor Violations (LFV) Dipole operator 1 (
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Lepton mass matrices are well fitt 0, = LE oM ELE,,

atz=i+e (le| = 0(102) |

Modular 4, (csL(z 2)) case
T. Kobayashi, H.O., M. Tanimoto, K. Yamamoto,

2204.12325, 2112.00493

BR(t — uy) > BR(u — ey) ~ BR(t = ey)

U(2) case

BR(t — uy) > BR(u — ey) > BR(t — ey)

G. Isidori, J. Pages and F. Wilsch, 2111.13724
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Quantum gravity

Superstring theory
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Conclusion

Modular symmetries of 6D space

Torus : v
SL(2,Z) modular group I,f)

Calabi-Yau :
Sp(2h + 2,7Z) modular group

Strong constraints on the string EFT

(Yukawa couplings/Higher-dim. operators
: function of moduli fields)

Phenomenology:

LFV in the SMEFT

B/L-num. violating operators
(Talk by S. Nishimura)




