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It contains many free parameters (not including electric charges) to 

be determined.

It cannot include gravity (at least as a unified gauge theory).

It cannot explain the mechanism for the (left-handed) neutrino 

masses. 

D-brane instanton effect and See-saw mechanism



How do neutrinos get their masses？

D-brane instanton effects RH Majorana neutrino masses 

LH neutrino masses

See-saw 

mechanism Our current study

In this paper
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Introduce the right-handed neutrinos
Standard model gauge invariant 

& renormalizable terms

diagonalize

LH neutrino masses



We will see some specific calculations for the right-handed Majorana 

neutrino masses deduced from the D-brane instanton effects.  

Differences of Fluxes 

on the D-branes 

D6a

D6b

Dinstanton (D2)

In magnetized D-brane model

β

γ
N

The intersecting angles correspond to 

the magnetic fluxes

T-dual



Mass matrices

The Majorona mass terms due to the D-brane instanton effects

βi, γj : fermion zero-modes on Dinst

Na : neutrinos

Grassmannian integral
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This has nonzero values only when

The formula we used to calculate each d-matrices

dij
k
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where

The wave functions on the T2/Z2-orbifold

(m: parity)
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To have 3 generations for the RH neutrinos, MN’s must be 

MN = 4,8,5,7.

MN β γ

4 2 2

8 4 4

2 6

3 5

5 2 3

7 3 4

2 5

The possible values of the fluxes We write as

2-2-4 model

4-4-8 model
etc…

……



The mass matrix where

The eigenvalues

The diagonalization matrix

The rotation by 45°

(bi-maximal)

(2-2-4 model)
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The  plots of the eigenvalues of the masses as the functions of Im τ.

These degeneracies can be explained 

by the Modular Transformations!

(2-2-4 model)

|𝜆1|

|𝜆2|

|𝜆3|
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Modular transformations send all lattice points on T2 to lattice points.

The generators (T, S)

T-transformations 𝜏 → 𝜏 + 1

𝜏 ≔
𝛼2
𝛼1

Modulus

O α1

α2

α1

α2

T

z z

O



Modular transformations send all lattice points on T2 to 

lattice points.

The generators (T, S)

S-transformations
𝜏 → −

1

𝜏

𝜏 ≔
𝛼2
𝛼1

Modulus

O α1

α2

α2

α1

S

z z

O



The fundamental region F 

defined as 

Re τ
O

Im τ

11/2

1

The fundamental region

Only τ’s which come from this 

region construct different tori.

Main 

idea

This τ can be transformed into the 

fundamental region by a modular 

transformation. 

τ



The behavior of the mass eigenvalues as the changing of Im τ

From the S-transformation 

invariance

From the T-transformation 

invariance (asymptotically)

Re τ
O

Im τ

11/2

1

Assume that the contribution 

from τ→τ+1 can be ignored 

because Im τ= ∞

(2-2-4 model)

|𝜆1|

|𝜆2|

|𝜆3|
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λ3



One of the problems in Standard Model is that the model does not give us 

the masses of neutrinos.

We have explored one possibility which exploits the “D-brane instanton effects”.

D6a

D6b

β

γ
N

Dinstanton (D2) We have also seen that the RH 

Majorana neutrino masses of our 

calculation is consistent with the 

modular symmetric discussion.



Unfortunately, the Majorana neutrino masses, which we have 

studied, are not observable. 

We need to investigate observable quantities, e.x. PMNS matrix, the 

mixing angles of the leptons etc….

PMNS matrix
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