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INnfroduction <

Standard Model Is not Pertect!

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
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-ee—sqw mecnhanism <

Standard model gauge invariant

Introduce the right-handed neutrinos & renormalizable terms

vr: LH neutrinos (active neutrinos)
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We will see some specific calculations for the right-handed Majorana
neutrino masses deduced from the D-brane instanton effects.

The infersecting angles correspond to
In intersecting D-brane model the magnetic fluxes

Dé, B
Differences of Fluxes
\ N on the D-branes
: Y -~ ]
PN '; In magnetized D-brane model

Dé,



T
Procedure (1/4)

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

Bi. Y; : fermion zero-modes on D,
N, : neutrinos

Grassmannian integral

Mass maftrices

(arXiv:2103.07147)



Baure (2/4)

The formula we used to calculate each d-matrices
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rroceqaure (3/4)

The wave functions on the T,/Z,-orbifold
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Procequre (4/4)

To have 3 generations for the RH neutrinos, My's must be
My =4.8,5,7.

The possible values of the fluxes We write as

2-2-4 model

4-4-8 model
etc...




— = (2-2-4 model) \.

Result with My=4 (1/3)

The mass martrix where X1 = (mo+n8)” + (a4 m2)”
- Y .
2V2(n2 + o))",

2(n0 + 1) (1M1 + M2)-

N
Ny = v { t;‘ ] (0,167)

The eigenvalues The rotation by 45°

(bi-maximal)
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RESUTWITN My=4 (2/3)
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(2-2-4 model)

The plots of the eigenvalues of the masses as the functions of Im 7.

These degeneracies can be explained
by the Modular Transformations!

(arXiv:2103.07147)
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Modular fransformations (1/2)

Modular transformations send all lattice points on T2 to lattice points.
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Moaqular Transrormarions (1/2)

Modular tfransformations send all lattice points on T2 to

\ /o q
- (a,b,c,d€Z , ad—bc=1) Modulus Ti= —
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odular transformations (2/2)

The fundamental region F
defined as

1
F = {TEC‘II’HT>O, IRe| < > IT| > 1}

Only 1's which come from this

region construct different tori.
The fundamental region

] This T can be fransformed info the
fundamental region by a modular
transformation.

Re T
1/2 ]



(2-2-4 model) Assume that the con’rribu’rioh‘\l

SESUIT WITh MN=4 (331 sedaseme=

The behavior of the mass eigenvalues as the changing of Im 1 timT

From the T-transformation
invariance (asymptotically)

From the S-transformation
invariance

(arXiv:2103.07147)



* summary <

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’.

Dé, B We have also seen that the RH
Majorana neutrino masses of our
" calculation is consistent with the

! Y~ modular symmetric discussion.

Dé,



e Future Work <

Unfortunately, the Majorana neutrino masses, which we have
stfudied, are not observable.

4

We need to investigate observable quantities, e.x. PMNS matrix, the
mixing angles of the leptons etc....

M?"
PMNS matrix
WL 0.80 —0.84 0.52—0.58 0.14 —0.16
7\ j (A B o/ 049 047-068 0.64—077

0.28 -0.52 0.49—-0.70 0.62 —0.75
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| neutrino generation number 1 ; §]

| combination number of 3 and ~ | 81 | 108 | 54 | 12

Table 7: The combination numbers of zero-modes [3; and ; for the neutrino generation numbers.
The number of all the possible combinations 3; and ~; is equal to 256.

neutrino generation number 31415

combination number of 4 and v | 27 | 18 | 12

Table 8: The combination numbers of zero-modes [J; and «; for the neutrino generation num-
bers such that the neutrino sector has vanishing SS phases. The number of all the possible
combinations [5; and «; is equal to 64.

(arXiv:2103.07147)




