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Introduction

Problems in particle physics — Beyond Standard Model (BSM)
= Baryon asymmetry (ng # 0)
= Neutrino mass (m, < mg, my) etc...

Grand Unified Theory(GUT) is a kind of BSM theory.

= Some GUTs introduce Right-handed neutrino (RHN:NN)
(example) SO(10), E...

RHN explain two phenomena, so this is useful.
= ng # 0 — Leptogenesis [1]

= m, — Seesaw mechanism !

m, = mDM_lmD
We focus on leptogenesis in SO(10) x U(1)4 GUT.
SO(10) x U(1) » Grand Unified Theory

In SO(10) GUT, N, € ¥,;(16, 1) is natulally introduced.

SO(10) GUT has some problemes.
= predicting that all Yukawa matrices are same.

Y9, W.H>  Y"U;(16,10)¥,(16,10)H(10,5)
+Y/0,(16,10)¥,(16,5)H (10, 5)
+Y7¥,(16,5)0,(16,1)H(10,5)

= Doublet-Triplet splitting problem

Hpoublet SCale < Hryiplet Scale

— add new U(1) 4 symmetry + matter field 7(10)[2]

Frogatt-Nielsen mechanism
" Frogatt-Nielsen field ©

U(1)4 charge : 0 = —1
VEV : (B) = X\g, A~ 0.22

= |f use this FN field, supression factor corresponding U (1) 4
charge appears ( all term has O(1) coefficient )
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= using same mechanism, we can decide RHN mass matrix
ASNYT2Y0,CC — M; = Ag\*¥ et (2)

and neutrino Yukawa matrix. (including T effect A)
\2V1th \Oitath  \Yi+sth
Y, = A\DHYsThtA Aotz +ht+ A\ 2hs+h4-A (3)
\itath \2¥ath \2¥ath

= U(1)4 charge B
Wy P VE 1 H C C A

We discuss thermal leptogenesis in SUSY SO(10) x U(1)4 GUT and show the contribution of second generation right-handed neutrinos.

Thermal Leptogenesis in SO(10) x U(1) 4 GUT

SO(10) 16 16 16 10 10 16 16 45
Ul)g 1 =2 ==113=2t=5/2h=-3c=—-4c=-1a=-1

Enhancement for the RHN Masses

By (A) = A™% a = —1, we can consider the following terms.
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= This is same contribution of (2)
—these terms increase the M;.

= some bounds in this enhancement.

. Amlg, Amgg.
= U(1)4 charge 2y + 2¢
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* Thermal leptogenesis in minimal SO(10) can’t be realized.

= Limitations of the mass hierarchy of N,s and Ibarra bound|3]
= This study presents a new leptogenesis possibility in SO(10) GUT

= |[mportant parameters in thermal leptogenesis
= z: time dependent parameter z = M/T
= ¢ C'P violation
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= [ the strength of the interaction of RHN with SM particles
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= Lepton asymmetry is proportional to ¢;
and maximized when K; = 1

= Some effects

= SUSY particle
= |epton flavor
= enhancement for M,

These effects increase lepton number
= We include 2nd generation RHN (V,) contribution

= |n previous research, the contribution of NV, is neglected.
= When include lepton flavor effect, NV, contribution cannot be
neglected in this GUT.
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= |epton asymmetry np_; ~ 2.5 x 107''[4]
= M, consistent with 7,
— M, = 6.8 x M} ~ 1.748 x 10°GeV

SUSY +flavor
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= This model predicts left-handed neutrino mass

SEESawW

M —— m,

— |t can be verified in future experiments

Conclusion and Future Works

Conclusion

= we considered leptogenesis in SO(10) x U(1)4 GUT
= This study offers new possibilities for leptogenesis in SO(10) GUT

= The contribution of N, is newly clarified in this framework.

Future Works
= The contribution Vs

= This contribution needs other caluclation.
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