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1. a,1, a3, are called Majorana phases. They are physical when all
the three neutrinos are massive.

2. If a neutrino is massless, only one Majorana phase is physical.

3. 8 is a Kobayashi Maskawa type phase(Dirac Phase).




2= —3M L Majorana Type phases

“Majorana type” phases.

(Branco, Rebelo, arXiv:0809.2799. J. Nieves and P. B. Pal, Phys. Rev. D36(1987) )
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1. Branco and Rebelo defined 6 “Majorana type” phases.
2. They define the arguments of each side of the three Unitarity
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The goal for the case of 3 massive Majorana neutrinos
1. Determine two Majorana phases a,;, a3

Equivalently determine the orientation of
unitarity triangles

two of B4, ¥1 (B1-v1)

2. Determine the lightest neutrino mass including
the ordering “normal or inverted”.
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The Time evolution of Lepton Number for Majorana neutrinos
v3A5F=Za—F) /L7 M HOBREE

La(®) = | G a0, D (®,0) = b (O, )

« depends on Majorana phases
_ — |2 2
lo(q)) = aj(q)|0 > Ei(q) = Jq tM; |, depends on the combinations of

(o \L”()\a) Bi+Bj/ VitV
— Z [de (UniUyiUpniUs5) (COS{Ei(q)t} cos{ E;(q)t} Ei(q()l;j(q) sin{ F;(q)t} sin{Ej(q)t})
—Mm(U,U,,U,,Ur5) (E:(lq) sin{ F;(q)t} co{ E;(q)t} — E;?q) cos{E;(q)t} sin{Ej(q)t})

m;  m,;
ususU., U g L sin{ B;(q)t} sin{ E;(q)t ] 17
U 7 St} sn{Ey @) (17

e

- Independent on Majorana
phases




The extraction of Majorana phases from the second time
derivatives of Lepton family numbers
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The dependence on Majorana phase:
mq = m2=0.01 < q=0.02< mq = 0.03
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Relation bet. 2nd derivative of electron number and effective Majorana mass
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To determine 81 1 two Majorana type phases
we need additional info. e.g., muon number
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Numerical Analysis :two generation case
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Time evolution of lepton number(2 gene. Case)
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