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@ new limit (2017 + 27): 0.2 eV, discovery (50): 0.35 eV
@ Planck: > m, < 0.23eV ACDM. ..

@ Unknown: Absolute neutrino mass scale — Katrin ? ¢
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Generic treatment
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Generic treatment

mip —mg% (0) ICB-I-IACm(CJ)B

I: threshold correction I ~ —gf (In(M?/Q?)) (in the SM diagonal)

o tree-level rotation matrix U©: U7 @) g© — diagonal

My, = mgo)éab + (ml(zo) -+ m,()o)) Iy

Ib=> 4p IABUA )U(O)

@ assumption: degenerate tree-level masses,

(0)| _ (0)| _

0
|m1 |m2 |m§, )|
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Trivial mixing © tree-level

Iw Lis I3
m” =mol+mgo | 1z Iz Io3
Iig I»z I33

Generate e.g. tri-bimaximal mixing:
e requirements for I;;:

0 923 ~ 7['/4
I I12+2113 _112\;5113
I'=U3IUy; = | B2 20y 0
_112\;_113 0 0
2

Q [1p=L3—=>013=0

_1 2v21,
© 012 = 5 arctan (2122_111)

@ get my o in terms of I;;, mg = myg



Deviations

) 913750 ‘—>I137EI12
° 023575

I33 = I + ¢
Liz=1I15+6

mo

14 114 I12 Lis+9

=mU (012,013, 023)" Iis 1+ 1x I U (012,013, 023)
Iio+ 06 Iy 14 Iy +¢



Inputs (central values), mgo = 0.35eV &
912 ~ 31.8° 9 913 ~ 8.5° 9 923 ~ 39.2° 9
Am3, = 7.5 x 107°eV? | Am3; ~ 2.458 x 1073 eV?

111 = 3.00x107%, Ipp~401x107%, I5~1.02x1073,
6~ 1.56x107°, e~ 1.96x 1072

0.30 1.02 1.03
I=1[1.02 401 467]| x1073
1.03 4.67 5.97
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MSSM with righthanded neutrinos

1
W D qu‘H2+Y;? HQ'LL,iNRJ—Yé Hl'LL,iER,j_'_iMiI}NR,iNRM

New soft SUSY breaking terms

v 2 ~k o~ 2 ~ o~
ol = ("’%)M VpiVLj + ("%})ij VRiVR,;

+ (A;'jj h oLV + (B?),; Ukl +hec. )

@ seesaw type |:
m) = —2YT MZ'Y, + O(vl/M})

v

e adding SUSY 1-loop [Dedes, Haber, Rosiek 2007]

(m}/—loOp)U = (m,);+Re [El(;),s ul E(”) v u] E(”) V]



Random scan

Mgusy € [500, 5000] GeV
M; € ]0.3, 3] Msusy
M € [1 5] Msusy

€ [-15,15] TeV
tanﬁ € [10, 60]
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e if tritium decay measures a neutrino mass: spectrum
quasidegenerate

@ exact degeneracy: SO(3) or SU(3) @ tree-level
@ radiative breaking via threshold corrections

@ threshold corrections have the power to completely determine
the mixing and deviations from degenerate masses

@ non-diagonal corrections needed: e.g. SUSY without MFV
e trilinear coupling matrix A" carries flavor information

@ neutrino mixing via SUSY breaking: potential flavor
symmetries in the soft breaking sector
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Renormalization Group Equation for v masses and mixing

Yoo _ke—« [(YlYe)T Cc+C (YlYe)]

dt
t= o in ()
SM: k= —2 and K = —3¢g8 + 2Ty (3YLYu +3YiY,+ ngYe) +2X
MSSM: & = +1 and K = —6g% — 2¢% + 2Tt (3Y1Yu)

Solving the RGE

C(t) = IxkZIC(0)Z, where 7 = diag(/, I, I) and

t t
Ix =exp (—/ K(t')dt’) , I, =exp <—/~c/ yzA (t’)dt’) .
0 0




. T
o if MmO =my1: U mO U©® =mg1 for any (real) U
o if e.g. m(® = diag(1, —1, 1) this is not true
@ in general: Majorana phases!
o phase matrix U”) — U P with P = diag(e™, ¢i®2, 1)
o m©® 5 PTy® OO p mo diag(e?i@1 22 1)
o redefine masses
o mi = ezz:o‘lmo,
o my = €2y,
@ M3 = my.

o taking CP as good symmetry: a1 o € {0,£5}

@ choice: my = —mo = ma3:
1+2U0nUg11p 0 2Uc1Ugslap
m” = mo 0 -1 - 2Ua2U521a5 0
2Uc1Ugslap 0 1+2Un3Ug31np

update of [Chankowski, Pokorski 2002]
~_ W..G.H.  degenerate neutrinos



o degeneracy leaves freedom of rotation U(®) — U R,5

0)77(0
Z chzl)Ué;Iaﬁ =0
ap

o flavour diagonal corrections: 1,53 = I4d4p

@ explain deviation from (tri-)bi-maximal mixing:
s13 = sinfi3 ~ 0

] I
S13 = —3523@3—7, where I, =0 and I, > I,
12 I




o degeneracy leaves freedom of rotation U(®) — U R 3
0)77(0
Y vQuR s =0
ap

o flavour diagonal corrections: 1,5 = 15003
@ explain deviation from (tri-)bi-maximal mixing:
s13 = sinfi3 ~ 0

] I
S13 = —2523@3—7, where I, =0 and I, > I,
12 I

try to accommodate s13 &~ 0.15 and Am2,/Am3; ~ 33

S = (23S _1




AmZ, =m? ([L +2U2,1.)* — [1 +2U2,1.)?)

2 overall scale

o m
e use relation for s13 to get correlation between I, and I, I;

@ try to fit

(1L + 202, - [L + 202 1,]%)

Amby /A2, =
m31/ m21 ([1 + 2U22Ia]2 - [1 + 2U31Ia]2)




the same follows from a special tree-level mass matrix

1 00 011 0 00
miee=2(0 1 0 +y|(1 0 O)+2[0 1 1
0 01 100 011
T ) Y
=y z+=2 z ,
Y z T+ z

which can be diagonalized by

ci2  s12 O . .
U _s12 ez 1 with s12 = sin 12, c12 = cos 012,
tree — 2 2 2 _
ot d W tan20i = V2!
2 V2 V2



can be inverted

v _
Miree =
Am3  Am3 i [ Ami Am§,
ma ml+m3 ml+m2 V2 V ml+m3 ml+m?2
i Am?2 Am?2
I S 5 21 ma+ms3 1 L
75V mitm3 mitm2 2 5 (D_;mi — 3my)
i Am?2 Am?2 1
i/ Amy Amy; 1 L mao+ms
! V2 V ml+m3 ml+m?2 2 (Zz m; 3m1) 2

The philosophy behind threshold corrections

@ exact degeneracy @ tree-level: trivial mass matrix

@ small perturbation




