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About neutrinos 4

Neutrinos oscillate (only proven new _ -
physics in particle physics) SM is definitely not the end
1998 (SuperK) story

Precise neutrino oscillation parameters?
Absolute neutrino mass?

Neutrino mass origin?

Dirac or Majorana nature?

Relation to matter-antimatter asymmetry?
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Good portal to more new physics

more unknowns...



Precise measurement era
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Precise measurement era 6

m, < 0.8 eV (90% CL)
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Formulas (minimal type-| seesaw)
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Mass dependent nuclear matrix element (NME)
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NME of light neutrinos 8

ga src dQRPA [74) sQRPA-Tu [75, sQRPA-Jy [77] IBM-2 [87, CDFT [80, ISM [81]
1.27 w/o 37 - - - 7.61 -
Argonne 3.12 5.157 - 5.98 7.48 2.89
CD-Bonn 3.40 5.571 6.54 6.16 7.84 3.07
6Ge Miller-Spencer| - - - 5.42 6.36 -
1.00 w/o 2.64 - - - - -
Argonne 2.48 3.886 - - - 1.77
CD-Bonn 2,72 4,291 5.26 - - 1.88
82Ge | 1.27 w/o 3.01 - - - 7.60 -
Argonne 2.86 4.642 - 4.84 7.48 2.73
CD-Bonn 3.13 5.018 4.69 4.99 7.83 2.90
Miller-Spencer - - - 4.37 6.48 -
1.00 w/o 2.41 - - - - -
Argonne 2.26 3.460 - - - 241
CD-Bonn 2.49 3.746 .73 - - 2.56
10Te | 1.27 w/o 3.10 9.55
Argonne 2.90 3.888 4.47 9.38 2.76
CD-Bonn 3.22 4.373 5.27 4.61 9.82 2.96
Miller-Spencer - - - 4.03 8.03
1.00 w/o 2.29
Argonne 2.13 2.945 - - - 1.72
CD-Bonn 2.37 3.297 4.00 - - 1.84
136Xe | 1.27 w/o 112 - - - 6.62
Argonne 1.11 2.177 3.67 6.51 2.28
CD-Bonn 1.18 2.460 3.50 3.79 6.80 2.45
Miller-Spencer - - - 3.33 5.58
1.00 w/o 0.85
Argonne 0.86 1.643 - - - 1.42
CD-Bonn 0.89 1.847 2.91 - - 1.53




NME of heavy neutrinos

gA src dQRPA [74, sQRPA-Tu [75, sQRPA-Jy [77] IBM-2 [87] CDFT [80] ISM [81]
1.27 w/o 385.4 466.8
Argonne 187.3 316 107 267 130
CD-Bonn 293.7 433 401.3 163 378.1 188
6Ge Miller-Spencer 48.1 135.7
1.00 w/o 275.9
Argonne 129.7 204 86
CD-Bonn 207.2 287 298.3 122
i8¢ | 1.27 w/o 358.7 454
Argonne 175.9 287 84.4 261.4 121
CD-Bonn 273.6 394 287.1 132 369 175
Miller-Spencer 35.6 132.7
1.00 w/o 257.4
Argonne 122.1 186 - - - 80
CD-Bonn 193.4 262 214.3 - - 113
130me | 1.27 w/o 401.1 573
Argonne 191.4 292 92 339.2 146
CD-Bonn 303.5 400 338.3 138 472.8 210
Miller-Spencer 44 168.5
1.00 w/o 281.2
Argonne 130.2 189 - - - 97
CD-Bonn 209.5 264 255.7 - - 136
136Xe | 1.27 w/o 117.1 394.5
Argonne 66.9 166 72.8 234.3 116
CD-Bonn 90.5 228 186.3 109 326.2 167
Miller-Spencer - - - 35.1 116.3
1.00 w/o 82.7
Argonne 46.3 108 - - - 7
CD-Bonn 62.8 152 137.3 - - 108




NME for 3°Te

NME for 1*6Xe

NME of light neutrinos 10

Light neutrino mass
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NME of heavy neutrinos 11
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IR

10

NMO, M;=200 MeV, é14=

il ul -

NMO, M;=10 GeV, 514=

NMO, M>=10 TeV, 6j4=

i o
100 10" 102 100 10%
M; [MeV]

Parameter space of m.y

IMO, M;=200 MeV, 6;4=0 NMO, M2=200 MeV, 6 4=n/2

IMO, M>=10 GeV, 614=0 NMO, M>=10 GeV, S1a=n

| ud. sul ul
NMO, M>=10 TeV, 614=n1/2

IMO, M3=10TeV, 614=0

il

A g u
100 102 100 10t 10°  1090° 10" 102 10 10t

M) [MeV] M, [MeV]

 ———
0001 0004 0015 005 0.1 1

NMO

u
10 10°0°

IMO, M2=200 MeV, é14=a/2

IMO, M;=10 GeV, 814=n/2

IMO, M;=10 TeV, 1a=n/2

' 102 100 10 10° 100

M, [MeV)

» ga=1, Argonne src

13

» Some parameter

space can be very
easily/hardly
excluded by
current/future Ov23
experiments

The NMO/IMOQO can
be very different
and 0., matters



Parameter space of m,s 14
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A y2 functions of inverse half-life
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10

A y2 functions of m,
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The upper limit of m,;
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Half-life relations of different isotoees 18

. ga=1.27, CD-bonn src
10° O Me=0.015 eV
- — dQRPA .
- SQRPA_Tu 7\ Mef=0.049 eV Ov23 half life
5
< 10k — SQRPAJY @ mor=0.1 eV * Mgyvalue
= : IBM-2 .
e o W meg=026V NME value
ci:\ 10! ISM A meg=0.3eV
‘:Y Mmerr=0.4 eV
E
10°
10°F E
5
L 10%E E
- /
\‘Dx l// y
N W, A N DA AR “F e
T 10 1 S o
' | / ,,,,,, ;
EXO-2001 /7 E EXO-2001
100 L1 11l Lol ol 1 raaanl Ll ool
109 10! 102 10> 10° 10! 102 10%

T3 °Ge [10% yr] T}y P°Te [10% yr]



Current limits (M, & |R./?)
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» The IMO case is
similar

» The NME hierarchy
changes with
neutrino mass



Constraints from other probes 21
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Future sensitivities 20
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Future sensitivities (M; & |A,/?) 23
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Future sensitivities (M; & |A,/?) 24
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Future sensitivities (M; & M)
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Conclusions 07

» Comparison of mass dependent NMEs in different
nuclear models

» Derivation of limits and sensitivities on the parameter
space of minimal type-l seesaw from current and future
Ov2[3 experiments

» Highlight of the entanglements between new physics
exploration and NME calculation

» Possible discrimination of different NME calculations in
this framework is on-going.
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