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APS Neutrino Study

Great enthusiasm
for 0νββ decay !
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MNS matrix and ν mass
pattern

<= solar +
reactor ν

Atm. ν =>

να=Uαi νi

SK atm

solar+KamLAND
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Some people start to feel that ν
physics is done, …

• Number of parameters in
lepton/neutrino sector = 3 masses + 3
mixing angles + 1 KM phase + 2
Majorana phases (none if Dirac ν) = 9
(7)

• Number of parameters ‘‘determined’’ =
2 Δm2 + 2 angles = only 4 !!!

• We went through less than half a way !
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What is left: ν mass hierarchy &
absolute mass scale

We don’t know yet ‘‘electron mass’’ in ν sector!

Normal Inverted



Sep. 18, 2005 Japan-US workshop on double
beta decay

ν absolute mass

• Endpoint of
beta decay
spectrum

• 0νββ decay
• cosmology：

WMAP +
SDSS + …

KATRIN =>
mν ̃ 0.2 eV

mν < ̃ 0.6 eV
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They are sensitive to mν because..

Σ m = 1 eV

Future micro-
lensing obs.
would reach mν
~ 0.04 eV
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Lifetime of 0νββ decay

Effective mass parameter =
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Lowest neutrino mass as the unique
parameter

Normal
Inverted
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mee vs. lowest ν mass

Normal vs.
inverted mass
hierarchy
discriminable?

If θ13=0, <mee>=0, => m1=4x10-3 eV2
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Why minimum mee

Inverted Normal

Klapdor-
Kleingrothous-
Pess-Smirnov
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Degenerate ν mass

• If mee discovered in
‘‘degenerate mass
region’’ (as claimed
by Klapdor et al) it
implies that there is
new mass scale =
sqrt{Δm2}

• => most probably
new scale different
from GUT

Experimentally the
clearest situation !
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mee vs. sum of ν masses

Figure by
H.Nunokawa
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To distinguish mass hierarchy …

Pascoli-Petcov-Schwetz=PPS hep-ph/0505226
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Alternative attitude

• One may take the
alternative attitude

• Determine mass
hierarchy in some
other places and
look back to 0νββ
decay
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T2KK; Tokai to Kamioka-Korea
twin HK complex

Ishitsuka-Kajita-HM-Nunokawa hep-ph/0504026
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Current design of Hyper-Kamiokande
contains 2 tanks !

Why don’t you bring one
of the 2 tanks to Korea?
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T2KK vs. NOνA; mass hierarchy

σ,
σ
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T2KK vs. NOνA; CP

σ,
σ
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Signal at ~50 meV; what does it mean?

• m0~0 can be inferred, e.g., by Planck satellite

Inverted mass hierarchy without extra m0

Majorana phase may be measured
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Signal at ~50 meV; what does it mean?

• Definitely implies extra mass scale m0

• Harder to obtain Majorana phase information

Normal mass hierarchy without extra m0
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Majorana phase?

Width
of the band
represents
effect of CP
phases

If θ13=0, <mee>=0, => m1=4x10-3 eV2
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In reality, …

Red=CPV (PPS)
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Inverted mass hierarchy
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Uncertainty of nuclear matrix elements
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Now, we have hope
Sensitivity to gpp partially
cancel if normalized by 2ν
decay; Rodin-Faessler-
Simkovic-Vogel, nucl-
th/0503063
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Sensitivity to gpp cancel against its 2ν
counterpart
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Shell model vs. QRPA

M0ν: Shell
model:

Caurier et al., nucl-th/0402046

M0ν: RQRPA
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Shell model computation of 0νββ
decay?

• # of basis
• Current = 109

• Ge, Se -> ~1020

(Muto-san’s
estimate)

• Is it impossible?
• Computational

power get larger
by 103 in every 10
years

Computer Center for
Double Beta Decay !?
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Alternative processes?

Double electron capture (Bernabeu-
De Rujula-Jarlskog ’83)

•          Life time 1027-1031 years (mν=0.1 eV)
• Enhancement of a related process by laser pumping

(Yoshimura et al)
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Conclusion
• 0νββ decay: unique for demonstrating

Majorana ν + indispensible for absolute
mass determination

• Uncertainty of nuclear matrix elements
= most important problem for
interpretation of the results

• Mass hierarchy determination by LBL
helps

• Great opportunity in the 2nd half stage
of exploring ν masses and lepton mixing


