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The question

• The question I want to address in this 
talk is ``what can you do and what 
would be the implications of DBD 
experiments?’’

• One of the most important experiments 
in particle physics
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ν oscillation has been seen!

KamLANDKamLAND K2KK2K
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Mini-BooNE did NOT confirm LSND data

No strong motivation for structure beyond 3 generation mixingNo strong motivation for structure beyond 3 generation mixing
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MNS matrix and ν mass 
patternAtm + 

accel ν =>

Atm + 
accel ν =>

να=Uαi νi
να=Uαi νi

SK atmSK atm

<= solar + reactor ν<= solar + reactor ν

solar+KamLANDsolar+KamLAND
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ν mass hierarchy & absolute mass 
scale

NormalNormal InvertedInverted
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General 
statement 
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0νββe– e–

u d d u

(ν)R νL

W W

Whatever diagrams cause 0νββ, its 
observation would imply the existence of 

a Majorana mass term

(ν)R → νL : A Majorana mass term

Schechter and ValleSchechter and Valle

Borrowed from BorisBorrowed from Boris
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Why don’t want to know the 
nature  of neutrinos

• Many theorists say it 
is ``Majorana’’
because it is the 
case in my model(s)

• … in most models

• We need less model 
dependent 
argument
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Yanagida’s argument

• There is a strong argument which says
that ν must be Majorana particle

• We know that our universe is asymmetric 
to baryon number

• We know that above 1 TeV, only 
meaningful quantum number is B-L, not B 
or L separately, because of anomaly 
(“sphaleron”)

• Therefore, we must have B+L generation 
to have nonzero baryon number

Delivered at DBD05 in HawaiiDelivered at DBD05 in Hawaii
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Yanagida’s argument (continued)
• Let us assume SM of particle physics => no 

operator which violates B+L
• The lowest dimension operator which violate 

B-L is
(1/Μ) φφνν  which must exists

• This is consistent with the neutrino mass 
operator required by SK, SNO, KamLAND, 
and K2K, and others (confirmed to exists!)

• Therefore, ν Majorana mass must exist 
(otherwise, we do not have baryon # 
excess)
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Success guaranteed

• There is a well defined model of baryon 
number generation embodying this idea

• leptogenesis

• Double beta decay experiments are 
guaranteed to have a success !

• Practically, ???
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Rest of my talk

• What quantities can DBD experiments 
determine ?

• What would be implications of 
successful DBD experiments, in 
particular

• Absolute ν mass
• Majorana phase 
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Looking for 
experiments 
for proving 
Majorana ν
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νi
⇒

βπ(Lab) >βν(π Rest Frame)

π+

⇒ νi
µ+

Lab. Frame

Give the neutrino aBoost:

Kayser’s π+Ν -> 2µ+ + X experiment

=  νi
⇒ (Majorana ν)
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Double beta decay; an ingenious way
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Lifetime of 0νββ decay

Effective mass parameter =Effective mass parameter =
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<m> or lowest (highest) neutrino mass 
as the unique parameter

NormalNormal

InvertedInverted
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mee vs. lowest ν mass

Minimum mee in 
inverted mass 
hierarchy NH & 
IH look so 
different

Minimum mee in 
inverted mass 
hierarchy NH & 
IH look so 
different

If θ13=0, <mee>=0, 
=> m1=4x10-3 eV2

If θ13=0, <mee>=0, 
=> m1=4x10-3 eV2 Figure by 

H.Nunokawa

Figure by 
H.Nunokawa



June 11-13, 2007 DBD07@Osaka

Why minimum mee in inverted hierarchy?

Inverted hierarchy => minimum at cos2β = -1Inverted hierarchy => minimum at cos2β = -1

<== Cannot cancel 
out for nonmax. θ12

<== Cannot cancel 
out for nonmax. θ12
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Case of 
inverted 
mass 

hierarchy
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Majorana phase?

Basics: Width 
of the band 
represents 
effect of CP 
phases

Basics: Width 
of the band 
represents 
effect of CP 
phases
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In real life, however, …In real life, however, … Pascoli-Petcov-Schwetz 
(PPS) hep-ph/0505226

Pascoli-Petcov-Schwetz 
(PPS) hep-ph/0505226
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Quasi degenerate caseQuasi degenerate case
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What Majorana phase 
tell us; simple example

NormalNormal

Inverted1Inverted1

Inverted2Inverted2

Le-Lµ-Lτ symmetry!Le-Lµ-Lτ symmetry!

Leading-order neutrino 
mass matrix

Leading-order neutrino 
mass matrix
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Perturbative correction does not alter 
CP parities

• Perturbative mass generation:

• Mν = Mν
atm + Mν

solar + Mν
QLC

Ferrandis-Pakvasa 04Ferrandis-Pakvasa 04
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CP parity may be measured …CP parity may be measured …
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Lepto-
genesis;
attractive 
model for B 
generation
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Leptogenesis
• Lepton # asymmetry 

generated by Majorana ν
converted to baryon #
asym. by “spharelon”

• Offers interesting 
connection between 
neutrino mass and 
cosmological baryon 
number asymmetry

• Can give rise to bound 
on neutrino mass, √m2

< 0.3 eV

(Buchmuller et al.)(Buchmuller et al.)

Fukugita-Yanagida 86Fukugita-Yanagida 86
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Flavored leptogenesis
Abada et al. hep-ph/0605281Abada et al. hep-ph/0605281

If summed over αIf summed over α

If notIf not
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Connecting low E CPV to leptogenesis

• Under some 
assumptions of Casas-
Ibarra matrix R



June 11-13, 2007 DBD07@Osaka

Is inverted 
mass 

hierarchy
discriminable?
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mee vs. lowest ν mass

Normal vs. 
inverted mass 
hierarchy 
looks  
discriminable

Normal vs. 
inverted mass 
hierarchy 
looks  
discriminable
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mee vs. sum of ν masses

Does not look like easyDoes not look like easy
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To distinguish mass hierarchy …

PPS hep-ph/0505226PPS hep-ph/0505226
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Possible 
better 
strategy
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Better strategy (to my opinion)

• Determine 
hierarchy by 
some other 
methods and 
utilize DBD 
informations to
``get most’’

Ongoing longest-baseline 
experiment MINOS

Ongoing longest-baseline 
experiment MINOS
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An example; T2KK;
Tokai to Kamioka-Korea 

Ishitsuka-Kajita-HM-Nunokawa hep-ph/0504026Ishitsuka-Kajita-HM-Nunokawa hep-ph/0504026
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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
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
Normal mass hierarchy without extra m0
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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{∆m2

atm} 
• => most probably

new scale different 
from GUT

Experimentally the 
clearest situation !
Experimentally the 
clearest situation !
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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

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:

M0ν: Shell 
model:

Caurier et al., nucl-th/0402046Caurier et al., nucl-th/0402046

M0ν: RQRPAM0ν: RQRPA
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Conclusion
• 0νββ decay: unique for demonstrating 

Majorana ν + indispensible for absolute 
mass determination

• Majorana phase or CP parity important
for understanding physics

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

• Gives great opportunity in the future  
(with LBL experiments)  
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Seesaw mechanism as a paradigm 
of neutrino mass

• W = Nc YνLH - Ec YνLH + 
(1/2) NcMN

(N=R-handed Majorana, L=left doublet, 
E=charged lepton, H=higgs)

• mν =Yν
Τ(Μdiag)-1 Yν

• Yν has 6 phases
• Leptogenesis is sensitive to YνYν

+ 

(3 left phases, independent of low energy CPV 
phase)

• CP violating LFV appears from Yν
+Yν (1 right 

phase)

Minkowski, Yanagida, 
Gell-Mann-Ramond-
Slansky, …

Minkowski, Yanagida, 
Gell-Mann-Ramond-
Slansky, …


