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Neutrino Masses @ PDG
Ramon Miquel (ICREA / IFAE Barcelona) 

• Brief history: 1996, 2002, 2006

• Current treatment. Data Nodes: “Neutrino Properties,” 
“Sum of Neutrino Masses,” “Limits from Neutrino-less 
Double-Beta Decay” + mixing, etc.

• Current treatment. Reviews: “Neutrino Mass and Flavor 
Change,” “Introduction to Neutrino Properties Listings,” 
“Neutrino-less Double Beta Decay”. 

• Issues. Problems. Improvements?
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Cast
Maury Goodman     Encoding of accelerator neutrino papers
Don Groom             Overseer emeritus                                                 
Boris Kayser           “Neutrino Mass, Mixing, and Flavor Change”
Dean Karlen           “Number of Light Neutrinos”
Ramon Miquel         Overseer
Hitoshi Murayama   Mega-plot with current oscillation parameters
Kenzo Nakamura    Encoding of extraterrestrial neutrino papers                    
                                “Solar Neutrinos”
Keith Olive               Encoding of Astrophysical papers
Andreas Piepke      Encoding of Nuclear Physics papers
        &                     “Introduction to the Neutrino Properties Listings”
Petr Vogel        “Note on Neutrinoless Double-Beta Decay”
+ consultants, referees, verifiers…



1996
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2002
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Issue

• The flavor eigenstates, such as νe, νµ, ντ, are not 
particles, in the sense that they do not have a mass, and 
do not propagate in free space.  They are useful 
concepts.

• ν1, ν2, ν3 are the particles in the usual sense of the 
word.  Some similarity to neutral K system.



[Presented in 11/04 PDG Adv. Comm. Meet.]
Summary of Workshop on 11/12/04 (III)

• Sections on νe, νµ, ντ:

– Eliminate “particles” called νe, νµ, ντ.

– Rename nodes with masses, etc. to reflect what is really being 
measured. Example:                                   . 

– Same thing for lifetime to mass ratio, magnetic moment, 
electric dipole moment, etc.

– In some cases (astrophysics), limits apply to all flavors: only 
one node needed.

– Remove many obsolete results, mostly in mass ranges that 
are now irrelevant.

– Add node for ν2 lifetime to mass ratio (from limits to Majoron-
emission decays of solar neutrinos).



Advice

Consistent with this advice, and led by K. Olive, the old 
notation was eliminated without new notation being 
introduced.  The effective mass, lifetime, etc. limits are 
limits to linear combinations of properties of the mass 
eigenstates. So, we decided on the scheme which is in 
RPP2006 - it's a clear improvement over 2004. The main 
mission, to do away with νe, νµ and ντ, was accomplished.
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Neutrino Properties

A REVIEW GOES HERE – Check our WWW List of Reviews

ν MASS (electron based)ν MASS (electron based)ν MASS (electron based)ν MASS (electron based)

Those limits given below are for the square root of m
2(eff)
νe

≡
∑

i
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∣

∣
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m2
νi

. Limits that come from the kinematics of 3Hβ− ν decay are the

square roots of the limits for m
2(eff)
νe

. Obtained from the measurements

reported in the Listings for “ν Mass Squared,” below.

VALUE (eV) CL% DOCUMENT ID TECN COMMENT

< 2 OUR EVALUATION< 2 OUR EVALUATION< 2 OUR EVALUATION< 2 OUR EVALUATION

< 2.3 95 1 KRAUS 05 SPEC 3H β decay

< 2.5 95 2 LOBASHEV 99 SPEC 3H β decay
• • • We do not use the following data for averages, fits, limits, etc. • • •

<21.7 90 3 ARNABOLDI 03A BOLO 187Re β-decay
< 5.7 95 4 LOREDO 02 ASTR SN1987A

< 2.8 95 5 WEINHEIMER 99 SPEC 3H β decay

< 4.35 95 6 BELESEV 95 SPEC 3H β decay

<12.4 95 7 CHING 95 SPEC 3Hβ decay

<92 95 8 HIDDEMANN 95 SPEC 3H β decay

15 +32
−15 HIDDEMANN 95 SPEC 3H β decay

<19.6 95 KERNAN 95 ASTR SN 1987A

< 7.0 95 9 STOEFFL 95 SPEC 3H β decay

< 7.2 95 10 WEINHEIMER 93 SPEC 3H β decay

<11.7 95 11 HOLZSCHUH 92B SPEC 3H β decay

<13.1 95 12 KAWAKAMI 91 SPEC 3H β decay

< 9.3 95 13 ROBERTSON 91 SPEC 3H β decay
<14 95 AVIGNONE 90 ASTR SN 1987A
<16 SPERGEL 88 ASTR SN 1987A

17 to 40 14 BORIS 87 SPEC 3Hβ decay

1KRAUS 05 is a continuation of the work reported in WEINHEIMER 99. This result rep-
resents the final analysis of data taken from 1997 to 2001. Various sources of systematic
uncertainties have been identified and quantified. The background has been reduced
compared to the initial running period. A spectral anomaly at the endpoint, reported in
LOBASHEV 99, was not observed.

2 LOBASHEV 99 report a new measurement which continues the work reported in BELE-
SEV 95. This limit depends on phenomenological fit parameters used to derive their best

fit to m2
ν , making unambiguous interpretation difficult. See the footnote under “ν Mass

Squared.”
3ARNABOLDI 03A etal. report kinematical neutrino mass limit using β-decay of 187Re.
Bolometric AgReO4 micro-calorimeters are used. Mass bound is substantially weaker
than those derived from tritium β-decays but has different systematic uncertainties.

4 LOREDO 02 updates LOREDO 89.
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The 2006 “Revolution”

• The revisions in the neutrino properties sections 
eliminating misleading names like “νe mass” and 
removing duplicate structures have been considered 
successful, although some degree of fine-tuning may be 
useful. 

• The revisions in the neutrino mixing sections added 
nodes on θ’s and Δm2, and eliminated (many more) 
nodes on probabilities of oscillations.
– This has been regarded as useful and successful
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[Presented in 11/04 PDG Adv. Comm. Meet.]
Summary of Workshop on 11/12/04 (I)

• Mixing
– Introduce new “nodes” with measurements of θ12, θ23, θ13, Δm2

12, 
Δm2

23 in the 3-neutrino scenario, including mini-review explaining 
how it is done, assumptions, etc.

– Remove Don’s two-flavor mini-review which focuses on 
understanding limits.

– Keep solar fluxes, atmospheric flux ratios, reactor flux ratios. Add 
accelerator flux ratios.

– Remove obsolete oscillation limits in Δm2 regions we now know are 
irrelevant.

– Keep LSND-related limits from νµ      νe oscillation searches.
  

↔
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• Results “relevant” to LSND were kept
• Since we didn’t know what LSND measured, if it was right, 

this was not 100% straightforward
• This was done in conjunction with MiniBooNE spokespersons
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Current Treatment. Data Nodes

• anti-νmass (electron based), anti-νmass squared 
(electron based), νmass (electron based)

• νmass (muon based), νmass  (tau based)

• Sum of neutrino masses, mtot, with a short introduction.

• 〈mν〉, The Effective Weighted Sum of Majorana 
Neutrino Masses Contributing to Neutrinoless Double-β 
Decay

Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) and 2009 partial update for the 2010 edition (URL: http://pdg.lbl.gov)

5WEINHEIMER 99 presents two analyses which exclude the spectral anomaly and result

in an acceptable m2
ν . We report the most conservative limit, but the other is nearly the

same. See the footnote under “ν Mass Squared.”
6BELESEV 95 (Moscow) use an integral electrostatic spectrometer with adiabatic mag-
netic collimation and a gaseous tritium sources. A fit to a normal Kurie plot above
18300–18350 eV (to avoid a low-energy anomaly) plus a monochromatic line 7–15 eV

below the endpoint yields m2
ν = −4.1 ± 10.9 eV2, leading to this Bayesian limit.

7 CHING 95 quotes results previously given by SUN 93; no experimental details are given.

A possible explanation for consistently negative values of m2
ν is given.

8HIDDEMANN 95 (Munich) experiment uses atomic tritium embedded in a metal-dioxide

lattice. Bayesian limit calculated from the weighted mean m2
ν = 221 ± 4244 eV2 from

the two runs listed below.
9 STOEFFL 95 (LLNL) result is the Bayesian limit obtained from the m2

ν errors given

below but with m2
ν set equal to 0. The anomalous endpoint accumulation leads to a

value of m2
ν which is negative by more than 5 standard deviations.

10WEINHEIMER 93 (Mainz) is a measurement of the endpoint of the tritium β spectrum
using an electrostatic spectrometer with a magnetic guiding field. The source is molecular
tritium frozen onto an aluminum substrate.

11HOLZSCHUH 92B (Zurich) result is obtained from the measurement m2
ν = −24±48±61

(1σ errors), in eV2, using the PDG prescription for conversion to a limit in mν .
12KAWAKAMI 91 (Tokyo) experiment uses tritium-labeled arachidic acid. This result is the

Bayesian limit obtained from the m2
ν limit with the errors combined in quadrature. This

was also done in ROBERTSON 91, although the authors report a different procedure.
13ROBERTSON 91 (LANL) experiment uses gaseous molecular tritium. The result is in

strong disagreement with the earlier claims by the ITEP group [LUBIMOV 80, BORIS 87
(+ BORIS 88 erratum)] that mν lies between 17 and 40 eV. However, the probability of

a positive m2 is only 3% if statistical and systematic error are combined in quadrature.
14 See also comment in BORIS 87B and erratum in BORIS 88.

ν MASS SQUARED (electron based)ν MASS SQUARED (electron based)ν MASS SQUARED (electron based)ν MASS SQUARED (electron based)

Given troubling systematics which result in improbably negative estima-

tors of m
2(eff)
νe

≡
∑

i
∣

∣Uei
∣

∣

2 m2
νi

, in many experiments, we use only

KRAUS 05 and LOBASHEV 99 for our average.

VALUE (eV2) CL% DOCUMENT ID TECN COMMENT

− 1.1± 2.4 OUR AVERAGE− 1.1± 2.4 OUR AVERAGE− 1.1± 2.4 OUR AVERAGE− 1.1± 2.4 OUR AVERAGE

− 0.6± 2.2± 2.1 15 KRAUS 05 SPEC 3H β decay

− 1.9± 3.4± 2.2 16 LOBASHEV 99 SPEC 3H β decay
• • • We do not use the following data for averages, fits, limits, etc. • • •

− 3.7± 5.3± 2.1 17 WEINHEIMER 99 SPEC 3H β decay

− 22 ± 4.8 18 BELESEV 95 SPEC 3H β decay

129 ±6010 19 HIDDEMANN 95 SPEC 3H β decay

313 ±5994 19 HIDDEMANN 95 SPEC 3H β decay

−130 ± 20 ±15 95 20 STOEFFL 95 SPEC 3H β decay

− 31 ± 75 ±48 21 SUN 93 SPEC 3Hβ decay

− 39 ± 34 ±15 22 WEINHEIMER 93 SPEC 3H β decay

− 24 ± 48 ±61 23 HOLZSCHUH 92B SPEC 3H β decay

− 65 ± 85 ±65 24 KAWAKAMI 91 SPEC 3H β decay

−147 ± 68 ±41 25 ROBERTSON 91 SPEC 3H β decay
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of 128Te has been firmly established and its half-life has been determined . . . without
any ambiguity due to trapped Xe interferences. . . (b) Theoretical calculations . . . under-

estimate the [long half-lives of 128Te 130Te] by 1 or 2 orders of magnitude, pointing
to a real suppression in the 2ν decay rate of these isotopes. (c) Despite [this], most
ββ-models predict a ratio of 2ν decay widths . . . in fair agreement with observation.”
Further details of the experiment are given in BERNATOWICZ 93. Our listed half-life
has been revised downward from the published value by the authors, on the basis of

reevaluated cosmic-ray 128Xe production corrections.
72TURKEVICH 91 observes activity in old U sample. The authors compare their results

with theoretical calculations. They state “Using the phase-space factors of Boehm and

Vogel (BOEHM 87) leads to matrix element values for the 238U transition in the same

range as deduced for 130Te and 76Ge. On the other hand, the latest theoretical estimates
(STAUDT 90) give an upper limit that is 10 times lower. This large discrepancy implies
either a defect in the calculations or the presence of a faster path than the standard
two-neutrino mode in this case.” See BOEHM 87 and STAUDT 90.

73Result agrees with direct determination of ELLIOTT 92.
74 Inclusive half life inferred from mass spectroscopic determination of abundance of β β-

decay product 130Te in mineral kitkaite (NiTeSe). Systematic uncertainty reflects varia-
tions in U-Xe gas-retention-age derived from different uranite samples. Agrees with geo-
chemical determination of TAKAOKA 96 and direct measurement of ARNABOLDI 03.
Inconsistent with results of KIRSTEN 83 and BERNATOWICZ 92.

75Ratio of inclusive double beta half lives of 128Te and 130Te determined from minerals
melonite (NiTe2) and altaite (PbTe) by means of mass spectroscopic measurement of
abundance of β β-decay products. As gas-retention-age could not be determined the

authors use half life of 130Te (LIN 88) to infer the half life of 128Te. No estimate of the
systematic uncertainty of this method is given. The directly determined half life ratio

agrees with BERNATOWICZ 92. However, the inferred 128Te half life disagrees with
KIRSTEN 83 and BERNATOWICZ 92.

76KIRSTEN 83 reports “2σ” error. References are given to earlier determinations of the
130Te lifetime.

〈

mν

〉

, The Effective Weighted Sum of Majorana Neutrino Masses
〈

mν

〉

, The Effective Weighted Sum of Majorana Neutrino Masses
〈

mν

〉

, The Effective Weighted Sum of Majorana Neutrino Masses
〈

mν

〉

, The Effective Weighted Sum of Majorana Neutrino Masses
Contributing to Neutrinoless Double-β DecayContributing to Neutrinoless Double-β DecayContributing to Neutrinoless Double-β DecayContributing to Neutrinoless Double-β Decay

〈

mν
〉

=
∣

∣Σ U2
1 j
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∣

∣, where the sum goes from 1 to n and where n = number of

neutrino generations, and νj is a Majorana neutrino. Note that U2
e j

, not
∣

∣Ue j
∣

∣

2,

occurs in the sum. The possibility of cancellations has been stressed. In the following
Listings, only best or comparable limits or lifetimes for each isotope are reported.

VALUE (eV) CL% ISOTOPE TRANSITION METHOD DOCUMENT ID

• • • We do not use the following data for averages, fits, limits, etc. • • •

< 0.19–0.68 90 130Te 0ν TeO2 bolometer 77 ARNABOLDI 08

< 3.5–22 90 48Ca 0ν CaF2 scint. 78 UMEHARA 08

< 9.3–60 90 100Mo 0+→ 0+1 NEMO-3 79 ARNOLD 07

< 6500 90 100Mo 0+→ 2+ NEMO-3 80 ARNOLD 07

0.32±0.03 68 76Ge 0ν Enriched HPGe 81 KLAPDOR-K... 06A

< 0.2–1.1 90 130Te Cryog. det. 82 ARNABOLDI 05

< 0.7–2.8 90 100Mo 0ν NEMO-3 83 ARNOLD 05A

< 1.7–4.9 90 82Se 0ν NEMO-3 84 ARNOLD 05A

< 0.37–1.9 90 130Te Cryog. det. 85 ARNABOLDI 04

< 0.8–1.2 90 100Mo 0ν NEMO-3 86 ARNOLD 04

< 1.5–3.1 90 82Se 0ν NEMO-3 86 ARNOLD 04

0.1–0.9 99.776Ge Enriched HP Ge 87 KLAPDOR-K... 04A
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Most of these papers were 
missed by our literature 
searchers : JCAP, MNRAS...

Found by Keith Olive 

Different assumptions on 
cosmological priors and 
different data sets lead to 
different limits
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Spread due to spread in nuclear matrix element calculations



02/08/2010 Neutrino Mass Workshop, INT, Seattle 15

Reviews

• Neutrino mass and mixing review by Boris Kayser.

• Introduction to neutrino properties review by Petr Vogel 
and Andreas Piepke.

• Neutrinoless double-beta decay review by Vogel and 
Piepke.

• Solar neutrino review by Kenzo Nakamura.
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Issues: Listings

• Is the structure of the current “Neutrino Properties” 
adequate? Can it be improved?

• In light of the MiniBooNE results, the “Other Neutrino 
Mixing Results” section should probably be hidden in 
2010.

• We should be on the watch for what new nodes (if any) 
may be needed for new paradigms (>3ν, etc.)
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Issues: Reviews

• The listings state and assume Δm2
atm≈ Δm2

31 ≈ Δm2
32

• This is appropriate for now.
• However, there is a great deal of interesting physics at 

the next level, and the reviews allude to this in ways that 
are not totally consistent.

• They need to be carefully re-edited with this in mind
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Issues: Encoding

• Growing number of “cosmo” papers dealing with neutrino 
mass and number of neutrinos published in journals we 
do not follow: JCAP, MNRAS...
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Conclusions

• Neutrino physics has entered a mature phase.
• PDG has adapted well to the changes in our 

understanding of neutrino physics.
• Several reviews help the reader follow this rather 

complicated subject.

• Treatment of νe, νµ, ντ vs. ν1, ν2, ν3 may be improved. 

Suggestions welcome.
• Minor changes in the listings will be applied for 2010.
• Future changes may depend on the outcome of new 

experiments: Double Chooz, T2K, Katrin, Daya Bay, Noνa, 
etc.
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Issues: Change Neutrino Names?


