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Figure 8. The m
��

sensitivity (at 90% CL) as a function of exposure of the seven di↵erent ��0⌫
proposals considered. For each proposal, two detector performance scenarios are shown: (a) reference
case, (b) optimistic case. For illustrative purposes, the filled circles indicate 10 years of run-time
according to the reference and optimistic isotope mass assumptions in Table 2.

atic errors in both the estimation of the background and the calculation of the e�ciency will
partially spoil the sensitivity. This last point may severely a↵ect the sensitivity results, but
it is very di�cult to implement in a general study like ours, since the published information
concerning systematic errors of the di↵erent proposals is very scarce.

6.1 Sensitivity as a function of the exposure

Figure 8 shows the m
��

sensitivity (at 90% CL) as a function of exposure for the seven
��0⌫ proposals reviewed. We consider here not only the impact of isotope choice, e�ciency
and energy resolution, but also the e↵ect of the expected background rate in the R and O
scenarios. For the sake of simplicity, let us focus here on a fixed exposure of 103 kg · y for all
proposals.

In the reference scenario and for the above-mentioned exposure, NEXT and CUORE
have the best sensitivities, reaching 69 and 74 meV at 90% CL, respectively. KamLAND-Zen,
EXO, GERDA and SuperNEMO follow, with sensitivities around 90 meV. SNO+ reaches
a sensitivity 134 meV. Taking into account that these numbers represent a limit of maxi-
mum exposure for most of the proposals, 1 ton·year, it follows that the “next-generation”
experiments will, at best, explore the degenerate spectrum.

In the optimistic scenario, the lower background regime for all experiments allows to
obtain significantly better sensitivities for the same 103 kg ·y exposure. In this case, the best
sensitivity is obtained by CUORE (44 meV at 90% CL). NEXT, KamLAND-Zen, GERDA
and SuperNEMO follow, with sensitivities around 60 meV. EXO and SNO+ reach sensitivities
around 75 meV.

6.2 Sensitivity as a function of background rate

Table 3 gives the sensitivity of all the proposals (for an exposure of 1 ton·year) and for five
di↵erent background rate assumptions. We can observe the following trends:
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These are really “milli-weak-
charged” neutrinos (Y = 10-5) ... 

Figure 1: Regions of mass-charge space ruled out for milli-charged particles. The solid

and dashed lines apply to the model with a paraphoton; solid and dotted lines apply

in the absence of a paraphoton. The bounds arise from the following constraints: AC—

accelerator experiments; Op—the Tokyo search for the invisible decay of ortho-positronium

[27]; SLAC—the SLAC milli-charged particle search [28]; L—the Lamb shift; BBN—

nucleosynthesis; Ω —Ω < 1; RG—plasmon decay in red giants; WD—plasmon decay in

white dwarfs; DM—dark matter searches; SN—Supernova 1987A.

independent of whether there is a paraphoton, and appear as solid lines. We discuss
the Supernova and nucleosynthesis bounds with some care for the model without

a paraphoton; the limits should be similar in the presence of a paraphoton [14] so
these bounds also appear as solid lines. The limit from Ω < 1 differs in the two
models: in the absence of a paraphoton, the millicharge annihilation cross-section is

proportional to ε2/m2. So the excluded area, indicated with dotted lines, extends to
lower masses for smaller ε. The bound on models with a paraphoton is the horizontal

dashed line.
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... we don’t even have 
laboratory probes of 
electric Q = 10-5 !
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