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C/ Catedrático José Beltrán, 2 E-46980 Paterna (Valencia) - Spain

3Istituto Nazionale di Fisica Nucleare (INFN),
Laboratori Nazionali del Gran Sasso, 67100 Assergi, L’Aquila (AQ), Italy

We update our analyses to constrain neutrino decoherence induced by wave-packet separa-
tion with RENO and Daya Bay data, now including the final data sets of the two experiments.
We find that while the individual bounds from Daya Bay and RENO data improve relative
to our original estimates, the combined fits are still dominated by KamLAND data and are
only minimally improved.

I. INTRODUCTION

In this short note, we update our analyses of RENO and Daya Bay data, presented in Refs. [1]
and [2], and briefly discuss the consequences on the new inferred bounds on the size of the neutrino
wave-packet width obtained from reactor experiments. Here, we make use of the final data releases
from both collaborations – Refs. [3, 4] – which correspond to 3158 days of data collection at Daya
Bay and 3800 days at RENO.

In Sec. II we compare the new and old results, and in Sec. III we discuss the implications of
these new results in terms of neutrino wave-packet width1.

II. UPDATED ANALYSES AND RESULTS

We first compare the old and new bounds obtained from the individual analyses of Daya Bay
and RENO data. The results are depicted in Fig. 1. The left (right) panel contains the allowed
regions at 90% (dashed) and 99% (solid) confidence level (CL) for 2 degrees of freedom (dof) in
the sin2 θ13 − ∆m2

31 plane, after profiling the size of the neutrino wave-packet σx, obtained from
Daya Bay (RENO) data. The blue contours are obtained with the data presented in Refs. [5]
and [6], while the red contours are obtained using the final data releases [3, 4]. The determination
of the oscillation parameters is clearly improved for both experiments. In addition, we perform an
analysis imposing a prior on the mass-squared difference – ∆m2

31 = (2.490 ± 0.026) × 10−3 eV2 –
obtained in global analyses of neutrino oscillation data without the inclusion of data from reactor
experiments [7, 8]. This results in a smaller allowed region of the parameter space and affects the
extracted bound on σx, as depicted in the left panel of Fig. 2. From this figure, we see that the
bounds obtained from each experiment improve with the new data set, and that the improvement
is more pronounced with the prior on ∆m2

31. However, the strongest bounds still come from the
analysis of KamLAND data.

In the right panel of Fig. 2 we depict the results of the combined analysis of RENO, Daya
Bay and KamLAND data. The blue line is obtained using the previous RENO and Daya Bay
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1 For the discussion of the effect of a finite wave-packet size on the neutrino oscillation probability we refer the
interested reader to the original Refs. [1, 2].
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FIG. 1: 90% CL (dashed) and 99% CL (solid) (2 dof) allowed regions in the sin2 θ13 − ∆m2
31

plane after minimizing over the wave-packet (WP) width for the old data (blue), new data (red)
and new data imposing an external prior on ∆m2

31 (green) for Daya Bay (left) and RENO (right).
Also shown for comparison is the result from the standard analysis (black) of the newest data.
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FIG. 2: ∆χ2 profiles obtained from the analyses of reactor data. Left panel: bounds on the
neutrino wave-packet width σx from the analyses of Daya Bay (red), RENO (blue), KamLAND
(purple) data and from the combined analysis of RENO and Daya Bay (green). The dashed
profiles refer to the old analyses, the solid ones to the analyses of new data and the dotted lines
to the new analyses imposing an external prior on ∆m2

31. Right panel: bounds on the neutrino
wave-packet width from the combined RENO+Daya Bay+KamLAND analyses with old (blue)
and new (red) data sets. The black line refers to the analysis of new data imposing priors on
∆m2

31 and sin2 θ12.

data, while the red line is obtained using the final data sets. The bound is only slightly improved
with the inclusion of new data. We also show a bound imposing the prior on the mass-squared
difference ∆m2

31 and a prior on the solar mixing parameter, sin2 θ12 = 0.308±0.020, obtained from
the combined analysis of solar neutrino data [8], which is more precise than the measurement from
KamLAND [9, 10]. The overall impact on the bound on σx is again very small. The priors on
the oscillation parameters mainly affect the sensitivity at large values of σx (i.e., in the Standard
Model limit). As in previous analyses, we find that the best fit corresponds to a finite wave-packet
width with σx = 3.75 × 10−4 nm but the overall significance of this non-trivial value is reduced
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Experiment 90% CL 3σ

RENO [4] 1.4 × 10−4 nm 0.3 × 10−4 nm

Daya Bay [3] 0.9 × 10−4 nm 0.5 × 10−4 nm

RENO [4] (with ∆m2
31 prior) 1.5 × 10−4 nm 1.0 × 10−4 nm

Daya Bay [3] (with ∆m2
31 prior) 1.1 × 10−4 nm 0.8 × 10−4 nm

RENO [4] + Daya Bay [3] 1.5 × 10−4 nm 0.8 × 10−4 nm

RENO [4] + Daya Bay [3] (with ∆m2
31 prior) 1.4 × 10−4 nm 1.0 × 10−4 nm

KamLAND [10] 2.2 × 10−4 nm 1.6 × 10−4 nm

Global 2.3 × 10−4 nm 1.7 × 10−4 nm

Global (with ∆m2
31 and sin2 θ12 priors) 2.4 × 10−4 nm 1.8 × 10−4 nm

TABLE I: Bounds on the size of the neutrino wave-packet width obtained from the analyses of
reactor antineutrino data.

with respect to the previous best-fit value, as is apparent in Fig. 2.

III. DISCUSSION

We summarize all the updated bounds in Tab. I. Some of these exclude the region of parameter
space where one could soften the tension in the light sterile neutrino interpretation of the short-
baseline anomalies as proposed in Ref. [11], see also Ref. [12].

Finally, we highlight that a competitive bound on the neutrino wave-packet width was recently
presented by the BeEST collaboration [13]. There, the experimental setup (electron capture) is
different from that of reactor experiments, where neutrinos are produced from nuclear beta decay,
and therefore the bounds are not directly comparable. Although theoretical expectations of the
neutrino wave-packet width are still the subject of debate, they seem to point toward much larger
values than those accessible by current experiments of all types [14–16].
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