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I discuss the sensitivity to parameters describing large extra dimensions (LED) at the next gener-
ation reactor experiment JUNO, in combination with its near detector TAO. I discuss the effect
of systematic uncertainties on the sensitivity and also how well JUNO+TAO could measure LED
parameters if large extra dimensions were present in nature.
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1. Introduction

Neutrino oscillations is the leading mechanism that successfully explains neutrino flavor con-
version. Neutrino oscillations have been observed by experiments measuring neutrinos from the
Sun, Earth’s atmosphere, nuclear reactors, and particle accelerators. The existence of neutrino
oscillations implies that neutrinos are massive and mixed and provides a direct evidence of physics
beyond the standard model.

Future neutrino oscillation experiments are expected to improve the current precision of the
neutrino oscillation parameters and address the remaining unknowns discussed before. To fulfill
this goals, large statistics and an unprecedented control of systematic uncertainties have to be
achieved. The expected precision provides a unique avenue to probe different beyond the standard
model scenarios that might produce sub-leading effects on top of the well established three-neutrino
oscillation pattern.

We focus on the next generation reactor experiment JUNO (the JiangmenUndergroundNeutrino
Observatory) and its near detector TAO (the Taishan Antineutrino Observatory) and discuss its
sensitivity to oscillation effects induced by Large Extra Dimensions (LED). The results presented in
this proceedings are based on Ref. [1]. For the LED formalism in the context of neutrino physics we
refer the interested reader to Refs. [2–4]. The simulation of the experiments follows the discussion
presented in Refs. [5–8].

2. JUNO and TAO sensitivity to large extra dimensions

We first estimate the sensitivity of JUNO+TAO to the LED parameters. For this purpose,
we create a fake set of data points without LED oscillations using the values of the standard
neutrino oscillation parameters from Ref. [9]. We assume only normal neutrino mass ordering.
The sensitivity to the LED parameters is obtained by marginalizing over the standard oscillation
parameters.

The results for several sets of systematic uncertainties are shown in the left panel of Fig. 1.
The blue line is obtained including several uncertainties related to the flux normalization of the
different reactors and detectors. It is the minimal set of uncertainties that we consider in this work.
We also performed several analyses with different flux shape uncertainties. This systematic has a
very important effect on the sensitivity, as can be seen in the figure. The green, magenta and orange
lines are obtained using a bin-to-bin shape uncertainty of 1%, 1.5% and 3% respectively. The black
line is obtained leaving this systematic uncertainty completely free.

Considering the case with free (no) shape uncertainty, at 90% C.L. for 1 degree of freedom
(Δj2 = 2.71), the LED compactification radius '�� has a sensitivity upper bound of 0.87 `m
(0.35 `m). The bounds for the different systematic uncertainties considered in this section are
summarized in Tab. 1. These numbers show again the importance of the systematic uncertainties
for probing the LED parameters.

In the right panel of Fig. 1, we compare the JUNO+TAO sensitivity corresponding to 1% shape
uncertainty (solid green line) with the estimated sensitivities of KATRIN [10] (dotted-dashed blue
line), DUNE [11, 12] (dashed purple line), and with the sensitivity of MINOS [13] (dotted red line).

2



P
o
S
(
N
u
F
a
c
t
2
0
2
1
)
1
4
2

Neutrino oscillations in presence of large extra dimensions at JUNO and TAO Christoph Andreas Ternes

Case no shape 1.0% shape 1.5% shape 3.0% shape free shape
Bound (90% C.L.) 0.35 `m 0.57 `m 0.65 `m 0.81 `m 0.87 `m

Table 1: JUNO+TAO 90% C.L. sensitivity upper bound (1 degree of freedom) on the compatification radius
'�� for different values of the flux-shape uncertainty.
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Figure 1: Left: JUNO+TAO 90% C.L. sensitivity in the '��-<0 plane for several choices of systematic
uncertainties. Right: Comparison of the JUNO+TAO sensitivity with those of KATRIN [10], DUNE [11, 12]
and MINOS [13].

As can be seen in Fig. 1, JUNO+TAO can set competitive bounds on the LED parameters,
which, depending on the treatment of systematic uncertainties, can bemore stringent than those from
the other experiments. For the 1% flux-shape systematic uncertainty, the JUNO+TAO sensitivity is
compatible with the DUNE sensitivity showing a synergy of future reactor and accelerator neutrino
experiments.

3. Measuring LED parameters

Next, we discuss how well JUNO+TAO can measure values of the LED parameters that are
consistent with a LED explanation of the reactor and Gallium anomalies [14]. For this purpose, we
generate a simulated data set with the same values of the standard oscillation parameters considered
previously (the ones from Ref. [9]) and the following specific values of the LED parameters,
'�� = 0.5 `m and <0 = 0.03 eV. We assume the neutrino mass ordering to be normal. Using this
benchmark point one can explain the reactor antineutrino anomaly [15] (see Ref. [16] for a recent
reevaluation) and the Gallium neutrino anomaly [17–20] as a result of LED oscillations [14].

As can be seen, relatively small closed contours at 2f can be obtained with this benchmark
point. Indeed, the expected sensitivity to measure the LED parameters is at a similar level (. 1%)
as the expected sensitivity to the standard neutrino oscillation parameters [7]. The JUNO+TAO
sensitivity with 1% shape uncertainty (full green line) is also shown in Fig. 2 in comparison with
the allowed region from the reactor and Gallium anomalies, extracted from Ref. [14] (blue line).

We considered for illustration only one point in the region of the LED parameters inside
of the blue contour in Fig. 2, that is indicated by the LED explanation of the reactor and Gallium
anomalies [14]. However, it should be noted that basically all of the region inside of the blue contour
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Figure 2: 2f regions obtained from the analysis of fake data in presence of LED oscillations for a several
assumptions on the flux shape uncertainty (red, orange and black lines), in comparison with the region
allowed from reactor and Gallium anomalies (blue). We also show the JUNO+TAO sensitivity (green line)
to emphasize that JUNO+TAO can test all of the values preferred by the reactor and Gallium anomalies.

lies within the sensitivity reach of JUNO+TAO. Therefore, it is plausible that a similar precision
of the JUN+TAO determination of the LED parameters can be obtained for any benchmark point
compatible with the LED explanation of the reactor and Gallium anomalies.
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