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ABSTRACT

Recent T2K data indicates a CP violation in the neutrino oscillations and mildly favours the normal neutrino mass hierarchy. This work explores
the physics potentials with a combined sensitivity of T2K-II, NOvA, and JUNO experiments. T2K-1I, a proposed run extension up to 2026 by
T2K collaboration, is sensitive to CP violation at a level of 30 or higher if 6cp ~ —7/2. NOvA, proposed to run until 2024, provides a significant
sensitivity to both mass hierarchy and CP violation. JUNO, expected to take data for six years starting from 2021, has 3¢ or higher sensitivity
to the mass hierarchy and 1% or better precision measurement of solar parameters and atmospheric mass splitting. It is shown that the joint
analysis can determine definitely the neutrino mass hierarchy. Also it provides > 40 to exclude CP conserving values if dcp ~ —m/2 and > 50%
fractional region of dop can be explored at > 3o significance.

OBJECTIVES

Neutrino oscillations establish that neutrinos have mass and the leptons are mixed. Lepton mixing matrix, which connects the mass
eigenstates and flavor eigenstates of neutrinos, is presumed to be unitary 3 x 3 matrix, which are commonly parameterized by three mixing
angles 012,013, 023, one Dirac CP-violation phase 0cp®. The probability for a a-flavor to oscillate into S-flavor,F, _,,,), depends on these four
parameters, two mass square splitting Am32,, Am?2,, its energy, E,, propagation distance L, and amount of matter it passing through, p:

(1)

e Experiments basically measures the oscillation probabilities to extract parameters, e.g T2K, NOvA measure P, _,, ) ( v, disappearance),
P, —v.) ( ve appearance), and corresponding processes with 7,,; JUNO will measure Py, _,5,)

P(l/a—H/B) — f (91279137923760P;AmglaAmgl;Evavp)

e Fach experiment is sensitive to a specific set of parameters, e.g T2K, NOvA are sensitive to (913,923,50p,Am§1); JUNO
(912, 013, Am3,, Am%l). Also there are degeneracy among parameters, challenging the precision measurements from single experiment.

It is essential to combine data from multiple experiments to attain a precision measurement. Main objectives of T2K-2, NOvVA
and JUNO joint analysis are to (7) determine the neutrino mass hierarchy (MH), (i) enhance sensitivity to CP violation, (i)
precision measurement of other oscillation parameters, and (iv) to test the unitary of the lepton mixing matrix.

°If neutrino is Majorana particle, two additional Majorana-CP-violation phases are included but these are irrelevant for neutrino oscillation

EXPERIMENTAL AND SIMULATION DETAILS

GLoBES [1] is used for simulating the experiments and calculating the | Parameters T2K-11 NOvA JUNO

statistical significance. We describe the experiments closely as Exposure (POT) 20 x 1021 7.2 x10% 6 yrs. @ 36 GW-th
much as possible by using the updated information of flux, sig- Baseline (km) 205 810 52.5

nal /background efficiency, and systematic error. Each experi- Energy peak/range | ~0.6 GeV ~2.0 GeV  1-8 MeV

mental setup is validated at the event rate level and sensitivity (Far) Det. Type WC LS LS

level. An overview of experimental specification is shown in Table 1 and (Far) Det. Mass 50 kt 14kt 20kt

details are described below:
Table 1: Experimental Specifications

T2K-II An exposure of 20 x 10?! proton-on-target (POT) equally di-
vided among v and 7 running modes. The signal/background efficiency
and spectral information for T2K-II is obtained by scaling the 2017 anal-
ysis [2] to same exposure as T2K proposal [3]. Four data samples are
used: v, disappearance, v, appearance in both v-mode and v-mode. A
3% systematic error for all samples and 3% energy resolution are used.
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NOvA w/ run extension A total exposure of 7.2 x 10°! POT equally TN SO R RN | R S T -
divided among v and 7 modes; We closely followed [4]| to obtain the flux | V
information and [5]| to obtain the signal, background efficiency and spec-
tral information. A 5% systematic error for all samples and energy reso-
lution from 8 — 10% are assigned. Fig. 1 shows an example of comparing
event rate obtained by our setup and real NOvA simulation.
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JUNO Neutrinos flux is simulated with four isotopes of 23°U, 238U,
239 Py, and ?*!' Pu with an efficiency of 73%, predicting 60 IBD events
per day. Detector setup is simplified with a single reactor core of 36
GW-th and no simulation of background. This simplification affects the

solar parameter precision, but less on the MH sensitivity. A 3% energy
resolution and 1% error for flux and detector uncertainties are used. Figure 1: NOvA FD event spectra: our setup w/ GLoBES compared to |5]
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RESULT

Unless mentioned, the following values (mostly from global analysis [6))
are taken as the truth for sensitivity studies:

(sin® 012, sin” 613, sin” Oa3, dcp) = (0.310,0.02241, 0.5, —7/2)
(AmghAm%l) = (7.39 x 107 °eV?,2.523 x 10—3€V2)

Mass Hierarchy (MH) Sensitivity Assume neutrino MH is nor-
mal, statistical significance y? to exclude the inverted MH is calculated
at each possible true value of o¢p.
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Figure 2: Mass hierarchy resolving as a function of true ocp

Fig.2(a) shows sensitivity to mass hierarchy from different experiment
and combination at sin® A3 = 0.5. The combined sensitivity for different
values of sin” Aoz is shown in Fig.2(b).

CP Violation Sensitivity Considering dcp can be varied between
(—m, +m), the statistical significance of excluding the CP-conserving val-

SUMMARY AND DISCUSSION

e Mass hierarchy will be determined with this joint analysis

e CP violation can be explored > 40 if )op ~ —n/2 (T2K data
indication) and > 50% fractional region of dcp with > 30 signifi-
cance.

e (Not shown in the poster), a joint analysis provides a great im-
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NEUTRINO

ues, 0cp = 0,7, is calculated assuming either the MH is known or not
known. Although the result below is tagged as with “unknown” MH, it
should be closely equivalent to “known” MH when all experiments are
combined since MH is solved definitely in this case.
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Figure 3: Sensitivity to CP violation

Fig. 3(a) shows the sensitivity to the leptonic CP violation for

the case when 623 = 7 and the MH is assumed to be “not
known” by adding up experiments starting from T2K-2. Fig. 3(b)

shows the combined sensitivity to CP violation at different val-
ues of sin®#y3. Table 2 shows the fractional region of dop in
which CP violation can be explored with 30 or higher significance.

sin” O3 0.43 | 0.50 | 0.60
Fraction of dop | 61.6% | 54.6% | 53.3%

Table 2: Fractional region of dcp, depending on sin® fs3, can be explored
with 30 or higher significance

provement in solving the 633 octant degeneracy, more precise
measurements on other oscillation parameters and provide a great
test to the standard neutrino oscillation paradigm.

e Further consideration: background simulation for JUNO; sys-
tematic modeling; correlation among experiments)



