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Abstract
● Combined JUNO + IceCube Upgrade
● Two methods: JUNO looks at energy spectrum for 

electron anti-nu , IceCube studies atmospheric 
neutrinos which traverse the Earth.

● In a joint fit, tension leads to excluding the wrong 
mass ordering at > 5σ
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Introduction
● Neutrino mass ordering: limits the sum of the neutrino 

masses in cosmology, implication for lepton mixing, 
CP violation etc.
Δm

31
2 > 0 : normal ordering

          < 0: inverted ordering

● Global fits begin to show preference for NO: NovA, 
T2K, Super-K. Medium-baseline reactors lead to 
tension for the preferred value of Δm

31
2  within IO

● Explore sub-leading survival probability terms between 
Δm

31
2 and Δm

32
2  at ~ 50 m baseline. Expect 

enhancement in sensitivity by combining with  next-
generation long-baseline data.
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Intermezzo

● “The individual published projected NMO sensitivites 
of JUNO and PINGU”

● Using the word synergy 
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Introduction

● JUNO – 20 kt liquid scintillator, measure MeV scale 
electron anti-nu disappearance. Converts positrons via 
IBD, resulting in a prompt + delayed photon shower 
detected by PMTS. 8 or 10 reactor cores.

● IceCube Upgrade/PINGU -  7/26 additional densely-
instrumented strings in IceCube Deep Core.
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Generation of Spectra
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Generation of Spectra

→ 3.2σ for true NO after 6 yrs livetime

→ 3.2σ for true NO after 4 yrs livetime 
(PINGU)
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III. Expected NMO sensitivities
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IV. Sensitivities for 6 yrs
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Conclusion
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