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Neutrino mass hierarchy
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Ўά χȢυ ρπὩὠ

Ўά ςȢτ ρπὩὠ

Sign and absolute

value of Ўά depend

on mass hierarchy

Measuring the neutrino mass hierarchy enables the study of further unknown

parameters in neutrino physics :

V Resolving ŭCP

V Octant of ɗ23

V Parameter space for 0ɜɓɓdecay

m1 < m2 < m3 m3 < m2 < m1

Ўά ά ά



Reactor electron antineutrinos oscillations
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KamLAND

Electron antineutrino survival probability:

Nuclear reactors

(~1021ɜ/s/GWe)
Neutrino detector

Daya Bay

D. Chooz

RENO

JUNO

F. Perrot, The JUNO experiment

Fast

oscillations

Slow

oscillations

ÅMass hierarchy is measurable only because ɗ13 is ólargeô

Ÿ way to determine NH/IH using reactor neutrinos by 

measuring the interference between ȹm2
31 and ȹm2

32

ÅBest L/E ratio for maximum interference is ~10 km/MeV,

i.e. ~50-60 km distance for reactor antineutrinos energy
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JUNO MH sensitivity

To distinguish between NO/IO at 3ů, one needs:

V at least 100,000 events (nominal luminosity)

V an energy resolution of 3%/ãE(MeV)

V baseline ~53 km with core dispersion <0.5 km

+ an energy scale uncertainty below 1%

Ÿ impose the size and the performances

of the JUNO experiment

~3ů

Ideal oscillated antineutrino spectrum Visible energy spectrum + 3%/ãE(MeV) Eres

100,000 events 100,000 events

Iso-ȹ…2
MH contour plot

F. Perrot, The JUNO experiment

JUNO collaboration, J. Phys. G 43 (2016) no.3, 030401



Neutrino oscillation parameters with JUNO
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ÅAdvantage of JUNO for mass hierarchy determination: no matter effect and not

sensitive to CP phase

ÅJUNO will be the first experiment ever built able to measure simultaneously the fast

(ȹm2
31) and slow (ȹm2

21) oscillations along multiple oscillation periods

ÅMeasurement of 3 parameters at a subpercent precision level, especially the solar

oscillation parameters (ȹm2
21 and sin2(2ɗ12) in order to solve the tension between

solar ɜe and KamLAND results

Oscillation 

parameters

Current precision

at 1ůlevel *

JUNO

only**

|ȹm31
2| ~1.6% ~0.5%

ȹm21
2 ~2.3% ~0.6%

sin2 (2ɗ12) ~5.8% ~0.7%

Mass hierarchy N/A 3-4 ů

sin2 (ɗ13) ~3.9% ~15%

Ÿ will help to probe the unitarity of the PMNS matrix at ~1% level

F. Perrot, The JUNO experiment

* M. Tanabashi et al. (PDG), Phys. Rev. D 98, 030001 (2018). 

** JUNO collaboration, J. Phys. G 43 (2016) no.3, 030401
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JUNO location

V JUNO located at Jiangmen city, Guangdong province

V Equidistant from two powerful nuclear power plants 

(Yangjiang and Taishan) at 53 km for MH determination

with 26.6 GWth available in 2020

V 700 m overburden

Jiangmen Underground Neutrino Observatory

53 km

F. Perrot, The JUNO experiment
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JUNO detector: size and concept

Å100,000 events required in 6 years of

data taking at 53 km distance

Ÿ 20 ktons of target detector needed (liquid

scintillator) in a sphere of ~35 m diameter

ÅEnergy resolution of 3%/ãE(MeV)

Ÿ high LS transparency + very high

photodetection coverage (~78%)

Ÿ 1200 p.e. with 18,000 20-inch PMTs

JUNO will be the largest liquid scintillator

detector ever built !

D~ 35 m

F. Perrot, The JUNO experiment

Experiment Daya Bay Borexino KamLAND JUNO

LS mass (tons) 20 /detector ~300 ~1,000 20,000

Nb of collected p.e. per MeV ~160 ~500 ~250 ~1200

Energy resolution @ 1 MeV ~7.5% ~5% ~6% ~3%
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Electron antineutrino detection

Å Electron antineutrinos detected by Inverse Beta Decay (IBD) :

Neutrino signature :

ïPrompt signal from e+: ionization+annihilation in 2ɔ(1-10 MeV) Ÿ visible energy

ïDelayed signal from neutron: capture on 1H (2.2 MeV)

ïTime correlation < 1 ms

Energy threshold: E(ɜ)>1.8 MeV

Evisible = E(ɜ) - 0.8 MeV

F. Perrot, The JUNO experiment
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Signal and backgrounds

F. Perrot, The JUNO experiment

ÅVisible energy of oscillated spectrum

from reactor antineutrinos in JUNO

ÅEnergy spectrum contribution from the

main 5 backgrounds (correlated and

uncorrelated backgrounds)

Ÿ backgrounds need to be under control 

by design and by active/passive cuts 

Ÿ after selection cuts: 60 neutrino events/day and 3.8 background events/day

R<17.2 m

Evis>0.7 MeV

ȹT < 1 ms

ȹR < 1.5 m

Veto system
*
* At a nominal power of 36 GWth (26.6 GWh in 2020) 
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JUNO non-reactor neutrino physics

F. Perrot, The JUNO experiment

ñNeutrino Physics with JUNO,ò J. Phys. G 

43 (2016) no.3, 030401

700 m

Solar ɜ

10-1000 /day
Atmosphericɜ

several/day

Geoɜ

1.1 /day

Supernova ɜ

~5000 /10 s

@ 10 kpc

Cosmicmuons

0.003 Hz/m2

216 GeV

+ proton 

decaysearch



11

Supernova neutrinos with JUNO

F. Perrot, The JUNO experiment

Å~5,000 IBD & ~2000 v events expected from 

a typical SN at 10 kpc distance in JUNO

Ÿ background is not a serious concern at this 

rate of events in only 10 s 

ÅOpportunity to be able to handle Betelgeuse 

(0.2 kpc) resulting in a challenging 10 MHz 

trigger rate acceptance !

Å99% of energy released in neutrinos and antineutrinos of all flavors in Supernova neutrino burst

Åopportunity to observe with JUNO the 3 phases in order to better understand stellar explosion
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Geo-neutrinos with JUNO

F. Perrot, The JUNO experiment

Earthôssurface heat flow 46Ñ3 TW but the fraction of this power coming from

primordial or radiogenic origins is unknown. It questions our understanding of :

Á composition of the Earth (chondritic meteorites that formed our Planet)

Á energy needed to drive plate tectonics

Á power source of the geodynamo, which powers the magnetosphere

Ÿ antineutrinos coming from the 238U and 232Th decay chains can shed light.

Ÿ JUNO will observe more geoneutrinos (~400) than all the current experiments 

combined in less than 1 year of data taking !! 

Geoneutrino

signal 
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Solar neutrinos with JUNO

F. Perrot, The JUNO experiment

ÅGoal: new measurement of 7Be and 8B 

neutrino fluxes via Elastic Scattering (ES):

ʉe,Õ,ʐ+e
īᴼʉe,Õ,ʐ+e

ī

Ÿ to investigate MSW effect: transition between 

vacuum and matter dominated regimes

Ÿ to help constrain solar metallicity composition

ÅES will give single events without any directionality 

Ÿ radiopurity (for 7Be) and cosmogenic veto (8B) capabilities are the main challenges

Borexino collaboration, Nature 562 (2018) 

Ideal radiopurity of LS in JUNO 

7Be 210Bi

8B energy spectrum with cosmogenic isotopes



Status of the JUNO project



Collaboration established in 2014

77 institutions, ~600 collaborators

The JUNO collaboration


