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Neutrino mass hierarchy
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Measuring the neutrino mass hierarchy enables the study of further unknown
parameters in neutrino physics :
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Reactor electron antineutrinos oscillations

Electron antineutrino survival probability:
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JUNO MH sensitivity

Ideal oscillated antineutrino spectrum  Visible energy spectrum + 3 %/ & E (.
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Neutrino oscillation parameters with JUNO

A Advantage of JUNO for mass hierarchy determination: no matter effect and not
sensitive to CP phase

A JUNO will be the first experiment ever built able to measure simultaneously the fast
(gam?5,) and slow (gam?,,) oscillations along multiple oscillation periods

AMeasurement of 3 parameters at a subpercent precision level, especially the solar
oscillation parameters (gum?,, and sin?(2d,,) in order to solve the tension between
solar 3, and KamLAND results
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Y will help to probe the unitarity of the PMNS matrix at ~1% level
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JUNO location

AVESgre

Jlangmen Underbr‘ “"und Neutrino Observatory

/ ..
/{1\/ i

" Buang Zhou> :
< ‘L:,\S

: .25hdrlve.' o A
Y Shen Zhen - ?

_ 01; DEVERFV
J il Hal /) gt kNP P
: ﬁong Kong

with 26.6 GW,, available in 2020

V 700 m overburden

Equidistant from two powerful nuclear power plants
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JUNO detector: size and concept

A100,000 events required in 6 years of
data taking at 53 km distance

Y 20 ktons of target detector needed (liquid

scintillator) in a sphere of ~35 m diameter

A Energy resolution of 3%/ B(MeV)

Y high LS transparency + very high
photodetection coverage (~78%)

Y 1200 p.e. with 18,000 20-inch PMTs

JUNO will be the largest liquid scintillator
detector ever built !

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

A Electron antineutrinos detected by Inverse Beta Decay (IBD) :
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" Neutrino signature :

I Prompt signal from e*: ionization+annihilation in 2o (1-10 MeV) Y visible energy
I Delayed signal from neutron: capture on 1H (2.2 MeV)

I Time correlation <1 ms y

\_
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Signal and backgrounds

2000 — AVisible energy of oscillated spectrum
1800 | = Accidenal. from reactor antineutrinos in JUNO
1600 — "LifHe -

AEnergy spectrum contribution from the
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uncorrelated backgrounds)
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E (MeV)
Selection IBD efficiency | IBD | Geo-rs | Accidental | Li/*He | Fast n | (a.n)
R<17.2m \ - - 83 1.5 ~ 5.7 % 10 84 - -
Fiducial volume 91.8% 76 1.4 77 0.1 0.05
>
E;s>0.7 MeV «— Energy cut 097.8% 410
pr<ims <« Time cut 99.1% 73 1.3 71
Vertex cut 08.7% 1.1
GR<15m <« | Muon veio | 3% GU 0.0

/ |

Veto system
* At a nominal power of 36 GWth (26.6 GWh in 2020)

Y after selection cuts: 60 neutrino events/day and 3.8 background events/day
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JUNO non-reactor neutrino physics
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Supernova neutrinos with JUNO

A 99% of energy released in neutrinos and antineutrinos of all flavors in Supernova neutrino burst
A opportunity to observe with JUNO the 3 phases in order to better understand stellar explosion

Ve Burst Accretion Cooling
400 1y 70 I R

E [ 2/Ma ] 60 12 f

22 300t 1 s0 10

= -

= [ 40 8 E

z 200 | F

§ 30 6 :

E 100 20 ¢ o

3 : 10 § 2f

0B )| SN EENEFEN AR SN [ ) -
220 0 20 40 60 0.0 0.2 0.4 0.6 0.8
Time [ms] Time [s] Time [s]

Process Type  Events (Ev;=14MeV
Ve+p — €++N cC 5.0x107 A ~5,000 IBD & ~2000 v events expected from
VHR = V4P NC 1.2x103 a typical SN at 10 kpc distance in JUNO
V+e — V+€ ES 3.6x102 Y background is not a serious concern at this
v+12C — v+ 12C* NC 3.2x10? rate of events inonly 10 s
Ve+12C — e+1°N cC 0.9x10% A Opportunity to be able to handle Betelgeuse
Ve+'2C — e++12B cC 1.1x10? (0.2 kpc) resulting in a challenging 10 MHz

NB Other (E» values need to be considered to get complete picture. trigger rate acceptance I
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Geo-neutrinos with JUNO

E ar tshriace heat flow 46N3 TW but the fraction of this power coming from
primordial or radiogenic origins is unknown. It questions our understanding of :

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

A energy needed to drive plate tectonics

A power source of the geodynamo, which powers the magnetosphere

Y antineutrinos coming from the 238U and 232Th decay chains can shed light.
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Y JUNO will observe more geoneutrinos (~400) than all the current experiments
combined in less than 1 year of data taking !!

@'ﬁ?,ﬁ,ﬁs %E NBG F. Perrot, The JUNO experiment 12



Solar neutrinos with JUNO

A Goal: new measurement of ’Be and &B
neutrino fluxes via Elastic Scattering (ES):
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Y to investigate MSW effect: transition between
vacuum and matter dominated regimes

Y to help constrain solar metallicity composition
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AES will give single events without any directionality
Y radiopurity (for ’Be) and cosmogenic veto (8B) capabilities are the main challenges

Ideal radiopurity of LS in JUNO
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Status of the JUNO project
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Collaboration established in 2014
77 institutions, ~600 collaborators




