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resolution

DayaBay 20 (x8) 8%/VE
Borexino 300 5%/VE
KamLAND 1000  6%/VE

JUNO* 20000 3%/VE (requested)
*values from Prog. Part. Nucl. Phys. 123 (2022) 103927

Extensive neutrino physics & astrophysics program

* Reactor v,: 60 IBD/day

* Solar v: O(100)/year
Atmospheric v: O(100)/year
* Geo-v: ~400/year

« DSNB: 2-4 IBD/year

* SN burst: 5000 IBD + 2300 ESin 10 s (@ 10 kpc)
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. JUNO is currently under construction in southern China
Th e J U N O S |te Data taking is expected to begin in 2023

Kaiping, Jiangmen, Gangdongsouthern China

arXiv :2204.13249
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Reactor spectrum: isotopic spectra

Electron antineutrinos are produced from
beta decays of fission products

@ neutron ﬁ/,

fission
J ) product

neutron 0 — ( 3 O neutron

target fission

nucleus

8-
Mainly: @ revtron \ v

235U 238U 239Pu 241Pu
’ ’ ’

Fission fraction of isotope i, f;: # of
fissions from i-th isotope / total # of
fissions

f235:f238:f239:f241 = 058 0.07:0.30: 005 (fOI’JUNO)



Reactor spectrum: isotopic spectra

Electron antineutrinos are produced from Standard approach: use spectra from Huber™ and Mueller™

beta decays of fission products /(2011) (2011)
@) neutron ﬁ/y Ve 144 /
fission —
/ product g 1.2 7
neutron @ [——4 ——————————— @ neutron >
- = 08 Ab initio (summation) method
arge fission T
ntuclgel:s product ﬁ_ é 0.6 1
Mainly: ™~ V, = 04
235|) 238(y 239p 09
Fission fraction of isotope i, f;: # of 0

fissions from i-th isotope / total # of

. E, [MeV]
fissions

SUAE,) = ) fi- S,

S°° can be parametrized with the exponential of
*) arXiv:1106.0687; **) arXiv:1101.2663v3 a polynomial of 5t order

f235:f238:f239:f241 = 058 0.07:0.30: 005 (forJUNO)
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Reactor spectrum: isotopic spectra — TAO

Electron antineutrinos are produced from
beta decays of fission products

~ 30 meter

Mainly:
235U’ 238U’ 239PU, 241Pu

Fission fraction of isotope i, f;: # of
fissions from i-th isotope / total # of
fissions

f235:f238:f239:f241 = 058 0.07:0.30: 005 (fOt‘JUNO)
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2.8 ton gadolinium-doped liquid scintillator

4500 PEs/MeV & energy resolution < 2% @ 1 MeV
~ 30 meter from a reactor core

Goals: provide JUNO with a reference spectrum +
sterile neutrinos physics

Data taking starts in 2023
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Inverse Beta Decay (IBD)

:
v

E!ectron antineutrinos detected oroton of \
via Inverse Beta Decay (IBD) the LS
Vo+p-on+e’ v oo @ HEERE
e p\ Prompt
~ few ns
IBD threshold: E,, > 1.806 MeV
y (511 keV) *----- & ---- * y (511 keV)
€+
G %1042
IBD cross section 5 -
4_
‘g
L3
2
o) 2 4
1
0- T T T T
2 1 8 8
E, [MeV]

Strumia & Vissani’s approximated equation
arXiv:astro-ph/0302055
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Inverse Beta Decay (IBD)
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Neutrino oscillations @ JUNO

Electron antineutrino survival probability:

P(v, - v,) =1 —sin?260,3(sin®6,,sin’A3, + cos?0;,sin’A3;) — sin?26,,cos*0,3sin?A,

A= Ami; L ”fast” or atmospheric oscillations ”slow” or solar oscillations
Y 4E
JUNO will be the first to see both oscillation modes simultaneously
1.0
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Neutrino oscillations @ JUNO

Electron antineutrino survival probability:
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Mass ordering sensitivity

PV, »V,) =1 —sin?20,5(sin*0,,sin*A3, + cos?0;,sin*A3;) — sin?260;,co0s*0,3sin’A,,

msq Normal Inverted
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Mass ordering sensitivity

PV, »V,) =1 —sin?20,5(sin*0,,sin*A3, + cos?0;,sin*A3;) — sin?260;,co0s*0,3sin’A,,

Aij =g

x103

arXiv :2204.13249
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Precision measurement of oscillation parameters
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Precision measurement of oscillation parameters
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Conclusions

* JUNO will be the first experiment to simultaneously see both fast and
slow oscillation modes

3 oscillation parameters measured with sub-percent precision in
~1 year

* Mass ordering determination at 30 in approximately 6 years
* Data taking starts in 2023, stay tuned!

Thank you!
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Reactor spectrum: isotopic spectra

Electron antineutrinos are produced from Standard approach: use spectra from Huber™ and Mueller™

beta decays of fission products /
52

Conversion method:
Measured beta spectra from
the 1980s @ ILL, fitted, then
converted to antineutrino

spectra
Mainly: 235, 23%Puy, 241Pu only
235\) 238 239py 241py No 238U
Fission fraction of isotope i, f;: # of Ab initio (summation) method:
fissions from i-th isotope / total # of Theoretical calculation of
fissions antineutrino spectra, relies on
nuclear databases
f235: f238: f239: f241 = 0.58:0.07:0.30: 0.05 (for JUNO) 2381 only

") arXiv:1106.0687; ** arXiv:1101.2663v3
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Inverse Beta Decay (IBD) o mtet

Electron antineutrinos interact via Inverse Beta Decay (IBD)

JUNO Liquid Scintillator (LS) works both .
as interaction and detection medium TN e IBD threshold:

| ' E, > 1.806 MeV

A} s

delayed
O(100 ps)

!
v

Solvent: v (2.2 MeV)
Linear alkylbenzene
(LAB) as solvent detection of N
Seco : «----- o ---- » y (511 keV
non-radiative ndary Particles @) et " >
¥ > 280nm
Fluor: o . . isotopic spectrum x IBD cross section
3 g/L PPO _ 10+ Strumia & Vissani’s approximated equation 108
arXiv:astro-ph/0302055
. . 5 Reactor spectrum
1 1.5 1
Wavelength | non-radiative .| IBD cross section
shifter: - 390nm

S(E,) [em?/MeV /fission]

15 mg/L %3-
bis-MSB % 5

oo » y

f }‘} 14

light emission
> 430nm, t=4.4ns 0-
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Background Rate (day~!) Rate Uncertainty (%) Shape Uncertainty (%)

Backgrounds Db el 30 :

World reactors 1.0 2 5)
Accidentals 0.8 1 negligible
9Li/®He 0.8 20 10
Atmospheric neutrinos 0.16 50 50
Fast neutrons 0.1 100 20
BC(amn)tf0 0.05 50 50

: ! — Geoneutrinos | — "Li'He
P i —— Accidentals | — "C(an)'"0

R . . ¢ = Global Reactors —— Atmospheric NC

" : ‘ : : _i = Fast Neutrons __

........................................

15 2 25 3 3
Visible Energy (MeV)

: : | * —— IBD Signal
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0 2 4 6 8 10 12

Visible Energy [MeV]



Mass Ordering sensitivity

Two possible Mass Orderings:

Normal Inverted
3 m
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mj
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m I 2.4x107 eV
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Energy resolution

JHEP 03, 004 (2021)

Common parametrization with 3 terms: ] GGCEEEE PR EL R PR TR, . e*MC [
— N — fit
> 5 E 25\ -
O a . C 2 L JUNO simulation
— — e— + b + | —= a 2—_
E \ VE E >
/ © B
s
s.tocha.stlc term: PMT dark noise -
light yield (from -
multiple-source . N L T e e
calibration) dominated by position non- Visible positron energy [MeV]

uniformity, controlled with
multiple-positional calibration

c\2
‘ Effective energy resolution: d = [(a)?2 + (1.6-b)?% + (R) = 2.9% < 3%
\ .




Effective energy resolution

Reactor U, signal IBD event number (x10°)
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Light yield

* High phocathode coverage: 78%

* High PMT Photon Detection Efficiency (PDE): ~ 30%
 PDE = quantum efficiency x collection efficiency

* High liquid scintillator transparency: 700;‘
absorption length > 20 m C0F i
* 1345 PE/MEV S00F — MCP_PMT

* Increased by about 22% from
recent simulations

PDE [%]



20-inch Large-PMT (LPMT) system

Primary calorimetric system:
17612 20-inch PMTs

Photocathode coverage: 75.2%

High photon detection efficiency
* Hamamatsu dynode PMTs: 28.1%
* NNTV MCP* PMTs: 28.9%

Low dark count rate (DCR) 700 s O Dark 2
. = — All_PMT ':~ 3 — Ham_PMT 5
Dynamic range: 0 - 100 PE " S S count g
S00E — MCP_PMT - - Rate — MCP_PMT -
Waveform acquisition and ZaooE S >
charge reconstruction 300f Photon £ Sf £
200 - Detection S . E
— =2
: Efficiency i 50f £
100:— é_‘f E &f
0 L L] 8 ok 3
10 40 50 60 70 o 126-

*Micro-channel plate PMTs PDE [%]
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1.04

JUNO calibrati trat 8
Callbration strategy N
C N
1 Y
Calibration of liquid scintillator nonlinearity L 098 o
“0.96 2
(WN]
. . 0.94 E
Multiple-source campaign: up to ~6 MeV o
+ cosmogenic background ?B: up to 12 MeV S
% 0 - mm oo .
Source Type Radiation E o ]
137Cg v 0.662 MeV I o ‘| ****** o N
54Mn /}/ 0.835 Me.v _020 | 1 L1 1 l%rue gam?na Ienle:—gi_l [Mev]l 5 I 6 [
%0Co y 1.173 + 1.333 MeV 128 spectrum
0K y 1.461 MeV = =
- i
8 Ge e™ | annihilation 0.511 + 0.511 MeV g:: S
241Am-Be | n, v neutron + 4.43 MeV (12C*) o0t g’
ZHAmM-13C | n, v neutron + 6.13 MeV (1°0*) 2 0.008 8
(n,y)p y 2.22 MeV g:ggi: §
(n,y)2C v 4.94 MeV or 3.68 + 1.26 MeV 0.002E L
e -

Visible electron energy [MeV]
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azimuthal symmetry is assumed

response wrt detector center

Uniformity: Multiple-positional calibration

Non-Uniformity in one vertical plane

F{3[m 3] K cosé

JUNO simulation

JHEP 03, 004 (2021)
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