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JUNO
The detector

Under construc�on in GuangdongProvince, China
20 kt of LAB-based liquid scin�llator (LS)in a 35.4m diameter acrylic vessel
Water buffer
Top muon veto
≈40k PMTs in dual calorimetry: 20” + 3”PMTs
3% energy resolu�on @1MeV
< 1% energy scale uncertainty
Satellite experiment: TAO
Mul�-Messenger trigger withO(10 keV)threshold
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Solar neutrinos
Low/intermediate-E: pp and 7Be neutrinos

Solar neutrino spectra

(Toy)Example JUNO signal

Immense sta�s�cs compared to previousexperiments: O(104) ev/day for 7Beneutrinos,O(500) for pp-neutrinos
Large target mass allows stringent fiducialvolume cut
Poten�al to measure 7Be neutrinos,maybe pp neutrinos
Strong dependence on internalradioac�vity
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Solar neutrinos
High-E: 8B neutrinos. [3] doi:10.1103/PhysRevD.103.053002

Neutrino-Electron elas�c sca�ering
2MeV threshold
Background reduc�on strategies
Expect 60,000 signal and 30,000background events
Day-night asymmetry + upturn
Possible measurement:
∆m221 = 7.5+1.6

−1.2 · 10−5eV2
Flux measurement can help discriminatebetween solar metallicity models
Can add 9.000 signal events by usingneutrino-13C NC/CC interac�ons
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Geo-neutrinos
Answering ques�ons about Earth’s forma�on.

238U→206 Pb + 8α + 6e− + 6ν̄e
232Th→208 Pb + 6α + 4e− + 4ν̄e1.8MeV IBD threshold: measure 238U- and232Th-chain neutrinos

Expect≈400 events per year (40 TNU) [4]

→ 5% uncertainty (2 TNU) in 6 years
( 1 TNU:≈ 1 ev/kton/yr for IBDs in LS)
KamLAND measured about 169 geoneutrinosin 6 years and Borexino 53 in 9 [5, 6]

Study radiogenic contribu�on to terrestrialheat produc�on
Measure Th/U mass ra�o - importantparameter to understand Earth’s forma�on
Local geological studies ongoing to tacklelargest uncertainty source [7, 8]

Inputs to local 3-d models [5]

[4] doi:10.1088/1674-1137/40/3/033003
[5] doi:10.5281/zenodo.3959690
[6] doi:10.1103/PhysRevD.101.012009
[7] doi:10.1029/2018JB016681
[8] doi:10.1016/j.pepi.2019.106409
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Atmospheric neutrinos
[6] arXiv:2103.09908

νe/νµ discrimina�on

Unfolded fluxes in comparison

Use �me-informa�on to discriminate νe/νµ
[6]

Reconstruct spectrum between 0.1 GeV to10GeV
First sub-GeV measurement using liquidscin�llator
Complementary sensi�vity to mass hierarchythrough MSW effect
Sensi�vity to sin2 θ23 and δCP (< 2σ) [1]
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Core-Collapse supernova (CCSN)
O(104) events in 10 s, expect 1-3 per century

Dedicated trigger scheme with 100 keV threshold
Typical 10 kpc SN: 5000 IBD + 2000 νpES + 300 νeES + 500 ν12C events in 10 s(ν̄e, νe, νx)
Measure flavour content, �me evolu�on, flux, energy spectrum
Study star parameters, SN physics, late-stage stellar evolu�on
Constrain absolute neutrino massmν < (0.83± 0.24) eV (95% CL) @10 kpc

10 kpc SN expected signals in JUNO:
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Diffuse supernova neutrino background
Integrated flux of all (past) supernovæ in the galaxy

Not yet observed!
Main signal and background: Supernova-induced IBD and atmosphericNC ν−12C reac�ons, all energies above the reactor spectrum
Study star & black hole forma�on rate, CCSNs
3σ discovery in 10 years for Eν̄e & 15MeV

Expected IBD prompt energy spectrum without and with pulse shape discrimina�on cut
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Mul�-Messenger astronomy
JUNO as a transient sky monitor

Ultra low-E MM trigger under developmentO(10 keV) threshold
Hardware+Firmware solu�on: filter dark noise on FPGA
JUNO could become a major player in the SuperNova Early WarningSystem [9] (SNEWS 2.0 - arXiv:2011.00035)
Communica�on with world telescopes
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Exo�c searches and new physics

Nucleon decay

Two proton decay modes:
{
p→ π0 + e+ SUSY
p→ K+ + ν GUT

Three-fold coincidence in p→ ν̄K+ → µ+ + νµ → e+ + νe + ν̄µ

Sensi�vity: 8.34 · 1033 years (90%CL) in ten years of data-taking
n→ 3ν and p→ µ+µ+µ− channels under inves�ga�on

Dark ma�er

Indirect search χ→ ττ , χ→ νν̄ for DMannihila�on in the Sun
Best limits for cold dark ma�er
Improve current best limit (Super-K) onprimordial black holes by an order ofmagnitude via an�neutrinos

JUNO limits on spin-dependentDM-nucleon interac�ons
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Exo�c searches and new physics

Non-standard interac�ons
JUNO-TAO will test the neutrino reactor anomaly
Light sterile neutrinos: leading limits on δm2 from 1× 10−5 eV2 to1× 10−3 eV2
Addi�onal limits on physics beyond the three-flavour framework
Exo�c par�cles compe��ve limits from 1× 1013 GeV to 1× 1015 GeV fornuclearites
Probe Lorentz invariance viola�on via sidereal modula�on of reactoran�neutrino rates
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Ques�ons?

Thank you for your a�en�on!Alexandre S. Gö�ela.goe�el@fz-juelich.de

See previous talk by M. Gonchar:
“Neutrino oscilla�on physics in JUNO”

See poster by M. Vollbrecht: “OSIRIS –
An online scin�llator radiopurity
monitor for the JUNO experiment”

JUNO Collabora�on: 663 membersfrom 18 countries
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Backup
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Taishan An�neutrino Observatory (TAO)
30m from the reactor core!

Cold Gd-doped liquid-scin�llator detector
Operated at−50◦C
99% coverage with SiPMs
Results in 4500 nPE/MeV
1.7% resolu�on at 1MeV

High-resolu�on low-baseline an�-neutrino
spectrum

Model-independent reference for JUNO
Cancel systema�cs in reactor shape
Also measure and test reactor shape
Analyse neutrino reactor anomaly at5MeV
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Neutrino interac�ons

Inverse beta decay ν̄e + p→ e+ + n1.8MeV interac�on threshold250 µs delayed neutron signal Elas�c sca�ering - off electrons ornucleiNC: all flavours, CC: only electronneutrinos in our energy regions
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