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20kton

Liquid-scinBllator central detector, 650 m deep

52.5km

Reactor baseline for the NMO measurement

1785PE/MeV

Light yield at center (2.223 MeV n–H γ)

3.5%

Resolution, central 68Ge (0.511 MeV γγ)

±1%

Energy uniformity within R < 17.2 m

1 Mo#va#on
JUNO is a 20-kton liquid-scin8llator 
detector ~650 m underground; physics 
data taking began 26 Aug 2025.

It resolves the NMO from the reactor-
ν̄ spectrum at a 52.5 km baseline.

Resolving the fine spectral structure 
needs good resolution, a stable 
energy scale and low non-uniformity.

2 Calibra#on

Energy scale anchored by nH capture 
γ at 2.223 MeV.

Inputs: deployed 68 Ge γ & AmC 
neutron sources, and other sources.

Deployed by ACU · CLS · GT 
across the central detector.

Coverage. Sources spanning the volume to r = 17.7 m.

3 OMILREC

Data-driven maximum-likelihood fit of vertex r and 
visible energy Evis, jointly, from large-PMT Q & T.

Combined charge + 8me likelihood

Expected light at PMT i

Charge fixes the energy scale.

Timing uses the first-photon residual Xme 
ti,r=ti−t₀−TOFi(r) — the primary vertex handle.

Dynode & MCP PMTs modeled separately; staged fit 
QMLE→TMLE→QTMLE.

4 VTREP
Independent reconstruction — vertex = where the 
TOF-corrected hit-time distribution is sharpest 
(barycenter seed, late hits down-weighted).

Energy from a charge likelihood over fired + unfired 
PMTs, with refracXon at the acrylic boundary; 
response built mainly from uniform 214Po.

OMILREC response PDFs
Built data-driven from ACU 68Ge and uniform 
214Po — minimal opXcal-model dependence.

Expected charge map. ⟨p.e.⟩ per PMT vs 
viewing angle — near-uniform at center, 
forward-peaked near the boundary.

Timing PDF. Sharp leading edge + sca`ering 
/ re-emission tail; the MCP transit-Xme 
spread is broader than the dynode.

Cross-checks
Direct OMILREC ↔ VTREP comparison.

5 Results

Resolu8on. Two 0.511 MeV γ → σ/E ≈ 3.5%.

Uniformity. Distributed 214Po and IBD 
delayed IBD-nH: energy uniform to ±1% 
within R < 17.2 m for both methods.

Resolu8on stability.  Stable in the central 
region, degrading toward the boundary.

SUMMARY OMILREC and VTREP agree across the fiducial volume — the central-detector response is stable. These results underpin precision reactor-ν̄
spectroscopy and JUNO's future neutrino mass-ordering measurement.
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Residual-time PDF · PT illustrative
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