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TAO Motivation

1. Provide a reference spectrum for JUNO e

JUNO: 6.5 years x 56.6 GWy, ]
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TAO Motivation

2. Provide a benchmark measurement for nuclear database

« 20/\E

* Reactor spectral shape precision ~ 1% in 2-5 MeV

3. Measuring 1sotopiC neutrino spectra, reactor monitoring, spent

nuclear fuel & sterile neutrino
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Expected U/Pu neutrino spectrum
measurement precision
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Innovation
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TAO: From Design to Physics Data
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Detector Design

° Central detector (CD) HDF”/E support P/S array (top veto tracker)
« 2.8 t GALS in an acrylic vessel - = L~ AcU
(@ =1.8m) o FIDPE
* 10 mz SiPM on a copper Water tank
shell
~ Overflow tank

* Tank filled with buffer LAB

* Automated Calibration Unit
(ACU) (from Daya Bay) &
Cable Loop System (CLS)

e 2 veto detectors
* 3 water Cerenkov detectors

* 4 layers of plastic scintillator
(PS) bars

— PMT
B/l GdLS and acrylic
~ Copper shell with SIPM

- Buffer tank with LAB

~ Melamine (thermal
insulation

Lead and HDPE

é

,V'

b

d
-
15

lirh@ihep.ac.cn



Detector Performance: SiPM

90% good channel
* Total channel number: 8048

SIPM over voltage V,,: 3.5V

Gain: 6000 + 130 LSB, uniformity ~2%, stability: ~0.1%

Single photo-electron (SPE) resolution: ~14% (15% in CDR) &
DCR: ~50 Hz/mm? (100 Hz/mm? in CDR)
PDE: ~50% (SiIPM QA/QC), uniformity ~5%

Cross-talk: ~25% (preliminary)
After-pulse: < 5% (SIPM QA/QC)
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Vertex Reconstruction

* Charge center method

HEALPix Pixels (Npixel=192) and Bad Channels

* Procedure:
1) group channels to restore spherical symmetry
2) calculate charge center
3) correct R bias (ACU/CLS data In different positions)

* Performance: bias 10 (40) mm near R = 650 (800) ===
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Energy Reconstruction

* Procedure:
1) PE counting in channel;

2) PE sum in event;

3) non-uniformity correction (calibration data and TI-208);

4) time variation correction (T1-208);

5) fix energy scale (nH peak @2.223 MeV)

* Energy scale performance:

* Time stability < 0.25% (natural radioactive events)

* Non-uniformity 0.6% (IBD nH events)
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Detector Response

* Energy resolution: Ge-68 @R = 0: 2.82% @1MeV
* Energy nonlinearity: Uncertainty: ~1-2%
* Energy leakage: Modeled with MC and validated with calibration data
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IBD Selection

Time: AT(prompt, delayed) in (2, 100) us time window, veto events in (0,100) us after muon
Space: AR(prompt, delayed) < 500 mm, R(prompt) < 800 mm (Fiducial Volume Cut)

Energy: E(delayed) in (4,10) MeV
Total efficiency: 46.6 = 5.0 %, systematics: FV cut on R(prompt), energy cut on E(delayed)

At distribution of IBD candidates
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IBD Signal Rate

* Observed IBD signal rate: ~2500/day, from reactor-on data minus (scaled)

reactor-off data.

* S:B = 6:1 w/o PSD (pulse shape discrimination)
* Really good for shallow overburden experiment
* could be improved in future

Selected IBD Candidates vs time (4h bins, livetime-corrected)
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Reactor-off Spectrum & SNF

* Direct measurement of background

* Direct measurement of spent nuclear fuel (SNF) neutrino
* Background: date-driven estimation except for Li-9/He-8, can be further suppressed
* Unit 2 shutdown makes SNF neutrino signal more clear

TAO Reactor-off Data SNF neutrino observed by Double Chooz
800 1 % —— Fast neutron + Data
—— Double neutron ____ Total prediction
—— Li-9/He-8 - 40 | 1o syst. range
144
'_g 600 - —— Accidental coincidence g J 105:1
> +SNF 0
g — Sum ‘3 ‘ Other isotopes
™ & Data (Reactor off, FV800) 2 20
© 400 o g
2 JUNO-TAO Preliminary v
I; —_—
3 g
© 200 B —— —t—
arXiV. 2510.04869
0 2 —20g 2 3 4 5 6

) . Visible Energy (MeV)
lirh@ihep.ac.cn Prompt E (MeV) ) 14



Event Energy Spectrum

* Prediction: Huber-Mueller model (prc, 83:054615, 2011,

JUNO-TAO, 30 days

PRC, 84:024617, 2011) + Daya Bay .CO.rrection (PRL. 5000 i T e ot
123(11):111801, 2019) + non-equillibrium correction, 4000
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Spectrum Shape Uncertainty

 Statistical uncertainty dominates, with 1 month data and 20 keV bin

* Systematics: energy non-linearity and background subtraction
FV800 uncertainty, TaoPP26B corrected NL, 340 bins

102_

IEEERRN

100_

10—1_

Relative uncertainty [%]

JUNO-TAO Preliminary
1 2 3 4 5 6 7 8
Reconstructed energy [MeV]

1021

TAO Total
----- Statistics
Total systematics

Fiducial volume
Non-equilibrium

Energy scale
Nonlinearity
Backgrounds

lirh@ihep.ac.cn

16



Summary

* TAO detector Is constructed and In stable operation since Feb. 10th, 2026

* World leading energy resolution 2.8% @Ge-68, further improvements
expected

* Excellent background control, further background suppression expected

* Preliminary IBD analysis with 1 month data, good data/prediction agreement
* spectrum used in JUNO physics analysis

Thanks!
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Detector Assembling
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