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JUNO State-of-the-art liquid scintillator detector =~ = Dual Calorlmetrv Calibration (DCC)—,

Jiangmen Underground Neutrino Observatory (JUNO): * DCC Interest: Inverse Beta Decay (IBD) e* signal in 1~10 MeV in a full volume

A 20-kiloton liquid scintillator (LS) detector for studies of various ;ﬁgi:‘g’mund | " —» 0~150 p.e. for single LPMT charge range
neutrino physics topics. Under construction in Southern China.

 DCC goal: calibrate the potential charge non-linearity (QNL) of each LPMT channel, with the

Measurement of neutrino mass hierarchy and oscillation aid of the UV laser source and radioactive sources.

parameters demands high precision and accuracy in the energy ~ Top Tracker

= e r 1 £
measurement. QLo =*— LPMT charge non-linearity illustration 3
Q - =
@ The world’s largest LS detector S '8
@ Excellent energy resolution: 3% @ 1MeV g 10 | e
@ 1% energy scale uncertainty PRI  [cantral De E 1 ©
i o e ’ - SE 1 =
@ ~650m overburden and a muon veto system - e | e e s 1,8

to control backgrounds o o B ]

. 10° é_ —_ 0.9
Dual Calorimetry: Stringent systematics control inenergy ~ ~ [ [eOPromptsignal

Om

20 40 60 80 100 120 140 160 180
)

P

Primerfly cellerfimmeliry  Large (20-inch) PMT system ; Single LPMT charge [p.e.]

all PMT |
= -+ Primarily in charge integration (Cl) mode |
* Waveform solution, various systematic effects in Cl mode i Ly Combined
Small (3-inch) PMT system { @ @
* Primarily in photon counting (PC) mode Time profile of different sources 13!
* Minimal systematics in PC mode. As a robust linear charge DCC Laser ey DCC - Gamma
reference for LPMT - —  Positrons -
1071 = —— 1MeV Gamma =
- and SPMT always view the same events, § F - 2b7nm UV photons :
i.e. common deposited energy, event vertex and time. %10‘25— E
JUNO Calorimetry Response (R): E F :
ege 210_35_ =
1% | liquid scintillator non-linearity Vi3 non-stability : -
Wi | non-uniformity i) charge non-linearity 104
Degeneracy breakdown=======eee-- ~ 100200 300 400 500 600 700 800 900 1000
* Decay Time (ns)
Response Degeneracy: |‘ Wide range of the laser intensity l‘ Radioactive sources match IBD time
RLPMT= R . RL . RL o . .
LSNL NU NS e Systematics in Cl * Cover the full charge detection range of profile
S m — Rou1 IBD signals for every LPMT +IBD signal induced QNL can be calibrated
PMT_ S S . et - :
R = RLSNL *Ryy - Rys RQNL Roni degenerates with: i¢ One calibration position: Difficult to calibrate every LPMT;
L L
| Correlated Uncorrelated Risn., Ryy, Rys « Perfect isolation of the QNL IBD charge detection range cannot be
Independent response control , 4 , Difficult to match the IBD time profile fully covered.
after DCC Direct correction with DCC

DCC - Laser

I. Strategy: Varying UV laser intensity @ detector center
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IV. Capable for every single LPMT QNL correction Response comparison after solid angle corrections
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More work ongoing with
electronic simulation.
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IV. Expectation: Total SPMT counting

QNL can be diagnosed with gamma sources for several channels, and then calibrated
with DCC-gamma, which is complementary to DCC-laser
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 All LPMT channels’ QNL can be corrected with DCC-Laser

# UV Laser source: at the center of the detector, intensity from 5,000 to 30 million photons, wavelength: 267nm
Above analysis are based on JUNO offline software’s data from detector, electronic simulation, waveform reconstruction.
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* 20k events of °*Mn, %8Ge, 4°K and ®°Co simulated at 0, 10, 14, 15, 16, and 17 meters from detector center towards target LPMT
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