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® Jiangmen Underground ® Generating samples along with Z axis
Neutrino Observatory (JUNO) . e — Imerzed .,
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® Muon simulation is needed  Average:215GeV

® Current Geant4 takes few L—~m—-- S T w
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® Generating samples along with Z axis T
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® The center detector (CD) of JUNO is an acrylic e T S S | S ——— |
ball filled with a 20kton liquid scintillator. It " | & . = ol : it time (ns)
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® Use similar ideas from the voxel method [2], | omsune o T — o — 5t Jom
but implemented with neural networks (NNs) o R S S e BT SR A SR S of 3
® For each Geant4 simulation step: First 03; % 035 : N 4
simulate the number of photon electrons for o “(m 2

each PMT according to the deposited energy
and position of the step. Then simulate the hit
time of each photon electron for each PMT

® JUNO uses three types of large PMTSs,
including Hamamatsu, NNVT, and
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® Two NNs will be trained for each type of PMT. (piclpiotnsproduion B . log al - . B oof o]
One for N p.e. simulation, another for hit time _— —=— ® Generating samples along with Z axis o '
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® The N p.e. distribution for each PMT follows the Poisson distribution - ;Ak N N £ of o
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® For simplicity, one can train a NN to predict AiMeV (for 1 MeV quenched °f£‘ — - o5t — | — oaf
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® Good agreement between Geant4 and NN simulation * I e :-. —
® Can be easily scaled for other deposited energy situations 08570
® Dataset: 10k positions uniformly distributed in the CD. Each position has retime (s
2k events. 70% for training, 10% for validation, and 20% for testing
Muon simulation time Il Fon :
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L inear(7. $14. activation—ReLU’ . e ® The muon’s start position is (0,0,19000), 5 | _ T
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3xLinear(814, activation="ReLU') | ® For NN simulation, one GPU card (V100) is used
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Conclusion

Photon electron’s hit time simulation . . .
® Muon simulation is very important for JUNO

® Use the Spherica] symmetry of the CD detector ® Traditional Geant4 simulation is vVery time-consuming
® Simulating the hit time according to the R and 6 values ® Based on the idea from the voxel method, fast muon simulation using

® The dataset is the same as the N p.e. simulation . NNs is performed

® To get the loss value between the simulated hit time ® The physics performances (e.g. N p.e. and hit time) of the NN
distribution and truth hit time distribution, a simulation method are checked using e*, e~, and y events. In general,

differentiable two-sample test statistics [3] is used the agreement between Geant4 simulation and NN simulation is good
® I'or muon simulation, by using NN simulation method, the speed-up
can be greater than one magnitude
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