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[ Abstract] For the Jiangmen Underground Neutrino Observatory (JUNO) experiment, a liquid scintillator detector with
the largest size and highest energy accuracy in the world is used. Cosmic Muon iswonc of the major backgrounds of the
experiment and each of them generates millions of photons in the large detector.However, the complicated simulation of
photons involves massive calculation and the traditional sequential .computing is‘time-consuming. Thus, a fast Muon
simulation method implemented on GPU is presented. Multiple parallel, GPU cards are used to accelerate the
transmission of scintillation photons in the liquid scintillator detectorsAlso,the Message Passing Interface (MPI) is used
to distribute simulation tasks to nodes and collect processing results. The,test results show that the GPU-based method
has an excellent speedup ratio, which is up to about 250 timesthigher thandthat of the CPU-based method.
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Fig.1 Schematic diagram of JUNO simulation software
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1.procedure GPUMuonFastSimulation(e) //e >4 35 151 £

2 hist «<— LoadAllHistogram () ; /il %% 4 77 [&]

3.stepsInfo «— StepCollect(e) ; /Y £E Step 5 K

4. gpuStepsinfo < cudaMemoryCopyHtoD ( stepsInfo) ;
/1¥% L Step {5 5. 2] GPU

5.cudaKernel <<<block, thread >>>(gpuStepsInfo) ;
A3 GPU A% R it 5

6. npeArrays, hitTimeArrays<—cudaMemoryCopyDtoH () ;
/I GPU #5 DL [l CPU

7.return npeArray, hitTimeArray < reduce (npeArrays,
hitTimeArrays) ;

8.end procedure

9.procedure cudaKernel( gpuStepInfo)

10.if threadid > pmtNum then //PMT % & 1 K 7 & e A5 4k

11.return;

12.end if

13.pmtid <— getThreadld( ) ;

14.for i = 0 — gpuStepInfo.size( )-1 do

15.npe, hitTimeArray <— SimulationHits(pmtid, gpuStep
Infoli]); /G F 14

16.npeArray < npeArray.add(npe) ;

17.end for

18.end procedure

19.procedure SimulationHits( pmtid, step) //step K25 K H( 5

20.R, Theta < CalculateRTheta(pmt[j],step) ; /315 =%k

21.npeHist, hitTimeHist < getHistgram (R, theta) ;

22.npe < npeHist.getRandom () ;//E J7 BB ™= A4 B ok
/i O L T AL

23.energylnt, energyFraction <— step.energy()$

24 for i = 0 — energylInt.size( )—1 do //#i 7€ ik T

25.for j=0 — npe-1 do

26.hitTime «— hitTimeHist. getRandom() ;4 EL J7 & il 7
117 Az i P ]

27.hitTimeArray < hitTimeArray.taerge( hitTime) ;
/148 5 1R 1ns N & 2B 1

28.end for

29.end for

30.for j = 0 — npe—1 do /A MR i

31.ifrandom(0, 1) < energyFraction then

32.hitTime < hitTimeHist.get Random( ) ;

33.hitTimeArray < hitT'imeArray.merge(hitTime) ;

34.end if

35.end for

36.return npe, hitTimeArray ;

37.end procedure
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Table 1 Software and hardware environment of test node

B3] Tk
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