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Introduction Input data for model

» The main goal of JUNO Is to determine the neutrino mass > Refractive index (n) of ARC » Refractive index (n,k) of PC
ordering. » data from [2] » data from [2, 3]
 desired energy resolution: 3%@1 MeV . dispersion relation N

» 17,612 20" photomultiplier tubes (PMTs) in central detector
» 4,997 HPK dynode PMTs and 12,615 NNVT MCP PMTs o — &
» high photon detection efficiency (PDE) (~29%) [1] - nrromac
» large photocathode coverage (~75%) SO TR

» An accurate PMT optical model is critical for building a N
precise simulation and understanding the energy response. EE——
+ PDE angular and spectral responses in water > Quantum efficiency (QE)

* PDE non-uniformity in a single PMT or among PMTs » calculate escape factor = QE/A $
» constrain PDE spectral dependance

Wavelength [nm]

PMT optical model

a. Fit R(0) and PDE(O) to obtain thickness (d) of anti-reflective
coating (ARC) and photocathode (PC)
» assume d(0) is a quadratic function 0: zenith angle
b. Simulate photon absorption and distinguish contributions
from Incident and transmitted photons [2]
» transfer matrix method (TMM)

» Averaged PDE and PDE(B) (PDE uniformity)
* tested In container system and scanning station
respectively [1]
» R(O)
» tested at 4 zenith angles
8 degree Incident angle at 415 nm

* reflectance(R)  \/ / / - External medium . o o
* transmittance (T) \</</<f ****** 2| o, | ) R
« absorbance (A) oS athode 8 0.12 & % 014 ¢ : NN =

» GEANT4 \ \ \ """ PMT vacuum Eom EZE é“-” SN Z
 track the transmitted photons inside PMTs ”C - = 010

c. Obtain collection efficiency (CE) [2] o,

> interpolation based on reference points I 2

~ solve the equations PDE1\  (Fi1 = fn) (OB, » Generate a random R(8) or PDE(8) curve sample from

PDE(A, ) = %:“J’()"O‘) Pi(A) - CEj (PDE) ) \ﬁil - ﬁ ) (CE) data distribution under averaged PDE constraint for PMTs

d. Simulate non-uniform PMT PDE with angular and spectral without R or PDE unitormity test

dependence using the above equation
C Results
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» Simulate photon absorption position of PDE(O) “l S ‘L == ‘ S
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