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JUNO's large PMT coverage makes rare PMT-glass light emission relevant for event reconstruction.

| — __ photocathode

e jhotocathode ";\\ S .

Cherenkov Radiation Mechanism  Scintillation (Radlolumlnescence) Mechanism
outer surface \
+ (F - M 1IEE
Multi-PE candidates: . || Y (or B/local e) Si0, network (amorphous) Srid
y-induced Compton electrons 44 : o =0 Si-0-Si bridging oxygen
Y f," | | © non-bridging oxygen
Fomptun scattering #_,;"f i Cherenkov . } b{é oDC(ll) E ODC(ll) energy levels
U/Th-chai in glass _ threshold . | lonisation in glass _ —L-*" S S | 44eV
ghaingg® ¢, == EC ~0.26 Mev!| o W (=Si:) \ ISC
or “K1.46MeVy Q= Compton -, i e moul] o !E";%y WPORRNN N, N Pz o T, ‘- 27V
_. E > E€ L glass e pmatrix) Fast Caa
3 mm N - e~ il | \ e (ns) 7
glass shell e Time scale: : T O Blue
(JUNO Cherenkov photon ("~ intrinsic | Carrier migrationin ~ p+-~ ° 5 L J 0eV
simulation) emission light-production || | | disordered network ” " Emission-time distribution |
cosf = <4 width < 1 ns; : Carrier trapping 10° e e
np observed with | T T 40 a 'y ~0.86
PMT-response | > 02
—» Cherenkov photons limited | [y :
{ ArGMEN e } _ffow~10ing) J| |t ||~ Jeneltonphoions E e i
¢ | A ~ 460 nm 10 in glass studies
|
I
I
|
I
|
|

K . v . ' +\ g V v ;\l f ':'Timf.:l scale: i
- - ~ ~ - - - - - - - road ns—ps
e ¢ ¢ € € e © ¢ ¢ € € emission-time profile
photoelectrons photoelectrons (power-law tail)
And Y gammaray O interaction point —p Compton electron ‘;" +"‘ , Cherenkov cone . Cherenkov photon . -, Scintillation photon ODC(ll) NBOHC @~ electron |h* hole
(Compton scattering) (E, >E51) &’ (wavefront) (300-500 nm) (~460 nm) (=Si:) (=Si-0°) carrier carrier

Cherenkov-like light is compact, while radioluminescence is broad in time.

Glass-emission candidates are localized on individual channels rather than correlated with the fitted event vertex.

Toy Monte Carlo Performance Check

Toy Monte Carlo quantifies false-positive (FP) control and true-positive (TP) efficiency
under simplified conditions.
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Only the classification threshold p,,, = 0.01 panels are shown. The distributions at the
typical Bayes factor thresholds p,,, = 0.5 and 0.9 are similar to those at 0.01.

Adverse simplified case FP rate TP rate
A= 0.1, A,y = 50 (2.7155) x 1078 (99.971003)%
A = 5.0, Ay, = 50 (5.610%) x 1070 (99.577012)%

Even in the most adverse simplified configuration, FP stays at (5.67%) x 107% while TP
remains (99.577)12)%.
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Expectation-Maximization-Based Channel Weighting

An expectation-maximization (EM) procedure estimates the glass-emission probability for each PMT channel.

number of PEs

nominal likelihood

“'th Intensity  normalized light curve

l

ZlogE)\ O (L, — to,m) + b;] = [EA;(r) +b; (T —1)]

glass-emission likelihood

event tlme| \ dark-noise count rate\ readout window

setup parameter

J

number of PEs |

| -
ge high
to =n,log

AT o )\high

]

glass-emission probability

e_O'
P, =

| adaptive 90% inter-percentile hit-time span

prior glass-emission probability (event-level)
! _

L &€ nom _ ge

|continuous weight

{ initial fit and ¢© J—{ E-step estimates pffe J_{ M-step uses weights w; J—>

update e = J ! 2 p;

!

Output: channels are down-weighted continuously rather than rejected.

Data-Driven Consistency Check

Since real data contain no true labels, we compare two complementary imple-
mentations using ultraviolet (UV) laser calibration data.
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Event-level path

same event across channels
detector-response reconstruction — light
curve — py

Channel-level path

same channel across events

channel time-alignment fitting — light
curve — pg

Global agreement: (|Ap|) < 0.01

logi1o(pp) (channel-level EM)

Remaining difference: an implementation systematic

Channel-level EM: only in UV laser data

Event-level EM: in both UV laser and physics data
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Diagonal agreement indicates the internal consistency.

Glass-Emission Rate Depends on PMT Type
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Channel Independence

Independent-channel occurrence is tested using p;” > 0.01 candidates.

Quantity Path A Path B
Glass-emission flags 123291 109 981
Var(N,) 5.36 4.33

Overdispersion ¢ 1.138 1.030

¢ is the overdispersion relative to independent Bernoulli trials. Path B is only
3% above the independent-Bernoulli expectation. Pairwise Fisher tests find
no broad population of coupled PMTs.

Conclusion: PMT-glass emission in JUNO is channel-localized, EM-based weighting suppresses candidate channels continuously, and the mean glass-emission fraction is € = 2.47 x 10~




