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Objectives
» Understand the time profile of the different time components using various combinations of WLS (PEN, TPB),

Quartz windows and Xenon concentrations

Installation aspects
» IFIC (J. Soto) organized and installed Quartz windows on several PMTs and X-ARAPUCAS on ProtoDUNE-VD

» They are Photon Export UV Grade Fused Silica glasses, already characterized at IFIC

PMT with PEN PMT with PEN and Quartz window PMT with PEN next to the one with Quartz
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https://indico.fnal.gov/event/69307/contributions/323525/attachments/191420/264719/lar_fast_segreto_11_09_2025.pdf
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Conclusions

» Exclude from this timing analysis from now on

» P16, PO5 and P19 show a different and unusual tendency
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2. Results from PMTs in LAr - Mapping

PEN PEN
Not connected
15-8-1/4 | 41-7-1/2
B1-3 B2-5
PMT # - HV Chan — Daphfle AFE/Chan ‘ Beam flug PEN PMTs with a
- TPB TPB | PEN
T 12-3-0/4|5-1-0/0 | \Vertical |38-10-1/7|31=6-1/0 )
different tendency
Calibration fiber ID = |B1-5 TOP| B1-7 | support B2-1 B2-4 TOP
PMTs )
EN+ PE PEN+Q | PEN TPB PMTs with a
40 13 35—9'1/6 37—2'0/2 .
B1 / B2-3 B2-6 different tendency
y Amd— .
Entry 4 " PEN“| PEN PEN PEN 1 PMT with a Quartz
Hole | 29-5-0/7{34-19-4/0 7-4-06 [28-18-3/6 :
\B16 /|B7-2 B2-2 B6-5 window
"PEN | PEN PEN | PEN Clear PMT
32-17-3/4(17 - 22 - 4/6 25 - 13 - 2/4|26 - 16 - 3/2
B7-1 B7-7 B6-4 B6-3
TPB | TPB | sopen | TPB [ TPB
16-20-4/2|6-14-2/6| pMmTs |14-12-2/2[19-21-4/4
B7-3 TOP| B7-5 | i B6-2 B6-6 TOP
PEN CLEAR
20 - 15-3/0121 — 11 - 2/0
B7-3 B6-7




INSTITUT DE
FISICA
CORPUSCULAR

2. Results from PMTs in LAr

DEEP UNDERGROUND

(i

NEUTRINO EXPERIMENT

rol —rrrrTYE Normalized Average Waveforms - Run 43411
=== P35 (EP:110, CH:16) 100
et o) —— PEN - P41(EP:110, CH:12) = NONE - P21(EP:110, CH:20)
08| === Q-P35(EP:110, CH:16) === TPB - P14(EP:110, CH:22)
o
9,; 0.6 1
(7]
3
= 10—1 -
0 04- —_—
£ 3
S
0.2+ [
— ©
R‘ :
=
s
0.0 £ 10-2
60 70 80 %0 100 110 <
Time [ticks] 8
N
pr— S
PEN | PEN S
15-8-1/4 §41-7-1/2 10-3 1
B1-3 B2- dug
PMT # - HV Chan — Daphfje AFE/Chan 5B TP‘B PEN PEN
T 12-3-0/4}5-1-0/0 Vertical |38 -10-1/7|31-6-1/0
Calibration fiber [D A~ |B1-5_ TOP| B1-7 support  [B2-1 B24 TOP
EN+Q| « PE PuTs PEN+Q| PEN
40 13 35-9-1/6 |37 -2-0/2 | l I
B s B2-3 B2-6 | 10-4 ! : T
Entry o PEb]‘\ PEN PEN PEN 0 200 400 600 800 1000
Hole | |29-5-077 34-19-4/0 7-4-0/6 [28-18-3/6
\ B1-6 L B7-2 B2-2 B6-5
"PEN | PEN PEN | PEN R lt
32-17-3/4|17 - 22 - 4/6, 25 -13 - 2/4|26 - 16 - 3/2 esu S
B7-1 B7-7 | B6-4 B6-3
Vertical [ :
TPB | TP | Lo jTPB TPB » Comparison between these PMTs (PEN, NONE, Q and TPB)
16-20-4/2(6-14-26 | pyTs |14 -12-2/2419-21-4/4
B7-3 TOP|B7-5 i B6-2 B6-6 TOP
— . . .
PEN
N ] AR will be shown in the next slides
B7-3 B6-7




DEEP UNDERGROUND

3. Comparison - Comparison btw PEN/TPB " F ; C lFTgnTéTT > D(VE

CORPUSCULAR  neutrino expervENT

Comparison - Run 43411
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» PMT with PEN: LAr scintillation light, Cherenkov from 128nm and crosstalk from near PMTs
» PMT with TPB: LAr scintillation light, Cherenkov from 128nm and crosstalk from near PMTs

» Similar fast and slow components, since they have the same contributions

_/
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» PMT with PEN: LAr scintillation light, Cherenkov from 128nm and -
crosstalk from near PMTs g
» PMT with Quartz: Cherenkov from 170nm and crosstalk from near PMTs
» Assuming the slow light detected by PMT with Quartz is scintillation, this -
|

L (scintillation) would be 26% of the total detected light J = = =
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» PMT with PEN: LAr scintillation light, Cherenkov from 128nm and

crosstalk from near PMTs
» PMT with NONE: Cherenkov from 400nm and crosstalk from near PMTSs
» Assuming the slow light detected by PMT with NONE is scintillation,
. this (scintillation) would be 56% of the total detected light D L =
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» PMT with NONE: Cherenkov from 400nm and crosstalk from near PMTs
» PMT with Quartz: Cherenkov from 170nm and crosstalk from near PMTs

» Similar tail tendency, they seem to have the same slow component contribution

» Light difference between them in the fast component could be Cherenkov light J
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Conclusions ~
» The average waveforms change their
tendencies, as the Xe concentration
increases

» The amplitude of the fast component
decreases, as the Xe concentration

Increases, in the Xe-sensitive PMTs
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Conclusions

» The average waveforms change their

tendencies, as the Xe concentration

increases

» The amount of light increases from

Oppm to 1ppm, and then stabilizes
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Integral for different Xe concentrations

110000 [ ® hd °
120000 + P
103% ° o
_ ° o
L 1
5 109000
S
. o
3
2 86%
T 8w
o
]
£ L ]
6000 ® . ® L ]
10000 ° @ PEN - Pl (EP:110 CH:12)
® Q-P35(EP:110 CH:15)
@® NONE- P21 {EP:110 CH:20)
L4 ® TPE PI4{TP:110 CH:22)
o ppm 1ppm 2 ppm 3 ppm 3 ppm

Xenon Concentration [ppm]




INSTITUT DE D =

. . . pp=pp=n
4. Results from PMTs in LAr with Xe dopin FiSICA
ping ‘ l-l L CORPUSCULAR  neurio cxeenienr .

PEN - P41 (EP:110 CH:12)

Q - P35 (EP:110 CH:16)

107 - 107 -
] weee RUN 43411 (0 ppm Xe) ] weee RUN 43411 (0 ppm Xe)
Run 43531 (1 ppm Xe) Run 43531 (1 ppm Xe)
wee RUN 43713 (2 ppm Xe) we RuUn 43713 (2 ppm Xe)
Ar + Xe wee RUN 43784 (3 ppm Xe) we RUN 43784 (3 ppm Xe)
10_1 5 we Run 43897 (5 ppm Xe) 10_1 ; we Run 43897 (5 ppm Xe)
1072 4 1072 -
] Wy ]
E"J'u'{lﬂ A l:"aﬂ
K ! [N f
l'uﬂli LI M “ ﬂl’!‘.gl 1{]" ﬂl
10_3 T T T : iJ ,llli' I| T 10_3 - T T l" ﬂ "'] I | T | “ T
200 400 600 800 1000 0 200 400 600 800 1000
o NONE - P21 (EP:110 CH:20) 0 TPB - P14 (EP:110 CH:22)
10Y 3 10
] wee RUN 43411 (0 ppm Xe) Run 43411 (0 ppm Xe)
Run 43531 (1 ppm Xe) Run 43531 (1 ppm Xe)
wee RUN 43713 (2 ppm Xe) Run 43713 (2 ppm Xe)
wee RUN 43784 (3 ppm Xe) Run 43784 (3 ppm Xe)
we Run 43897 (5 ppm Xe) Run 43897 (5 ppm Xe)
1071 5 : 1071 4 =
Background, crosstalk?




PP INSTTUTDE [ u(\ =

5. Conclusions and next steps r T ZISLCIQJ SCULAR LIE¥ Vs
NEUTRlNO EXPER I|1[I‘T

~ Conclusions R
» Most PMTs are detecting light and working properly

» Employing different WLS and configurations help understanding the light insights

» This is a first approximation of a deeper Ar+Xe study

— _J
s Next steps R

» Perform an event per event study using CRTs data to acquire quantified results in LAr with Xe
doping, related to scintillation, possible Cherenkov light and the additional fast component shown
in Ettore's presentation

» Fit the average waveforms in different Xe concentrations to obtain the 7 parameters

» Extend this study to all the different Xe concentrations in ProtoDUNE-VD

» Compare these results with the membranes and cathodes as well

— _J
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