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Simulation PDE values
from LAr measurements

-EVENT GENERATOR - -GEANT4 - DETECTOR SIMULATIO N -RECONSTRUCTION -

SEE PUBLICATION FOR MORE INFO: 
Eur. Phys. J. C 84, 1004 (2024)  

https://doi.org/10.1140/epjc/s10052-024-13393-2
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FD−HD configuration characterization

SiPMs WLS bar Testing Site

(A) FBK TT EJ-286PS-1 CIEMAT + MiB

(B) FBK TT G2P-FB165A MiB

(C) HPK 75HQR EJ-286PS-1 CIEMAT

(D) HPK 75HQR G2P-FB165A CIEMAT+MiB

● The XAs’ configurations installed in ProtoDUNE-HD 
(NP04) were tested in LAr at CIEMAT and Milano Bicocca.

● Common electronics  ( see C. Brizzolari et al 2022 JINST 17 P11017 )

https://www.fbk.eu/en/
https://eljentechnology.com/products/wavelength-shifting-plastics
https://www.fbk.eu/en/
https://www.glasstopower.com/
https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/ssd/s13360_series_kapd1052e.pdf
https://eljentechnology.com/products/wavelength-shifting-plastics
https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/ssd/s13360_series_kapd1052e.pdf
https://www.glasstopower.com/
https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11017
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Data Analysis
● Calibration (common procedure)

○ Calibrations at low light levels with a 405 nm laser in both sites
○  SNR = (𝜇1- 𝜇0) / √(𝜎2

1+ 𝜎2
0 ) > 2

○ Cross-talk (CT) 

SiPMs biased at 4.5 OV (FBK TT) and 3.0 OV (HPK HQR75) → similar gain + CT < 20% in both models

see HPK MPPCs Characterization

https://iopscience.iop.org/article/10.1088/1748-0221/19/01/T01007/pdf
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● Not linear dependency + depends on Tª and wavelength
● SiPM PDE percentage not measured at out conditions ( just 

nomenclature)
● Computing the ratios for different configurations results:

● Trusted SiPM OV-PDE progression corresponding to 40%, 45% 
and 50% cannot be reproduced in DUNE’s OP-conditions.

PDE vs OV
HPK 75HQR

FBK NUV-HD-Cryo

@A. Falcone

(FBK) Manufacturer HD-XA VD-XA
PDE45%/PDE40% 1.13 1.16 1.15
PDE50%/PDE45% 1.11 1.24 1.27

DUNE CM VD-XA 

λ 128 nm - T 83 Kλ ?? nm - T ?? K

https://agenda.ciemat.es/event/4282/contributions/5144/attachments/3452/5496/20230920_FBK_SiPM_DUNE.pdf
https://indico.fnal.gov/event/62283/contributions/299528/attachments/181299/248606/2024_09_10_CM_X-ARAPUCA%20PDE%20FOR%20DUNE%20FD-VD.pdf
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➔ Four configurations installed in ProtoDUNE-HD

➔ Operated this summer at 4.5 OV (FBK) & 2.5 OV (HPK) [45% PDE]

➔ NP04 Database

➔ Values included in the fcl file: duneopdet/OpticalDetector/opticaldetectormodules_dune.fcl

Paper results
● PDE has been measured to be about 2% at 4.5 OV (FBK) & 3.0 OV (HPK)

● 10% higher for HPK and the same WLS bar + increases between (24-35)% with the G2P

 

FBK + EJ (A) FBK + G2P (B) HPK + EJ (C) HPK + G2P (D)

MiB           [𝜖MIB] 1.80 ± 0.15 2.22 ± 0.19 - 2.40 ± 0.20
CIEMAT   [𝜖MAD] 1.34 ± 0.24 - 1.59 ± 0.29 2.13 ± 0.38
CIEMAT   [𝜖’MAD] 1.61 ± 0.12 - 1.86 ± 0.15 2.50 ± 0.21

FBK + EJ (A) FBK + G2P (B) HPK + EJ (C) HPK + G2P (D)
1.58 2.22 1.59 2.17

https://docs.google.com/spreadsheets/d/14fpCjNZFnyq72wugfSGXdAcTrgFroA1AI2In7VeyZIY/edit?gid=1535840716#gid=1535840716
https://github.com/DUNE/duneopdet/pull/65/files/3b3c9b0437d979184a47ee2b43e5c2f278d53041#diff-a76173e37fcfdc5d20c22f6902df26ddf42f652c4563831a518639022077cd47
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PDE from NP04 data
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● 160 channels, with 4 X-ARAPUCA per PDS module

● 7 DAPHNE boards with 40 channels each 

● APA 1 in full streaming (3 DAPHNE) + APAs 2, 3, 4 in self-trigger (4 DAPHNE)

8

HPK FBK

40% SiPMs PDE 2.0 3.5

45% SiPMs PDE 2.5 4.5

50% SiPMs PDE 3.0 7.0

 Overvoltages (OV) [V].

● Two different SiPM vendors, HPK (orange) and FBK (light yellow)

● Breakdown voltage needs to be computed for each X-ARAPUCA (VOP = VBD + OV)
Before 9th July

After 9th July

NP04 overview

Channel map: 
duneprototypes/Protodune/hd/ChannelMap/

DAPHNE_test5_ChannelMap_v1.txt

https://github.com/DUNE/duneprototypes/commit/11a1cbe86b6be4f5840ad00585d290f06c46f1f4#diff-a63548aefb1820c6e558de11dc304ae2eb2e572f82cb400548e73b8797a7b153
https://github.com/DUNE/duneprototypes/commit/11a1cbe86b6be4f5840ad00585d290f06c46f1f4#diff-a63548aefb1820c6e558de11dc304ae2eb2e572f82cb400548e73b8797a7b153
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Roadmap to XA PDE
Similar procedure as followed with ProtoDUNE-SP beam data:

➔ Beam data from particles of known type
➔ 𝜖XA

 =  detected photons (data) / impinging photons (montecarlo)

DATA
● Runs 27374 (7 GeV), 27378 (-7 GeV) → select electrons (to do: muons)
● Compute average waveform for each channel 
● Set the integration ranges as the crossing points with baseline (only positive lobe)
● To do: APA 1 + other energies

MC
● Beam + cosmics MC with LArSoft standard fcl for ProtoDUNE-HD (50 evts → low statistics!)
● To do: Increase statistics (official production?)

https://doi.org/10.1088/1748-0221/15/12/P12004
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NP04 Data

10 wvf + Average (example for ep 109 ch 0)
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APA 1 APA 2 APA 3 APA 4

Working on this APA
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APA 1 APA 2 APA 3 APA 4

(VERY) PRELIMINARY
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PDE results (preliminary)

● Values ~1%

→ investigating some channels with 
very low values.

● MC with low statistics

→ to be improved.

● Expected relative differences 
~(24-35)% between EJ and G2P  not  
seen in these preliminary results

● Working on more energies and APA1 
(full streaming mode)

APA 2 APA 3 APA 4


