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Vertical drift single phase PDS
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X-ARAPUCA Simulation
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• Simulation of the photon detector →improve collection efficiency 

• Dependence on number and
position of SiPMs and other 
geometrical effects

40.5%
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Reference Design Simulation
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• Geant4

• Semi-transparent 
FC: T=70% and 
Cathode: T = 80%

• Anode R=20% (Xe)

• Abs length = 20 m

• λ
Ar

 = 99.9 cm, 

λ
Xe

 = 8.5 m

0.5 m

0.8 m

0.8 m

0.8 m

3.6 m

Side view: Arapucas on 
membrane
20 columns per side

Top view: Arapucas over 
cathode

Top VD volume

PDs 60 cm behind 
FC
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PDS Reference Design: Light Yield Map
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 24000 photons per 
MeV of energy 
deposited 

 70% for Xe

 30% for Ar

 3% detection 
efficiency

Ar + Xe (10 ppm)
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PDS Backup Design: Light Yield Map
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• Fluka

• 24000 ph/MeV  

 70% for Xe

 30% for Ar

• 3.5% detection 
efficiency

• λ
Ar

 = 90 cm, 

λ
Xe

 = 7 m

Ar + Xe (10 ppm)

21.3

7.7
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HD Single Phase PDS Requirements

7

• Current taken as guidelines
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Position Resolution in the Reference Design
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• From barycenter determination

• Graphical projection of 
the simulated portion of 
the VD PDS volume on 
a 2D surfacey

B
x

B

z
B
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Position Resolution in the Reference Design
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• Resolution propto 1/sqrt(E)
• Good position resolution in x 

and z
• In y: less PD tiles 
• Expect improvements with 

timing information
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Energy Resolution in the Reference Design
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• Photons at the center of top volume

 Uncertainty on energy calibration (p0)

 Statistical fluctuation (p1) on the number of detected PEs

 Noise term (p2)
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Trigger with the PDS: Backup Design
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• 10 MeV events 
+ 39Ar background (107 Bq)

(N
PE

, M
Tile

) – Majority trigger condition

Position of untagged events
For 5 MeV events, 90% tagging efficiency is achievable
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Time Information in the Reference Design
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• Optical waveforms taking into account

 Emission time (Ar and Xe)

 Propagation time

 X-ARAPUCA QE

 X-ARAPUCA shifters

 SiPM (single PE profile, crosstalk...)

• Detector performance studies

 Timing resolution

 Digitizer requirements (dynamic 
range, sampling frequency...)

 Improving position resolution

Photon time of arrival for a given PD

Corresponding waveform
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PDS Simulation Group
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• Top priorities:

 LArSoft simulation available

 PDS Requirements
 Comparison w/ Horiz. Drift (Light Yield, energy and 

timing resolutions and direct comparison for VD-
Reference option and backup option)

 Digitizer requirements (dynamic range, sampling 
freq., bandwidth)

 PD trigger (and prompt background rejection) strategy

 Goals for SNe and p-decay detection w/ PD
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Summary:

14

• Current simulation efforts:

 Tool for improving PDS performance
 X-ARAPUCA
 Anode reflection
 PDs distribution...

 Infrastructure for determination of VD PDS requirements

 Infrastructure for physics studies

• Preliminary information on 

 Position and energy resolution

 Trigger capabilities
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BACKUP
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Average LY 
up by ~6%
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Anode Reflection

• Impact of improving the anode reflectivity from 25% to 50%: 
Impact on LY uniformity

Improvement >~15%

Average LY 
up by ~6.6%

D

Former 4p 
design:

Improvement >~30%
D

Cathode 
only:
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Reference Design: Light Yield Maps

• LY map per detection plane
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Reference Design Simulation

●

Xe
●

Ar 

Photons per PD:

z x

y

Bottom

Lateral          Lateral

192 tiles in ~1/6 
VDrift volume
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Trigger with the PDS: Early 4p design
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• Events at lower LY region, no backgrounds
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Preliminary Dynamic Range Studies

• 6 GeV e- shower @ 0.5m from cathode

• Pure LAr, λabsorption = 50m

Amp
 
= 3.1k Amp

spe

ProtoDune 
Single PE

Amp = 2.6 k Amp
spe 2 exp. model

Raise time = 9ns
Decay time = 476 ns 
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