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Outline
• DUNE-HD module-0 detector component validation tests at CERN.

• APA Warm Tests at CERN.

• APA Cold Box Tests at CERN.

• Summary.
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ProtoDUNE-II HD Test Plans

Arrow point to an APA Arrow point to an APACPA

• As part of the final sign off for the DUNE 
HD module 0 APA production, there is 
plan to:

- Install and operate all the module 0 
APA components as ProtoDUNE-II 
at CERN.

- Validate the detector components 
and their installation/assembly 
processes.

• The ProtoDUNE-II detector will have 
10,240 signal channels (4 APAs x 2560 
Channels per APA).

• The required 4 x APAs (i.e. 2 x top APAs 
& 2 x bottom APAs) have been 
delivered and being tested at CERN.

• CE are installed on the top-end of a top-
APA and on the bottom-end of a bottom-
APA.

• These include 3 x UK-APAs and 1 x US-
APA. 
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APA Warm Test Setup

Decoupling capacitors grounded

EXTECH MG325 Insulation 
Tester.

Tested at: 50V, 100V, 250V, 
500V & 1000V.
Measures IR to >200 GΩ

Voltage Bias Point

Connected to X-Layer 
Head Board

• Voltage tests are required to ensure that there are no short 
paths on the given  APA before any cold box/FEMB installations.
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Results: UK-APA-1 Warm Tests

• Insulation resistance observed from the UK-APA-1 CR-board bias channels “passed” the required >2 GΩ criterion. 

• Observed maximum current from the X-layer of UK-APA-1 at the operational voltage of +820 V is <1.2 A

• Observed maximum current from the U-layer of UK-APA-1 at the operational voltage of -370 V is <0.6 A
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Results: UK-APA-2 Warm Tests

• Initially, there was a stray mesh wire that shorted 2 of the CR board channels to ground. This was found and removed so all 
the CR boards  bias channel on UK-APA-2 now “passed” the required >2 GΩ criterion. 

• Observed maximum current from the X-layer of UK-APA-2 at the operational voltage of +820 V is <1.1 A

• Observed maximum current from the U-layer of UK-APA-2 at the operational voltage of -370 V is <0.5 A
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Results: US-PSL-APA-4 Warm Tests

• Insulation resistance observed from the US-PSL-APA-1 also “passed” the required >2 GΩ criterion, however, the U-layer 
bias of this APA were found to be most sensitive to relative humidity.

• Observed maximum current from the X-layer of US-PSL-APA-1 at the operational voltage of +820 V is <1.0 A

• Observed maximum current from the U-layer of US-PSL-APA-1 at the operational voltage of -370 V is <0.6 A
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Top APA

CR Boards 
connected to X-Head 

Boards

CE-CR Board Adapter
Board

CE Box

FEMB: Front End Mother Board
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Cold Side

APA Integration with FE Electronics
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APA Cold Box Tests

CERN NP04 Cold Box

APA

Signal Feed-through • Samples of geometry, filter boards 
and charge readout front end 
electronics to be used on the 
DUNE-HD module-0 detector are 
being tested on ProtoDUNE-II 
APAs.

• The plan is to test ProtoDUNE-II 
APAs at their respective operational 
voltages in the CERN NP04 cold 
box before the APAs are moved into 
the cryostat.

• Next slides will discuss test results 
from the cold box test of the first 2 x 
UK ProtoDUNE-II APAs.
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Results: UK-APA -1 Cold Box Tests

• Noise RMS spread: ~30 ADC.

• A few FEMBs were “noisier” than others.

• Observed ~25 kHz noise peaks from the FFT spectrum.

• The observed noise features respond to changes in the FEMB bias voltages. 

U-Plane V-Plane X-Plane

Plots from: Roger Huang 
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Results: UK-APA -2 Cold Box Tests

• Noise RMS spread: ~30 ADC. The cold electronics group are developing a coherent noise filter which is expected 
to improve this baseline noise. 

• The ~25 kHz noise peaks were also observed from the UK-APA-2 FFT results.

• Initially, 3 channels were dead, the affected FEMBs were replaced which solved this issue. However, 7 other 
channels were reported to look open. These potential open channels are being investigated.

• During the APA warn up, FEMB 10 and 11 showed ~180 ADC continuous noise spikes. This is being investigated.

Plots from: Roger Huang 

Better performance with a 3 us shaping time.
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• All the 4 x APAs required to build ProtoDUNE-II HD at CERN have been 
delivered and are currently undergoing pre-installation tests at the CERN 
NP04 clean room area in preparation for their installation in the cryostat.

• 3 x APAs out of the required 4 x ProtoDUNE-II APAs were produced and 
shipped to CERN from the UK-APA factory at Daresbury.

• Warm and cold box tests of the first 2 x UK-APAs were successful. Noise 
issues observed during the tests are being investigated.
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Summary
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Thanks for listening!
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