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DUNE Far Detector TDR: Introduction to DUNE: arXiv: abs/2002.02967

Sanford Underground
Research Facility

Fermilab

- ~

_ ==

Far detectors 1.5 km underground
4x10 kton fiducial Liquid Argon Time
Projection Chambers (LArTPCs)

Mega-watt power neutrino beam
with 1300 km baseline from
Fermilab to SURF
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A MIP generates ~6000 electrons/mm in LAr

Drift electrons are sensed by Charge Readou_t Planes Top CRP
(CRP) located at the top and bottom of the drift volumes
Vertical drift of 6.5m with

450 V/cm drift E-field Sl

1 CRP = 2993 x 3370 mm?

v' 2 Charge Readout Units
attached mechanically

v’ 2 anode layers +
adapter boards and
edge connectors

v" 1 mechanical frame

1,496m

Cathode

14m JHV

Bottom CRPs

Bottom CRP

CRAT 80 CRP pattern (top land bottom

i
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DUNE Far Detector Vertical Drift Technical Design Report: arXiv: abs/2312.03130
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CRP provides a 3-layer charge-sensitive region with 5 mm pitch

3mx3.4m CRPs
with superstructure . !

2 x 6.5 m vertical drift

. Charge Readout Unit (CRU)

2 sheets of 1.5 x 3.4 m2 drilled PCB
with conductive strips to the edges of
the PCB

- Adapter PCB to bring signals out to
the readout electronics and edge
connector PCB to interconnect the ]
layers CRP detail with readout
Perforated readout strips planes and adapter boards
Photon Detector
- CRP BI

Each CRU has a composite frame
attached for support and then 2 CRU
are bolted together to make a 3 x 3.4
m2 charge sensitive plane

HV biasing is applied to make the
planes transparent in the drift field

Bottom CRP
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CRP Overview

Super-structure

Stainless steel
160mm height (Standard IPE)

Charge Readout Plane

(CRP)
3000mm x 3370mm

Composite frame
Epoxy / Glass fiber
65mm height

Adapter boards —
Anode Collection
Anode Shield —

Readout Unit
(CRU)

Adapter boards:

Edge connectors—

Composite frame )
Separate design for top and
bottom readout electronics
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- 4 CRPs assembled for ProtoDUNE Vertical
Drift module O LArTPCs
- Top CRP2 and 3 at CERN
- Bottom CRP4 and 5 at Yale (CRP5b at CERN)

- All 4 tested in LAr in the CERN cold box

- Excellent performance for both top and bottom
CRP
- Bottom CRP6 and top CRP7 built at CERN
to further refine component design and
grounding and shielding scheme

- CRP6 tested multiple times in CERN cold box
with improved performance

TDE Raw Data Display ey

Run 1523 Event 951 13.07.2022, 10:56:40 GMT + 100000000 ns 1000

2nd Induction Plane

100

Top CRP callection 1100
¥ view with TDE readout 50 g
93,000 g =)
0 »

g e / n ‘:—‘ 1300
H .
2005 / : I -50 =

- 1400 )
2,000 + 100 1500

T T T T 960 980 1000 1020 1040 1060 1080 1100
900 950 1.000 1.050 Channel
Channel No

CPAD 2024 Matthew Worcester (BNL) 11/20/24



=% Brookhaven r\
L' National Laboratory

CRP2 and 3

NEUTRINO EXPERIMENT

- CRP2 was assembled and
tested at CERN in 2022

- Good results in cold box run
with > 1M events

- Cosmic ray track displays show
excellent performance

Run 1527 Event 7800 13.07.2022, 13:24:35 GMT + 600000000 ns Run 1523 Event 951 13.07.2022, 10:56:40 GMT + 100000000 ns
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- CRP3 was assembled and
tested in Sept-Oct 2022

- Good results in cold box run
with no major issues
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CRP4 Experience

CRP4 was assembled and tested
at Yale and shipped to CERN for

testing in the cold box and
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CRP Noise Performance Comparison

integration into the protoDUNE
Vertical Drift detector
Followed the entire planned CRP
assembly and testing sequence that
will be used for the final production
Excellent noise performance at the
Yale factory was repeatable at
CERN
All channels functioned well at

CERN after the packing and shipping
from Yale

Demonstrated feasibility of testing
CRP at assembly sites and

Mechanical assembly @Yale

Lt

shipping to SURF without loss of

T T
CRP4 in Warm Coldbox
CRP4 in LAF
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ProtoDUNE Vertical Drift module 0 has two ~3m drift volumes each read out by 2 CRP (6,144 strips)
CRP integration started on January 2023 and completed in May 2023

2023
January February March Mar 24 M
ay 19
Jan 17 Jan 30 | |y

) CRP4 CRP4 cabling CRP5 cabling
Installation of CRP3 CRP3 CRP2 CRP2 insertion  and and installation
cable trays insertion in |nstallat|_on insertion installation : ; and installation
and cabling cryostat and cabling in and cabling \ — flipping

cryostat

Integration of all 4 CRP was successful with > 99.5% channels showing good preformance
ProtoDUNE Vertical Drift module O will fill with LAr in early 2025 and begin cold commissioning
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- CRP6 had a 4t cold box
test in June 2024 to test
connections with the
updated readout
electronics

- New scheme functioned well
with good performance
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- CRP6 was initially tested in the CERN cold

box in Nov 2023

- Improvements to anode assembly, edge
connector design

- Improved connections in the grounding

scheme were made for the next tests in
Feb-Mar 2024

- Red points were taken after the improved
ground scheme on CRP6

CRP6 Noise Comparisons

« 2/26 Faraday Cage
454 + 3/26 Faraday Cage

Pedestal RMS (ADC Counts)

0 500 1000 1500
Offline Channel
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Summary
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PCB segment (none) 12 per CRU (glued and | in 6 different flavors
stacked), 3840 total and 3 sizes. See Sec-
tion 3.3
PCB panel PCB segment 2 per CRU (stacked), | 1.494 x 3.366 m*
640 total
View (also called | electrode strips on PCB | 1 set of parallel strips | See Table 3.3

“layer")

per PCB panel side

Adapter board

4-layer PCB + bias ca-
pacitors and resistors

12 per CRU, 3840 total

in 7 different flavors
and sizes for top and
bottom

Edge cards 4-layer PCB + small | 24 per CRU, 7680 total | in 3 different flavors
connectors and sizes for top and
bottom
CRU 2 PCB panels + 12 | 2 per CRP, 320 total 1.496 x 3.370m*
adapter boards + 24
edge cards
CRP 2 CRUs + composite | 80 per anode plane, 160 | 2.993 x 3.370 m?

frame

total

Top superstructure | 6 or 2 CRPs 16 (top anode plane | 9.0x6.7m and
only, twelve 6-CRP, four | 3.0x6.7m
2-CRP)

Anode plane 80 CRPs 2 60.0 x 13.5 m*
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