Cucrema cuntbiBaHUSA CBeTa B XXUAKOM
aprodHe moaynbHou TPC 6nmxHero
aeTekTopa akcnepumeHTta DUNE

Hay4yHo-meToaunvyeckunn cemuHap JIAN

CentoHuH AnekcaHpap Cepreesuy, 09.03.2023



Copaep>xaHve

* BcTtynneHue:
- akcnepumeHT DUNE
- bamxHunn petektop DUNE
- JKngkoaproHosas BI'lK
- 3apsagoBas 1 CBETOBAs CUCTEMDbI

* KOMMNOHEHTblI CBETOBOW CUCTEMBI

* [lpoTtoTun 2x2. Pe3ynbTaThl NcnbiTaHNN B bepHe. [logrotoBka 2x2 Ang TECTOB Ha
nyyke HENTPUHO.

* [logrotoBka K ncnblTaHUaM nosiIHopa3amepHoro moaynsa Bl1K

* [1naHbl Ha 2024-2026 .



okcnepumeHT DUNE

YckopuTenbHbI HEUTPUHHBIN 3KCNepPUMEHT ¢ asnHHon 6a3on (1300 Km)
[TocnepoBaTtenb akcnepmmeHTa NOVA

[1Ba OeTEKTOPHbLIX KOMMNeKca: 6amXHUN 1 ganbHUN OETEKTOP

HaueneH Ha n3ydeHne napameTpoB OCUUNIALUNY HEUTPUHO, nepapxmn

Macc HenTpuHo, pasbl HapyweHnsa CP nHBapunaHTHOCTH
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DUNE Near Detector
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Overpressure gas bypass

D U N E N D- L Ar TP! ;s Signal feedthroughs
High volta

Feedthrough g Stainless steel
- 2 vacuum-pocket Key DeSign Features:

top flange

Vacuum isolation
valve

Liquid level Active size:

5m deep, 7m wide, 3m tall
- For v signal containment

Central resistive
cathode

Signal rate: ~10 M / yr

ArCLight tiles ‘

Modular design:
-5 x 7 hermetic TPC modules
- 3m active height
- Minimal inactive material
- Material density (G10) similar to LAr
E:;"S“"e heid - Short drift (50 cm)
- Pixelated charge readout
G10 “Bucket” - Optical segmentation
module stuctre _ High-performance light detection

Light Collection Cabling

Modules (LCM)

Pixelated
anode plane

Liquid outlet

- System reliability and

Stainless steel

Liquid isolation Chonr S capability to operate in
—_ flange high-rate environment
5x 7 = 35 TPC modules ND module size —1m x1m x 3m

Light detectors are along the electric field
By J. Raaf



Intention of the Light detection system

* Provide tO-trigger for track correction
* Resolve pile-ups and associate tracks in time

* Assign detached energy events (~ns)

An event display of the visible energy for a typical spill from the 1.2 MW beam spill coming
from the LBNF neutrino beam. The large number of crossing muons and multiple neutrino interactions
can be seen along with the segmentation offered by the modular structure of the ND-LAr system




ND LArTPC Module Design

Feedthrough

ArCLight Tile
LCM Tile > |
Li ght Power / D at a FCS8-20-01-L-S-A-TR
Cables

Charge Power/Data ArCLight Cold-PCB
Cables 3.0 meters
Anode Support
Panel
Pixel Tile
w/ASICs

roup

Calibration Fiber / * ,

1.0 meters

LCM group and ArCLight are fully interchangeable .
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2x2 Modules: 0.75m x 0.75m x 1.6m

Pixelated

Anode Tile ..
(70x70 pixels)

ArCLight Tile

LCM Tiles -..

e

.
v
.....
. .
. .
.
.

140m

Cathode and Field Cage with Light Readout and LArPix
10GQ Resistive DuPont Films Charge Readout
By J. Raaf https://argoncube.org



Charge readout

® Pixel Size - 4x4 mm?, Pitch = 4.4 mm, 4900 pixels
® [ ArPix ASIC reads out up 64 pixels

® Pixel tile 300x300 mm (prototype), 100 ASICs

® Full Scale Demonstrator: ~ 300x500 mm

4 Drift velocity ~ 180 ps / 30 cm @ 0.5kV
4 MIP energy loss 2.1 MeV / cm

4 Electron-lon pair energy 23.5 eV

4 Recombination ~0.6 @ 0.5kV

4 Pixel size ~4 mm -> 2+10*e per MIP

4 Resampling time 2.2 ps -> Time pixel ~ 4 mm

4 Hit time stamp ~ 100 ns -> Spacial resolution ~ 0.15 mm

Institutions: LBNL, Caltech, CSU, Rutgers, UC-Davis, UC-Irvine, UCSB, UPenn, UTA

https://argoncube.org/tracks.html



charge [10° e]

File datalog_2021_04_02_04_ 57 26_CESTevd.h5
Event 14374, 4110 us w.rt PPS, 2021-04-02 03:00:45 UTC
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charge [10° e]

Event 2716, 897369 us w.rt PPS, 2021-04-04 22:39:44 UTC
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Neutrino like event with two pions and a proton.
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charge [10° e]

Event 22053, 623455 us w.r.t PPS, 2021-04-04 07:41:54 UTC
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Neutrino like event with a muon and three protons.
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Light detectors

Both approaches are based on shifting UV light (128 nm) into visible (425 nm) by TPB

b

Design drivers:

Dielectric materials ArCLight Concept u

* Large surface covering
* Relatively high PDE

LCM Concept

b

o TPB on fibers shift 128 nm -> 425 nm

3 um
112 pm

Ahnabag

6 mm

WLS Plastic

10 mm 128 nm

LAr scintillation light

WLS-fibers shift 425 nm -> 510 nm,

= 510 nm light is detected by SiPM

< ghEgame

280 mm

w671
ww ¢

+ Easy to scale -> Fibers have long attenuation
+ Doesn’t loose efficiency (PDE) with scaling up. PDE ~ 0.6%
+ Can be used as 1 DAQ channel

+ Provides more rigid construction
+ Spacial resolution in depth.

- PDE ~ 0.2% (Currently)

- Heavier - Complex and flexible

- No spacial resolution in depth

12



Light detectors

ArCLight

A’A\l

Whe dichroic film is fixed on

an aluminum plate

nnnnnnnnnnnnnnn

- TS

Module 2

vacuum chamber
acrylic vs metal

cooling plate
identical

TPB tray
small vs big

heating table
9 vs 24 resistance

PTFE containers for bundle’s
fibers (capillary effect)

-

To process with MCD diamond tool Apply polishing machine
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Cold electronics

. PCB with SiPMs is attached to the LCM
. PCB connected to E-pcb board with
embedded pre-amps by means of pins

« E-PCB carrying 6 preamps

 Cold preamps (LMH6624) Gain ~ 5

« Power ~ 30-40~mW each @ BW of ~ 30MHZ
(~10 ns rise time).

o Interface to 3 SiPM boards (3 LCMs or 1
ArCLight)

« Metal screens use to cancel clock pick up from
Charge readout.

e Samtec connectors

o Left and right boards

Samtec microcoax cable

[// //:/”/
FCF8-20-01-L-03.00-S T/

& FCF8-10-01-L-03.00-S

FCS8-10-01-L-S—-A-TR

FCS8-20-01-L-S-A-TR FCF8, FCS8 SERIES

14



Front-end electronics

e Variable gain from 0 to 26 dB

e 2x2 Version - 24 channels/module. Drivers to long signal line

« FSD Version - 60 channels/module. No long lines

» Adapter board: Interface Microcoax cables to VGA and SiPM
PS and Preamps power

«2x2 Version - Controlled by means of external analogue signal

(VGA control unit DAC+RPi)
« FSD Version - Controlled via CAN-open (DAC onboarg

VGA Control Unit (2x2)
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lllllllluﬂnédﬂdd.}d-ﬁddd.ﬂJJJ..!—l-l.i-'-l‘



ADC

 14-bit @ 62.5 MS/s (16 ns) - Buffer of 2 kSamples = 32 usec, full

range + 1V

o

LERULLTHT T

e Analog inputs on 2x32 channel Diff-pairs connectors

« Self-triggering mode by a digital threshold

e 64 channels, 1-unit wide 6U VME64 module, standalone
« VMEG64 VXS

 Optical link 10 Gbps

UL

« ADC stream UDP/TCP data packets via M-link MStream ADCs

1

« White Rabbit protocol with 8 ns timestamp, <100 ps clock sync
e Spill = 10 usec, Light pulse ~ few usec, ADC window ~ 32 usec

“““ WHS.
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Synchronization with other subsystems by means
of absolute time given by GPS




SiPM power supply

Main Features:

® VME mechanics

®Based on AD5535B chip

® Voltage up to 200 V, 14-bit
® Max current 500 uA /ch

® CAN-open protocol

Design by Marathon
Company (MSU)

MAPAD®OH JINR is the License owner




Calibration system

® LED unit on board: A =425 nm

® PTFE Diffuser - Unifies the light field

® 4 Calibration units per TPC: TOP & BOTTOM // LEFT & RIGHT

®50Q2 impedance matched

v

Supported by
Russian
Science

RSF | ==,

under grant #22-22-00389




Module assembly at Bern

19



Module assembly at Bern

20



Light system electronics shipped to Bern

Bias Power Supply PS control unit VGA control unit

21



Module test at Bern
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t0 correction using light detection system

y [mm]

Event 46, ID 130 - 2021-04-02 04:17:37 UTC
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PDE [%)]

Light system performance
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Std.Dev., ns

Time resolution [CHO7&CH39]
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Amplitude, channels

Light system performance

100 ns, LED double pulse
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pile-up ~ 3-5 events/10us

Single waveform CH55 [Event#1]

llll]lllllllllll][llll

O

1 l 1 1 1

1

50

150

200

250

300

Sample number, N

~250 ns pile-up, Michel event

600
400
200{
0-
~200 -

~400 -

~600 -

»
} .. R 3 3
» ——— T e
/‘-ﬁ“ - “*.‘."4

600 -
400 -
200 -

0 -

y [mm)]

g

—200 A

~400 -

g

\

—600 A

-250

200 -

0 1

x [mm]

-200 -

T T o) B BT, T

0
z [mm](t)

250

i
A

{ T DA ST e #l Bk L

—-250

0

250

—-250

TR ) [ I R

0 250
X [mm]

200 -
0 -

~200 -

B

—-250 0

o BOTR sanc Emd OEIE |

250

Z [mmIl()

Single wavform CH47 Event[# 139924]

0.0 4~ oy

Amplitude, channels x1073
|

=17.5 4

' 860 ' ' 10'00
Sample number, N

0 200 400 600

25

Number of counts, N

700
600
500
400
300
200

100

43

Calibration spectrum
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Light system performance

Spatial resolution (preliminary, Bern simulation)

ArCLight spatial resolution ~ 5-6cm Common vertical spatial resolution ~ 2-4 cm Common spatial resolution along beam ~2 cm

dy std [mm]
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ArCLight spatial resolution reconstructed

from SingleCube data (Vertical direction)

Track True Position Vertical Axis [mm]

Light Readout spatial resolution simulation

for ArgonCube TPC (Vertical direction)
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Track True Position Beam Axis [mm)]

Light Readout spatial resolution simulation

for ArgonCube TPC (along beam direction)



Module Performance Summary
S oduied | Modulen | Module2

LRS PDE: LCM 0.6% 0.7% 0.7%

LRS PDE: ArCLight 0.06% 0.2% 0.2%

LRS threshold ~ 5 MeV ~ 1.6 MeV < 1.6 MeV

LRS timing <2ns 1.2 ns 1.2 ns

LRS inactive channels? 8.3% 1.0% 0%

CRS threshold 5.8 ke- (~1/4 MIP) 4.5 ke- (~1/5 MIP) 7.5 ke- (~2/5 MIP)
CRS noise 920 e- 920 e- 830 e-

CRS inactive channels? 7.8% 2.4% 9.0%3

Electron lifetime >2 ms >2 ms >2ms

Maximum electric field tested 1 kV/cm 0.5 kV/cm 0.8 kV/cm

By B. Russel, |. Kreslo
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2X2 Demonstrator
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Expected event rates for 2x2
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Electronic review at Fermilab 2022

DUNE-doc-# & | Title ¢ | Author(s) ¢ | Topic(s) ¢ | Last Updated H
25617-v5 Light Readout System DC distribution diagram for ArgonCube 2x2 Alexander Selyunin ArgonCube2x2 12 Jul 2022
25657-v2 Light Readout System VGA control module ORC Alexander Selyunin ArgonCube2x2 09 Jun 2022
25655-v1 Light Readout System SiPM PS PCB ORC Alexander Selyunin ArgonCube2x2 08 Jun 2022
25653-v2 Light Readout System Adapter card ORC Alexander Selyunin ArgonCube2x2 08 Jun 2022
25650-v1 Light Readout System SiPM PS control board ORC Alexander Selyunin ArgonCube2x2 08 Jun 2022
24754-v3 Light System ADC64ve v3.2 Alexander Selyunin ArgonCube2x2 02 Jun 2022
24868-v3 Light System VGA board Alexander Selyunin ArgonCube2x2 01 Jun 2022
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Modules preparation for 2x2 at Fermilab

* 3 Modules delivered to FNAL
* QA/QC testing after shipment

* 2X2 cryostat installed

30



Key Documents for Preliminary Design Review

Light Readout Documentation Description EDMS Link

Light Readout Folder Top level folder for Light Readout documentation https://edms.cern.ch/project/CERN-0000217529
Requirements Spreadsheet with all ND-LAr requirements, see sheet "Light Readout (06)" https://edms.cern.ch/document/2589287
Internal ICDs Interface control documents (ICDs) internal to the ND-LAr Consortium https://edms.cern.ch/project/CERN-0000223195
Analyses Collection of analyses write-up: FEAs, bench testing, 2x2 prototype evaluations https://edms.cern.ch/project/CERN-0000231222
QAQC Plan Subsystem QAQC plan with focus on high-level QAQC test plans https://edms.cern.ch/document/2587876
Manufacturing Plan Subsystem Manufacturing plan with focus on manufacturing methods of key items  |https://edms.cern.ch/document/2605604
Procurement Plan Subsystem Procurement plan with focus on procurement management of key items |https://edms.cern.ch/document/2605605
Previous Review Tracking Spreadsheet with previous review recommendations, see "Light Readout" https://edms.cern.ch/document/2741842

Cost High-level cost estimate for ND-LAr and subsystems https://edms.cern.ch/document/2742778
Schedule High-level "one-pager" schedule for ND-LAr Consortium activities https://edms.cern.ch/document/2603073

CAD Model (Row Assembly, TPC Assembly) [Solidworks "Pack & Go" and Parasolid exports of CAD models https://edms.cern.ch/project/CERN-0000230732
Mechanical Component Drawings Subsystem mechanical component drawings https://edms.cern.ch/project/CERN-0000218197
Mechanical Assembly Drawings Subsystem assembly drawing https://edms.cern.ch/project/CERN-0000218198
Parts List Subsystem parts list https://edms.cern.ch/project/CERN-0000220723
Electrical Schematics and Board Layouts  [Subsystem electrical schematics and board layouts https://edms.cern.ch/project/CERN-0000218199
Electrical Cabling and Wiring Specification |[Specification of electrical cables/wiring 31 https://edms.cern.ch/project/CERN-0000217668



https://edms.cern.ch/project/CERN-0000217529
https://edms.cern.ch/document/2589287
https://edms.cern.ch/project/CERN-0000223195
https://edms.cern.ch/project/CERN-0000231222
https://edms.cern.ch/document/2587876
https://edms.cern.ch/document/2605604
https://edms.cern.ch/document/2605605
https://edms.cern.ch/document/2741842
https://edms.cern.ch/document/2742778
https://edms.cern.ch/document/2603073
https://edms.cern.ch/project/CERN-0000230732
https://edms.cern.ch/project/CERN-0000218197
https://edms.cern.ch/project/CERN-0000218198
https://edms.cern.ch/project/CERN-0000220723
https://edms.cern.ch/project/CERN-0000218199
https://edms.cern.ch/project/CERN-0000217668

LCM for Full Scale Demonstrator (FSD)

280,3

2x2 Version ~ 20 m of
Q WLS fiber
FSD Version ~ 30 m of
WLS fiber
: : |

32



Cryogenic stand at JINR

Studies with real LAr signal -> pre-test of the readout chain in LAr

§ o)
-
!

a-source

3D model prototype

We use
241 Am a-source

Purchase LAr from Kurchatov's Institute
Purity of LAr at level 10~ - 10

55



Cold PCB for FSD

(~10 ns rise time).

ArCLight)

Charge readout.

Samtec microcoax cable

FCF8-20-01-L-03.00-S

Samtec connectors
Left and right boards

7 //

S

FCS8-20-01-L-S—-A-TR

E-PCB carrying 6 preamps

Cold preamps (LMH6624) Gain ~ 5
Power ~ 30-40~mW each @ BW of ~ 30MHZ
Interface to 3 SiPM boards (3 LCMs or 1

Metal screens use to cancel clock pick up from

FCF8-10-01-L-03.00-S

FCS8-10-01-L-S-A-TR

FCF8, FCS8 SERIES

2x2 Version

34

FSD Version

FSD PCB carrying 6 preamps + 6 SiPM
6 SiPM are integrated onto the board
Cold preamps (LMH6624) Gain ~ 5
Power ~ 30-40~mW each @ BW of ~
30MHZ (~10 ns rise time).

Metal Screens

Interface to 3 LCMs or 1 ArCLight
SiPM number can be doubled (?)
Samtec or flex cable (?) connector

Flexible PCB




VGA for FSD

2x2 Version FSD Version

e« VME module e« VME module

e 24 channels e 30 channels
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I'MnaHbl Ha 2024-2026 rr.

* [1pon3BoacTBO KOMIMOHEHT CBETOBOW CUCTEMbI OJ151 MPOTOTUMNA 5-ro Mmoaynsa - moaynb-X. byayTt otpabaTbiBaTbCA
HOBblE pPeLleHN B KPUOreHHbIX TecTax B bepHe. 2024-2026 rr.

* TecTbl MaTpuLbl Moaynen 2x2 Ha HenTprHHOM nydke B Pepmunnabe - 2023-2024 rr.

* [1pon3BoacTBO KOMMOHEHT CBETOBOW CUCTEMbI OJ151 MOJSIHOPA3MEPHOro Moaynsa 6nnm>xXHero getekropa:.
ANEKTPOHMKA, OETEKTOPbI, CUCTEMA KannbpoBKkKn, kabenu. VlcnbltaHnsa KOMNoHeHT. 2024 r.

* TecTbl NosIHOpasmMmepHoro moayna B bepHe. 2024-2025 rr.

* [logroToBKa OOKYMEHTaUUM NO UTOram UCMbITaHU MOIHOPA3MEPHOro Moayns 6Av>XHero geTekropa ans
npoxoxaeHnsa FDR (final design review). 2025-2026 rr.

* HNNOKP HoBbIX TMoB BOSIOKOH ¢ gobaskon TPB n TecTtbl. 2024-2025 rr.

* [logroToBKa K MaccoBoMY NMpon3BOOCTBY KOMMOHEHT cBeTOBOWU cucTembl anda bnmxHero getektopa DUNE. 2026 r.
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Charge readout ASIC

RESET Conversion time =2 us (10 MHz clock)

C SAR-ADC CONVERT

\ SERIAL

- DATA[7:0]| Digital | out
(from L 8-b ADC Control
detector)

STROBE

5-b DAC TDAC[4:0]

Global
Threshold

Analog and digital parts in the same chip!



Charge readout timing

LArPix Self-trigger Cycle

1. Drifting charge induces current on pixel.

2. CSA integrates current, buffer drives
current to discriminator and ADC.

3. Signal exceeds discriminator threshold,
hit cycle begins.

4. Channel ‘waits’ a tunable delay (typically
1.8 us) for full drift signal integration.

5. If discriminator still high after wait, ADC ‘holds’
signal and front-end is reset to discard charge
on pixel. Channel ready for next signal.

6. ADC ‘strobes’, converting held signal to digital
value. Sends ADC value, timestamp, and
chip/channel |D to serial out.
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= 1.0n |
- =0.5n
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740.0m

F7200m |
J7000m |
. 680, 0
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2 640.0m
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580.0m |

560.0m |
>40.0m |

. 40n |

JAALAATA

L

™ rBay S Rl

| paTA[Toy| Dt | put

BUFF pr———, B0 ADC p——<=3| control o
\

Optional Burst
Modes:

‘Fixed’ Burst:

Process ‘n’ hit cycles
for each self trigger

‘Dynamic’ Burst:
Continue to process
hit cycles until change
in ADC value is below
set value.

Note:
CSA does not reset
until end of burst.

11 24 Nov. 2020 D. Dwyer | LArPix Overview

Total resampling timé+2.2 usec, precision ~ 100 ns



