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- L-200 operating since 2022; - L-1000 baseline design ready;
- up to 200 kg Ge; - ~1000 kg Ge;
- LAr as active shielding - LAr as active shielding

explore/qualify readout solutions for large assembly LEGEND LAr talks:
improve understanding of LAr as scintillation detector Lucia Canonica

OLAF
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OLAF

Optical Liquid Argon Facility

setup at Roma3 featuring:

LAr: Ar 6.0 gas liquefied by LN>
LAr scinti. photon by SiPM(VUV)




OLAF

Optical Liquid Argon Facility

benchmark/test:

LAr - SiPM - Front End - Trigger - DAQ
readout chain for Legend-1000

setup at Roma3 featuring:

LAr: Ar 6.0 gas liquefied by LN>
LAr scinti. photon by SiPM(VUV)

LAr optical properties that can be studied

- scintillation photon yield

- (effective) attenuation length

- time constants

- impurity effect (wo purification or doping)
- reflective surfaces




OLAF setup overview

exhaust
ducts

Ar 6.0 gas
bottles

cryostat




OLAF setup overview

" LArvol: ~40L
LNovol: ~17 L

Ar 6.0 gas
bottles




OLAF in preparation at INFN-Roma3

configuration for Ar liquefaction test
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assembling
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LD8000
MULTIGAS

vacuum and cryogenic vessels, LN2 dewar LDetek _LD8000
Trace gas impurity analyser




LAr liquefaction with LN>

———

N

1 )
*4.. o outside

Duct pipe —,—l— P_As Sight Glass
+ OP mancmetes A [ — l " P2
therme-nsu’ Sy e ) Vacuum
ated bellows e . ] 1.2-1.4 barg a — @A Gauge Pumping
1o roaf ' rupture dse 2 & IDNZMCF 2 8= station
— VE Ve ™1 s o - s Ya \ %)
) -‘ S z a z 2 Vo - n
Ball Valve NC Check Valve 12 ] 2 a & N - T F:'_.".'\‘
—— , ‘- . N o ! }
L b b — D]
DNZ50CF . S
R2 (3 berg) 2 - g J {ff"[»ii'} {T}
= g Vsive NC | b o —<] 7 o
\"«j“;'-.}aafm—_ RS = Pressire Regulater V.an
T . Ly '
8 (8] Ay T Requaor N
T 1 SN, ArSD
ot P - _ P.d
EV? . R.n M
EVZ . - v "\ ) Pressur Gas Cyinder
LNZIN thermo-insulated hose v /) Pressure
N2 OUT A SafetyValve | yo nsouT qaLge
bl * PTi0 .
v _m.zh. ‘ v.d
” Salety Valve
Gas valve(lo LN IN FA (2.8 bar)
add) 2 8bLa
EVOD

@ 1 bar

LAr ~84 K
LN> <78 K

LN-> dewar

liqu. Ivl. monitor (1o

be powered)



LAr liquefaction with LN>
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Source and detector conflguratlon LLAI\/IA case

L-200
on-going

Hamamatsu VUV4 type MPPC SiPM
40% |

—Uva-Hamp Light source and trigger

——VUV3-50ump Am-241

triple coincidence of 3 SiPMs near

/-\ source

N

.

. LED (green)
/ external pulser for power supply
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wavelength (nm



OLAF: SiPM and light source mounting structures

tentative
design

photon source




OLAF: SiPM and light source mounting structures
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OLAF Am-241 source housing and trigger

v  Am-241 gamma source at Romas:

Commercially sealed capsule
Gamma: mainly 60 keV
Activity: 200 kBq

Activity tolerance: * 30 %
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OLAF Am-241 source housing and trigger

v  Am-241 gamma source at Romas:

Commercially sealed capsule

Gamma: mainly 60 keV
Activity: 200 kBq
Activity tolerance: * 30 %
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LED source

green SMD LED

- single photon calibration
- timing calibration

- basic functionality validation _
Saber Micro-Z1

LUXEON Z LED

For complete specs & app
notes, go to: SM-01.net

Soldering Practice Pads

SiPM TRG: in sync with LED power modulator

Table 1a. Product performance of LUXEON Z Color Line at 500mA, T=25°C,

DOMINANT [ or LUMINOUS FLUX [ (Im) or

COLOR PEAK WAVELENGTH 2 (nm) RADIOMETRIC POWER B! (mW) NS»I‘\\AIETER

MINIMUM MAXIMUM MINIMUM TYPICAL
Deep Red 650 670 250 350 LXZ1-PAO1
Red 620 645 40 52 LXZ1-PDO1
Red-Orange 610 620 56 65 LXZ1-PHO1
ce 520 540 80 118 LXZ1-PMOT1
3 490 510 48 82 LXZ1-PEO1
Blue 460 480 24 38 LXZ1-PBO1

: 440 460 500 575 LXZ1-PRO1
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Trigger logic with V2740 digitizer Firmware

ITL Mask: 64 bit
CAEN digitizer PairMode AND, OR, NONE
Commercial FW ITL Mode: AND, OR, MAJ
SELF-TRG|O]
PAIR
SELF-TRG[1] LOGIC
Width in ns (0 = Linear)
SELF-TRG[2]
Retriggerable: True, False
PAIR
SELF-TRG[3] LOGIC Polarity: DIRECT, INVERTED
2
S MAIN
- TRG GATE POLARITY ITOUT
(as}
. LOGIC
=
wJ
SELF-TRG[62]
PAIR
—— L0GIC [ cAEN Digitizer Firmware
From CAEN documentations




Trigger logic with V2740 digitizer Firmware

CAEN digitizer
Commercial FW

SELF-TRG[0]

SELF-TRG[1]

SELF-TRG[2]

SELF-TRG[3]

SELF-TRG[62]

SELF-TRG[63]

ENABLE MASK

ITL Mask: 64 bit

PairMode A ND, O Q. NONE

ITL Mode: AND, OR, MAJ

PAIR
LOGIC

PAIR
LOGIC

PAIR
LOGIC

MAIN
TRG
LOGIC

Width in ns (0 = Linear)

Retriggerable: True, False

Polarity: DIRECT, INVERTED

GATE POLARITY Lt

Software programmable
in DAQ for run-time

[ cAEN Digitizer Firmware

From CAEN documentations
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SiPM readout: Front-End, trigger, and DAQ

2023 JINST 18 P09007
&= a " al a’
SR o o o o o GhlN
0 oT'::l]aAJ 0 \ S aun3a-tuoAl

amMa-TMona
OTav 1Al 0OT3V 1Al
Lo om0 ©
00S-au393d : S

Mqie

00S-aM323Jd 00S-au3o3ld

‘ nod maie Hod Maie

B »E R

i

12x 2
diff.
outputs &8

{HH

N |
= L
& T

cccccc

128,
!
2

ur
3
nnnnn

- . . e o D Tagnanl
LEGEND 200 FE boards x 2

FE output adaptor CAEN V2740 digitizer
& controller board
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FPGA FW for TRG logic

up to 24 SiPM channels

- connection to SiPM ;
- controller interface '" Preparation

MIDAS based DAQ
—> validation to follow
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DAQ implementation and first FW test

CAEN Dig V2740
FELib
OEM FW for PSD
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MIDAS package of TRIUMF

Linux, C++ library;
Online Data Base (ODB) for control and logging;

GUI control from browser

&« C @ O D localhost:8080/?cmd=custom&page=vx2740
= OlafDigv2740
Status
Transition page to see an updated interface.
ODB
OldoDpB
Messages

g a coincidence of both.

Chat

Elog Jump to:

Alarms

Programs Parameter

ELEEE Debug data

History o o

OldHistory €bug settings

MSCB Debug ring buffers

Sequencer Hostname (restart on change)

Event Dump Enable

Config Read data

Help

Scope mode (restart on change)

vx2740 settings

0 settings

w

Alarms: None

Midas does not support 64-bit values in the ODB, so some channel masks are split into two - one for channels 0-31 and one for channels 32-63.

Use NIM 10
Start acq on midas run start

Start acq on encoded CLKIN

O
O
O

caendgtz-usb-52696

(I <BN<HN<

O

001

—

ch

30 May 2025, 17:32:36 UTC+2

This page allows you to configure the settings for the VX2740 "single-board" frontends. If you want to use the "group" frontends, start a group frontend then refresh this

The VX2740 has two internal self-triggers for comparing waveforms to threshold values; these are referred to as A and B; you can enable neither, either, both, or require

TRG logic and run-time settings of digitizer —> set from GUI
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DAQ basic validation: timing structure

single digitizer ch. accumulated wave form b V2470
8 50000
a — : : : : : sync. &) | TRGIN
< : WF gen. i |
40000 }—:--- 3mmmmm€ ................... ? .................. émmmmﬂli ....... l
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- : : : : : FAN INOUT | LVDS
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DAQ basic validation: QDC gate Short-Long

Test pulse

WF integration gates )————( Long: Energy Long
(QDC gate) — Short: Energy Short
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Ongoing prototype under test

inside cryostat before closing

assembly



Ongoing prototype under test

assembly

15.10.2025




Geant4 simulation preparation
Ground work for G4 MC

“minimalist” setup implemented:

- LAr vessel, LAr volume
- tentative positions of 12 SiPMs (as Si boxes)
- geantino runs for geometry acceptance

- Optical Properties & realistic geometry
under construction

number of hits @ SiPMs geantino hits @ SiPM

_— : : : : htemp
I * | Entries 8896
14 e , ..................... ..................... .
00 - H H H ¢ | Mean 38.58 '§10
- H H H H - e
: : : : i | StdDev 16.77 L
. N
: »
o

1200 S— — —

. _SO_<\N§

- 4

| 2
- Posyem) 2 0 2 O

20 30 40 50 60 70
distance to vertex [cm] post




Summary

Optical Liquid Argon Facility @ Roma Tre
As an R&D test bench for Legend-1000 LAr detector
Cryogenic setup constructed

LAr scintillation direct readout with Hamamatsu VUV4 SiPMs

On-going activities:

- Argon liquefaction procedure establishment

- SiPM frame structure prototype production

- SiPM readout full chain preparation:
SiPM -> Legend FE boards -> CAEN V2740 digitizer

- FPGA based trigger logics (using digitizer FW)
- DAQ: TRIUMF MIDAS based system
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External TRG readout test

—T1 20 ms width
10 Hz V2470
sync. ®) | TRGIN
WF gen.
out
3 LVDS CH
FAN IN/OUT —> LVDS
s N
SMA connectors CH [48, 50]
PIN adaptor
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Triple coincidence self-trigger readout test

20 ms width V2470

TRG IN
SIN
TRG OUT
FAN IN/OUT LVDS
(LVDS) IN
SMA connectors CH [48, 50]

PIN adaptor
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V2740 DPP-PSD (charge) integration gate length

Internal Test pulse

Test pulse

PreTrigger samples
< >

Test pulse
in :
ADC buffer < >| 416 ns (52 samples)

Gate Long:
100 Samples

-> <— GateOffset: 8 samples

Gate Short:
50 Samples

TRG
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G4 geometry preparation

Current environment

MacOS 10.13.6
Geant4.10.2
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