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OLAF for LEGEND-1000

- L-200 operating since 2022;  
- up to 200 kg Ge;  
- LAr as active shielding

L-200

on-going

L-1000 
baseline design

- L-1000 baseline design ready;  
- ~1000 kg Ge;  
- LAr as active shielding

explore/qualify readout solutions for large assembly 
improve understanding of LAr as scintillation detectorOLAF

LEGEND LAr talks: 
Lucia Canonica 
Luigi Pertoldi


Rosanna Deckert



OLAF
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Optical Liquid Argon Facility

setup at Roma3 featuring:  
 

LAr:  Ar 6.0 gas liquefied by LN2 
 LAr scinti. photon by SiPM(VUV)  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Optical Liquid Argon Facility

setup at Roma3 featuring:  
 

LAr:  Ar 6.0 gas liquefied by LN2 
 LAr scinti. photon by SiPM(VUV)  

 

- scintillation photon yield 

- (effective) attenuation length

- time constants

- impurity effect (wo purification or doping)

- reflective surfaces

LAr optical properties that can be studied

benchmark/test:  
 

LAr - SiPM - Front End - Trigger - DAQ 
readout chain for Legend-1000
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OLAF setup overview
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Peso complessivo dei liquidi criogenici 
da contenere circa 75Kg

LAr vol:  ~ 40 L 
LN2 vol:  ~ 17 L

vac

cryostat



OLAF in preparation at INFN-Roma3
configuration for Ar liquefaction test

LDetek_LD8000  
Trace gas impurity analyser 

readout  
feedthroughs

glove box for

assembling

vacuum and cryogenic vessels, LN2 dewar 

top 

window

as in 2025

temperature display
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LAr liquefaction with LN2

LN2 ~ 17 L

LAr  
~40 L

LAr  ~ 84 K
LN2  < 78 K LN2 dewarcryostat

@ 1 bar

LN2 IN
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LAr liquefaction with LN2

LN2 ~ 17 L

LAr  
~40 L

LAr  ~ 84 K
LN2  < 78 K LN2 dewarcryostat

@ 1 bar

boiling point ~86 K

N2 @  2.5 bar

regulate the gas pressure 

of Nitrogen to keep its 

temperature above LAr  
freezing point

LN2 IN
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Chapter 5 The in-situ measurement device LLAMA

Figure 5.1: The LLAMA instrument. A cylindrical copper frame holds 13 SiPMs in dis-
tances from 15 cm to 75 cm in steps of 5 cm to a light source, which is mounted
on the bottom plate (see fig. 5.2). Individual transversal displacements pre-
vent shadowing, and each SiPM faces the light source directly.

5.1 Instrument and working principle

Figure 5.1 shows a picture of LLAMA. The setup is operated completely immersed in LAr

and is made out of copper for radiopurity reasons. Three vertical bars of 85 cm length,

twelve copper rings, and plates at both the top and the bottom form a cylindrical frame.

74

15 cm 
~  

75 cm 
13 SiPMs

Φ ~ 20 cm 
Source and detector configuration - LLAMA case

5.1 Instrument and working principle

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Efficiency of HAMAMATSU VUV4 and VUV3 SiPMs for VUV photons, taken
from [4]. The LLAMA setup employs 16 SiPMs of the VUV4 type.

5.1.3 Key advantages of LLAMA

The novel design of LLAMA mitigates several systematic biases, which are present in

previous experiments measuring optical properties of LAr. This applies especially to the

determination of the attenuation length. The key characteristics of LLAMA are listed in

the following:

• Due to the usage of state-of-the-art VUV-sensitive SiPMs, the employment of

wavelength-shifting materials is entirely avoided. Thus, photons from the pri-

mary emission of LAr retain their original wavelength and hence obey the studied

attenuation length.

• An 241Am source is used, which produces low-energy gamma particles. Hence,

electrons are below the Cherenkov threshold after receiving the gamma particle’s

energy, which prevents the production of visible photons, which is necessary for

the reason stated above.
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Hamamatsu VUV4 type MPPC SiPM

Light source and trigger
Am-241 

  triple coincidence of 3 SiPMs near 
source


LED (green) 

   external pulser for power supply

 

 

2017.03.31_KSX-I50133-E_VUV-MPPC(VUV4) 
 

Form KSX-0046 C 4

 
 Product outline 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

＜S13370-3050CN / S13370-3075CN＞ 

＜S13370-6050CN / S13370-6075CN＞ 

without  
window resin 

6 mm

EPJ Web of Conferences 253, 11014 (2021) 

L-200

on-going
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~ 
90

 c
m

Φ ~ 15 cm 

LAr  
vessel

photon source

SiPM

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

Commercially sealed capsule

Gamma: mainly 60 keV

Activity: 200 kBq 

Activity tolerance: ± 30 %


✓ Am-241 gamma source at Roma3:

LED (SMD) Am-241 capsule 
beneath

TUM design

Fully-encapsulated  
source

TRG: SiPM x3
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OLAF Am-241 source housing and trigger

Commercially sealed capsule

Gamma: mainly 60 keV

Activity: 200 kBq 

Activity tolerance: ± 30 %


✓ Am-241 gamma source at Roma3:

LED (SMD) Am-241 capsule 
beneath

TUM design

Fully-encapsulated  
source

TRG: SiPM x3
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LED source

green SMD LED

DS105 LUXEON Z Color Line Product Datasheet 20231110 ©2023 Lumileds Holding B.V. All rights reserved. 3

Performance Characteristics

Product Selection Guide

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

Color
domInant [1] or  

PEaK WaVElEnGtH [2] (nm)
lumInous FluX [1] (lm) or 

radIomEtrIC PoWEr [3] (mW) Part  
numBEr

mInImum maXImum mInImum tyPICal 

Deep Red 650 670 250 350 LXZ1-PA01

Red 620 645 40 52 LXZ1-PD01

Red-Orange 610 620 56 65 LXZ1-PH01

Green 520 540 80 118 LXZ1-PM01

Cyan 490 510 48 82 LXZ1-PE01

Blue 460 480 24 38 LXZ1-PB01

Royal Blue 440 460 500 575 LXZ1-PR01

Table 1b. Product performance of LUXEON Z Color Line at 500mA, Tj=85°C.

Color
domInant WaVElEnGtH [1] (nm) lumInous FluX [1] (lm) Part  

numBErmInImum maXImum mInImum tyPICal

Red 624 634 24 43 LXZ1-PD02

Red-Orange 614 624 40 47 LXZ1-PH02

Amber 594 604 16 24 LXZ1-PL03

PC Amber 588 592 72 107 LXZ1-PL02

Lime 566 569 144 175 LXZ1-PX01
Notes for Tables 1a and 1b:
1. Lumileds maintains a tolerance of ±0.5nm for dominant wavelength and ±6.5% on luminous flux measurements.
2. Deep Red and Royal Blue are binned by peak wavelength. All other colors are binned by dominant wavelength.
3. Deep Red and Royal Blue are binned by radiometric power. All other colors are binned by luminous flux.

readout benchmarking: 
- acceptance  
- timing 

- rate …

SM-01 Saber Micro-Z1 - LUXEON™ Z LED Module

Page 2    SM-01 Saber Micro-Z1 LUXEON™ Z LED Module 

Module Specifications

Parameter Value

Base Type 0.8mm MCPCB Aluminum
Thermal Performance RθC-B  
From the LED thermal pad to the bottom of the aluminium base 1.5 °C/W

Pad Finish Immersion Gold
Solder Mask Color White
Solder Paste AIM NC-258 No-Clean, Lead-Free
Max Operating Temperature (Aluminum Base)1 120°C
Overall Dimensions (mm) 5L x 5W x 1.76H (The height is dependent on LED type. See drawing for details.)

Weight 1.5g
1. For maximum life, the aluminum board temperature must be kept below this value.
For LED specifications, please refer to the Philips Lumileds Rebel LED datasheet.

The Micro-Z1 is delivered as 
part of a Carrier Tab. This 

tab makes it easy to handle 
the Micro-Z1 during transport, 

storage and module, minimizing 
the risk of damage to the LED 

emitting surface.

The carrier tab also includes 16 soldering practice pads 
where you can refine your small part soldering skills 
before you solder leads to the Micro-Z1 module.

Image 1

- single photon calibration

- timing calibration

- basic functionality validation

SiPM TRG: in sync with LED power modulator 

5 mm



12

Trigger logic with V2740 digitizer Firmware 

CAEN digitizer 
Commercial FW

CAEN Digitizer Firmware
From CAEN documentations 
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Trigger logic with V2740 digitizer Firmware 

CAEN digitizer 
Commercial FW

Tripple coin.  


AND

Software programmable  
in DAQ for run-time

CAEN Digitizer Firmware
From CAEN documentations 



SiPM readout: Front-End, trigger, and DAQ
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2023 JINST 18 P09007

Toallowthemanagementof58channelsofSiPMmoduleswedecidedtocreate5boards,plus
spares,usingtheNIMstandard.Figure4showsapictureofthecratewiththeFEboardsalready
installed.

Figure4.Photoofthecratewiththefront-endboardsand,ontheright,ofthecontrollerboard.

4.1Front-EndElectronicsboards

Theschematicofadi�erentialinputandoutputamplifierchannelisshowninfigure5.TheC19,C22,
C28andC29capacitors,thereinreferenced,allowtheACde-couplingofthesignaltakenfromthe
di�erentiallineattheregulatedVbiasvoltageforeachSiPM.Thede-couplingcapacitorsarechosen
withaninsulationvoltageofatleast100Vtoavoiddielectriclossesduringoperation.Theamplifier
chosenfortheadaptationandamplificationofthesignalistheADA4930-1YCPZ-R7(elementIC9
infigure5),withatotalgainof40.Thegainonthetwodi�erentiallinesisdefinedbytheratio

Figure5.Schematicofadi�erentialinputandoutputamplifierchannel.

–6–

LEGEND-200 FE boards x 2 
& controller board 

 
up to 24 SiPM channels

CAEN V2740 digitizer

12 x 2  
diff. 


outputs

FPGA FW for TRG logic

MIDAS based DAQ

D. Tagnani 
FE output adaptor

12 x 2 
RJ45 
diff. 


outputs

- connection to SiPM  
- controller interface 

—> validation to follow

2023 JINST 18 P09007

in preparation
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DAQ implementation and first FW test

TRG logic and run-time settings of digitizer  —>  set from GUI 

CAEN Dig V2740 
FELib  

OEM FW for PSD
MIDAS package of TRIUMF   
Linux, C++ library;  
Online Data Base (ODB) for control and logging;  
GUI control from browser

64 CH

8 ns/S
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DAQ basic validation: timing structure

EXT TRG

60 Samples delay

single digitizer ch. accumulated wave form
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DAQ basic validation: QDC gate Short-Long

Energy Short [a.u.]

En
er

gy
 L

on
g 

[a
.u

.]

CAEN DPP-PSD FW

Test pulse 

WF integration gates 
(QDC gate)

Long: Energy Long
Short: Energy Short

for online PSD application
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Ongoing prototype under test

LED

assembly
inside cryostat before closing
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Ongoing prototype under test

LED

assembly
inside cryostat before closing Ar liquefaction

LAr at the bottom

15.10.2025



Geant4 simulation preparation
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- LAr vessel, LAr volume  

- tentative positions of 12 SiPMs (as Si boxes) 

- geantino runs for geometry acceptance 

- Optical Properties & realistic geometry  
under construction

geantino hits @ SiPM

geantino 

from source


position

number of hits @ SiPMs

“minimalist” setup implemented: 
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z

x

y

Ground work for G4 MC

co
un

ts



Summary
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- 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

Optical Liquid Argon Facility @ Roma Tre

On-going activities:

As an R&D test bench for Legend-1000 LAr detector  
 

Cryogenic setup constructed 
  

LAr scintillation direct readout with Hamamatsu VUV4 SiPMs 



notes
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External TRG readout test

WF gen.

FAN IN/OUT  
(LVDS)  

SMA connectors

out

sync. TRG IN

V2470

PIN adaptor

LVDS 
IN 

CH [48, 50]

3 LVDS CH

Scope

20 ms width 
10 Hz

TRG mode 2
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Triple coincidence self-trigger readout test

WF gen.

FAN IN/OUT  
(LVDS)  

SMA connectors

out

sync.

TRG IN

V2470

PIN adaptor

LVDS 
IN 

CH [48, 50]

3 LVDS CH

Scope

20 ms width

SIN
TRG OUT

VETO

TRG mode 3
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V2740 DPP-PSD (charge) integration gate length

Gate Short:  
50 Samples

416 ns (52 samples)

TRG

Test pulse  
in  

ADC buffer

Gate Long:  
100 Samples 

GateOffset: 8 samples

PreTrigger samples

Internal Test pulse

Internal delay: ~15 samples

Test pulse 
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G4 geometry preparation
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