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Argon Cube for the DUNE ND

LBNL studies suggest 30 t LAr TPC is sufficient
Proposed geometry is 3 x 5 modules (longest in beam)
Each module: 1 x 1 x 2.5 m3(50 cm drift, 50 kV)
Total detector: 7 x 5 x 4.5 m3(inc. cryostat & ancillaries)

Active volume: ~5x 3 x2m?3 Moxile

R

Pixel Plain

Pixel Plain

Light Collection Module:
Fixed directly into the readout PCB.
Supported on the field cage with custom hooks

Detecting 128 nm scintillation light

No metal (conductive) parts (only at zero potential )
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Two approaches to detect UV-light

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

ARAPUCA-like design
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Provides more rigid construction
More technological assembling
Zero dead area

looses PDE for scaling up

WLS-fibers design

TPB on fibers shift 128 nm -> 425 nm

128 nm
LAr scintillation light

= WLS-fibers shift 425 NmM -> 510 NM,
510 nm light is detected by SiPM

SiPM  SiPM_

Easy to scale -> Fibers have long attenuation
Doesn’t loose efficiency (PDE) with scaling up

Hard to assembling
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ArCLight design

LATCLight.

A.A. Machado and E. Segreto 2016 JINST 11 C02604
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Great idea!!! but...
Fragile membrane, void inside, heavy
frame, thermal deformations...
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ArCLight Design

Hamamatsu S13360-3050VE

Self-supporting
S1PM can be placed at one edge only

No frame — no deformations in cold
5]
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ArCLight Design

(Ta=25 °C)
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Evaluation of PDE for ArCLight

TPB conv. efficiency egp=1.3/2
Dichroic transparency for blue T430= 0.87 EJ-280
conv. efficiency ewrs= 0.86

Dichroic reflectance for green Rugo= 0.98
ESR reflectance for green Ra9o= 0.98

Total surface area S;;= 216 cm? SiPM

covered S.:=0.36 cm?

€ [l # g f— Saet/Sior= 0.0017
coll ™ T—(R,, >(1—f) 2

Absorption is neglected! (A ~ meters)

Putting it all together:
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ArCLight Prototypes w/o TP

Measured PDE for 10x10 cm ~ 1.5%

1 2 3 i 5 6 7 8 9

R /O electronics: Bern FEB (32-ch SiPM signal processor)
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ArCLight Prototypes w/o TPB

Measured PDE for 50x10 cm ~ 1%
Improved mirror is used

Great and very promising result!

Coordinate across the bar, cm

Distance from SiPMs, cm
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ArCLight Prototypes with TP
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Tile 43x15cm: total surface area St = 1336 cm”

ot

SiPM covered S =0.72cm’f=S /S =0.0005-> PDE=0.34%

From 1 m away: solid angle Q= 0.06 (worst case)
LAr scintillation produces ~26000 photons/MeV @1kV /cm
1560 photons/tile — ~ 5.3 pe/MeV detected.

For MIP 1 MeV=> 5mm, So we have 1 p.e. per mm of MIP track.
10
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DUBNA

Operation of WLS-fiber LCV

TPB coated plane of WLS-fibers

128 nm
LAr scintillation light

TPB on fibers shift 128 nm -> 425 nm

WLS-fibers shift 425 nm -> 510 nm,
510 nm light is detected by SiPM

Fibers provide trapping efficiency at level of 5-7%
11
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WLS-fibers LCM Design

. TPB coated
5x5 WLS-fibers  py/c plate

bundle
fiber o - 1.2 mm

Mirror

)

fibers - 0.6 mm
O L | (can be changed)
(Ex6gum) | TPB coated

plane of WLS-fibers

SiPM
holder

frame
module size can be scaled easily

(for the first tests it has 30 cm length and 11 cm width)
12



D

ArgonCube

DUBNA

Tests of LCM under room temperature conditions

dark room
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Performance of LCM under room temperatu

conditions

1st section 2nd section
illuminated by LED | illuminated by LED
LCM PDE, LCM PDE,
u % u %
frame with fibers )7 0.74 2.36 0.84
frame with fibers +
Wil e R e R AL R R .
frame with fibers +
mirrored faces

frame with fibers +
white PVC plate +
mirrored faces

frame with fibers +

mirrored faces +
TPB

PDEMPPC =24 %

Charge spectrum of SiPM $13360-6025CS from optical module (U=57 V, u=2.9 ph.e.)
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mirrored fibers
faces

self-stabilized LED
N ~ 280 photons

15 If we use PDEs;pm=38% then PDEiLcm =2.8%



D

ArgonCube

Tests of LCM under LN temperature conditions

isothermal container

o |
. -192°C
! power
. . supply
signal | AMP ADC
k=16 DRS4 PC
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l trigger
A self-stabilized EUOW?r
LED (428 nm) PPl
‘l . generator
trigger
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PC

16
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Thermostat for LN-tests

17
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Charge spectrum of SiPM S13360-6025CS from optical module in liquid nitrogen (U = 47V, u = 1.6 ph.e.)
b4
; 800 Entries 30000
o
o Mean 101.628
700

RMS 1.320

600 Integral 29993.000

500

400

300

200

100

m;_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

I|IIIIIIIIIIIIIIIIII 1 J—"—‘-I_nJ.IL

b 1 1 1 L1 1 Ll Ll
99 100 101 102 103 104 105 106 107 108
Charge, pC
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18 So we can have > 5 p.e./mm of MIP track.
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Conclusions & Plans

» ArCLight: more rigid, easy to assemble, compact, but less efficient (PDE) for large dimensions

* WLS-Fiber: easy to scale, higher efficiency, daedal design -> complex to produce, compact
solution?

* Two prototypes have advantages and disadvantages -> combining might be an optimal solution
# Tests in Liquid Argon:

- ArcLight - ongoing at LArIAT at FNAL

- WLS-Fiber LCM at UniBe next days

Slim prototype of WLS-fibers LCM ArCLight on pixel R/O plane in LAriAT




