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LAr light production
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Photon detection system (PDS)

« Detecting 127 nm light is challenging. Besides, HD and VD requires that the photon detectors
must have no more than 3 cm in thickness
 The PDS is based on the X-Arapuca device
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X-Arapuca - Working principle
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The device makes use of a dichroic filter in combination with two wavelength shifters (WLS)
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X-Arapuca - Working principle
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Vertical Drift (VD) module

Interface board

|

» Charge-readout planes (CRP) (anode) on top and bottom.
» (Cathode in the center at -300 kV

* 6,5 m drift distance

* Fiducial mass ~14.7 kt

Top CRPs

HV ¢

Bottom CRPs

Detector dimension:
62mxi15.1mx14m

Field cagé
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Photon detection system (PDS)

Total area of 65 x 65 cm?

A total of 2 x 80 Silicon Photomultipliers (SiPMs) per module

2x36 dichroic filters coated with pTP

These devices are installed on the Cathode at -300 kV

o Power supply and signal must be transmitted over

non-conducting materials

Membrane
b Wall

Membrane mo
Tiles (Outside Field Ca

G-10 Mount
Frame

WLS/SiPM Slab
Assembly

Dichroic Window
Frame Assembly
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PDS: Power and Signal over Fiber

V Cathode
. in

*  PoF and SoF technolog|e.s are / L P \LAPr

commonly used but not inside liquid

argon xARAPUCA Tile (large area)
e PoF supply DC-DC converter and SIPM flexBoard (x8)| LAr Temp.: 87.3 K

transmitter active components power

SiPM Passive-Hybrid ganging Stage
=

* SiPMs are biased through DC-DC

*  SoF transmitting the sensor signals T .
through fibers

Analog SoF
Receiver

DCEm
Analog CE motherBoard

Analog SoF .
T

AnalogDriver + Laser Diode + Opt.Coupling to Fiber

ROFE{Gans)
Receivers

()}
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Power over fiber

Low voltage (5 V) and high current PoF for DC-DC
converter, OpAmps and other active analog Multimode fiber with FC connector
electronics components.

Three receivers in parallel with efficiency >65%

PoF transmitter
808 nm 3 W laser

PoF Receiver
Gallium arsenide (GaAs)
Photovoltaic Power Converter (PPC) on heatsink
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Signal over fiber

«  DCem board (2 channels/board)

Fabry Perot 1310 nm lasers FC connector
Voltage gain ~x40
Laser optical power output <2 mW

Constant ﬂ)
Voltage "
== + l_
T IDC-
b4
'3 V2
¢ p OuPw2
=@
%0 oupu) vi
co™
R

- Integrated Photovoltaic Power Converter (PPC)
Integrated DC-DC converter
- NTC resistor to enable warm and cold operation

- Low-Drop Out Voltage Regulator (LDO)

Driver current:
DC offset + AXG/R

First §tage
Amplification
THS4131

Seconc-i Stage
Amplification

OPA354

1310 nm
laser

OPA354
BFP650

ber to

if]

InGaAs
pin diode

Receiver

receive

ADC and
DAQ
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Signal over fiber

+ DCem board (2 channels/board) - Integrated Photovoltaic Power Converter (PPC)
- Fabry Perot 1310 nm lasers FC connector - Integrated DC-DC converter
- Voltage gain ~x40 - NTC resistor to enable warm and cold operation
-  Laser optical power output <2 mW - Low-Drop Out Voltage Regulator (LDO)

,ﬁ, B [

DUNE FD2 PDS Cold Electronics Motherboard

—
'r

DCEM Rev 1.0 3,18,2022
6. Deverling - nn

R Rvera -
= National Accelerator Lab
i '”'

‘-
-

2 o
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PoF and SoF operation

CERN Neutrino Platform coldbox:

3x3x1 m?3 cryostat for LAr tests

Cathode placed on feet, anode is mounted on
the coldbox cover (23 cm drift distance)

Target: operation of PD system in LAr
PD with signal and power transmission
through fiber, operating on an HV surface

‘l N
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PoF and SoF operation

CERN Neutrino Platform coldbox:
3x3x1 m? cryostat for LAr tests

Cathode placed on feet, anode is mounted on
the coldbox cover (23 cm drift distance)

Target: operation of PD system in LAr

PD with signal and power transmission

through fiber, operating on an HV surface
e e S E ST P 01.,01.2015 08:02:55

——
e .
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PoF and SoF operation

* Photon Detection System principle successfully
demonstrated
- Power and readout done through fiber only at
liquid argon
- Operation stable with High Voltage on and off
- No interference in the TPC performance
Ajib Paudel
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SoF operation

- LED flashes also made possible for single photo-electron calibration
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o _ ¢ H 19 Dev 202 | - X-Arapuca detector in the LArTPC cathode
5 700 - si65 + 125 |
*E ( \ qrmsene “atas | - 80 SiPMs hybrid ganged
600 ﬁ1 703.3 £11.8 ||
— i 1552 +6.2 || . . .
- ° mer:er | - Signal-to-noise ratio ~ 4.9
500 = (F;: 3174 +93 | _
- r I A, :gg){s:s%z, I - Amplitude of 1 p.e. ~ 18 ADCs
— Al 81.97 JZ:4.3'3 I
400 - 2 S5 1333 |
s | " B
300_ Gs 1239 +150.7 I
= o] i35 toae |
E él 2,011 +1.364
200 W A Tot6 t047s |
— M \ O 1065 £795.4 ]
| Ay —-0.0002082 +0.1763377 ||
100_} \/ \/ %f S0 582.6 +799.4 ||

0 2000 4000 6000 8000 10000
Charge (ADC*nsec)

16 Henrique Souza | Vertical Drift Photon Detection System N. DUVE



SoF Operation - Setup limitations: LED light

% — S ————————————— non-linearities and commercial
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DUNE Prototype

VR 3'\ A \.I“.

Henrique Souza | Vertical Drift Photon Detection System },‘, DuVE



Assembling on end of 2022.

Operation on 2023
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Conclusions

Power and Signal over Fiber successfully tested in December 2021 in a 23 cm drift
distance LArTPC.

- Stable performance when cathode operated at 10 kV (~430 V/cm)

- Dedicated measurements have shown a linear response of the device

- No interference on the functioning of the TPC

Reliable system, operated through 10 different runs.
Research and Development still in progress, with tasks such as:
- Improve and verify circuit stability for the ~30 years long experiment

- Prove dynamic range to cover the desirable ~2000 photo-electrons

System will be tested in the first DUNE VD Prototype (Module-0) during 2023

20
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Thanks!
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Signal over fiber

Koheron PD100 low noise photodiode

single channel commercial solution - found early 2021
Indium gallium arsenide (InGaAs) photodiode
DC-coupled

0.9 A/W - 3.9 kV/A amplification

Koheron output signal vs laser power (warm)

600 pW maximum input at 100 MHz —— m=1662.16 b= 2.03
: 1600
« + 6V bias, ~40mA -
2 1400 -
3.9kQ E 1200 1
50 Ohm S 8004
A A °
A _| 0) PD out c
» M O ! S 6001
2 2001
InGaAs
photodiode .
0.I2 0j4 0:6 0:8 1.I0
Laser power (mW)
A
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Signal over fiber

e Board requirements
Efficiently transmit single photo-electron signals
(also the signals from LAr scintillation, but this is
mostly limited by the dynamic range)

First prototype

Amplitude

I\\||H‘II\\III|III|III‘\II

Amplitude ~ 50 - 100 pV
Rise time ~ 20 to 80 ns
Discharge time constant ~ 100 to 300 ns

’III|III|III‘l

Bandwidth ~ 30 MHz
Signal-to-noise ratio > 4
Dynamic range* ~ 1000 photo-electrons

IH||H\II

I N T R v (N VA Y v A Y| [ N 0 N S A A W

Time

v
N
5
Im
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Backup slides
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Backup slides R
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Vertical drift: but why?

» Tests with DUNE’s prototypes 3x3 m2 PCB Anode 2 x 6.5-m vertical drift
(ProtoDUNE) shows outstanding LAr
purity
- Drift distance of 6 - 7 m allowed.
. . . . Electronics
* Vertical drift layout is simpler to Perforated PCB / Interface board
construct - :

- More efficient use of LAr volume

- Reduce schedule and financial
risks

- Lightweight CRP, no broken
wires, easier installation, etc.

» Photon Detection System (PDS)
installed on the TPC walls AND
cathode allows higher coverage, light
uniformity, energy & position
resolution and detection threshold.

A
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Backup slides | gser offset in warm and cold

Laser offset vs V_bias

0.16 - e Reminder: DC offset for
® LaserV (warm), o= +1073 @ ¢ & ¢ laser to be in linear
0.144 @ LaserV (cold), o= +1073 o regime
0.12 - . e ForV _bias >4V, the
_ laser DC offset values
2 0.10 - are the same
;EZ,_J 008 - o — circuit DC behaviour is the
o same
& 0.06 e LDO keeps Vdd
~ 0.0 constant after 5.2V
' s " e Points below 3V and 4V:
0.02 - bias not enough for
0004 8 S W & 6 amplifiers to work
: : . : : . . . . ; ; : (OPA354 min bias
1.0 15 20 25 3.0 35 40 45 50 55 60 65 specs is 2.5V).
V_bias (V)
TS o o T o Bre At By arm] *
ystem

]
N 1



BaCkup - Measurement for two boards, one

with 2 channels + LDO + 1 laser,

801 A I2-channel/LDO/laser A A A A the other with just 1 channel
® | 1-channel i A
701 A 12-channelLDOflaser -The consumption in cold is lower
® | 1l-channel .
60 a than in warm:
& o0 - the circuit itself (40% less)
=) - laser current ~15mA vs ~3mA
‘GEJ 40 A
530+ L A A A A" lefere_nce between the wqulng
A c © o © o ° start point for the Op. Amp. in both
20 1 A o ¢ 4 boards
o o o o O
10 - A ° _ _
.l a 8 ; ; A ¢ -LDO works well |.n .cold, regulating
il . the voltage at a similar value ( to

1.0 15 20 25 3.0 35 40 45 50 55 6.0 6.5 5.23 V measured in warm; PoF is at
V_bias (V) 56\/)
Full circuit in cold (2 channels - 2 lasers -LDO) ~35 mA
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Backup slides
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Backup slides
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Backup slides

* By fully potting a
pigtailed laser we did not
see the power output drop
* potting is not trivial

i

* There seems to be a lens
inside — usually the laser
beam has a focus point
~few mm from lens

nAerrngyue oousd | verildl VIl Friowrn veteCuoll oSyslielll

a)

()

b)

d)

N=30-40% sp|der

e) f) .
Lasers usually come with some
kind of lens — not clear how LAr

affects the focus
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Amplitude (A.U.)

Backup slides
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Backup slides
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LAr TPC offers incredible
fine tracking and
calorimetry, along with
electron/photon separation

(time ticks)

— Simulated Electron Candidates
——  Simulated Gammas 4
T -¢- ¢ Electrons, Data
ko] -4 4 Photons, Data 1
] | o
N
= |
= / ‘
S ArgoNeuT
© Phys.Rev. D95 (2017) 072005 ég
£ + ~ g
@
__JT : i ﬁm A gg !
0 1 2 3 4 2 6 7 8
dE/dx [MeV/cm] g
:
£
8

Wir:e Numbé'r

| — U

16 O.Palamara | SBN program at FNAL Campinas, Dec. 314 2018
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BACKUPS
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Why liquid argon ?

Noble gas: electropositive and dielectric (low electron absorbance and high voltage allowed)
High density

High radiation length (allows good discrimination between electrons and photons and make
it easier to retrieve neutrino vertex)

Abundant in nature

Water He Ne Ar Kr Xe

Boiling point [K] @ 1 atm 373 4.2 27.1 87.3 120 165
Density [g/cm®] 1 0125 12 14 24 3.0
Radiation length [cm] 36.1 7552 24 14 4.9 2.8
Scintillation [y/keV] - 19 30 40 25 42
Scintillation A [nm] - 80 78 128 150 175
dE/dx [MeV/cm] 19 0.24 1.4 2.1 3.0 3.8
Abundance (Earth atm) [ppm] 25x10° 5.2 18.2 9300 1.1 0.09
Electron mobility [cm?/V-s] . <0.3 <0.01 ~500 ~1800 ~2200

A
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DUNE: v oscillation

DUNE Vi Disappearance
sin2923 = 0.580
AmZ, = 2.451 x 107 eV?

3.5 years (staged)
—— Signal v, CC
@ v, cc

@ NC

| (v, +v,) CC
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ey
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DUNE: v oscillation

True Normal Ordering True Inverted Ordering
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Definitive determination of neutrino mass ordering for all possible parameters
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DUNE: v oscillation
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Significant CP violation discovery potential over wide range of true 6, values in 7-10 years (staged)
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Deep Underground Neutrino Experiment (DUNE)

Massive neutrino detector

Four Far Detector (FD) modules of 17 kt each using Liquid Argon Time Projection Chambers (LArTPC)
Neutrino beam physics, supernova neutrinos, proton decay and solar and atmospheric neutrinos
The experiment search to answer open question in the field of particle physics, astronomy and

cosmology (CP violation phase in the leptonic sector, octant of 0,,, mass hierarchy, etc.)

23’
Baseline of 1300 km and neutrinos energy from 0.1 to 10 GeV

Sanford 7 |
Underground J— : e —
Research S . S con

Facility o
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DUNE: LBNF Beam
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DUNE: LBNF Beam
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DUNE: Far Detector (FD)

AREA OF COMPLEX:

~400x180 meters
(About 8 soccer fields)

Fermilab

| NEUTRINO E /
PARTICLE PRODUCTION
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UNDERGROUND
PAR

DETECTOR
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Supernova Neutrino Burst (SNB)

40 kton argon, 10 kpc
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Supernova Neutrino Burst (SNB)
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