Rebecca Corley {University of Utah)

Paolo Gondole (Universityief Utah)
Carsten Rott (Co-chair, University of Utah}
Pear| Sandick (University of Utah)

Joshua Spitz (University of Michigan)

Yue Zhao (Co-chair, University of Utah)

Jean-Luc Biarotte (IPN Orsay, France)

Ed Blucher (University of Chicage, USA)
Janet Conrad (MIT, USA)

Jodo dos Anjos (CBPF, Brasil)

Amol Dighe (TIFR India)

Alex Friedland (SLAC, USA)

Belen Gavela (IFT UAM Madrid, Spain)
Takaaki Kajita (ICRR Tokyo, Japan)

Soo-Bong Kim (SKKU, Korea)

Akira Konaka (TRIUMF, Canada)

Manfred Lindner (MP| Heidelberg, Germapy)
Mats Lindroos (ESS, Sweden)

Mauro Mezzetto (INFN, Italy) “
Dmitry Naumov (JINR, Russia)

Marzio Nessi (CERN, Switzerfand)

Tommy Ohlsson (KTH, Sweden)
Ornella Palamara (FNAL, USA)
Steven Parke (FNAL, USA)
Naohito Saito (TOKAI, Japan)
Mikhail Shaposhnikov (EPF Lausan
Alexei Smimov (MPIK Heidelb
Fumihiko Suekane (Tohoku U, Ja
Yoighiro Suzuki'(KEK, Japan)
Roumen Tsenov{Uhiversity of Sofia, B
Patrice Verdier (IN2P3 Lyon, Frapx
YifanWang (IHEP, China)®

John Wometsley (ESS, Sweden) ‘

, Switzerland)
sermany)

arit)

Bt o ok e s 4 8

s

ury Goadman (ANL, USA)
WG4:Mu QL Srou nversy of viri
Yuki Fujii (Uni Univ
Gavin Hesketh (
Yuri Oksuzian (A h., USA)
niversity,
oy WGS5: Neutrinos beyond Ernesto Kem p (UNICAWIP, Brazil) m ”w..‘ ki g
ma(lBS CUP, South Korea) Takashi Kobayashi (KEK, Japan) i w s l | l
Ruiz (UC Louvain, Belgium) Tadashi ki (KEK, Japan) :
e Shoemaker (Virginia Tech, USA) i ag (Os i o
[TOWEE: Detectors E
[ [ Jonathan Asaadi (University jo 1
‘—Dwdessawmma'(pﬁ” S\Mt arco Martini (IPSAJSoRBonne Univers !y France) 4
infiiYasubieg (Keiq Lgiv Jdpan) Neil McCauley (Uniyers iy of Liverpool, UK). 22 I ;
WG7‘ | Iusmn Djvé Eqmty, Jorge Marfin {FNAK 1 Fa
Tsuyoshi Nakaya tadiniversky, Japan) N ra
£dy ;(: S;::roi et Jeffrey Nelson (Cofeke ﬁwﬂham & Mary, USA] i o
i - » Vittario Palladinolghid Ndapoli, iely) - ™
WFN ¢ Angela Papa (Ps /M PiANFN, w..ienunds 1 lad
L Na m&m’l niv rsn apa" Gabriel Perdue (FAAL, Usay - B =
: d EwaRondio(National Centre lorx«ulm Researchy O wmk Swierk, Polapd) = ¥
o i Carsten Rott (University of Utaly). 4 4 ‘ I
P aulSoler (UniverSity. of Glasgow ! UK) § | 2 V4
Hirohisa Tan aka (SLAC/Stanford Univérsity, USAJ ol A |
= France sco Terranova (University of Milano-Bic . e

Salt Lake City, Utah, United States
July 315t - Aug. 6%h, 2022

Sanjib Kumar Agarwalla (Insttute of Physics, Bhubaneswar, India; Universty
of Wisconsin-Madison)

Jianming Bian (Univérsity of California, Irvine, USAJ

Alain Blondel (University of Geneva, Switzerland)

Alex Bogacz (Jefferson Lab, USA)

Walter Bonivento (INFN Cagliari, |taly)

Stefania Bordoni (Michigan State University/CERN, Switzeglnd)

Alan Bross (FNAL, USA) 4
Helio da Motta (CBPF, Brazil) '/

WG1: NeutrinoOseillations

Adam Aurisano (University of Cincinnati, USA)
Mark Scott (Imperial College’ UK)

Jian Tang (Sun Yat-Sen University, China)
WG2: Neutrino Scattering Physics
Adi Ashkenzi (Tel Aviv University, lsrael)
Tatsuya Kikawa (Kyoto University, Ja

Raul Gonzalez Jiménez (Complutens

of Madrid, Spain)

WG3: Accelerator Physic

Natalia Milas (ESS, Sweden)

Tsunayuki Matsubara (J-PARC, KEK)

Kastsuya Yonehara (FN/\L USA)

21 T
Tord Ekeldf [Uppsala University, Sweden)

Mohammad Eshraqi (ESS, Sweden)

Frederik Wauters (University of Makn?, many)

Un-ki Yang (Seoul National Unjversity, Koréa)

Ge!

Yasuhiro NISHIMURA (Keio University)

on behalf of WG6 conveners

Davide Sgalaberna (ETH Zurich),

Yasuhiro Nishimura (Keio University),
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vverview

® Overview of WG6 parallel talks

O 4 talks for Photodetectors and Electronics
» Hyper-K and IceCube detectors

O 4 talks about Liquid argon detectors (incl. trigger, readout)
» DUNE/SBND/ARIANDE+

O 4 talks about T2K/DUNE Near detector, Xe TPC

O 5 talks about Calibration, Reconstruction, etc.
» IceCube/MicroBooNE, JUNO, ICARUS, Paleo

® Joint sessions

O WG1+2+6 : 4 talks for Near detectors, scintillator tracker
O WG1+6 : 4 talks for Machine Learning
O WG4+6 : 3 talks for Mu2e Detectors and machine learning
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Photosensors
and
Electronics

14:00 Multi PMTs at the Water Cherenkov Test Experiment/IWCD at Hyper-K Ryosuke Akutsu
Ballroom 3 14:00 - 14:20
Options for PMT electronics at the Hyper-K far detector Shota Izumiyama
Ballroom 3 14:20 - 14:40
Time generation and clock distribution for Hyper-Kamiokande Lucile Mellet @
Ballroom 3 14:40 - 15:00

15:00 IceCube & SWGO Photodetectors Michael DuVernois
Ballroom 3 15:00 - 15:20

6/Aug/2022 Summary of Working Group 6 (Detectors)



ICECUBE

/ UPGRADE

IcECUBE
GENZ2

Photodetectors:
PMTs/Bases for IceCube & Friends

Mike DuVernois
IceCube Upgrade & Gen2 Technical Coordinator

University of Wisconsin-Madison

IceCube-Gen2 (planned 2026-)
IceCube (2005-) Optimized for

IceCube Upgrade Optimized for + Cosmic neutrino peint sources
(planned 2023-) « Diffuse high energy cosmic neutrinos
Optimized for =

1900

« GeV neutrines o —
« Calibration ; e

‘e .9
' o 6. ; e 2
... .o ] e camastthi e~
* IKeCube'sinstrumentation
. volume 1 Giga-taa
e - 0
QO » ®
? 0 lceCube-Gen2's instrumentation volume
15}
Inner fiducial volume 2.2Mega-ton 4 l ° 8 Giga-ton!|
(-]
N ] ) )
kKeCube DeepCore Upgrade ',“"i-’ ::: :'”"ﬂ

https://indico.fnal.gov/event/53004/contributions/245838/attachments/158359/u2‘67768/DuVernois NuFA! all.p
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PMT+HV base for IceCubes

10” Hamamatsu PMT with base using custom
resistive divider, o
EMCO HV supply,

MV Contred gt PMY Dase
oragm

inductively coupled output

FO m_D Cockcroft-Walton HV Base
S4 N with On-board Microcontroller

Gars Premaue g

10-inch PMT

Upgrade

MicroBase V2.4 December 2019
for Hamamatsu R12199 (3-inch PMT)

2 Pisag

shared these modules with a number of neutrino, CR, and gamma ray groups.

MDOM 111 D_Egg WBS 1.3.2

430 mDOMs 310 D-Eggs 4-inch PMT + Waveform MicroBase (Hv+bAq) ﬁ‘
(DESY-Zeuthen, 24x 3” HQE PMTs) (Japan, 2x 8” HQE PMTs) B g |

lceCune

B> 0 Pararmeter Target value

: Gan Se8 @ <1500V
Genz Tranait Time Spread. < Sns (FWHM) K
Poan. Vatey 2 5

cE >25% ©400nm

Profete/sfier puines Less Pan 1/S510%

S photoniectron (SPL) wavelon™ sample

&

Harmamatsy
4 inch PMT

16 PMT option 18 PMT option y
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Multi-PMTs at
the Water Cherenkov Test Experiment
/IWCD at Hyper-K =%

Hyper-Kamiokande

4

ad  §

Ryosuke Akutsu (TRIUMF)
On the behalf of the Hyper-Kamiokande collaboration

Higher granularity and better timing ~ Hyper-K |

resolution thanks to 3” PMTs (Kamioka, Japan) i

—> Higher event reconstruction performance '
near the detector wall

IWCD
(near to J-PARC,
Japan)

At CERN

0 WCTE water 4
B Cherenkov detector

= ——
I Tertiary Beam 12m

&t 34m

T~

g 7 100 multi-PMT
20 G B 3 5 i 38m modules
https://indico.fnal.gov/event/53004/contributions/246051/attachments/158347/207750/MultiPMTs WCTEandIWCD RyosukeAkutsu 02Aug2022 vi.pdf
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https://indico.fnal.gov/event/53004/contributions/246051/attachments/158347/207750/MultiPMTs_WCTEandIWCD_RyosukeAkutsu_02Aug2022_v1.pdf

Multi-PMT (mPMT) module

Hamamatsu R14374 > Test stan d

¢ 19 x 3”7 diameter photomultiplier tubes (PMTs)
are integrated in a water-tight module

Optical silicone gel

UV transparent
acrylic dome

PVC
cylinder

IWCD
Stainl 1 . o (oot
tﬁ;r; lf slsait:ee High voltage circuits Temperatare @) ;
P Scintillator plate Readout electronics Controller & ’
signal board ASSE m b | y

N

20-channel 125 MSPS FADC mainboard
with full waveform DAQ

Cockroft-Walton
circuit

Altera
Cyclone-V.

Position
markers

Fast pulsed LED (0.6 ns FWHM)
for timing and water optical property
(230 — 700 nm availability)

6/Aug/2022 Summary of WorkAing Group 6 (Detectors) 7




Hyper-Kamiokande: water Cherenkov detector
FV ~ 190 kt, 20,000 of 20" PMTs + 1,000 mPMTs

Planning to start operation in 2027
Three options of digitizer for 20" PMTs

Options for PMT . QTC ASIC + TDC: experience over 10 yr in SK
. i HKROC: new waveform-sampling ASIC
Electronics at the™ Discrete type: tunability & flexibility
Hyper-K Far Detector 24 ch electronics in the water in HK
Shota lzumiyama (Tokyo Inst. of Tech.)
Power | [Readout [Viaster Prototypes of digitizers for performance evaluation

supply (PS) | | system clock QTC _|_T DC |—| KROC Discrete

PMT data etc.

Sync. clock
_|Distributor & Concentrator ———

|
J\_I Water-tight composite cable

[/ Clock
manager
Power System
converter| |processor | | Buffer
l_l
HV PS Digitizer
[T FEE
i Soo g V\\//:;ig:%l}teedthrough Evaluatlons
X 24 PMTs Y ongoing
for review

https://indico.fnal. gov/event/53004/contr|butlons/247886/attachments/158385/207803/nufact2022 iz

6/Aug/2022 Summary of Working Grup 6 (Detectors) 8



https://indico.fnal.gov/event/53004/contributions/247886/attachments/158385/207803/nufact2022_izumiyama.pdf

Option1: QTC+TDC

Reliability based on > 10 yr experience in SK

©)

B qQreasicl o %3 (HG,MG,LG)

+ Discriminator T

E In Shaper Charging & Discharging TDC

o Q
PMT signal xR

Hit timing
Charge-to-Time Conv. (QTC) e
Custom ASIC for SK
Established reliability by > 10 yr
operation in SK
Time-to-Digital Conv. (TDC)
Newly developed in FPGA for HK

Option3: Discrete Type 10/15
g Tunability with discrete components
8 AFE Fast AMP — Discriminator TDC T
9] .
2 In High G ADC
3 Shaper Integrator o AT Q

Highly tunable / flexible circuit
with discrete parts

Components: op-amp, ADC
Time over Threshold (ToT)

integrated Q by ADC
May help to separate noise /
pre-pulse / late-pulse

Time over Threshold (ToT) [ns]

o0 1002000
Charge [pC]

6/Aug/2022

8/15

Complementary information with Rt

Option2: HKROC

New waveform-sampling ASIC

O

x3 (HG,MG,LG)
8 HKROC T of Arrival T
% In_ [pre-amp | Shaper |- sAR ADC Cal
- re- P alc. Q

Waveform sampllng ASIC
Based on HGCROC (CMS HGCalorimeter)
Sampling ADC + Time of Arrival via TDC

40 MSPS, configurable number of sampling points
Signal separation: At > 30 ns
Reduced deadtime = decay-e and nearby SN

Digitizer Evaluation

Basic performance with FG
Deterministic signal

Stable noise, and configurable
pulse timing and amplitude

Confirmation with PMT

Normalized reference waveforms

1.9 pC

950 pC
1900 pC
3800 pC

)

9/15

s

- Obs. WF
I- rit.
ifude

AC coupled system
Stochastic signal

Noise and pre-/late-/after-pulse
Termination and reflections
Handling of baseline fluctuation

Important cross validation

Response to environment: ESD, temperature

Circuit simulation: power, heat, reflection etc.
from 20" PMT Protection circuit

Hamamatsu R128680 PMT
HKROC

ety i o

E D .
And temperature coefﬂaent reflectlon cross-talk, rate capability, FIT calc.

Summary of Workina Group 6 (Detectors)
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Time generation and clock distribution for
Hyper-Kamiokande

LPNHE

PARIS

The persistence of memory, S.Dali

Lucile Mellet on behalf of electronics working
group of the Hyper-Kamiokande collaboration

. Hyper-Kamiokande

Needs and requirement in terms of iming  Rubidium clock VoS = GPS * other
e satellite constellations

e T ——

e Data : PMTs signal —> coincidence

—> reconstruction and identification of ~ 7 Septentrio
. Universal
Cherenkov ring patterns (reference) PolaRx5TR

Time

. . . - > o /
= Internal synchronization with a &5 SRS FS725 clock
M,,a-‘y

antenna + receiver g
stability < 100 ps. (Inter-channel)

A(\o“ ke Distribution of time to the PMTs
)
S8 %, %,
® Beam bunches ( + astrophysical events) 5\{@‘ e %:%/,
. . . ) istribution /e i
= External synchronization with UTC & ‘ system , o,

monitored within 100 ns at least

‘ , ‘ , - 2 stages
- Electronic boards and cards are

. ) 24 24 i i Undergoing tests in collaboration between
Lucile Mellet Nufact2022 Salt Lake City (UT), US being designed and prototyped French (CEA, LPNHE) and ltalian (INFN) groups

6/Aug/2022 Summary of Working Group 6 (Detectors) 10



How to measure a frequency stability ?
_. I e Data : At between ref pulse and freq under test pulse

e Stability = evolution of Af over time

1
o} (@) =2 < (i = %) >

Variance of At as a function of interval length

\ 4

‘
5
-

F
P>
(R
F
>

Atomic clock : the most stable at short term GNSS signal : more stable at long term + link to UTC
“hmkewse Characterization of the rubidium clock Test of our set-up and analysis

Rubidium WR link to 1 pps : 1 pulse per second signal Overlapping Adev for LPNHE receiver vs GPS time

clock reference clock Rb clock vs WR the lab in P o e o
\ -+ Measured at LPNHE -
1pps A pps —@~ Measured at SYRTE §
2
Time interval 2 \ / 1‘1) MHz c
v pps c 10712
counter Al“‘ é_ 10-11 4 ;:
E Random walk noise F 1 g Lo
5 C At :
fl T
& . <
2 107124 107
— ]
== 2 102 10° 104 105
. . . tauins
Results of reference frequency (via WR) input of receiver
_— 10-13 ] Set-up and analysis validated
SRS FS725 clock o ot o2 1o 1ot 1o Lucile Mellet  Nufact2022 Salt Lake City (UT), US 11
Lucile Mellet Nufact2022 Salt Lake Citv (UT), US tauins
. N . H H ‘p
Proposed solution : Rb as input to receiver How to obtain UTC time tags - : :
. TOP P Elevation of satellites
: N . H = 1200m
* Receiver monitors directly the Az between the clock distributed to the system and the GPS time e AES fime Nb of sat vs ely min at LPNHE.Paris on 6 davs
* Clock in free-running : total control over applied corrections R = - tk
10~8-Time intervals between GPS time and Rb clock through receiver TSA TS[} g 8 Iz'\E:iI:iﬁ:os:tg:;: 5rr?c:s:l of 400
3 Variations : tens of ns_ i Ionospher; . E 7 the time
Antenna | g bidium clock P ‘ Troposphere 5° 0 axaean AID b - 1000-3000m
output e L A i £ / A S5 a ~ 22°-50
H L F Sl L 3 v 3
\ / 10 MHz { 4 3 g i ClockA y‘g-:v X 4 200
1pps i + = = i 4 Site Atime  (RaFN i %3 X
i it F | e b 4 )/ site B time M The system has to be robust against :
eceiver g . . . i 3 2 wo - Power outage — reboot procedure +
( VA‘ o Linear drift removed If site B is the reference time £ calibration
CGGTTS file o . _ - 0 - Limited nb of visible satellites ( mountain
[N El keeper P Tsa Tsp = Al‘siteA wrt 20 30 40 50 60 70 80 area) (

52 Minimal elevation angle in °
Lucile Mellet  Nufact2022 Salt Lake City (UT), US 12 UTC (Iocal)

6/Aug/2022 S Summary of Working Group 6 (Detectors) 11



16:00

17:00

Liquid Ar Detectors

The DUNE vertical drift TPC Oliver Lantwin @

Ballroom 3 16:10 - 16:30

Photon Detection System (PDS) for DUNE low energy physics study and the demonstration of a few nanosecond timing...
Ajib Paudel

SBND Trigger System: General status and the configuration of the Analog Master Trigger Card Gabriela Vitti Stenico

Ballroom 3 16:50 - 17:10

ARIADNE+: Large Scale Demonstration of Fast Optical Readout for Dual Phase LArTPCs at the CERN Neutrino Platform
Adam Lowe

6/Aug/2022 Summary of Workina Group 6 (Detectors) 12



The DUNE vertical drift TPC

Oliver Lantwin for the DUNE collaboration [oliver.lantwin@cern.ch]
The DUNE far detectors _# The Vertical Drift concept

with two volumes dimensions

separated by a cathode plane.
3x3 m2 PCB Anode 2 x 6.5-m vertical drift

‘ —
2 ot oo —

Proto I5UN E detectors

The two ProtoDUNE cryostats

(SP/DP) were used to test the Electronies
Perforated PCB / interface board

DUNE FD technologies.

Anode and
_ < Readout s

gas

A \\_ Extraction
Grid

* =500 V/cm

Cathode

PMT

¥
L https://indico.fnal.gov/event/53004/contributions/247887/attachments/158278/207639/olantwin 220804.pdf

b/AUG/2ULZ Summary of Working Group 6 (Detectors) 13



https://indico.fnal.gov/event/53004/contributions/247887/attachments/158278/207639/olantwin_220804.pdf

DUNE FD2 VD Charge Readout Planes (CRPs) -

(top plane configuration, 3.4 m X 3 m egch) FEE in chimney

?gﬁeﬂr‘—bs't‘ructuve IL__I |]:|.|
.. Adapter Board |
e, - Ground plane (0V)
- = —
——— Collecti
o~ e e e il L] ollection..
. < B Camposita s Anode 2|
) Flnal 17kt FDZ VD L :v(cnf) u |nducti0n2 Induction 2 (0V)
2 X 80 (top, bottom) CRP.S T o [Pt 1 Inductiond, quction 1 coskv)
» Component mass production Anode 1
should start in 2024 shield (1.5
. fof - l Full CRP prototype: Cold-box
Successful proof of concept: The 50 Test of CRP + electronics  NPO2 cold-box (CERN) PCB anode

.. I."'O'.
o X )

3232 cm? prototype TPC built at CERN to test hole-sizes,
strip pitch, signal shapes and energy resolution using
cosmic muons and a 2°"Bi source in several runs from

2020 to 2022

Tue Apr 13 07:25:35 2021, Event: 7

100 < Different PCB configurations tested
7 > CRP de5|gn valldated at cold and glumg/lnterconnectlon of segments demonstrated.

55 » Two runs with large samples of (9(106) triggers each were taken in Nov and Dec 2021, with
. full analysis in progress, with good tracks seen in both readout systems
s » Excellent signal-to-noise ratio

b Rum 123521 vt 0 (vigger 162
-100 S ey (a9

Collected Charge [ADC] Collected Charge [ADC]
—-80  —60 —40 —20 0 20 40 60 0 100 200
] TTaam
1 View 0/U (Ind.) View 1/Y (Ind.) View 2/Z (Coll.)
i —
- v Induction-1 1000 . - 1000
i = = o =5 = i g
/ /
1 o
- f Induction-2 4100 / / Hoo_
- f = q / =
~ ° i °
00 [l ~ =, / =5
L - 2 4200 i 4200
profiles = 5 =
" T = / /
=N g Ii Collection 4300 ¥ 4300
cathode J |
P C B d ; - d ) e - B 30 300 30 400 500 600 500 550
a n 0 eS We re te Ste View Channel View Channel View Channel

Full Module-0 foreseen for early 2023, on track for DUNE Phase-|
6/Aug/2022 Summary of Working Grouo 6 (Detectors) 14



Photon Detection System for DUNE low energy physics study
and the demonstration of a few ns timing resolution using
ProtoDUNE-SP PDS  Ajib Paudel (Fermilab)

ProtoDUNE-SP On behalf of the DUNE collaboration
Photon Detection System (PDS) ' e

- -y

12 ARAPUCA
channels in APA6

Readout
end <

2 signals (nearby channels)

0
-20 20

-10 0 10
At, [ticks=6.67 ns]

0 2

4 6
Timing resoltuion o [ns]

1000 1200 1400 1600 1800
Time [ticks = 6.67 ns] Measured tlmlng resolution = Sigma of fit/ \/i ~3.7ns 12 ARAPUCA channels in APA6 make 66 pairs

https://indico.fnal.gov/event/53004/contributions/245849/attachments/158471/207932/NuFACT2022 presentation AjibPaudel.pdf
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DUNE-FD2 (VD) PDS

~411 PDS coverage is
expected to improve energy
resolution

To increase light yield for h
PDS on top of High Voltage

as well as behind semi-transparent field cage is planned.

The VD R&D path

An electrically isolated

Top C

igh resolutions,
cathode surface

HV Cathode in LAr

(only optically connected through fibers)
low noise
new photon detector concept

PoF
S Receiver

PoF

XARAPUCA Tile (large area)

Photon Detector

“High” Voltage
Low Current
Transmitter

PoF
P Receiver

-
wim

PoF —( PAower-over- lber

,\ é—r SiPM Passive-Hybrid ganging Stage

Analog CE Board

AnalogDriver + Laser Diode +
Opt.Coupling to Fiber

DUNE-FD2(VD)

X-ARAPUCA detector

127 nm
Y PTP
350 nm \ Dichroic Filter,
/\ \ LAr
= 730 nm Y
3._, <~ — WLS plate
‘\/ LAr

Reflective surface

Not to scale.

Demonstrated on a prototype
with a full-scale components

at CERN

il

R&D activities to further improve the signal quality and study long term stability (30+ yrs) are ongoing.

6/Aug/2022
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UNIVERSITY OF

LIVERPOOL

ARIADNE?*: Large scale
demonstration of fast optical
readout for dual-phase LArTPCs at
the CERN Neutrino Platform

nnnnnn

Adam Lowe (University of Liverpool) on behalf of the
ARIADNE+ collaboration

Full 3D optical readout with Timepix3

'z, .~
TPX3 ASIC Chip bump bonded to an
optical sensor

Data-driven Readou
(TPX3CAM)
ToT ToA

Frame-based Readout

(EMGCDs) Events

ITT
TPX3Cam
SPIDR

HV Feedthrough = |

Cryogenically fitted
Capable of 100kV

TPX3

6/Aug/2022
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A THGEM (THick-Gaseous Electron Multiplier)
amplifies 89903530209
drift charge

o_ 0
99080902090
0502090909,
H0%0%5%50,0
0%90°9020%
o%% o 0 0
o) 0°0°O°0°
or.ono 0. 0 0

o)

generating secondary scintillation light (S2)

ARIADNE 1-tonne detector

Cameras

Flexibility to test
multiple camera
" technologies at once

-
=% g —
Rin =

=% |
— BT U

A |'.l|_
L.
@t

i

=R 2
Laser Calibration System

Nd:YAG Laser @ 266nm
ble mirror

ARIADN??XI?&?:nNrmAging DetectioN chambkEr)
17




TPX3 Camera Setup

=

/g &

New compact design to
allow vertical mounting

Timepix3
Camera
Intensifier ; Relay Lens
T ekt binas oy 30 e - [ o
/~\._ARIADNE ,
L ] 8 Visible (f0.95, A4 custom made VUV
TPB s | 10.5mm) MgF, Lens
: (f3, 11mm, 5mm
200 300 400 w;‘ﬂgw‘hﬁlD:m] 700 800 d ia m eter) \ :
Polyethylene Naphthalate (PEN) Film coated glass panels for Wavelength Shifting (WLS)
TPX3Cam TPC Benefits
: Track fitting to N
£
: through going muons [ | R ceais ety 30
: (Through THGEM and greater than 19 cm depth) AL
‘. _ ) Landau-Gaussian Fit | Huge readout rates possible (80 MHits/s)
e ~ s 2501 MPV: 199.099 + 1.731
. . pe V IS] b I e Ilg ht 200 | Eta::13.436:2:0.109 \?/ Zero suppressed readout (approx. few kbytes
VUV IntenSIerr 51gma:30:469;410.153 S——— perevent)
e 150 | Constant: 264.985  0.393) =

Frequency

High resolution with approx. 1 mm per pixel

@ Easy access for swapping in/out technologies
1(‘)0 260 360 41‘)0 560 660 7(‘)0 8(’)0

di/dX [ADU / cm) Same readout is possible for dual phase or gas

S i Energy resolution : e
VUthht 16.73 i 0.16 % Comparatively low cost to other readout

methods

-
o
o

S

v
o

(=}

L ]

=
t
-
4
L 3

)

malnl w|o WLS
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UT/A\

SBND Trigger System:
Status and MTC/A
Configuration

UNIVERSITY OF
PENNSYLVANIA

ANALOG MASTE
| TRI(-ECI‘JR CARDM

[

Nebot-Guinot and
Balasubramanian’s talks
on Tuesday (08/02) and
Del Tutto’s talk today

(08/04)!

SBND Overview:

e Liquid Argon Time Projection Chamber (LArTPC);

e Sits 1in the beamline of the Booster Neutrino Beam (BNB) at
Fermilab;

e SBND will record around 2 million neutrino events per year;

e Goals: eV-scale sterile neutrino and other Beyond Standard Model
searches, neutrino-Argon cross-section measurements!

= MicroBooNE _SBND =
ICARUS ggpne taking = (2023)"
(runni "g) data) SBN Near Detector =~
SBN Far Detector Micr s ONE S -
2 Booster Neutrino Beam + -
— \ \ 110 m !
470 m
\ 600 m =\

s taken from: https://sbn-nd.fnal.gov/

Gabriela Vitti Stenico,

On behalf of SBND Collaboration

University of Texas at Arlington

Photomultipliers
(PMTs) + Arap

Photon Detection
System (PDS)

Wire planes

Inside view of one of SBND’s
TPCs. Photo by Ménica Nunes.

Anode plane

LArTPC

Cathode plane

Charge Drift Time: C)(n@s)

Light Collection: 67(713)

6/Aug/2022
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A4 MIC/A Digital To Analog CLonverter (DAL) tThresholds

Front view
are configurable with the PTB Linux side.

© o °

MTC/A 1 MTC/A 2

—— High threshold ——

¢
UNIVERSITY OF
PENNSYLVANIA

%

Medium threshold —— Ribbon cape

o0 @@ |,

i

‘ Master Trigger Card Analog (MTC/A)

~— Low threshold
e Syncbar
CAEN 1730 - 1 K
N PMT Gler Back view of the MTC/A and the PTB.
Digitizers

e )
[ o e o
/i LS

i

Input from
CAEN

. The MTC/A will sum all the signals and compare them to three individually programmed thresholds:
LOW, MEDIUM and HIGH. The output of these discriminators will be the input to the PTB.

SBND Trigger System:

. MTC/A receives signals from the PMT Digitizers. The output voltage is proportional to the number
of PMT pairs that have crossed the digitizer pre-set thresholds;

Threshold

\

PTB <$j

Syncbar

CAEN 1730 -

Master Trigger Card Analog (MTC/A)

\

PMT Digitizers

Photon (or Penn)
Trigger Board

logic operations with the subsystem inputs
send the information

EI=

White Rabbit
Timing System

(PTB)
(timestamp + type of trigger + status)
to the DAQ.
- .
NEVIS Cosmic Ray Tagger (CRT)
(TPC) Hit
Trigger T
Board

or

Cosmic Ray Tagger
(CRT) panels

- 3 2
CRT panels covering the cryostat faces. CRT Upstream. CRT Downstream.

6/Aug/2022
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Near Detectors

11:00
3D segmented scintillator neutrino detector SuperFGD for T2K experiment Christopher Mauger
Ballroom 3 11:15- 11:35
Characterisation of the ERAM detectors for the High Angle TPC of the T2K ND upgrade Claudio Giganti et al.
Ballroom 3 11:35 - 11:65

12:00 Demonstration of a novel, ton-scale, pixel-readout LArTPC for the DUNE Near Detector Dr Jeremy Wolcott
Ballroom 3 1155 - 12:15
The search for $0\nu \beta \beta$ with the NEXT time projection chamber Krishan Mistry
Ballroom 3 12:15 - 12:35

6/Aug/2022 Summary of Workina Group 6 (Detectors) 21



I ufts Anode Tile . _ : K P
(70x70 pixels) B
NEUTRINO UNIVERSITY h "
LCM Tiles «....
. Demonstration of novel, ton-scale
. LArTPC for the DUNE ND

Jeremy Wolcott (Tufts University)
for the DUNE collaboration
NuFact 2022 @ August 5, 2022

2018 ) 2019 2020 2021

1.40m

Resistive Field Sheet —————"

3 major innovations
1 P|vxelated Charge Readout

‘ | \ -
New technoitogy \ 60% (ton-) scale
demonstrations Small-scale individual modules

integration tests

~30x30x30 cm?
“SingleCube”

o R prototypes " = :
Light readout "~ “Module 0 22" cryostt 3 Resistive field sheet
6/Aug/2022 Summary of Working Group 6 (Detectors) 22




First module (“module 0”) was
tested W|th LAr at Bern in 2021

Smooth & stable performance

7 1 Commissionin
Diagnostics
ﬁ-‘ - e Drift HV ramp
] .

6 DI by Pedestal
£ ; High threshol
E 51 ° Low threshold
:) s e MPV
o
2 4 ° o FWHM
3 .
s .
S 34

o
2 E
ORI 0 6 0B O a6 00 @Iy
g L S & L &P P P
\;00- ‘\:le ‘\f’ob‘ ‘\’Qb. ’»’Qb‘ ‘\,'Qb. ‘»’Q& '»‘Qh '\/Qb‘
U U 3V Vv {V v v 3V
O S S U, U, AT S A
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Summary of

10s of millions of cosmic ray§ .
successfully self-triggered!.|

Entries/Bi

1400

1200

1000

80

3

601

S

401

3

200

— Data
— Crystal Ball Fit
- - - Gaussian Fit

PRELIMINARY

Compare  precision GPS times for charge & light system

Ny
400‘ g ||
r \ .

2004

[ww] £
o™

| |
-20 ‘ [
1 I\
tail from truncated [ 50
tracks near pixel _40 “ |
/ plane boundaries l o
. e f 3
1 0 1 2 3 4 5 6 -60 U.
Charge/Light Time Offset [us] 5
-250 0 250
Charge readout timing resolution 0.6mm @ 500 V/cm z[mm]
(requirement: 1.3mn 7
¢ 100310 %I ndf 18.55/33 |
. § T F Abik  0.8184 +0.01237
Charge and ||ght § 3 K_birk  0.06133 + 0.004833
§ sof o 0.8136 + 0.009704
H 2 E
over various S b
. § el
field strengths ¢ ™
3 50F-
z
40
30~
20F-
10F-
Y= 1 1 1 1
0 0.2 0.4 06 8 1
E field [kV/cm]
05 O gsvg ulation
e /mV
. Module-0 data
0.4 219 e"/mV
g Preliminary
£o03
5
§
go2
0.1
4 6 8 10 12 14

dQ/dx simulation well agreed.
Working Group 6 (Detectors)
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The search for 0vBS with thé NEXT

time projection chamber

Krlshan Mistry on behalf of theT\IEXT
‘ collaboration 2

.
~.

5th August 2022 ) 9

NUFACT 2022 &S

-

utrlno Experlment Wlth.é ‘a
"“‘“non’[‘-PC . (NEXT)
“a high-pressira aséaus time

g p; SRR I I
project -
Xenon- 136 21/,8,8 |sotope

136Xe — 136B32+ +0e-

|

——

Oovpsp xv
n P
6/Aug/2022

(Onext

/ NEXT-White \
2015-2021
Background model assessment

2vBB measurement for 1¥Xe

Pressure Vessel

\
/" NEXT-100 )

2022-2025
Background model assessment

Neutrinoless double beta decay
search in 136Xe

Neutrinoless double beta decay
search through inverted neutrino
mass ordering

NEXT-BOLD

Barium tagging for background-free
experiment

Copper Shielding

Summary of Working&Group (Detectors)“

~ + Many of the TPC components of NEXT-100 have been completed and
‘ are ready to be installed

Tracking Plane SiPM boards




Asymmetric TPC design

EL Region

p*

EL Grid

Counts/bin

Reconstruction of the
topology allows for
effective rejection of
single electron events

* “blobs” at end of tracks
used to identify 2e”vs
le

6/Aug/2022

¥ {mm}

____137Cs photopeak

E (keV)

208T| e*e~ double-escape

/

2000

208T| photopeak

2500

NEXT-White Data

00 120 140
X {mmi
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Tw nsion hex nal mesh
o tensioned hexagonal mes € Geometric Corrections

with front mesh biased to -HV

©

©
Gate

snnnnnnnnnnnnnnguunnnnnnnnnnnnnn HY

el

‘ff

GND

Futures
NEXT-HD

Tacin; Place (T9)

R . (o
. ":\? ) Single
detected

ion

J ~
L2 Fomhipe ”"’lep,ane/ .
Ty Plase (T nmy)
1 |
NEXT-BTD
(Barium Tagging Detector)
Bariwm Tagging
Detector (BTD)
LRk
. { {‘3 i =
= :
cco %
Cathode (0V) EL(;H\') B

200

y (mm)

(sady) %8

Lifetime Corrections

200 ——— 18
o -

- - 17

100 .'f'. r : AN

i X a5 . !

£ P i 1 s
- T 3 3 =
E o0 =" iy ] 3
> r - 'I 1.4 =
-100 v 137
'-. - 1.2
- -
: e
20965 —-100 0 100 200 1
X (mm)

NEXT-BOLD: making barium shine

W|th 2 approaches

2 7 R
|

— FBI-Ba

per Pixel (arb)

Fluorescence Intensity

o 50»0 s
NEXT-CRAB

(Camera Readout and Barium Tagging)
EL (+HV)

@ Next
Camera
Readout
And
Barium-Tag
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T2K Near Detector Upgrade:

Super Fine-Grained Detector: - o
Christopher Mauger for the T2K Y3 B Sl
COllaboratlon 03 =_,__._+Mu|ons inTPC =
ooy ey O -
University of Pennsylvania i T LT
Super Fine-Grained Detector O

(SFGD

Scintillator cube

y
Super-FGD i -

(1x1x1 cm? cubes
P rototypes Polystyrene scintillator
v - e = v 1.5% paraterphenyl
‘m | - 4 W Photosensor / 001 % POPOP
dE/dx at beam test A3 o .
< ooe ——#\ '\'\' I Photosensor PCE Chemical etched reflector
oE --- proton Rellecmrco;r;g Piastic” ICrosslalk\ |\»|.U(u, ;;&;MMIM o WLS fiber Kuraray Y11
—u/ (50 um) scintillator hoton ntilation process
F H i & " " W, | 2-clad (@=1mm) )
oit | i * 3D-array of 1-cm scintillator cubes (184x192x56)
" I -, * Fibers run the length (or width or height) of the detector — 3-fibers in each cube
SRR * Low-occupancy experiment — 3D view of events (47— like acceptance)
i AM::* T
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Cube Production/Assembly Completed! Delivered at J-PARC

56 (Y) +1 spare layers x 192 cubes (X) x 182 cubes (Z)
[1,991,808 cubes in total]

First layers

Al (56)
AL

cubes

on fishing lines

192 cubes (X)

1 Layer = 184 x 192 cubes (baseline design)

Cubes delivered and Layers assembled VS Time
T T

All cubes have been produced
- by Uniplast and layers have
i been assembly at INR

[ —

B o vEs i B8

- SFGD Electronics Architecture

Optical readout

MPPC is surface mounted onto the PCB screwed into the box plate
Fibers glued to optical connectors — tqtal of 56,382 flbers =

<€—> | MPPCs
FEBx14

Beam

> Triggers/

$ Clock

DAQ

Backplane

LV <€—> | Power
MOdUlL Supplies

. Front-End Board (14
boards per crate) —
analog processing,
ADC, bias voltage to
the MPPCs

8 CITIROC chips per
board — 256 channels
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Characterisation of the ERAM detectors

for the
High Angle TPC of the T2K ND upgrade

Matteo Feltre, on Behalf of T2K Collaboration
INFN Padova

resistive anode MicroMegas
Resistive MicroMegas

ERAM: Encapsulated Resistive Anode MicroMegas
Mesh @ GN

Amplification gap: ~128um DLC @ ~ 360vT E

insulator ~ 50 [l

+ 6 TOF planes surrounding the new tracker

Two High Angle TPCs (HA-TPC):

Field Cage

Drift volume

; MicroMegas

7 mm » 128 um gap bulk-micromegas with SD45/18 woven stainless steel mesh @ GND

glue

<1pmDLC 04 MO}

ive layer on 50 um APICAL
amm :

34x42 cm? PCB with 32x36 pads (10,09 x 11,18 mm?) 2.21mm

----- ~ % Module Frame % SR Mechanical
< ULLU RV @ 400V stiffener

Summary of Workina Groun 6 (Detectors)
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36x32=1152 pads : 2 x 576 ch. FEC + 1 FEM2 + 1 PDC
8 vertical FX23 Hirose floating connectors

5 beam tests

CERN 2018 —10.1016/j.nima.2019.163286 —> Performance of spreading for right pad dimensions
DESY 2019 —10.1016/j.nima.2021.166109 — Performance of foil of 400 k()/sq but not final electronics

MM-DLC PCB

IRFU / CERN 1 FEMAI

+ backend TDCM

DESY (July 2021) CERN (November 2021) CERN (September 2022)
DAQ Electron beam with energy 0.5-5 GeV Muon beam 8 ERAM detectors at same time
software Superconductive magnet (Bup to 1 T) No Magnetic field No magnetic Field

IFAE

External tracker

Rescheduled from May 2022

TR
16x B Test benches KT ' '
IRFU Warsaw univ. 4

FEM:-Il cooling plate
IRFU

T Full scale % HA-TPC prototype
MM Stiffener ?x FEC." cans —
IF.J PAN With cooling plates 1x PDC card
Lpnhe IRFU Matteo Feltre, NuFact 2022

Results from DESY 2019 Test Beam

The prototype satisfies the requirements for ND280 Upgrade for every trajectory parameter for:
1. Track Position Reconstruction
2. Energy Loss Reconstruction

The prototype satisfies the requirements for ND280 Upgrade for every trajectory parameter for:
1. Track Position Reconstruction
2. Energy Loss Reconstruction

Spatial Resolution Critical Aspects _ s . - ]
L j Critical Aspects 1o [ 7% 50mm Preliminary Preliminary
i 1. Angle of track projection £ ** i - ss0mm
(¢) on anode plane ER - 1. Angle of track projection (¢) on anode plane oo | 90 men
; T A o
NN oy “ ' 3 .
F o o B 2= T - 2. Drift distance ot . LEee . . ‘;‘ P
T o e : st o ] ol : . P
Energy Resolution 5400 gindl 016w1s Pre//mmary Y I S R R
- g i, a0 o Ldeg) ) ¢ ldeg)
g g - 2l " AT—
i 2. Track horizontal position Bl ' 2 g . Preliminary
s $ i e 2000 gy el 3. Track projection length on ERAM plane A
" & lﬁ." 100f - 412ns cams Spaimra| : et e
o ot " b - 200ns
- 100 0 U
e 50 0 20 40 60 80 100
S T TIO  e0 o o s Drift [em]
10 Y feml
apia § ..
Comparison between signal waveforms in data and simulation . . o A
— S I L B B — AL LALM) LAY LA AL e
§rmtpreimnary |, G Future Steps
— - - —1 F s . .
Data - Simulation & ook MecioMen 3 & ook v RC 1020 Test beam in September 2022 with:
- - [ | -~ — |
] F ] =} s .« e k|
'S s00f . 3 S s00f- . 3 e 8 ERAM modules
o F . . ] o F ] .
= 0F cet 3 o WOp - 3 * Full scale prototype as Field Cage
‘E 400% \ . ; E 400%. . {
v 2006 + 4 w2 200 - 1 1 1
- ] g : Complete installation in Fall 2023
1) S A R PR B 1 ST P TRURTTTYPYTYY PYVY RTRTE FOURL TP AT P
0 20 40 60 80 10 20 30 40 50 60 70 80 90
¢ [deg] ¢ [deg]
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Calibration & others

14:00
Measuring solar neutrinos over gigayear timescales with paleo detectors Dr Natalia Tapia Arellano
Ballroom 3 14:20 - 14:38
The Camera System for the IceCube Upgrade Woosik Kang
Ballroom 3 14:38 - 14:56

15:00 Energy Reconstruction and Calibration of the MicroBooNE LArTPC Dr Wanwei Wu
Ballroom 3 14:56 - 15:14
Calibration strategy for the JUNO experiment Dr Davide Basilico
Ballroom 3 15:14 - 15:32
Calibrating for Precision Physics in LArTPCs at ICARUS Gray Putnam
Ballroom 3 15:32 - 15:50
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Energy Reconstruction and Calibration of the MicroBooNE LArTPC
L

Wanwei Wu (wwu@fnal.gov), Fermi National Accelerator Laboratory

On behalf of the MicroBooNE Collaboration
NuFACT 2022, August 5, 2022

dQ/dx in YZ plane and in the drlft d|rect|on X

MlcroBooNE
o r 00

1000

s
400

/ Z Coordinate (cm)

Energy Scale Determmatlon

Median dQ/dx (ADC/cm)

~

Detector response

_,calibrated

2.56m

Many effects need to be calibrate

L 3 2501 T T T T

“F & 7’ H = Uncalibrated dQ/dx |
216F . MicroBooNE ﬁ&"‘ - 7 T—!—T E Calibrated dQ/dx |
2uf R it 7] -1-!- o
m f AP '!‘+
2.-,: %Q‘)cc 7’ 7 | +
208 - ’_i_' T 1000
206F s+ BooNE Data |

E < + | ]
204 —IL | + + 1 + -
2 ! E Sy

50 100 150 200 250 0 100 200 300 400 500 600 700

T W0 ;

g § —~+ Predicted E
B ST e Fitted E
g =
” - B
2 35__. 3
B % Region of ¥ minimization
§ 3k (250 MeV - 450 MeV)
25 -
2; ttk —é
lsf—- 'é
" MlcroBooNE 3
Kinetic Energy (MeV)

1T° Mass reconstruction

6/Aug/2022

candidate v_ - p+ nt* + X MicroBooNE BNB data event

Entries / 10 MeV/c?

X Coordinate (cm)

dQ/dx vs. dE/dx—Recombination Effects

~ 20010 MicroBooNE
§ L " = = L
§
dQ B In (%% + a)
—(efem) = ——
pE

%2 4 & 8 10

Mocifies box we AsjohieT parametezaten

12 14 16 18 20
dE/dx (MeVicm)

n° selection
175 MicroBooNE 6.86 x10?° POT
mmm Dirt (Outside TPC) ve €C
150 = Cosmics Uncertainty
+ v other 4 BNBData
125 v with r®
1

100

Summary of

200 300
M,, [MeV/c?]

400 500

—(e/C ) =

dE
dx
k dE
Wion s 2o

(1+p&d.\'

i
800 900 1000
dQ/dx (ADC/cm)

400/ MicroBooNE 6.67 x 10?° POT

o Simulation Normalized to Data

| dE/dx (truth) |

(Ajuo) DN

| ionized electrons |

Field response
Electronics response

| ADC |

1 Calibration
| dQ/dx |

l Recombination
’ dE/dx (reconstructed) ‘

’ Particle Identification \

NC n° (207.9)
cC n® (902.5)

9 - Offvtx n® (403.6)
E 300 Background (500.6)
= 250 MC Stat Error
© t Data(1988)
= 200
2150 Deep-learning
2 100 .
wo ok reconstruction
50/ ?CO S
™50 100 150 200 1250 300 350
v 20
o t
- %3 ( - § bk fesere
o - A + 3 v
2i;
QP50 100 150 200 250 300 350

n° mass [MeV/c?]
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Calibrating for
Precision Calorimetry
in LArTPCs at ICARUS

IMAGING

COSMIC

Calibration Procedure

*Bin hits in terms of: residual-range (momentum),
track

angle, and drift time

ICARUS

600 m, 470t

and SBN

GRAY PUTNAM
UNIVERSITY OF CHICAGO

SBN

RRO,p%,¢0

dordx [~ fem]

Residual Range

! ICaIibration

dQ/dx [ADC/cm]

Cathode
~ 7
[ 5
ICARUS D::g S ~—_ -
Peak Stopping y,

Michel e

for Calibration

Binnin,
obtain

H— f—
(Short Baseline Neutrino at FermilLab)

D it i

TPC

1. Drift Direction Response Normalization W|th Diffusion

ICARUS Monte Carlo

ICARUS Commissioning Data
TPC WW Run 7897

—= 1-wire
. -~ 10-Wire
\\

(1-Wire - 10-Wire) / 10-Wire

€ 1811 1 Wire (hit-by-hit) 675
2 1.80] measurement 650
=
Diffusion Width 3179 § oo
Wi TN'dth wx) S
S
ire Wi g Underlying dE/dx
1 Channel é L7 changes across drift
b 200 400 600 800
Hit Time [us]
Diffusion Width gL Flat dE/dx
< 2
. . =
Wire Width w(x) g 1.985
9 Channels £
c00000000 annels z 10 Wire (coarse-grained)
& 1975 {measurement
200 400 600 800
Hit Time [us]

Strong correlation between

200

400 600 800
Drift Time [us]

dE/dx

g hits by residual-range (to
momentum) and

thickness selects for a single peak

to calibrate to.

2. Energy scale calibration

6301 ¢ by fitting dQ/dx profile

'c 600 < tyrire < 700 Us

£ .

S 620 0.3 < pitch < 0.4cm

(]

=

36101

o

©

>

£ ooo; } Pt

—— Fit w/ Systematic Pulls ¢ Data
590 - : : : : .
100 150 200 250 300

Residual Range [cm]

Energy reconstruction (stop-p)

30000 -

25000

—— Without Correlation
——  With Correlation

ICARUS Commissioning
Data

Tracks

intrinsic

gain and recombinatic £10{ | Limited by ~4%
ICARUS 'E uncertainty in
Commissioning 5 871 | recombination
C
Data > 6
> C
el ©
m“&z 5 4 4
s/f [¥)
S C
QF D 2-
g [ Limited by ~1% 4
£ / uncertainty from @ —_ ; .
8ol e mean excitation energy, 2 4 6

©
R

@ > P

Gain TPC WE

S
,LQQ

6/AuUg/2022

©
<§" q”‘ “‘bb ) "C”

transverse diffusion

8 10 12

dE/dx [MeV/cm]

20000

150001

10000+

5000 1

Double Gaussian Fit:

Width-1: 4.7%
Bias-1: 0.3%

Width-2: 14.5%

Bias-2: 0.8%
.................... ICARUS

Commissioning

Data

-0.4

-0.2 0.0 0.2
(Cal. E - Range E) / Range E

0.4

= 4,7% resolution in bulk of distribution (2%

resolution from range)

= Bias within 10 range expected from

systema
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x103

Calibration strategy S — Top rocker—
for the JUNO experiment

100

B

—— Inverted ordering

i

80

>
=
Dr. Davide Basilico on behalf of the JUNO collaboration Tg'
University of Milan & INFN Milan g °F sin? 20,
& a0k lsin2 2013 3
NuFact 2022 - 2022 August 05 - Snowbird (i
o A Y e
. . o M ms, ”
. . Key reqmremen’rg. <1% energy B TS B
linearity and <3% effective energy resolutic.. s, (MeV) p— —
Hardware Software L N
A Calibration of non-linearity

1) physics non-linearity — radioactive sources + cosmogenic isotope 28

2) instrum. non-linearity — laser source

r A AN
/v \ /v [ Non-linearity

+ Systematics understanding and control

~
Goals Anolysis —_— [ SySTemGTiCS ] — rad. sources syst (shadowing, non uniformity)

\ / \ + — PMTs syst. (dark noise, non linearity, ...)
-Progroml [ Resolution Optimization and cdlibration of energy resolution
Ha rdwa re & sou rces — position non-uniformity: source in multiple positions

l.— Automatic Calibration Unit @ 1D: Automatic Calibration Unit (ACU) N 'f 't
| S « 2D:Cable Loop System (CLS) on-unitormi y . .
CalEration Hois — o 3D: Remotely Operated under-LS Ve N on _l Ineari ty

1T RS R
| |

0.94f—--- EMn Bestfit --1
*" E “cs
' 0'92?’“(;& ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
- S e e S S
R3m?) cos# Efrue[MeV]
- Rgfiussing + Instrumental nonlinearity, stability monitoring

LA~
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The Camera Syste
for the IceCube Upgrade

IceCube Laboratory
Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Y/

Digital Optical
Module (DOM)
5,160 DOMs
deployed in the ice

50m

1450 m Poar
'Wlm\ 1
l

2450 m ‘c; -"l\”\ll ||

IceTop

Ponetrator =

1~

o o
® o

old ice g 2
S 3

m

8 =

3 7

m

ar

Penetrator =————b

Old ice

Field tests

Simulated image

)
LED at 25m away from the camera
pointing sideways

Bulk Ice, Top View

el

% —7%m IceCube Work in Progress|

v

% v§ulws

8

8

2

Camera FOV 1

LED Lightcone 56

,

s 50
Eflecte scattering lenghis (]

2

Ceff.scattering

~ 1 m precision

Expected radius from images [mm]

LED at 2m below the camera
pointing upward

Bubble
Column

IceCube Work in Progress

Effective scattering lengths of Bubble column

20

IceCube Work in Progress

£ 0 3 0 700 20
True radius of Bubble column in MC [mm]

Feature size < 10 cm precision

Simulated image

Hole Ice, Side View

8o
%10 135 150 185 210
Horizontal Pixel Position

. Reflection on
‘Water surface

swimming pool
floating lane line

mming pool
ting lane line.

PoS(ICRC2019)928

Camera data vs Dust logger data (under 1200m)

El

< « dustlogger data
S0 © cammina
2 -

B0t -

£ IceCube Preliminary

E 0

gl?zoo 1250 1300 1350 1400

LED-
LED light cone

Camera—__

Camera FOV

g PoS(ICRC2021)1047
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Measuring SOIar neutrinos Metallicity models

Metallicity Models:

over Gigayear timescales :=::::-

with Paleo Detectors
ArXiv: 2102.01755 '

Shunsaku Horiuchi, Natalia Tapi
Paleo Detectors

8B: T2

neutrino flux [cm™2 s~

e Z/X =0.0229 for GS
e Z/X =0.0181 for

[Farag et al. 2020]

: » Discrepancy in results
Lo from Sun’s Metallicity
j (anything beyond helium)

For Paleo Detectors « Inconsistency between

¢ Alternative to conventional Detectors

(Solid state track detectors, SSTD)

e DM Searches

¢ Instead of a large target mass experiment photosphere
» Examine rocksl! I i& é abundances AGSS09

* 1Gyrold sample and O(10) Mg, 4 helioseismic data

of sample in GS98 sensitive to
interior composition.

-

¢ = Target Mass * Integration Time

e £=0.01 kg Myr

Metallicity sensitivity

Results

Different Scenarios « GS98 1Gyr:

(1.63 = 0.05) x 10°

« AGSSO09 1Gyr:
(1.52 +£0.05) x 106
* We examined in details NEe——

the track length range , Time ago [Myr] )

of 15-30 nm
EJ"™ = \/mpEg/2
* We use a sample mass Background in a
of 0.1 kg 10% uncertainty
] ) . case
A Bl - Time window of time
1071 100 10! 102 10° variation: 200 Myr and (~5)x10°
Neutrino Energy [MeV] 500 Myr Natalia Tapia Arellano — NUFACT 2022
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Plenary talks

® Focused on coming experiment and machine learning.
Cha||enge5 in thé Some main technological challenges

construction of
large neutrino

detectors:

the JUNO case

Designing Electronic and PMT
* Reduce the systematics

* Low Signal-to-Noise ratio

* Underwater implosion

Michele Montuschi
On behalf of JUNO collaboration
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Liquid Scintillator Detectors

Minfang Yeh
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Plenary talk

14:00

4 parallel talks lemm———

15:00

Machine Learning

at WG | 1o Joint session
\V OSC. & UeteCtors)

Neutrino Event Reconstruction
and Machine Learning

WHEN WE SHOW AN IMAGE, APP SHOULD TELL
US ELECTRON Ok MUON NEUTRINO
SURE, CNN, EASY PEASY, 1 HOUR

OH AND ALSO TELL US THE LOCATION
0F TH[ LEPTON WITH UNCERTAINTY

NI AVVHINGH)KA
5-YEAR K[S[AK(N GRANT

Kazuhiro Terao
SLAC National Accelerator Laboratory
NuFact - 2022

Machine Learning Techniques to Enhance Event Reconstruction in Water Cherenkov Detectors Nick Prouse
Ballroom 2&3 14:20 - 14:42
Measurement of Atmospheric Muon Neutrino Disappearance using CNN Reconstructions with lceCube Shigi Yu
Ballroom 2&3 14:42 - 15:04
Machine Learning Methods for Solar Neutrino Classification Alejandro Yankelevich
Ballroom 2&3 15:04 - 15:26
Panoptic Segmentation for Particle Identification in ProtoDUNE-SP Carlos Sarasty
Ballroom 2&3 15:26 - 15:48
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Panoptic Segmentation for Particle ID in
ProtoDUNE

Carlos Sarasty-Segura on behalf of the DUNE Collaboration
Panoptic segmentation

Panoptic-Deeplab P P
mmmmmmmmm Vs 300 7
Image-—»b ?dQ;
N * [ x1 } [ 3x
Semantic Segmentation s | .
) | o e B s l
Panoptic Segmentation
Foreground Mask Lo ® .
A 4 X N
iy : \Il < = \p
Instance Segmentation arXiv:1911.10194 r: S o
8 o %0
Center Prediction
R o v -
S Neutral pion invariant mass reconstruction
Truth
g;?td,%:y‘ B -pr\iA(/)(:] sdr;%\zcysrs from neutral R e S O I t . Q n

Reco

¢ Principal Component Analysis is used to find direction of showers

¢ Find direction that maximize the variance of the projected data

Ty mass [Gevic’)

* Compute covariance matrix A very preliminary result of neutral pion mass reconstruction

« Compute eigenvectors, eigenvalues using panoptic segmentation network looks promising.
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| Al GeV-Scale CNN Architecture

For the IceCube Collaboration * . Inputs: 5 summarized
: P i - Only use DeepCore & nearby IceCube strings .

Measurement of Atmospheric Muon
Neutrino Disappearance using CNN

: i o variables
- Five CNNs trained & optimized separately
- sum of charges
DeepCore 8 convolunonal layers

(8x60x5) - time of first (last) pulse
Feton e &l - charge weighted mean
(std.) of times of pulses

@ b1

" IceCube near DeepCore 8 convo!unonal layers
(19 x 60 x ! 5).

Reconstructions with IceCube

. \ ‘1ou‘|pul RegreSSiOn:
Shiqi Yu

Michigan State University m - Energy, direction,

: interaction vertex
Nukact 2022

Classification:

300 200 -100 0 100 200 300 4C

- PID, muon classifier

Training Samples Muon Classifier .
4.2 million in total Testlng Samples
NuE

- Balanced MC samples; 70.0%

- Energy, direction, interaction vertex are trained on v, Huon - Nominal MC sample with flux, xsec, and oscillation weights applied,;
CC events (signal); ‘ - Testing on signal (v CC) and major background (v, CC);

_ i ; - Baseline: current reconstruction method (likelihood-based) —K-Leonard iceCube
PID and muon classifiers are trained on balanced -~ ( ) plenary talk
samples. 40.0%

8000 IceCube Work in Progress PID: v CC 0.16 . v, CC 0,08 . v, CC
. 7000 6 million in total 014 e o7 . e
£ £ 6000 5 \c‘f‘CFu(Ze’\é\/:srk 0.06 IC:CPurbe Work
3 3 5000 = 9 005 in Progress
.E ?4000 EOJO E
: £ 3000 Cascade 008 g oo
£ g

2 &
2000 0.06

1000 0.04

0.02

200 300 400 500 0.0
Energy (GeV)

15 2.0
Zenith (rad) 0.00 0.00

10° 10t 10? 10° 10%
True Neutrino Energy (GeV) True Neutrino cos(zenith)

-1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

Reconstruction performance

125 . IceCube Work in Progress C . d
' —— Likelihood median _. 075 —— CNN median om p Utl ng Spee
§ 1.00 v CC —— CNN median % —— Likelihood-based median
E e u LikeliFiood 68% § 050 m 68% of events Second per file Time for full sample
g CNN 68% 8 025 (~3k events) assuming 1000 cores
050 g )
= \\ F 0.00 —— ] CNN on GPU 21 ~ 13 minutes
2 025 !
= g
L oo G0 CNN on CPU 45 ~ 7.5 hours
é B -0.50 T
< 025 S v CC Current Likelihood-based 120,000 ~ 46 days
© -0.75 u
—0.50 IceCube Work in Progress = ' method (CPU Only)
20 40 60 80 100 -1.00 -0.75 -0.50 =0.25 0.00 0.25 0.50 0.75 1.00
True Neutrino Energy (GeV) True cos(zenith) e CNN runtime improvement: ~6,000 times faster;
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Machine Learning Techniques to
Enhance Event Reconstruction in Water

Cherenkov Detectors

@) O

Nick Prouse

Reconstruction in WC detectors
Classification: Particle type identification (PID)

e Different particles produce different types of
muon ®———> electron @ —— >
i e >
gamma 3
| Charge data 7 event

Segmentation gamma ——*

7 truth

gamma —*

Dark noise —|

Multi-parent —|

6/Aug/2022

Vertical flip ‘ K——) o
of whole Horizontal flip of
image - whole image -

Rearranging and duplicating the

Applying random transformations using detector symmetry effectively increases dataset

®

horizontal flips of
each half.of barrel

Vertical flip of| ﬁ
end-caps

geometrical

rings surface has several advantages
A e Less dependence on “choice” of slice along
neutra barrel to unwrap cylinder
pion

blank space
[ ]

MuFact 2022, Salt Lake City, Utah, 4th August 2022

Segmentation results e
Charge data using FRRN

Segmentation
truth

Works well with
separated or partially
overlapping rings

Summary of Working Group 6 (Detectors)

e All segments appear exactly twice with minimal

in both directions

8

“fiTQun on CPU: 1 event takes more than 1 minute
ML reconstruction on GPU: 100,000 events per minute
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ML Methods for Super-K
Solar v Classification

Alejandro Yankelevich

Boosted Decision Tree (BDT) -

/\

KARR KRR~ KAR

Nl

@

/

.

Motivation

* Super-K solar analysis excludes events below 3.49

MeV kinetic (4 MeV total) recoil electron energy.

* Radioactive background dominates in this region.

* Want to identify solar neutrinos at lower energies

x10° — Signal MC
L — Background MC
100 — — Reduced WIT Data
80—
60—
a0
20—
P . A P IR B arse Ll
0 2 4 6 8 10 12 14 16

Total Electron Energy (MeV)
Energy distribution of Solar 8B MC (black) and radioactive 214Bi background
MC (blue) both with WIT trigger simulation but before first reduction and data
events after first reduction (red).
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0.00 0.05 0.10 015 020 0.25 030 Modified to 2 1x1 J Layer 2 e Fully connectec
Normalized Gain . l fc 128
Inputs for the BDT and their relative importances. Definitions in convolutions. <
backup slides. Identical ConvNets

Modified ResNet18 architecture.
BDT rejects 6x background
as solar analysis cuts
for same efficiency. Solar Angle Distributions

T ]
; —— ResNet, AUC=0.967 -
q BDT, AUC=0.964
Solar Analysis Cuts . .
1‘ X_Solar Analysis Cuts | « After BDT selection, use same methods as SK solar analysis.
\\ « BDT trained on MC with randomized solar direction.

Generate background shape by scrambling solar direction and event direction for
all events.

Generate signal shape with polynomial fit to unmodified signal MC.

BDT Solar Analysis Cuts

+

38000

37500

3 dt
5400 F
o assoo— —l— Data

5350 E \

\ E  |=== Background Shape =
%00 36000 "
w50 E | === Signal MC + Background Shape

i T I | b o .

T 05 6 & oz 0 LR W A R

€0s(0y, 0S(0,,
0.0 0.2 0 4 . 06 0.8 1.0 Solar angle distribution for data selection (red), calculated background shape (black), and polynomial fit of signal MC added to background shape (blue)
Signal Efficiency all with 10 error bands.

vs Signal Efficiency. All events 2.49 MeV < Exin < 3.49 MeV.
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FOStTer Tities

® Posters

O Gain calibration using dark hits in off-time region of regular data
at JSNS2 experiment (RyeongGyoon Park)

O Mass test setup for DUNE SiPMs characterization (Marco
Guarise)

O First light detection with an optical Time Projection Chamber
(Robert Amarinei)

O A High Rate Readout System for a High-Efficiency Cosmic Ray
Veto for the Mu2e Experiment (Simon Corrodi)

O Construction of a new scintillation tracker in T2K experiment
(Masaki Kawaue)

O Detectors of the Telescope Array Experiment (Jihyun Kim)
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conclusions

® Covered active R&D topics
O Precise imaging, photon collection
O Electronics readout, w/ precise timing decision, trigger
O Precise calibration
O Reconstruction with machine learning, less systematics

® Technical R&D is essential
to improve sensitivities on neutrino/muon researches.

e Thank all of you reporting/discussing
the latest technologies in the various field.
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