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l Overview of WG6 parallel talks 
¡ 4 talks for Photodetectors and Electronics

▶ Hyper-K and IceCube detectors
¡ 4 talks about Liquid argon detectors (incl. trigger, readout)

▶ DUNE/SBND/ARIANDE+
¡ 4 talks about T2K/DUNE Near detector, Xe TPC
¡ 5 talks about Calibration, Reconstruction, etc.

▶ IceCube/MicroBooNE, JUNO, ICARUS, Paleo

l Joint sessions
¡ WG1+2+6  : 4 talks for Near detectors, scintillator tracker
¡ WG1+6 : 4 talks for Machine Learning
¡ WG4+6 : 3 talks for Mu2e Detectors and machine learning
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Photodetectors: 
PMTs/Bases for IceCube & Friends

Mike DuVernois
IceCube Upgrade & Gen2 Technical Coordinator

University of Wisconsin-Madison

https://indico.fnal.gov/event/53004/contributions/245838/attachments/158359/207768/DuVernois_NuFACT_small.pdf

https://indico.fnal.gov/event/53004/contributions/245838/attachments/158359/207768/DuVernois_NuFACT_small.pdf
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4-inch PMT + Waveform MicroBase (HV+DAQ)

Gen1

10-inch PMT
Upgrade

Gen2

DOM

mDOM D-Egg shared these modules with a number of neutrino, CR, and gamma ray groups. 

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

Cockcroft-Walton HV Base 
with On-board Microcontroller

For mDOM

(Japan, 2x 8” HQE PMTs) (DESY-Zeuthen, 24x 3” HQE PMTs) 

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

inductively coupled output 

1.8-3.3V power, < 10mW / PMT
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1

Multi-PMTs at 
the Water Cherenkov Test Experiment 

/IWCD at Hyper-K

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

E-mail: rakutsu@triumf.ca

August 2, 2022/WG6, NuFact2022

  

4

3.4 m

3.8 m

7 Will test new technologies in both hardware and soEware, which will be used in the Hyper-K experiment

7 Responses to known particle Fuxes (e, µ, G, p, potentially H) will be studied

7 Measurements of Cherenkov light emission proBle and secondary neutrons are also planned

Water Cherenkov Test Experiment 

~100 multi-PMT 
modules 

WCTE water 
Cherenkov detector

IWCD
(near to J-PARC,
Japan)

At CERN

Hyper-K
(Kamioka, Japan)

  

7Why mPMT?  Simulated an electron event 

8” PMT geometry mPMT geometry

7 mPMT provides higher granularity and beMer timing resolution thanks to 3” PMTs 

P Higher event reconstruction performance near the detector wall 

7 IWCD is much smaller than the Hyper-K detector P distance to the detector wall is shorter 

Higher granularity and better timing 
resolution thanks to 3” PMTs 

→ Higher event reconstruction performance
near the detector wall 

https://indico.fnal.gov/event/53004/contributions/246051/attachments/158347/207750/MultiPMTs_WCTEandIWCD_RyosukeAkutsu_02Aug2022_v1.pdf

https://indico.fnal.gov/event/53004/contributions/246051/attachments/158347/207750/MultiPMTs_WCTEandIWCD_RyosukeAkutsu_02Aug2022_v1.pdf
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5Multi-PMT (mPMT) module 

Stainless steel 
backplate Readout electronics

High voltage circuits

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

PVC 
cylinder

Scintillator plate

UV transparent
acrylic dome 

Optical silicone gel

Hamamatsu R14374

ReFector

  

6High voltage & readout electronics 

7 High voltage generated with CockroE-Walton 
 circuit
- Lower power consumption compared

        to resistive base 

7 20-channel 125 MSPS FADC mainboard 

- Full waveform can be readout, allowing 
   beMer pile-up event identiBcation

- Digitization and pulse-Bnding are done

- LEDs are mounted for detector calibration

Controller & 
signal board

CockroE-Walton 
circuit 

  

6High voltage & readout electronics 

7 High voltage generated with CockroE-Walton 
 circuit
- Lower power consumption compared

        to resistive base 

7 20-channel 125 MSPS FADC mainboard 

- Full waveform can be readout, allowing 
   beMer pile-up event identiBcation

- Digitization and pulse-Bnding are done

- LEDs are mounted for detector calibration

Controller & 
signal board

CockroE-Walton 
circuit 

20-channel 125 MSPS FADC mainboard 
with full waveform DAQ 

LEDs for calibration 

Test stand

  

12Mechanical assembly w/ ex-situ gelling 

7 19 x 3” PMTs are individually gelled, using
    gelling mold

7 4e gelled PMTs are placed on the support matrix 

7 Acrylic dome and PVC cylinder are lowered onto 
matrix and are screwed down to backplate 

7 Full contacts between the acrylic dome and
    19 gelled PMTs have been achieved 

7 PMT measurements of a fully assembled 
    module is ongoing 

Gelling mold 

Support 
matrix

Assembly
  

11

Dark rate vs temperature AEer-pulse rate vs pulse height by laser light 

Single PMT measurements: dark rate & aEer-pulse  

7 Measured dark rates are lower than 1 kz, which satisBes the requirement 

IWCD

7 Measured aEer-pulse rate is acceptable 

Prompt pulse height (photoelectrons)

Laser signal

AEer-pulse
< XT> 
 = ~ 4µs 

Temperature (C°)

  

9Use of mPMT 
7 3” PMTs for event reconstruction

- Granularity for particle identiBcation 

- Timing resolution for vertexing

- Gain for momentum estimation 

7 LEDs for detector calibration

- Fast pulsed LED (0.6 ns FWHM) for PMT’s timing oSset 
      and light scaMering measurements

- 230 – 700 nm available

- Continuous LEDs for in-situ measurements of mPMT’s 
      positions by photogramatery technique  

7 Scintillator plates for OD veto

- Tagging charged particles crossing from the OD to ID regions

Continuous LEDs

Fast pulsed LED

Scintillator plate w/
wavelength shiE Bber

Sand

OD

ID

9
µ

µ-

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

LEDs

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

24 ch electronics in the water in HK

https://indico.fnal.gov/event/53004/contributions/247886/attachments/158385/207803/nufact2022_izumiyama.pdf
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= 5p.e.in=1: Qα

C°(19pC) -0.05 %/
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= 200p.e.in=6: Qα

C°(950pC) -0.01 %/
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6�,]XPL\DPD .+ܢ 'LJLWL]HU 2SWLRQVܣ � $XJ �1X)$&7�����

And temperature coefficient , reflection, cross-talk, rate capability, FIT calc. etc. 
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Time	genera*on	and	clock	distribu*on	for	
Hyper-Kamiokande

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

1Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

The	persistence	of	memory,	S.Dali

PMT PMT…PMT PMT…

24 24

“in
ter

nal”
 

sy
nch

roniza
tio

n

Time 
Distribution 

system

“internal” 

synchronization

Universal 
(reference) 

Time

“ex
ter

nal”
 

sy
nch

roniza
tio

n

SNEWSJPARC

Needs	and	requirement	in	terms	of	*ming

•	Data	:	PMTs	signal	—>	coincidence												
—>	reconstruc*on	and	iden*fica*on	of	
Cherenkov	ring	paberns	

➡	Internal	synchroniza5on	with	a	
stability		<	100	ps.	(Inter-channel)	

•	Beam	bunches	(	+	astrophysical	events)	
➡	External	synchroniza5on	with	UTC	
monitored	within	100	ns	at	least

4Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

eμ

Distribu*on	of	*me	to	the	PMTs

15Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

Undergoing tests in collaboration between 
French (CEA, LPNHE) and Italian (INFN) groups 

TDM = Time Distribution Module

Clock Generation 

TDM

96-ports clock distributor

TDM TDM TDM

Front-endsFront-ends
Front-endsFront-endsFront-endsFront-ends

Front-endsFront-ends

x 16 x 16 x 16 x 16

67…481 …

PMT PMTPMTPMT

…

x 24 x 24x 24x 24

- 2 stages  

- Electronic boards and cards are 
being designed and prototyped

1st stage distribution 
prototype

GNSS = GPS + other
satellite constellations Rubidium clock

SRS FS725 clock 

Septentrio
PolaRx5TR
antenna + receiver 
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Eleva*on	of	satellites	

14Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

H = 1200m

D = 1000-3000m

α
If elevation min is 50 ° :  
2 visible satellites most of 
the time 

The system has to be robust against :  
- Power outage  reboot procedure + 
calibration 
- Limited nb of visible satellites ( mountain 
area) 

→

α ≈ arctan H/D
22° - 50° α ≈

Site A time
Site B time

GPS time

τSA τSB
Ionosphere

Troposphere

How	to	obtain	UTC	*me	tags	?
Time	transfer	by	common	view	technique		

Site	A	CGGTTS	data	:	GPS	Time	–	SiteA	Time	=	 	=	 	
Site	B	CGGTTS	data	:	GPS	Time	–	SiteB	Time	=	 	=	 	
Time	transfer	sorware	computes	

ΔtGPS−A τSA
ΔtGPS−B τSB

τSA − τSB

13
Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

~ 5 ns max 
corrections / 3h

Last step of the process 

Need tests and simulation to 
optimize the applied correction

If	site	B	is	the	reference	*me	
keeper	:	 	 	=	 		wrt	
UTC	(local)

→ τSA − τSB ΔtsiteA

Common	view	*me	intervals	between	LPNHE	and	SYRTE

How	to	measure	a	frequency	stability	?
•	Always	against	a	more	stable	reference,	no	absolute	
independent	measurement	
•	Data	:	 	between	ref	pulse	and	freq	under	test	pulse		
•	Stability	=	evolu*on	of	 	over	*me		

•	What	reference	signal	do	we	have	?	
•	SYRTE	:	*me	keeping	lab	for	France,	very	stable	
clock	defining	«	UTC	OP	»		
•	@LPNHE	:	UTC	OP	signal	through	op*c	link	(White	
Rabbit	protocol	)	
•	When	using	GNSS	:	GPS	*me,	reference	lab		

Δt
Δt

6Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

Δt Δt

How	to	measure	a	frequency	stability	?
•	Always	against	a	more	stable	reference,	no	absolute	
independent	measurement	
•	Data	:	 	between	ref	pulse	and	freq	under	test	pulse		
•	Stability	=	evolu*on	of	 	over	*me		

•	What	reference	signal	do	we	have	?	
•	SYRTE	:	*me	keeping	lab	for	France,	very	stable	
clock	defining	«	UTC	OP	»		
•	@LPNHE	:	UTC	OP	signal	through	op*c	link	(White	
Rabbit	protocol	)	
•	When	using	GNSS	:	GPS	*me,	reference	lab		

Δt
Δt
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Δt Δt

How to measure a frequency stability ? 

Atomic clock : the most stable at short term Purple	curve	:	Rubidium	clock	stability	(UTC	OP	as	reference)	

Green	curve	:	Received	GPS	5me	stability	(UTC	OP	as	reference)	

Blue	curve	:	Received	Galileo	5me	stability	(UTC	OP	as	reference) 7Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

Motivation for the proposed generation system 

•	Atomic	clock	:	the	most	stable	at	short	term		
-	Tested	a	Rubidium	clock	(SRS	FS725)	
-	Will	test	Passive	Hydrogen	Maser	(T4	Science	
pHM	VCH-1008)	

•	GNSS	signal	:	more	stable	at	long	term	+	link	to	
UTC	

Allan	Standard	Devia5on	(ASD)	sta5s5cal	tool	:	

	

Variance	of		∆t	as	a	func5on	of	interval	length	:	allows	to	
separate	noise	types	=	visualize	stability	at	various	5me	
scales	

σ2
y (τ) = 1

2 < ( ¯yn+1 − ȳn)2 >
Time stamp correction 

~ every 3h

Characterization @ SYRTE

Rubidium	
clock

reference	
clock

Time	interval	counter

1	pps 1	pps

Antenna
reference	
clock

GNSS	Receiver

10	MHz
1	pps

Characteriza*on	of	the	rubidium	clock
1	pps	:	1	pulse	per	second	signal
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Rubidium	
clock

WR	link	to	
reference	clock

Time	interval	
counter Δt

1	pps 1	pps

Random	walk	noise	

SRS	FS725	clock

GNSS signal : more stable at long term + link to UTC 

Test	of	our	set-up	and	analysis	

Results	of	reference	frequency	(via	WR)	input	of	receiver	
Set-up	and	analysis	validated	
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Antenna	
output

WR	link	to	
reference	clock

GNSS	Receiver

ΔtCGGTTS	file

10	MHz
1	pps

Input/Output	of	a	GNSS	receiver

•	Receiver	in	Timing	mode	arer	the	exact	posi*on	of	the	antenna	

is	known	

•	Tracks	each	satellite	then	computes	a	 	wrt	GPS	*me	per	s	

every	16mn	:	 	=	GPS	Time	-	receiver	*me	

•	Op*onal	:		input	frequency	 	=	GPS	Time	-	input	*me	

Δt
Δt

Δt
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Antenna output

CGGTTS files * :  
- Name of satellite 
- Elevation of satellite 
- Starting date and time of 

tracking 
- All info on applied 

atmospheric delays 
- Ephemeris used for correction  
- Other receiver info band, 

channel, …) 
- Time difference between input 

and GPS time in 0.1 ns

Δt
Septentrio	PolaRx5TR		
antenna	+	receiver	

Antenna on the roof of 
the lab  in Paris 

*	P.	Defraigne	et	G.	Pe?t,	CGGTTS-version	2e	:	an	extended	standard	for	GNSS	?me	transfer,	Metrologia	52	

(6),	10.1088/0026-1394/52/6/g1,	hRps://metrologia.bipm.org/	guides-stds-conven?ons/2015/G1.pdf	(2015)	

Proposed	solu*on	:	Rb	as	input	to	receiver
Why	:		
•	Receiver	monitors	directly	the	 	between	the	clock	distributed	to	the	system	and	the	GPS	*me	
•	Clock	in	free-running	:	total	control	over	applied	correc*ons		

Δt
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Antenna	
output Rubidium	clock

GNSS	Receiver

ΔtCGGTTS	file

1	pps
10	MHz

10−8

-1.0

3

Linear	drir	removed

Time	intervals	between	GPS	*me	and	Rb	clock	through	receiver	

Varia*ons	:	tens	of	ns

Site A time
Site B time

GPS time

τSA τSB
Ionosphere

Troposphere

How	to	obtain	UTC	*me	tags	?
Time	transfer	by	common	view	technique		

Site	A	CGGTTS	data	:	GPS	Time	–	SiteA	Time	=	 	=	 	
Site	B	CGGTTS	data	:	GPS	Time	–	SiteB	Time	=	 	=	 	
Time	transfer	sorware	computes	

ΔtGPS−A τSA
ΔtGPS−B τSB

τSA − τSB

13
Lucile	Mellet				Nufact2022	Salt	Lake	City	(UT),		US

~ 5 ns max 
corrections / 3h

Last step of the process 

Need tests and simulation to 
optimize the applied correction

If	site	B	is	the	reference	*me	
keeper	:	 	 	=	 		wrt	
UTC	(local)

→ τSA − τSB ΔtsiteA

Common	view	*me	intervals	between	LPNHE	and	SYRTE

How to obtain UTC time tags ? 
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The DUNE vertical drift TPC
Oliver Lantwin for the DUNE collaboration [oliver.lantwin@cern.ch]

NuFACT 2022 The Vertical Drift concept 
with two volumes dimensions

separated by a cathode plane.

The two ProtoDUNE cryostats  
(SP/DP) were used to test the 
DUNE FD technologies. 

ProtoDUNE detectors 

The DUNE far detectors 

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

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


Charge Readout Planes (CRPs)

O. Lantwin (LAPP) NuFACT 2022 8
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Charge Readout Planes (CRPs)
(top plane configuration, 3.4 m × 3 m each)

Successful proof of concept: The 50 l

32×32 cm2 prototype TPC built at CERN to test hole-sizes,
strip pitch, signal shapes and energy resolution using
cosmic muons and a 207Bi source in several runs from
2020 to 2022

› Different PCB configurations
tested:

› Single two-view PCB
› Two stacked PCBs (three
views + shield layer)

› First test of edge connectors
for the Module-0 CRPs

› Uses bottom readout
electronics

O. Lantwin (LAPP) NuFACT 2022 10

Full CRP prototype: Cold-box 

Successful proof of concept: The 50 l

32×32 cm2 prototype TPC built at CERN to test hole-sizes,
strip pitch, signal shapes and energy resolution using
cosmic muons and a 207Bi source in several runs from
2020 to 2022

› Different PCB configurations
tested:

› Single two-view PCB
› Two stacked PCBs (three
views + shield layer)

› First test of edge connectors
for the Module-0 CRPs

› Uses bottom readout
electronics

O. Lantwin (LAPP) NuFACT 2022 10Full Module-0 foreseen for early 2023, on track for DUNE Phase-I 

Cold-box Results

› CRP design validated at cold and gluing/interconnection of segments demonstrated.
› Two runs with large samples of 𝒪(106) triggers each were taken in Nov and Dec 2021, with
full analysis in progress, with good tracks seen in both readout systems

› Excellent signal-to-noise ratio

°80 °60 °40 °20 0 20 40 60 80
Collected Charge [ADC]

0 100 200
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[cbbot] Run 12352-1 event 0 (trigger 162)
Wed Dec 15 22:41:21 2021

View 2/Z (Coll.)

O. Lantwin (LAPP) NuFACT 2022 13

DUNE FD2 VD 

› Final 17kt FD2 VD 
2×80 (top, bottom) CRPs

› Component mass production 
should start in 2024 

Collection
Induction2
Induction1

PCB anodes were tested.

NP02 cold-box (CERN)Test of CRP + electronics PCB anode

Different PCB configurations tested 
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https://indico.fnal.gov/event/53004/contributions/245849/attachments/158471/207932/NuFACT2022_presentation_AjibPaudel.pdf

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)

On behalf of the DUNE collaboration 

ARAPUCA detector 

ProtoDUNE-SP

12 ARAPUCA 
channels in APA6

Light traps

Photon Detection System (PDS) 

You Inst Logo

Methodology:
Photons coming from the same track are examined by two separate 
ARAPUCA channels. Here I show signals for two nearby ARAPUCA 
channels.

Time [ticks = 6.67 ns]

ProtoDUNE-SP Preliminary

Si
gn

al
 A

m
pl

itu
de

[A
D

C
]

8/4/20228

2 signals (nearby channels)

You Inst Logo

Difference in time measured by two channels

Measured timing resolution = sigma of fit/ 2 ~ 3.7 ns

8/4/202211
You Inst Logo

Timing resolution measured for different 
ARAPUCA channel pairs:

12 ARAPUCA channels in APA6 make 66 pairs

8/4/202212

https://indico.fnal.gov/event/53004/contributions/245849/attachments/158471/207932/NuFACT2022_presentation_AjibPaudel.pdf
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X-ARAPUCA detector 

PoF (Power-over-fiber)

DUNE-FD2 (VD) PDS 

SoF(Signal-over-fiber)

Demonstrated on a prototype
with a full-scale components
at CERN 

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

~4π PDS coverage is 
expected to improve energy 
resolution

To increase light yield for high resolutions, 
PDS on top of High Voltage cathode surface 
as well as behind semi-transparent field cage is planned. 

DUNE-FD2(VD)
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04/08/2022                                                               A.Lowe|ARIADNE+|NuFACT22                                                                               

 

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

Adam Lowe (University of Liverpool) on behalf of the 
ARIADNE+ collaboration 
a.j.lowe@liverpool.ac.uk  
NuFACT, August 2022

https://hep.ph.liv.ac.uk/ariadne

ARIADNE (ARgon ImAging DetectioN chambEr) 04/08/2022                                                               A.Lowe|ARIADNE+|NuFACT22                                                                               

• Well established technology by the CERN 
Medipix collaboration:  

• Natively 3D: Timepix chip gives X and Y position, Time of 

Arrival (ToA) (which is equivalent to z position) and Time 

over Threshold (ToT) (equivalent to intensity) 

• Zero Background Suppression: Data driven readout 

based on hits rather than frame   

• Efficient data storage: Continuous streaming, trigerless 

operation - few kBytes per event 

• Technology ready for deployment now!  

TPX3 ASIC Chip bump bonded to an 

optical sensor

03

The ARIADNE Advantage - Full 3D optical readout with Timepix3        

Sensor resolution                         256x256 pixels
Pixel size                                          55µm x 55µm
Max readout rate                          80Mhits•sec-1

Time resolution                                1.6 ns
Time over Threshold Resolution             10 bit               

ARIADNE 1-tonne detector 
Full 3D optical readout with Timepix3 

A THGEM (THick-Gaseous Electron Multiplier) 
amplifies  

drift charge 

generating secondary scintillation light (S2) 
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04/08/2022                                                               A.Lowe|ARIADNE+|NuFACT22                                                                               

Objective Lens

ARIADNE 

Coldbox 

TPB 

Intensifier Relay Lens

Timepix3 
Camera

Visible (f0.95, 
10.5 mm)

Custom made VUV 
MgF

2
 Lens 

(f3, 11mm, 5mm 
diameter)

11

TPX3 Camera Setup

Polyethylene Naphthalate (PEN) Film coated glass panels for Wavelength Shifting (WLS) 

VUV intensifier 
imaging w/o WLS 

Visible light

VUV light
04/08/2022                                                               A.Lowe|ARIADNE+|NuFACT22                                                                               

• Opqcal readout achieved with stable 
detector condiqons has been 
demonstrated at the same scales as that 
for verqcal drir tests (CERN Neutrino 
Plasorm Cold Box) 

• TPX3 and Glass THGEM technology is 
ready for deployment now  

• An opqon for DUNE LAr Far Detector, 
DUNE LAr Near Detector and DUNE GAr 
Near Detector (if enough light is produced 
in pressurised gas Argon)? 

Second Year Work   Conclusions and Outlook   

Huge readout rates possible (80 MHits/s) 

Zero suppressed readout (approx. few kbytes 

per event) 

Easy access for swapping in/out technologies

Raw data is natively 3D 

Comparatively low cost to other readout 

methods

Same readout is possible for dual phase or gas 

TPCs 

TPX3Cam TPC Benefits  

20

We are open to expanding our 
collaboration!

High resolution with approx. 1 mm per pixel 

Energy resolution :
16.73 ± 0.16 % 

Track fitting to 
through going muons 

(Through THGEM and greater than 19 cm depth) 
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Cosmic Ray Tagger (CRT)

logic operations with the subsystem inputs 
send the information
(timestamp + type of trigger + status) 
to the DAQ. 



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



6/Aug/2022 Summary of Working Group 6 (Detectors) 22

Jeremy Wolcott (Tufts University)
for the DUNE collaboration

NuFact 2022 ● August 5, 2022

Demonstration of novel, ton-scale

 LArTPC for the DUNE ND

J. Wolcott / Tufts UniversityNuFact 2022 / Aug. 5, 2022 8

Robust protyping program

2018 2019 2020 2021 2022 2023

Field cage

Charge readout

Light readout

New technology 
demonstrations Small-scale 

integration tests

~30x30x30 cm3

“SingleCube” 
prototypes

60% (ton-) scale 
individual modules

“Module 0”

Four-module 
demonstrator in 

FNAL NuMI 
neutrino beam

“2x2” cryostat

3 major innovations 
1 Pixelated Charge Readout 

2 Light Readout System

3 Resistive field sheet 
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First module (“module 0”) was 
tested with LAr at Bern in 2021 

Smooth & stable performance 

10s of millions of cosmic rays 
successfully self-triggered!

J. Wolcott / Tufts UniversityNuFact 2022 / Aug. 5, 2022 21

Prototype performance

PRELIMINARY

 = 0.4σ µs tail from truncated 
tracks near pixel 
plane boundaries

Compare precision GPS times for charge & light system t0s

(again use through-going cosmics)

Charge readout timing resolution 0.6mm @ 500 V/cm
(requirement: 1.3mm)

Compare precision GPS times for charge & light system

dQ/dx simulation well agreed.

charge and light
over various

field strengths 
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5th August 2022

NuFACT 2022

Krishan Mistry on behalf of the NEXT
collaboration

The search for 0!""with the NEXT
time projection chamber

Neutrino	Experiment	with	a	
Xenon	TPC	(NEXT) 
a high-pressure gaseous time 
projection chamber
Xenon-136 2𝜈𝛽𝛽 isotope 

K	Mistry5	Aug	2022

• Gaseous phase: energy resolution 
near the Fano limit
⇥ Recombination is negligible
⇥ Sub-percent energy resolution at 

Q!! possible using only ionisation 
charge

⇥ NEXT-White has demonstrated 1% 
energy resolution

Energy resolution

• 0!"" decay: 136Xe → 136Ba2+ +2e-

⇥ All energy transferred to the electrons which deposit their energy in the 
detector

Bolotnikov and Ramsey, NIM A396 (1997)

GXe

LXe

*Energy resolution in 
the case only ionisation 

charge collectedJINST 13 (2018) 10, P10020; JHEP 10 (2019) 230

6

137Cs 662 keV !

Require better than 2% energy resolution to effectively reject 2$%%

K	Mistry5	Aug	2022

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

4

NEXT-100 is coming soon!

Pressure Vessel
Copper Shielding Tracking Plane SiPM boards

EL Region
Field CageLead Castle

K	Mistry5	Aug	2022 3

The NEXT Program
• Series of High Pressure Gaseous Xenon Time Projection Chambers with 

a rich R&D program
⇥ NEXT-100 is the latest experiment and is in the final stages of construction!

We are here!
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K	Mistry5	Aug	2022

• NEXT uses EL to amplify the ionisation charge

• Charges are accelerated and excite the xenon
⇥ Operated so that there is no ionisation
⇥ Scintillation emission (electroluminescence!) with gains 

from 103 - 105, proportional to initial charge
⇥ Near fluctuation-less gain - preserving good energy 

resolution

7

Electroluminescence (EL)

EL Region EL Grid

NEXT-100 EL Region!

Two tensioned hexagonal meshes 
with front mesh biased to -HVAsymmetric TPC design 

K	Mistry5	Aug	2022 9

Topology reconstruction

• “blobs” at end of tracks 
used to identify 2e- vs 
1e-

NEXT-White Data

Gammas produced from natural radioactive decay chains can populate 
signal region (Q = 2.458 MeV)

⇥ 208Tl decays to 208Pb → de-excitation & at 2.614 MeV
⇥ 214Bi decays to 214Po → de-excitation & at 2.447 MeV

single electron
events

Reconstruction of the 
topology allows for 

effective rejection of 
single electron events K	Mistry5	Aug	2022

• NEXT uses several radioactive sources to calibrate 
the detector

• Low energy: 83mKr (short half-life ~1hr)
⇥ Point-like depositions (41.5 keV) uniformly distributed 

throughout the active volume
⇥ Calibration maps generated for geometrical and 

lifetime corrections
⇥ Continuous monitoring of detector conditions

• High energy: 208Tl (2615 keV) and 136Cs (662 keV):
⇥ Energy resolution at Q value
⇥ Energy scale 
⇥ Energy resolution vs E

8

Calibration in NEXT

NEXT-White Data
JHEP 10 (2019) 230; JINST 13 (2018) no.10, P10020

Geometric Corrections

Lifetime Corrections

JINST 13 (2018) no.10, P10014

Futures
NEXT-HD

NEXT-BTD 
(Barium Tagging Detector)

NEXT-CRAB
(Camera Readout and Barium Tagging)

13K	Mistry5	Aug	2022

• BTD: Barium Tagging Detector

• Bring the sensor to the single-
ion location

• CRAB: Camera Readout and Barium Tagging
• High speed cameras for optical tracking

NEXT-BTD Concept

NEXT-CRAB Concept

• MCP-PMT 
development for 
energy measurement

• Bring ion to sensor 
using RF-carpet

Demonstrator phases under intensive development under 2-3 yr time-scale

JINST 15 (2020) 04, P04022

Ba tagging demonstrator phases
NEXT-BOLD: making	barium	shine	

with 2 approaches
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T2K Near Detector Upgrade:  
Super Fine-Grained Detector

Christopher Mauger for the T2K 
collaboration

University of Pennsylvania
5 August 2022Super Fine-Grained Detector 

(SFGD) Super Fine-Grained Detector: SFGD

� �'�DUUD\�RI���FP�VFLQWLOODWRU�FXEHV�����[���[���
� )LEHUV�UXQ�WKH�OHQJWK��RU�ZLGWK�RU�KHLJKW��RI�WKH�GHWHFWRU�± ��ILEHUV�LQ�HDFK�FXEH
� /RZ�RFFXSDQF\�H[SHULPHQW�± �'�YLHZ�RI�HYHQWV���S� OLNH�DFFHSWDQFH�
� 3URWRW\SH�GHWHFWRUV�± QHXWURQ�PHDVXUHPHQWV�GHVFULEHG�LQ�&��5LFFLR¶V�WDON 4

Polystyrene scintillatorPrototypes
dE/dx at beam test
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Cube Production/Assembly Completed!

� Cube production, finishing, QC completed ± about 2 million cubes
� Initial assembly completed with fishing line (completed on schedule 

during the pandemic)
� Cubes aligned in strings
� Assembled into planes
� Planes stacked and aligned for the full detector
� Final optical fiber insertion done at J-PARC

5

Cubes Delivered to J-PARC

� All cubes have been delivered to J-PARC ± arrived 
safe and sound!

� Massive undertaking in normal times
� Herculean effort in current times

ϲ

Delivered at J-PARCCube Production/Assembly Completed! 

MPPC is surface mounted onto the PCB screwed into the box plate 
Fibers glued to optical connectors – total of 56,382 fibers

Optical readout

(OHFWURQLFV�,,

11

Front-End Board (14 
boards per crate) ±
analog processing, 
ADC, bias voltage to 
the MPPCs
8 CITIROC chips per
board ± 256 channels

Optical Concentrator Board 
(1 board per crate) ± initial 
data aggregation, 
switchyard to outside world

Master Clock Board ± external to 
magnet, hardware connections to 
the beam triggers 

Power Distribution ± most 
local DC/DC conversion 
happens on FEBs, currently 
testing DC/DC converters in 
magnetic fields



Characterisation of the ERAM detectors 
for the

High Angle TPC of the T2K ND upgrade

Matteo Feltre, on Behalf of T2K Collaboration

INFN Padova

NuFact 2022, Salt Lake City, Utah, United States,

July 31st - Aug. 6th, 2022
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HA-TPC

HA-TPC

sFGD

Upgraded Detector Configuration:
1. Super Fine Grain Detector (sFGD):

Segmented target of cubic scintillators (1 cm side) for the 
improvement of hadronic part reconstruction

2. Two High Angle TPCs (HA-TPC):
Placed at high angles respect to beam direction to improve Particle 
Identification for leptons

3. Time of Flight (ToF):
Six planes of scintillators to reduce the background

Near Detector ND280 Upgrade
Current critical points:
1. Low acceptance 

for tracks with 
high angle

͞&ŽƌǁĂƌĚ�KŶůǇ͟

2. Low efficiency in 
reconstructing 
hadronic parts of 
interactions

ND280 Upgrade:
� Overall systematic uncertainty to 4% (from 6%)
� Near detector for Hyper-K from 2027

The installation of ND280 Upgrade is expected to be completed in Fall 2023

Muon momenta 
reconstruction

ND280 Super-K

3Matteo Feltre, NuFact 2022

Upgrade

Two High Angle TPCs (HA-TPC): 

Resistive MicroMegas
ERAM: Encapsulated Resistive Anode MicroMegas

Field Cage 
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Test Beams
Test beams provide crucial information on ERAM response for different track parameters:
� ߶ and ߠ scan
� Incoming particle energy

beam

DESY (July 2021)
Electron beam with energy 0.5-5 GeV
Superconductive magnet (B up to 1 T)

CERN (November 2021)
Muon beam
No Magnetic field
External tracker

beam

trackers

CERN (September 2022)
8 ERAM detectors at same time
No magnetic Field

Rescheduled from May 2022

Comparison with test 
bench for low level 
variables

CERN 2018 ՜10.1016/j.nima.2019.163286

10Matteo Feltre, NuFact 2022

DESY 2019 ՜10.1016/j.nima.2021.166109
Performance of spreading for right pad dimensions
Performance of foil of 400 �ȳ/sq but not final electronics

Full scale ½ HA-TPC prototype

5 beam tests

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

12Matteo Feltre, NuFact 2022

Spatial Resolution

Energy Resolution

Critical Aspects

1. Angle of track projection 
߶ on anode plane

2. Track horizontal position

Currently working on a global reconstruction method

Results from DESY 2021 Test Beam
The prototype satisfies the requirements for ND280 Upgrade for every trajectory parameter for:
1. Track Position Reconstruction
2. Energy Loss Reconstruction

1. Angle of track projection ߶ on anode plane

2. Drift distance

3. Track projection length on ERAM plane

The presence of a magnetic field distortion does not critically affect high level variables
13Matteo Feltre, NuFact 2022

Critical Aspects Preliminary Preliminary

Preliminary

Preliminary

ERAM Response Simulation
A simulation of detector response has been developed 
The model has been compared with data from test beams

ܨܹ ݐ ൌ ܳ ݐ څ
ܧ݀
ݐ݀

Charge spreading 
from Telegraph 
equation

Derivative in time of 
Electronic response

RC does not change critically the results

Comparison between signal waveforms in data and simulation

Performances from data and MC simulations

Preliminary Preliminary

Preliminary Preliminary
Preliminary

14Matteo Feltre, NuFact 2022

Conclusions

15Matteo Feltre, NuFact 2022

ERAM Sensors
Resistive technology studied in high detail for the 
first time
Production and validation is continuing 

ERAM Performance
X-ray scan with Test Bench is going on
Gain and RC studies have been performed
Production is well on track
Spatial and Energy Loss resolution satisfy the 
upgrade requirements!
Currently working on a global reconstruction

Future Steps
Test beam in September 2022 with:

� 8 ERAM modules
� Full scale prototype as Field Cage

The installation of ND280 Upgrade is expected to be completed in Fall 2023
Complete installation in Fall 2023

Data - Simulation
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Energy Reconstruction and Calibration of the MicroBooNE LArTPC

Wanwei Wu (wwu@fnal.gov), Fermi National Accelerator Laboratory
On behalf of the MicroBooNE Collaboration
NuFACT 2022, August 5, 2022

3

MicroBooNE Detector

2.56 m

2.32 m

10.36 m !s

Three wire planes for charge collection: 
• 3 mm plane-to-plane spacing with a 3 

mm wire pitch 
• Reconstruction of event and calorimetry 

Light collection system
• 32 PMTs as primary subsystem
• 4 light guide paddles for R&D studies 
• Mainly for trigger and event selection

JINST 12 P02017 (2017)

NuFACT 2022 Wanwei Wu  |  Energy Reconstruction and Calibration of the MicroBooNE LArTPC

Many effects need to be calibrated:
• Space charge effects
• Variation in electronics gains
• Electron attenuation, diffusion
• Disconnected channels, TPC edge, etc.
• Temporal variation, i.e., change of run 

condition, temperature.
• Absolute energy scale

7

LArTPC Calibration and Energy Reconstruction

dE/dx (truth)

ionized electrons

ADC

dQ/dx

Field response
Electronics response

Calibration

Particle Identification

Recombination
dE/dx (reconstructed)

M
C (only)

NuFACT 2022 Wanwei Wu  |  Energy Reconstruction and Calibration of the MicroBooNE LArTPC

Many effects need to be calibrated

9

Detector Uniformity Calibration–dQ/dx
• dQ/dx calibration (dQ/dx: ionization charge per unit length)

- make the detector response to ionization charge uniformly throughout the detector 
and in time: YZ plane, X direction, T

- use anode-cathode crossing cosmic muons to cover whole drift distance

• Variation of detector response (dQ/dx) in YZ plane and in the drift direction X

Misconfigured/cross-connected TPC channels JINST 15 P03022 (2020)

NuFACT 2022 Wanwei Wu  |  Energy Reconstruction and Calibration of the MicroBooNE LArTPC
10

Detector Uniformity Calibration–dQ/dx

• Comparisons between calibrated and uncalibrated dQ/dx for both simulation and data

• dQ/dx calibration (dQ/dx: ionization charge per unit length)
- make the detector response to ionization charge uniformly throughout the detector 

and in time: YZ plane, X direction, T
- use anode-cathode crossing cosmic muons to cover whole drift distance

JINST 15 P03022 (2020)

NuFACT 2022 Wanwei Wu  |  Energy Reconstruction and Calibration of the MicroBooNE LArTPC

Detector response
calibrateddQ/dx in YZ plane and in the drift direction X 

Energy Scale Determination dQ/dx vs. dE/dx—Recombination Effects 

Deep-learning 
reconstruction 

𝝅𝟎 mass reconstruction 
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GRAY PUTNAM           UNIVERSITY OF CHICAGO 1

GRAY PUTNAM

UNIVERSITY OF CHICAGO

Calibrating for 
Precision Calorimetry 
in LArTPCs at ICARUS 
and SBN

ICARUS and SBN at Fermilab
�ICARUS is the Far Detector in the Short Baseline Neutrino (SBN) Program

�SBN program physics:
�eV-scale sterile neutrino search
�GeV-scale neutrino cross section measurements
�Single Detector BSM physics searches

2

ICARUS MicroBooNE SBND

ICARUS

3 Liquid-Argon-Time-Projection-Chamber (LArTPC) Detectors

GRAY PUTNAM           UNIVERSITY OF CHICAGO

Closure Test with Energy Reconstruction 

� 4.7% resolution in bulk of distribution (2% 
intrinsic resolution from range)
� Bias within 1ߪ range expected from 
systematic uncertainties

GRAY PUTNAM           UNIVERSITY OF CHICAGO 21

� Compare calorimetric to range kinetic 
energy reconstruction for the stopping 
muon dataset

ICARUS 
Commissioning 
Data

ICARUS 
Commissioning 
Data

PRELIMINARY

PRELIMINARY

Double Gaussian Fit:

Marginalize Over Recombination

GRAY PUTNAM           UNIVERSITY OF CHICAGO

� By leveraging the correlation between gain and 
recombination in our dataset, we can lower the 
systematic uncertainty in dE/dx
� i.e.: marginalize over gain and recombination together

ICARUS Commissioning
Data Strong correlation between gain and 

recombination ߙ ߙ) determines 
behavior near the MIP dE/dx).

ICARUS 
Commissioning 
Data

PRELIMINARY
PRELIMINARY

Limited by ~1% 
uncertainty from 
mean excitation energy,
transverse diffusion

Limited by ~4% 
uncertainty in 
recombination

20

Strong correlation between 
gain and recombination 𝛼

Marginalize Over Recombination

GRAY PUTNAM           UNIVERSITY OF CHICAGO

� By leveraging the correlation between gain and 
recombination in our dataset, we can lower the 
systematic uncertainty in dE/dx
� i.e.: marginalize over gain and recombination together

ICARUS Commissioning
Data Strong correlation between gain and 

recombination ߙ ߙ) determines 
behavior near the MIP dE/dx).

ICARUS 
Commissioning 
Data

PRELIMINARY
PRELIMINARY

Limited by ~1% 
uncertainty from 
mean excitation energy,
transverse diffusion

Limited by ~4% 
uncertainty in 
recombination

20

Energy reconstruction (stop-μ)

Energy Scale Calibration Procedure

GRAY PUTNAM           UNIVERSITY OF CHICAGO 17

� After normalizing detector response, we calibrate the energy scale by fitting 
to the dQ/dx profile of stopping cosmic muons

�Bin hits in terms of: residual-range (momentum),                                              
track angle, and drift time ܴܴǡ ǡ ݐ

ܴܴଵǡ ǡ ଵݐ Calibration

ܴܴଶǡ ǡ ଶݐ

Binning hits by residual-range (to 
obtain momentum) and 
thickness selects for a single peak 
dE/dx to calibrate to.

ICARUS Data

Stopping
Cosmic ߤ

Bragg
Peak

Michel e

Example dQ/dx Profile Data

GRAY PUTNAM           UNIVERSITY OF CHICAGO 18

TPC Enumeration:

Cryo. EastCryo. West

TPC

WW

TPC

WE

TPC

EW

TPC

EE

� Fit across all drift bins, with a separate 

ŐĂŝŶ�ŝŶ�ĞĂĐŚ�dW��ĂŶĚ�͞ƉƵůůƐ͟�ĨŽƌ�
systematics

ICARUS 

Commissioning 

Data

TPC WE

PRELIMINARY

Gain: 85.3േ2.0 ݁ି/ADC  

PRELIMINARY

Gain: 85.3േ2.0 ݁ି/ADC  

PRELIMINARY

Gain: 85.3േ2.0 ݁ି/ADC  

1. Drift Direction Response Normalization with Diffusion 
� Diffusion changes the underlying dE/dx of muon 
depositions across the drift direction
� We can remove this effect by coarse-graining the 
detector

GRAY PUTNAM           UNIVERSITY OF CHICAGO 15

Drift Direction Response Normalization with Diffusion

10 Wire (coarse-grained)
measurement

1 Wire (hit-by-hit)
measurement

ICARUS Monte Carlo

Underlying dE/dx 
changes across drift

Flat dE/dx

PRELIMINARY
� Diffusion changes the underlying dE/dx of muon 
depositions across the drift direction
� We can remove this effect by coarse-graining the 
detector

GRAY PUTNAM           UNIVERSITY OF CHICAGO 15

Drift Direction Response Normalization with Diffusion

10 Wire (coarse-grained)
measurement

1 Wire (hit-by-hit)
measurement

ICARUS Monte Carlo

Underlying dE/dx 
changes across drift

Flat dE/dx

PRELIMINARY
� Diffusion changes the underlying dE/dx of muon 
depositions across the drift direction
� We can remove this effect by coarse-graining the 
detector

GRAY PUTNAM           UNIVERSITY OF CHICAGO 16

The difference in 
thickness (and 
thus dE/dx) 
narrows across 
the drift.

ICARUS Commissioning Data

PRELIMINARY

PRELIMINARY

Drift Direction Response Normalization with 
Diffusion

2. Energy scale calibration
by fitting dQ/dx profile 

Calibration Procedure 

(Short Baseline Neutrino at FermiLab)
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ż ƕǂŝǌŝƕƈ�ģĮƱĮƈģĮƈǌ
ż xþǂĮƷ�ĚþźŝĔЃ�ǂƕǗƷĚĮ
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ǂ�È½�ƷĮǂƱƕƈǂĮ

4 ǩ
ŝǂ
�Љ�
4 ǌƷ

ǗĮ

MƕþźϽ�ģĮǌĮƷƅŝƈþǌŝƕƈ�ƕņ�Įо�ƈƕƈЕźŝƈĮþƷŝǌǳ�þǌ�хϨэ�źĮǩĮź

+ Instrumental nonlinearity, stability monitoring
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• For each D-Egg, three outward facing cameras with attached illumination 
boards on a ring structure 


• In total, 900 cameras (for 300 D-Egg modules) were produced and have been 
integrated into D-Eggs by now.

8PoS(ICRC2021)1064
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• For mDOM, two upward cameras, one downward camera, and one upward 
stand-alone LED


• In total, ~1300 cameras (for ~420 mDOM modules) are to be produced, and 
~800 cameras are already completed by now

9PoS(ICRC2021)1064

mDOM : 2 ↑+ 1 ↓ cameras, and 1 LED ↑D-Egg : 3 outward facing cameras

!""#$%&'()*&
+,-./0&1211&

.,*,#34&5367&1211!"#$%&'#('(

• In-water test at Gyeonggi Physical Education High school, Suwon, Korea


• In-ice test at SpiceCore hole, South Pole 12

PoS(ICRC2019)928

PoS(ICRC2021)1047
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 precisionλeff.scattering ∼ 1 m

Simulated image IceCube Work in Progress

Simulated imageIceCube Work in Progress

Feature  precisionsize ≲ 10 cm

Simulation Field tests
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Shunsaku Horiuchi,  Natalia Tapia.

Measuring solar neutrinos 
over Gigayear timescales 
with Paleo Detectors
ArXiv: 2102.01755

Natalia Tapia Arellano — NUFACT 2022

Paleo Detectors
• Alternative to conventional Detectors 


• DM Searches


• Instead of a large target mass experiment


• Examine rocks!!

Billion year ~  y109

S. Baum, A. K. Drukier, K. Freese, M. Gorski, P. Stengel, T. D. P. Edwards, B. J. Kavanagh, C. Weniger

(Solid state track detectors, SSTD)

Exposure
For Paleo Detectors:  


• 1 Gyr old sample and O(10) mg 
of sample


•  = 0.01 kg Myr


For Conventional Detectors


• 10 yr and  kg target mass

ε

103

[Xenon 1T: QM, 2020]

 = Target Mass * Integration Timeε

Exposure
For Paleo Detectors:  


• 1 Gyr old sample and O(10) mg 
of sample


•  = 0.01 kg Myr


For Conventional Detectors


• 10 yr and  kg target mass

ε

103

[Xenon 1T: QM, 2020]

 = Target Mass * Integration Timeε

Results
Different Scenarios 

• We examined in details 
the track length range 
of 15-30 nm


• We use a sample mass 
of 0.1 kg


• Time window of time 
variation: 200 Myr and 
500 Myr
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Metallicity models
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Metallicity Models:


• 8B Neutrinos strong 
dependence on 
Solar Core Tº


• MESA (Modules for 
Experiments in 
Stellar Astrophysics) 
code version r12115


• Z/X = 0.0229 for GS 


• Z/X = 0.0181 for 
AGSS 

8B : T24

[Farag et al. 2020]

Solar Standard Model
• Fundamental tool to 

study Solar activity


• Discrepancy in results 
from Sun’s Metallicity 
(anything beyond helium)


• Inconsistency between 
photosphere 
abundances AGSS09 
and helioseismic data 
in GS98 sensitive to 
interior composition.


• Standing paradox in 
Solar physicsCredit: NASA, Fermilab
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Metallicity sensitivity


• GS98 1Gyr: 



• AGSS09 1Gyr:

(1.63 ± 0.05) × 106

(1.52 ± 0.05) × 106

• Background in a 
10% uncertainty 

case


( ∼ 5) × 105

Natalia Tapia Arellano — NUFACT 2022



l Focused on coming experiment and machine learning.
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Liquid Scintillator Detectors 

Minfang Yeh

NuFACT, Snowbird, Utah, 08/01-06/2022

M. Yeh for NuFACT
1960 1970 1980 1990 2000 2010 2020

Gallex

HOMESTAKE

LBNF (DUNE)

30-t 71Ga + Qe o 71Ge + e-

615t 37Cl + Qe o 37Ar + e-

Daya Bay 

SNO+

LENS

PROSPECT/LZ

200-kt H2O or 37-kt LAr

780t D2O CC/NC

200-t 0.1% Gd-LS  

780t 0.3% Nd/Te-LS  

120-t  8% In-LS  

6Li, 10B or Gd doped LS

Radiochemical Cherenkov

0Qơơ, dark-matter, medical, 
nonproliferation

Scintillator
Water-based LS

(Metal-doped) WbLS

SNO
Ray Davis

Detector Development
BNL Neutrino and Nuclear Chemistry Since 1960 

2

(By Minfang Yeh)
Future 
experiments!

Fare clic per modificare lo stile del titolo dello 
schema

Some main technological challenges

2

Excavation Experimental 
Hall
• Water during Excavation
• Cleanliness Control

Building Detector
• High Radiopurity material
• High Transparency
• High Energy resolution

Designing Electronic and PMT
• Reduce the systematics
• Low Signal-to-Noise ratio
• Underwater implosion

Studying Liquid 
Scintillator
• High transparency
• High light yield
• High Radiopurity

SS shell assemble

Acrylic Node

Calibration Units PMT Cover

UnderWater Box

Alumina Column 

Distillation

Water Extraction

Steam Stripping

Double CalorimetryWater Monitor

Detector Hall

Clean Room

Fare clic per modificare lo stile del titolo dello 
schemaChallenges in the 

construction of 
large neutrino 
detectors:
the JUNO case

Michele Montuschi 
On behalf of JUNO collaboration

1

23rd International Workshop on Neutrinos from Accelerators (NUFACT 2022), 06/08/2022 

Fare clic per modificare lo stile del titolo dello 
schema

Outlook and Reads

Overview:
Abusleme Ğƚ�Ăů͕͘�JUNO physics and detector͕ �Progress in Particle and Nuclear Physics Available online 03 December ϮϬϮϭ͕�ϭϬϯϵϮϳ͘�
&͘ ��Ŷ�Ğƚ�Ăů͕͘�Neutrino physics with JUNO͕�J. Phys. G: Nucl. Part. Phys. 43 (2016) 030401
Detectors:
A. Abusleme Ğƚ�Ăů͕͘�Mass Testing and Characterization of 20-inch PMTs for :hEK͕�arXiv:2205.08629  (2022).
z͘ �tĂŶŐ�Ğƚ�Ăů͕͘�A new optical model for photomultiplier tubes͕�EPJC 82 (2022) 329.
A. Abusleme Ğƚ�Ăů͕͘�The Design and Sensitivity of JUNO's scintillator radiopurity pre-detector OSIRIS͕�Eur. Phys. J. C 81 (2021) 973. 
A. Abusleme Ğƚ�Ăů͕͘�TAO Conceptual Design Report: A Precision Measurement of the Reactor Antineutrino Spectrum with Sub-percent Energy Resolution͕�Ăƌyŝǀ͗ϮϬϬϱ͘Ϭϴϳϰϱ� ;ϮϬϮϬͿ͕�to
be submitted to Journal of High Energy Physics. 
Abusleme Ğƚ�Ăů͕͘�Radioactivity control strategy for the JUNO detector͕ �JHEP11 (2021) 102. 
A. Abusleme Ğƚ�Ăů͕͘�Optimization of the JUNO liquid scintillator composition using a Daya Bay antineutrino detector͕ �NIM A͕�ϵϴϴ�;ϮϬϮϬͿ�ϭϲϰϴϮϯ͘�
A. Abusleme Ğƚ�Ăů͕͘�Calibration strategy of the JUNO experiment͕�J. High En. Phys. 3 (2021) 4. 

Approved
2015

Civil construction
2013

Detector 
construction

2022

now Detector 
completed

2023

34

Challenged we won:
• Excavation and building of the Underground Laboratory
• High precision construction of the CD with low radioactive material
• Reliable Under Water Electronics
• PMT assembly designed to avoid the underwater implosion
• LS production system focused on low radiopurity and high optical properties 

Waiting for the 
next challenges
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1HXWULQR�(YHQW�5HFRQVWUXFWLRQ
DQG�0DFKLQH�/HDUQLQJ

.D]XKLUR�7HUDR
6/$&�1DWLRQDO�$FFHOHUDWRU�/DERUDWRU\

1X)DFW������� �
2ULJLQDO�LPDJH�FUHGLW��[NFG

Plenary talk

4 parallel talks
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Panoptic Segmentation for Particle ID in 
ProtoDUNE 

Carlos Sarasty-Segura on behalf of the DUNE Collaboration

NuFact 

Aug 4th, 2022

A very preliminary result of neutral pion mass reconstruction
using panoptic segmentation network looks promising.

Panoptic segmentation

• In the field of computer vision panoptic segmentation is the task that unifies semantic 
and instance segmentation 

• Semantic segmentation is the process of assigning a class label to each pixel  

• Instance segmentation is the task of detecting objects in the image  

5

arXiv:1911.10194

Panoptic segmentation 

Neutral pion invariant mass reconstruction 

18

• We can attempt to reconstruct the neutral pion invariant mass using panoptic segmentation network


• PCA is used to find direction of shower 


• Energy is estimated using a CNN LQSXW�OD\HU

�[� �[� �[�

0D[3RROLQJ���GURSRXW

OLQHDU�SD\HU���[��

FRQFDWHQDWLRQ�

• Inspired on Inception block and 
Wenjie Wu’s energy reconstruction 
neural network  

Neutral pion invariant mass reconstruction 

18

• We can attempt to reconstruct the neutral pion invariant mass using panoptic segmentation network


• PCA is used to find direction of shower 


• Energy is estimated using a CNN LQSXW�OD\HU

�[� �[� �[�

0D[3RROLQJ���GURSRXW

OLQHDU�SD\HU���[��

FRQFDWHQDWLRQ�

• Inspired on Inception block and 
Wenjie Wu’s energy reconstruction 
neural network  

Panoptic segmentation

14

• The panoptic label is obtain by merging semantic segmentation  and class agnostic instance segmentation results 

• The class of each instance is determined by an efficient majority voting algorithm 

p

π

π

p

p

p

π

π

(c m)

(c m) (c m)

(c m)

Neutral pion invariant mass reconstruction 

16

• Using panoptic segmentation we could attempt to reconstruct the 
neutral pion invariant mass

γ1γ2

γ1γ2

Truth 

Reco 

• Two showers from neutral 
pion decay Resolution π0 mass

Neutral pion invariant mass reconstruction 

Neutral pion invariant mass reconstruction 

17

• We can attempt to reconstruct the neutral pion invariant mass using panoptic segmentation network


• Principal Component Analysis is used to find direction of showers


• Find direction that maximize the variance of the projected data


• Compute covariance matrix 


• Compute eigenvectors, eigenvalues 


• Energy is estimated using a CNN
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American Physical Society April Meeting - April 12, 2022NuFact WG1/WG6 Joint Session - August 4, 2022

ML Methods for Super-K 
Solar ν Classification
Alejandro Yankelevich

1

American Physical Society April Meeting - April 12, 2022NuFact WG1/WG6 Joint Session - August 4, 2022

• 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 with SK-IV 
reduced WIT data (redwit).

Motivation
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310× 8B MC

redwit

214Bi MC

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).

4

       Signal MC
       Background MC
       Reduced WIT Data

Boosted Decision Tree (BDT)

American Physical Society April Meeting - April 12, 2022NuFact WG1/WG6 Joint Session - August 4, 2022

• Trained on reconstructed 
variables used in solar analysis.


• 100 trees with max depth of 7 
added to give event score.

Boosted Decision Tree

Inputs for the BDT and their relative importances. Definitions in 
backup slides.

7

American Physical Society April Meeting - April 12, 2022NuFact WG1/WG6 Joint Session - August 4, 2022

• 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.

Solar Angle Distributions
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Solar angle distribution for data selection (red), calculated background shape (black), and polynomial fit of signal MC added to background shape (blue) 
all with 1! error bands.

cos(θsun) cos(θsun)

BDT Solar Analysis Cuts

American Physical Society April Meeting - April 12, 2022NuFact WG1/WG6 Joint Session - August 4, 2022

• Evaluate performance of 
methods using solar MC as 
signal and data as 
background.


• BDT rejects 6x background as 
solar analysis cuts for same 
efficiency.

ROC Curves

1/FPR vs Signal Efficiency. All events 2.49 MeV < Ekin < 3.49 MeV.

9

BDT rejects 6x background 
as solar analysis cuts
for same efficiency. 

ResNet CNN 

American Physical Society April Meeting - April 12, 2022NuFact WG1/WG6 Joint Session - August 4, 2022

• WatChMaL modified ResNet18.


• Trained with standard 2D event 
display PMT-to-image map.


• Fill pixels with PMT hit charges 
and times relative to fit vertex.

ResNet CNN
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20 Run 077016 Event 33932869

2017.10.09 13:11:50

at ( -461.0, -997.4, 1167.1) cm
(2966.86 ns after trigger)

=( 0.0770,-0.9113,-0.4045)recr
=(-0.6591, 0.7333, 0.1668)νr

= 3.85 MeVe
kinE

Time Residual

Typical low energy data event with PMT relative times. 
Reconstructed Cherenkov cone in white.

8

Modified ResNet18 architecture.

Modified to 2 1x1 
convolutions.

Motivation



l Posters
¡ Gain calibration using dark hits in off-time region of regular data 

at JSNS2 experiment (RyeongGyoon Park)
¡ Mass test setup for DUNE SiPMs characterization (Marco 

Guarise)
¡ First light detection with an optical Time Projection Chamber

(Robert Amarinei)
¡ A High Rate Readout System for a High-Efficiency Cosmic Ray 

Veto for the Mu2e Experiment (Simon Corrodi)
¡ Construction of a new scintillation tracker in T2K experiment 

(Masaki Kawaue)
¡ Detectors of the Telescope Array Experiment (Jihyun Kim)
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l Covered active R&D topics
¡ Precise imaging, photon collection
¡ Electronics readout, w/ precise timing decision, trigger
¡ Precise calibration
¡ Reconstruction with machine learning, less systematics

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

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