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Introduction
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T2K Experiment 4

Super-Kamiokande [ ]
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e Main goals:

o Measure v, /7. appearance: sensitive to (dcp, 013)

o Measure v, /i, disappearance: sensitive to (6,3, Am?)
e How?

o Produce an intense v, (or 7, beam

o Measure the unoscillated flux at the near detector complex to monitor the beam and

constrain systematic uncertainties
o Measure the oscillated flux at Super-Kamiokande
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T2K Oscillation Analysis strategy 5

SRS ear Detecios
| Mt. Noguchi-Goro
2,924 m
Mt. lkeno-Yama
1,360 m
I 1,700 m below sea level
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Neutrino Beam

295 km

Neutrino interaction

Detector model model
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e Far/Near ratio does not fully cancel systematic uncertainties, e.g.:
Flux model different at ND vs. FD due to geometry and oscillation
2 Different detectors, i.e. different acceptance and efficiencies
€  Mainly v,(7,) at ND interacting with CH — use model to infer interactions of v, /v, (7, /7on H,0

< T2K’s approach is to propagate the constraints on the and the neutrino interaction
models from the ND to the FD
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Off-axis Near Detector at 280m (ND280) 6

Super-Kamiokande :]

Mt. Noguchi-Goro
2,924m

Mt. Ikeno-Yama
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Neutrino Beam
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Deep Inelastic Scattering event display
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Off-axis Near Detector at 280m (ND280)

SMRD

UA1 Magnet Yoke

Downstream
ECAL

Jaafar Chakrani (LLR)

fFine Grained Detectors (FGDs):

e Plastic scintillator tracker

e Target for neutrino interactions /'/\;\

e FGD2 has water target layers

Deep Inelastic Scattering event display
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Off-axis Near Detector at 280m (ND280) 8
(Time Projection Chambers (TPCs) b \‘\/l/

\I,. e Tracking detectors w!
UA1 Magnet Yoke o Charged par‘“cle momentum /;/\;\

e Particle ID

Downstream
ECAL

Deep Inelastic Scattering event display
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Off-axis Near Detector at 280m (ND280) 0
UA1 Magnet: \\/

e 0.2 T magnetic field for charge identification w

SMRD
UA1 Magnet Yoke n p

Downstream
ECAL

Deep Inelastic Scattering event display
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Off-axis Near Detector at 280m (ND280)

X Super-Kamiokande [:
M. Ikeno-Yam ol
z o $ 1,700 m below sea level

; Neutrino Beam - ; ===
| 295 km

UA1 Magnet Yoke . X

Neutrino interaction
Detector model model
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(m0- e Far/Near ratio does not fully cancel systematic uncertainties, e.g.:
detector) Flux model different at ND vs. FD due to geometry and oscillation

— ¢ Different detectors, i.e. different acceptance, efficiencies, targets...
&  Mainly v,(7,) at ND interacting with CH — use model to infer interactions of v, /v.(7,/.) on H,0

< T2K’s strategy is to propagate the constraints on the and the neutrino interaction models

from the ND to the FD

Jaafar Chakrani (LLR)

NOW 2022 - Sep 6th, 2022

Bcattering event display

ND280 has been able to provide quality measurements for T2K results, but with the
increasing statistics its limitations on the flux and the neutrino interaction model

uncertainties are starting to arise in the analyses

T2K Oscillation Analysis strategy 5 \.\/
Vyu w
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Limitations of current ND280 11

e Non-isotropic efficiency (unlike Super-Kamiokande)

e High momentum proton threshold (~450 MeV/c)

e For the oscillation analysis, neutrino interactions are neutron proton
characterized in muon kinematics only

Muon neutrino events at ND280 Electron neutrino events at Super-K Proton detection efficiency
rl_l_ '-l‘"l"l"l'l' TT '-l‘"l"l' T T 3 0'6: ]
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= T2K is currently upgrading ND280 to overcome these limitations
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T2K Near Detector Upgrade
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T2K ND280 Upgrade Overview
e

e Super-FGD: 2.10° 1 cm? scintillator cubes

e New high-angle TPCs ey
e New Time Of Flight detector

The goal is to reduce the ND systematics with:
e Fully active target
e 4mx acceptance for charged particles
e Lower proton momentum threshold (~300 MeV/c)
e Neutron kinematics reconstruction

e Larger statistics
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T2K ND280 Upgrade Overview

14
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T2K ND280 Upgrade Overview 15
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T2K ND280 Upgrade Overview
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Super-FGD electronics
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Super-FGD construction
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Su per- FGD JINST 13 P02006 (2018 18
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https://iopscience.iop.org/article/10.1088/1748-0221/13/02/P02006

Cube production and pre-assembly 19

e The production of the 2 million cubes was done by Uniplast (Vladimir, Russia), with a
rate of ~100,000 cubes/month, and took over 1.5 years

~500 cubes/hour

/[
l%, 2018-07-18 12:40

Compound of polystyrene + F 140 ) g
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Cube production and pre-assembly 20

e The production of the 2 million cubes was done by Uniplast (Vladimir, Russia), with a
rate of ~100,000 cubes/month, and took over 1.5 years

e As the cubes were delivered, they were assembled layer by layer using fishing lines
after quality checks

Cubes delivered and Layers assembled VS Time
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https://www.wikihow.com/Make-a-Beaded-Bracelet

How to Make a Beaded Bracelet


https://www.wikihow.com/Make-a-Beaded-Bracelet

Cube production and pre-assembly 22

e The production of the 2 million cubes was done by Uniplast (Vladimir, Russia), with a
rate of ~100,000 cubes/month, and took over 1.5 years

e As the cubes were delivered, they were assembled layer by layer using fishing lines
after quality checks w B Lo
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Cube production and pre-assembly 24

e The production of the 2 million cubes was done by Uniplast (Vladimir, Russia), with a
rate of ~100,000 cubes/month, and took over 1.5 years

e As the cubes were delivered, they were assembled layer by layer using fishing lines
after quality checks

e The pre-assembled layers were shipped in two boxes to J-PARC by plane

The (empty) wooden shipment box weighs 500 kg
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Cube production and pre-assembly 25

e The production of the 2 million cubes was done by Uniplast (Vladimir, Russia), with a
rate of ~100,000 cubes/month, and took over 1.5 years

e As the cubes were delivered, they were assembled layer by layer using fishing lines
after quality checks

The pre-assembled layers were shipped in two boxes to J-PARC by plane
e Inthe meantime, the Super-FGD box was being designed

/ Carbon fiber i / G-10 datum plate

G-10 MPPC Divinvcell foam

Carbon fiber
attachment plate

| 'Emp Supef—FGIS’BG x|
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Super-FGD assembly 26

1. Insert the 2 million cubes in the Super-FGD box layer by layer

Empty Super-FGD box
% 4l -y

o
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Super-FGD assembly 27

1. Insert the 2 million cubes in the Super-FGD box layer by layer

Super-FGD box
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Super-FGD assembly 28

1. Insert the 2 million cubes in the Super-FGD box layer by layer
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Super-FGD assembly 29

1. Insert the 2 million cubes in the Super-FGD box layer by layer
2. Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer

One SiPM
per hole

Jaafar Chakrani (LLR) BSM-Nu third workshop - May 25th, 2023



Super-FGD assembly 30

1. Insert the 2 million cubes in the Super-FGD box layer by layer
2. Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
3. Ensure vertical alignment with vertical metal “rods” for each added layer

N \
sy A B ) A 3 E ‘
ViR \\"\\\“IIvl'4lly///,lr/7714
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Super-FGD assembly 31

1. Insert the 2 million cubes in the Super-FGD box layer by layer
2. Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
3. Ensure vertical alignment with vertical metal “rods” for each added layer

4. Close the Super-FGD box

_—. Beginning of January 2023
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Super-FGD assembly 32

Insert the 2 million cubes in the Super-FGD box layer by layer

Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
Ensure vertical alignment with vertical metal “rods” for each added layer

Close the Super-FGD box

Replace the fishing lines with wavelength shifting (WLS) fibers

aprobp~
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Super-FGD assembly 33

Insert the 2 million cubes in the Super-FGD box layer by layer

Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
Ensure vertical alignment with vertical metal “rods” for each added layer

Close the Super-FGD box

Replace the fishing lines with wavelength shifting (WLS) fibers

Check the light yield in each fiber

o0k obA
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Super-FGD assembly 34

Insert the 2 million cubes in the Super-FGD box layer by layer

Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
Ensure vertical alignment with vertical metal “rods” for each added layer
Close the Super-FGD box

Replace the fishing lines with wavelength shifting (WLS) fibers

Check the light yield in each fiber

Attach SiPM boards on the sides of the box: one SiPM/fiber

N rODN~

.........

o - -

= E | a o
e I e 1 L |

MPPC64 board
BSM-Nu third workshop - May 25th, 2023
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Super-FGD assembly 35

Insert the 2 million cubes in the Super-FGD box layer by layer
Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
Ensure vertical alignment with vertical metal “rods” for each added layer

Close the Super-FGD box

Replace the fishing lines with wavelength shifting (WLS) fibers
Check the light yield in each fiber

Attach SiPM boards on the sides of the box: one SiPM/fiber
Install LED calibration system

O NOOOR~ODN S
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Super-FGD assembly 36

Insert the 2 million cubes in the Super-FGD box layer by layer

Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
Ensure vertical alignment with vertical metal “rods” for each added layer

Close the Super-FGD box

Replace the fishing lines with wavelength shifting (WLS) fibers

Check the light yield in each fiber

Attach SiPM boards on the sides of the box: one SiPM/fiber

Install LED calibration system

Install light barriers £

©®NOORODN
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Super-FGD assembly 37

Insert the 2 million cubes in the Super-FGD box layer by layer

Insert the fishing lines in the corresponding holes of the Super-FGD box for each layer
Ensure vertical alignment with vertical metal “rods” for each added layer

Close the Super-FGD box

Replace the fishing lines with wavelength shifting (WLS) fibers

Check the light yield in each fiber )
Attach SiPM boards on the sides of tHEZl. rs
Install LED calibration system A
Install light barriers -
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Super-FGD assembly 38

©®NOORODN
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Insert the 2 million cubes in the Super-FGD box layer by layer

Insert the fishing lines in the corresponding =~'~~ ~f*~= Cromme DA oee £ mmn e
Ensure vertical alignment with vertical meta
Close the Super-FGD box

—17
. . . . \‘ i
Replace the fishing lines with wavelength sk o —4—78
. . . . T ?’.-:E _— :
Check the light yield in each fiber :,,:.g 1 ==

A

AL ARUS

Attach SiPM boards on the sides of the box
Install LED calibration system

Install light barriers

Attach cables on the MPPC64 boards
Install readout electronics (ongoing...)
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Super-FGD readout electronics 39

e Total channels to read: ~56,000 channels (i.e. SiPMs)

e A complex architecture of electronics is used for the readout:

Jaafar Chakrani (LLR) BSM-Nu third workshop - May 25th, 2023



Super-FGD readout electronics

e Total channels to read: ~56,000 channels (i.e. SiPMs)

e A complex architecture of electronics is used for the readout:

o ~220 front-end boards (FEBs), each reads up to 256 channels
(using 8xCITIROC)
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Super-FGD readout electronics

e Total channels to read: ~56,000 channels (i.e. SiPMs)

e A complex architecture of electronics is used for the readout:

o ~220 front-end boards (FEBs), each reads up to 256 channels
(using 8xCITIROC)

o Arranged in 16 crates of 14 FEBs
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Super-FGD readout electronics

e Total channels to read: ~56,000 channels (i.e. SiPMs)

e A complex architecture of electronics is used for the readout:

o ~220 front-end boards (FEBs), each reads up to 256 channels
(using 8xCITIROC)

o Arranged in 16 crates of 14 FEBs

o A series of intermediate boards allow to distribute the power,
send the beam trigger, configure the FEBs, preprocess data, ...

Power supplies

DAQ / slow
control

Front-end
boards
(FEB)

MPPC
Backplane

Optical

concentrator I
board

(OCB)

Master clock
board
(MCB)
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Super-FGD readout electronics

e Total channels to read: ~56,000 channels (i.e. SiPMs)
e A complex architecture of electronics is used for the readout:

o ~220 front-end boards (FEBs), each reads up to 256 channels
(using 8xCITIROC)

o Arranged in 16 crates of 14 FEBs

o A series of intermediate boards allow to distribute the power,
send the beam trigger, configure the FEBs, preprocess data, ...

e Before launching the production of the FEBs, various performance
tests were performed on prototypes to validate the final design

Jaafar Chakrani (LLR) BSM-Nu third workshop - May 25th, 2023



FEB tests

44

Charge readout in all the 256 channels and basic calibration (pedestal, gains, etc.)
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FEB tests 45

e Charge readout in all the 256 channels and basic calibration (pedestal, gains, etc.)

e (Channel-to-channel electronic cross talk
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FEB tests 46

e Charge readout in all the 256 channels and basic calibration (pedestal, gains, etc.)

e (Channel-to-channel electronic cross talk

e Channel-to-channel timing differences (will be calibrated in the actual Super-FGD
setup)
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FEB tests a7

e Charge readout in all the 256 channels and basic calibration (pedestal, gains, etc.)
e Channel-to-channel electronic cross talk

e Channel-to-channel timing differences (will be calibrated in the actual Super-FGD
setup)

e Linearity cf *h~ EEB raonanan
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FEB tests

e (Channel-to-channel electronic cross talk

e Channel-to-channel timing differences (will be
setup)

e Linearity of the FEB response

e Impact of the 0.2-T magnetic field in the
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FEB tests 49

e Charge readout in all the 256 channels and basic calibration (pedestal, gains, etc.)
e Channel-to-channel electronic cross talk

e Channel-to-channel timing differences (will be calibrated in the actual Super-FGD
setup)

e Linearity of the FEB response

e Impact of the 0.2-T magnetic field in the
orientations expected in the Super-FGD setup

e Satisfactory performances with minimal changes to the design
= Green light for mass production

e [nstallation expected during this summer

Jaafar Chakrani (LLR) BSM-Nu third workshop - May 25th, 2023



Prototypes of the Super-FGD

Jaafar Chakrani (LLR) BSM-Nu third workshop - May 25th, 2023 50



Super-FGD prototypes 51

e Multiple beam tests with prototypes have been performed
to confirm the Super-FGD concept:

e R

US-Japan prototype (8x8x32 cm)

Jaafar Chakrani (LLR) BSM-Nu third workshop - May 25th, 2023



Mean deposited energy [p.e.]

Super-FGD prototypes 52

e Multiple beam tests with prototypes have been performed

to confirm the Super-FGD concept:
o At CERN with charged particles: NiMA 936 (2018), JINST 15, 12 (2020)
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o At LANL with neutrons: arxiv:2207.02685 T s
m Measurement of the total cross section as a function of
the neutron kinetic energy using event rate depletion
along the beam axis: N (z) = Nye ™1 tet?
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Expected performances

e Improved reconstruction at high and backward angles
— better constraints on the neutrino interaction model

e Better reconstruction of outgoing nucleons
— access to new observables

Neutron kinematics reconstruction by
measuring their time-of-flight when they
interact within the Super-FGD
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e The Super-FGD is a new addition to the T2K near-detector complex as part of the
ND280 upgrade

e It is a novel highly granular plastic scintillator tracker with a (quasi-)3D readout

e The Super-FGD is fully assembled and the installation of the electronics is expected
early this Summer, with a full commissioning before the Fall

e The granularity of the Super-FGD is a key characteristic that allows it to precisely
measure the kinematics of the outgoing particles from neutrino interactions, and
particularly hadrons with an unprecedented precision
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