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The ND280 upgrade: Overview

Motivations

~ ND280 is an essential component of T2K.

~ Over years statistical errors | so we need systematic errors | .

What can we improve?
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The ND280 upgrade: Design T2 iPM

2019 TDR  eprint: 100103750 4 Beam upgrade (X2.6 more neutrinos!) PTEP 2021 (2021) 3. 033601

Upstream ECal


https://arxiv.org/pdf/1901.03750.pdf
https://inspirehep.net/literature/1856891
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The ND280 upgrade: Design T2 E?MU

2019 TDR  eprint: 100103750 + Beam upgrade (X2.6 more neutrinos!) PTEP 2021 (2021) 3, 033G01
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. . . 4 prototypes (2 small 2 large), hundreds of validation tests
Field cage R&D and validation Production readiness 2023 — final construction ongoing
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First ERAM prototype in 2018. Beam test @CERN
Old electronics & module layout.

Second ERAM test in 2019. Beam test ODESY
New electronics & module layout.

Third ERAM module in 2021. Beam test ODESY
Updated resistivity

ERAM production. Test bench @CERN with >>Fe.

Production readiness 2023 — final construction ongoing
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TPCs development

Field cage R&D and validation

ERAM R&D and validation

~ First ERAM prototype in 2018. Beam test @CERN
Old electronics & module layout.

~ Second ERAM test in 2019. Beam test ODESY
New electronics & module layout.

= Third ERAM module in 2021. Beam test @DESY
Updated resistivity

~ ERAM production. Test bench @CERN with > Fe.

Achievements

~ Dramatic dead volume reduction.

~ First experiment using resistive Micromegas.
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4 prototypes (2 small 2 large), hundreds of validation tests
Production readiness 2023 — final construction ongoing

Concept validation

NIMA 957 (2020) 163286 * e-Print: 1907.07060

Final design validation
NIMA 1025 (2022) 166109 - e-Print: 2106.12634

ERAM characterization &
simulation validation

e e-Print: 2212.06541 (Dec 2022)

Production characterization, gain
and spreading of 40 ERAMs

e-Print: 2303.04481 (March 2023)

~ Same dE/dx performance and > X 2 better momentum performance with <33% pads.
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A novel neutrino target concept for T2K in 2017 Picture of a single cube
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The SuperFGD neutrino target

A novel neutrino target concept for T2K in 2017

FGD concept

184 cm

JINST 13 (2018) 02, P0O2006 * e-Print: 1707.01785

o/

o/

o/

-/

Tzﬁa iﬁAVL|

Picture of a single cube

Scintillator cube

WLS fibers

Benefits w.r.t ND280 FGDs
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A novel neutrino target concept for T2K in 2017
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Benefits w.r.t ND280 FGDs
Large target mass of 2 tons (same as FGD14+FGD2).

Isotropic efficiency.
Lower detection threshold.

3D granularity

Excellent time resolution <1ns MIP.
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A novel neutrino target concept for T2K in 2017 Picture of a single cube

Scintillator cube

FGD concept

WLS fibers

JINST 13 (2018) 02, P0O2006 * e-Print: 1707.01785

Benefits w.r.t ND280 FGDs

o Large target mass of 2 tons (same as FGD1+FGD?2).

500 - proton

©w/m = lIsotropic efficiency.

dE/dx [p.e.]/cm

300

M _ Lower detection threshold.

o 3D granularity

200

H
HH“””““H”“ o Excellent time resolution <1ns MIP.

100

T T T T _ Very enhanced PID, e.g. proton bragg peak ID,
o 0 = s a0 _ ely separation



https://arxiv.org/abs/1707.01785

The SuperFGD neutrino target

Before closing the box




The SuperFGD neutrino target TZ/E\ IPMU

Before closing the box

Box concept
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~ Integrated 8x8 MPPC readout interface.
~ 4cm thickness, sag of 0.5cm under 2 tons.
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The SuperFGD neutrino target T2K\iPMU

Before closing the box Box in assembly basket
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The SuperFGD neutrino target T2K\iPMU
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The SuperFGD neutrino target T2K\iPMU

Before closing the box Box in assembly basket
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The SuperFGD neutrino target T2K\iPMU

Before closing the box Box in assembly basket

o High dynamic range (HG, LG, ToT).
~ Sampling rate 400Mhz.
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The SuperFGD neutrino target T2K\iPMU

Before closing the box Box in assembly basket

Calibration system in opposite fiber end
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The 5x5x5 cubes prototype
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/ o Combination of improvements is expected to boost T2K physics potential (see back up!).
i some examples PRD 105 (2022) 3, 032010 & PRD 101 (2020) 9, 092003 & PRD 106 (2022) 3, 032009
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O Improved efficiencies and purities + completely new analysis methods & variables.
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O Better understand & constrain key systematics — push best limits in Am223, 053, Ocp.




Back Up



The T2K neutrino beam T2/K)\ IPVIU

T2K neutrino beam line uses off-axis technique:
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o T2K uses NA61/SHINE experiment on meson production data to model the flux production.
= New analysis used T2K replica target in NA61/SHINE -> Error in flux from 8% to 5%.
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Neutrino Interactions and the OA T2 if:

‘ | but
The oscillation probability depends on Ey I ‘ The Ey resolution heavily depends on the interaction type |

E  is reconstructed from the outgoing tracks
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The ND280 detector

Original ND280
_-SMRD Module

SMRD ’

UA1 Magnet Yoke

0.2T
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The ND280 detector

Original ND280
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UA1 Magnet Yoke

s
mSECal

SMRD

~SMRD Module

16



" K AVL

The ND280 detector T2 IPMU

Original ND280 Latest OA results e-Print: 2303.03222
~SMRD Module
' Selection | Topology | Target || Eff.(%) | Pur. (%)
on FGD1 || 48.0 71.3
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: pinv- FGD2 || 24.0 51.3
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FGD2 || 69.0 72.7
L - FGDI 193 454
Vpinv-mode | 1z FGD2 || 172 41.0
FGDI 265 263
(r0- Other | popp || 252 26.0
detector)
/,w‘/”"——-';"’) or | FGDL || 603 55.9
FGD2 || 603 52.8
. N FGDI 30.3 444
vy in V-mode 1z FGD2 26.0 44.8
FGDI 274 68.3
Other | popo || 271 69.5
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!
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The ND280 detector T2 IPMU

Original ND280 , Latest OA results e-Print: 2303.03222
SMRD Module
' Selection | Topology | Target || Eff.(%) | Pur. (%)
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Neutrino Interactions and the OA T2/ iﬁ“ T

Event rate prediction

Oscillation probability Neutrino flux
exp _
N(E,) = P(v, — vp) X 6(E,) X D (E)) X €(E,)
Interaction cross-section Detector efficiency
At ND280
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Neutrino Interactions and the OA T2/ iﬁ“ T

Event rate prediction

Oscillation probability

Neutrino flux

foP(Ey) = P(v, = vy) X o(E) XD (E) X e(E)

At ND280
~ L B B L B L I B L B L EL L B B
& ¢ Data I v CCQE
> 5000 I v CC 2p2h I v CCRes 1In
§ v CC Coh 1n v CC Other
4000

|
Illllllmllllllllllll

1000

W

S

S

=
II|IIII|IIII|IIII|IIII|III

.........--.-.-...."l....."'...‘.l..‘-........A......!..!......

AR 111

0 200 400 600 800 1000 1200 1400 1600 1800 2000

P, [MeV/c]

Interaction cross-section Detector efficiency
ex
N:P(E,)
| TAS c(E)X D (E)Xc(E)
Nl.ObS(EU) Constrain nuisance

parameters

Measure neutrino interaction cross-sections (fit additional normalization parameters)

6 v, or v, CC inclusive 3 v, or U, CC inclusive

PRD arXiv: 13024908 PRI arXiv: 14077389

PRD arXiv: 1801.05148 arXiv: 1503 . 08815

PTEP arXiv: 1904 09611 A Xiv: 200211986
PRD arXiv: 1407.4256
PRD arXiv: 1509.06940

arXiv: 1706.04257

PRD arXiv
PRD arXiv
PRD arXiv
PRD arXiv
PRD arXiv

PRD arXiv

12 y, or v, CCOTe 4v,orp, CCln
: 1602.03652  PRD arXiv: 1411.6264 PRD arXiv: 1605.07964
: 1708 . 06771 PRD arXiv: 1403.3140 arXiv: 1604 04406
: 1908.10249  PRD arXiv: 1910.09439 arXiv: 1909.03936
: 2002.09323  PRD arXiv: 1802.05078 arXiv: 170407467
: 2004.05434  PRD arXiv: 2102.03346

: 1503.07452

PTEP arXiv: 2004.13989
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Events

Neutrino Interactions and the OA T2/ iﬁ“ T

Event rate prediction

Oscillation probability Neutrino flux
exp _
N7(E,) = Py, = vp) X o(E) X D (E) X e(E)
Interaction cross-section Detector efficiency

At ND280
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Measure neutrino oscillations (Calculate event rate at SK and fit PMNS values)
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New detector capabilities T2Z2K\ [PM

Extended angular domain Extended momentum domain Better momentum reconstruction
> F . » g L3 L TR AN LI \?Iz-"""""’""""""""l
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New analysis possibilities  =omeeamee 12K\ iPMU

Detailed studies of transverse _ High quality hadronic information will be game-changing.

kinematic imbalance T (p ) (p )
In addition to (py, 0,) can use (py, 9, , 0, E,j...):
L PRD 105 (2022) 3, 032010 * e-Print: 2108.11779
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E 2 Undetected Pion = wE e Plon FS &
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New analysis possibilities

kinematic imbalance

—={

Pt

some examples

T2

K AV

In addition to (p,, 6;) can use (py, 8,, 6, E;..-):

PRD 105 (2022) 3, 032010 * e-Print: 2108.11779
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© Low &, can be used to identify events with low nuclear effects
PRD 101 (2020) 9, 092003 * e-Print: 1912.01511
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Detailed studies of transverse _ High quality hadronic information will be game-changing.
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New analysis possibilities

kinematic imbalance

—={

Pt

some examples
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© Low &, can be used to identify events with low nuclear effects
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Detailed studies of transverse High quality hadronic information will be game-changing.
In addition to (p,, 6;) can use (py, 8,, 6, E;..-):

PRD 105 (2022) 3, 032010 * e-Print: 2108.11779

L |
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~ Use 9, to learn about FSI.

Phys.Rev.D 106 (2022) 3, 032009 - e-Print: 2202.10402
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