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T2R T2K ND280

UA1 Magnet Yoke

® Excellent performance,
operated since 2010

® Providing critical input
for oscillation measurements

® Discovery of Ve appearance

® First hint of leptonic CP violation
® As well as cross section measurements

® Many talks/posters in this NulNT

M.Yokoyama (Tokyo), T2K ND280 Upgrade NulNT2017,Toronto

SMRD

Downstream

Barrel ECAL

.
(Y



i)

»

2R T2K phase Il (T2K-II)

%1400:— 40§

2 T R

%1200 g 3 302'

® |-PARC power increase plan: & ool e poversumyangra ol L] S
0.4/ MW— | 3 MW 00l %
600:— \/ | é

® Rep.cycle 2.48s— |.16s : e el By |
400[— | 0 8

® ffprotons 2.4 3.2E14/spill ool 610 1 [ O -

® Aim for 30- CPV Sensitivity by 2%15 2‘017. 2619 2021 '-2023 20252027 ’T'2029; 20301
2026 with 2% 022 POT

® Stage-| status given by PAC

N
o

T T I T T T T I T T T T I T T T T
[ —— 20x10?' POT w/ eff. stat. improvements (no sys. errors)

| - - - 20x10%" POT w/ eff. stat. & sys. improvements
- —— 7.8x10%' POT (no sys. errors)

o
I
o
O
2 15+ —
% [ - - - 7.8x10%' POT w/ 2016 sys. errors
g f S
' 1
% 10__30_0._L._ _____________ o A
Eg : 99“'_/o_C_L ________________________
2 5 .
Mo Leoworf e N AT NN
< |
0

LS AR B S
-200 -100 0 100 200

True 6.5(°
M.Yokoyama (Tokyo), T2K ND280 Upgrade NulNT2017,To CP( )



T2k .
Improvement towards T2K-I g

Expected number of events
® More statistics / POT with [x1022POT each

® |Increased horn current
® Additional samples

® Enlarge fiducial volume

® Control of systematics

® Reduction of flux and o s T
detector uncertainties S S f
) - - - - w/ eff. stat. improvements & 2016 sys. errors .

® Reduction of neturino § pe T =
interaction systematics 5 T I st arror -
— Upgrade of ND280 & f[eme ™ difference
® Goal: ~4% total syst. error R e "

Protons-on-Target (x107)
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T2R\

ND280 upgrade

® Current ND280 has an excellent performance for forward tracks

® Limited performance for large angle tracks

® Super-K has 47T uniform acceptance
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® Need extrapolation to full phase space with interaction models
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® More complete information necessary to improve our knowledge
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T2R Criteria for upgrade detector

Timescale: installation in summer 202 |

® Enlarge phase space — cover full polar angle
® Retain TPC capabilities

® Efficiency for short hadron tracks

® Improve electron neutrino selection

Basic concept: “improved tracker”

New TPC

Beam direction New taroet
—» | TPC|FoD|TPC » °
detector

New TPC




e The ND280 upgrade project -

® 2013-2015: ND upgrade R&D WG
® 2015-2016: ND280 upgrade task force formed in T2K
® November 2016: | st Open Workshop at CERN

https://indico.cern.ch/event/568177/

® January 2017: Expression of Interest submitted to CERN
SPSC (towards a project in the framework of the CERN

Neutrino Platform ) [T2K itself is a CERN recognized experiment, RE| 3]

® February 2017:launched as official T2K project
® March & May: 2nd (@CERN) and 3rd (@ Tokai) Open WS

https://indico.cern.ch/event/613107/ https://indico.cern.ch/event/633840/

You are welcome to join!


https://indico.cern.ch/event/568177/
https://indico.cern.ch/event/613107/
https://indico.cern.ch/event/633840/

- CERN SPSC-EOI-015

® Signed by ~190 physicists

® From Bulgaria, Canada,
France, ltaly, Japan,
Germany, Poland, Spain,
Sweden, Switzerland,

UK, USA
e And CERN

® R&D for high-pressure
gas TPC also in the scope

® Synergy of development

Expression of Interest for the January 2017 SPSC

Near Detectors based on gas TPCs for
neutrino long baseline experiments?
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T2k

ND upgrade convener: , deputy:

Work Packages

WPI: Mechanical design and integration
WP2:TPC field cage and gas vessel

WP3: TPC Readout technology
WP4: TPC electronics and DAQ
WP5: Gas system and calibration
WPé6: Scintillator-based trackers
WP7:TOF system

VWVP8: Test beam measurements

WP9: High Pressure TPC

VWP
WP
WP
WP

O: Simulation and optimization studies
|: Physics studies

2: DAQ
3: Software

Lots of opportunities to contribute
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T2K Baseline configuration rnorean

upstream Ecal-POD

Barrel ECal POD ECal

Horizontal TPC

Scintillator target
Horizontal TPC

4 > . s <. %

Keep current tracker + DS Ecal

Two TPCs
Magnet and surrounding Ecal Scintillator target

also preserved TOF detectors
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T2\ .
Expected performance

Efficiency estimated with GEANT simulation
Example: vy CC inclusive selection

Muon angle Q?
¢ I New target = &t New target
- FGD2
~ D T FGD2
I I I E I I I I I I IFGID II
0.4 0.6 trug.BCOS 81 0 0.5 1 1.5 2 2.5 3 Sirue (4)2 [G‘;i/Q/CQ]S

Large angle efficiency is improved as expected.
(preliminary: optimization still ongoing)
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T2k

Asimov studies using ND fitting framework

Expected performance
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® Upgrade configuration can greatly reduce cross
section uncertainties

® Effect on oscillation analysis also being estimated
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T2R\ Horizontal TPCs >

~1.8%0.8%2.0 m?

Similar in size and technology to the
existing TPC.

Resistive Micromegas for spreading the
charge and spark protection.

Thin field cage along the lines of the
Aleph TPC

Strip layers glued / embedd
in the mechanical structure
(typically: composite materials)

Aleph / ILC scheme: 9 Catanesi

M. Batkiewicz
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TE TPC development -

® Aim to build and test a prototype at CERN next year
® ~|m (drift) x 0.5 m x| m

® Resistive foil for micromegas procurement in progress
® Made by sputtering on a polyimide foil

® Field cage electronics, gas system, .. design ongoing

Micromegas
module
2m
4

Full TPC End Plate (2x4 Micromegas)

0.5m

-l
-

TPC Prototype End Plate |

M.Yokoyama (Tokyo), T2K ND280 Upgrade NulNT2017,Toronto Sputtering chamber |4



T2\ Target Detectors based on scintillators “s

® ~|.8%0.6x2 m? ~2ton active target
® MPPC+WLS fiber readout established in T2K

® New MPPC with higher PDE, low noise/cross-talk,
possibly further improvement with R&D

® Several options under study

® FGD-like bar structure (2- or 3-views)

® “Super-FGD”: cubes with 3-view readout

® WAGASCI: grid with thin scintillators (J-PARC T59)
® Scintillating fiber

/ Super-FGD

| /1'cm |dea by D.Sgalaberna and A.Longhin

M.Yokoyama (Tokyo), T2K ND280 Uy _ 017, Toronto 15



e Target Detector Study -

® Simulation study for optimization and comparison
® Efficiency, particle ID, Y BG suppression for Ve

® R&D of hardware rapidly starting up
® Several cubes for super-FGD already being tested

® Prototyping and beam test under discussion

Projection on the YZ readout plane

M.Yokoyama (Tokyo), T2K ND280 Upgrade



TR TOF detectors -

® Provide timing for track reconstruction and particle identification

® Configuration optimization ongoing

® R&D studies for options
® Extruded scintillator (INR Moscow)

® Cast scintillator (Geneva, w/ SHiP)
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Example schematic configuration
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T2
T2R Summary ’

® ND280 upgrade launched as a T2K-wide project
® Improvement of ND towards T2K-Il (and Hyper-K)
® Also new tools for neutrino interaction studies
® Foreseen timeline:
® Proposal in the end of 2017,TDR in 2018
® Construction and test 2019-2020
® |nstallation planned in 2021
® New members are already joining, more are welcome

® [nput from NulNT community will be invaluable

® Next Open Workshop at CERN, Aug.l -2
https://indico.cern.ch/event/644360/

Let’s build our ‘future’ together!
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4th Workshop on Neutrino Near Detectors based on gas TPCs

1-2 August 2017
CERN

https://indico.cern.ch/event/644360/



