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Total Accumulated POT for Physics
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ND280 Measurements

. %%m®%n~k)/ﬁm%mmfétb@m EREaRE
TPCEXYD B ED T T AF v 7 v F L — % (FGD)IZ
iy B - 0D T B £z, 07 [h) 22 I 7E
c T2KD7 T v 7 AHKD=a— VU /7 OsWrmmisE 2 Jl E
e« SKTO==2—F Y /77y 7 XLRISHEBEOHGRTETT /LIZ
HilBR 2 23T 5

UA1 Magnet Yoke

tnumber : 24083 | Partition :/63 | Run/number : 4200 | Spill': 0 | SubRun number :6/| Time : Sun 2010-03-21 22:33:25 JST [Trigger: Beam Spill

Fine-Grain
Detectors

N\ """'\I

POD Downstream
b (- I ECAL

W

Solenoid Coil

Barrel ECAL
FGD1 FGD2




Goals of ND280 Upgrade (1)
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Goals of ND280 Upgrade (2)
s [EVEBIEZFORERFDORIE
« CCQE & 2p2hDigks]
o T2KD T R)LX—FFERICKT T H /314 T A
* V. HI3R & yHRDBR O
* NDTDv, CCHEIEIRDKI23% Dy RO mHSR

Il

—1I _a N —- — N— I-
= — 'y L A L L A L N L L =
c KOVRWIT T =2 T VT 4 D isee T
A E | 5 SRS Wil ha— N Y g 1,2 80F N V72 v. CCQE interactions =
*g‘i %E ‘z\‘ EL l/ \ ]\ 7 \y ﬁ O) {/H\IJ /:E 1 2 60:_ ~\\‘ m v, CCnonQE interactions _:
| 8 - z 7 (T ¥ background ]
: % 40:_ 2 ] u background _:
-~ C 2 B Other background
I = 20E I 'i'<zz I
1 o U Ss SNNESS s G BTSN ]
| 0 05 1 15 2 25 3 35 4 45 5
e e e e e e E e —— e ————————— e —————————n : Reconstructed p (GeV/c)
o |\ Phys. Rev. Lett. 113, 241803
1 % B ' I I eracti Interaction I ! Barrel ECal
| (2 Topolegigs 1!
1 8 3 IR WA o ccod 1! —TPCI TPC2 —TPC3
== YL ] ] ]
I 5 40_ . ad v - ‘\ /@7\(?&25 Il ] L I
1o | i 7! — Bt
1 R ¥ S Y Y 1 Sr— \M,‘:&“ 11 —— 8 8 —— 5
| i Erne = 600 MeV 1 CCRES Y s (CCRES- | I e~ )Y
I 20 — Total ] //_:—< /®< Hike) 11 | a
| S CCQE+RPA 1 1 —— — ——
- - == 2p2h A-enhanced = 7 v 1 | L
: 5 —— 2p2h not-A J cc(ar;;;«% | — — —
M PP B LI ] L LI
1 % 0.5 1 15 2 25 A |
: reconstructed energy [GeV] : . Barrel ECal




CERN-SPSC-2018-001 ; SPSC-P-357

ND280 Upgrade
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SuperFGD

Parameter Cube edge: 1 cm
# of cubes 2,160,000
# of channels 58,800
Total fiber length 65 km

Work in progress
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Wide Angle Acceptance
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High Granularity
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SuperFGD R&D
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High-Angle TPC R&D

o EITEUD 7 /L— 7 D3

« BIfEOND28OTOT VA > Z&HE 2 DD, FIZ2 DDA H:
* Resistive Micromegas

* Pads covered by resistive foil

* Allows the charge detection for small drifts

* Field Cage Design
* Maximizing tracking volume,_
for large angle track

Nominal Micromegas
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MicroMegas structure
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Time-of-Flight Counter
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ND280 Upgrade Project Timeline

« 2015 10 H :ND280 Upgrade Task Force was launched
« 2017 1 H: Expression of Interest submitted to
SPSC@CERN (CERN-SPSC-EOI-015)
* 2017 2H: T2KOAR T v =7 h & LTER
« 2018 1 H: Proposal (SPSC@CERN & PAC@J-PARC)
‘201 8: Technical Design Report, prototype
e 2019-2020: Production, Construction

* 2021: Installation, commissioning

1 (CERN) Nov 2016  https://indico.cern.ch/event/568177/
2 (CERN) Mar 2017  https://indico.cern.ch/event/613107/

7 Open WOI’kShOpS held SO far: 3 (Tokai) May 2017 https://indico.cern.ch/event/633840/

4 (CERN) Aug 2017  https://indico.cern.ch/event/644360/

5 (Tokai) Oct 2017  https://indico.cern.ch/event/667631/
6 (CERN) Nov 2017  https://indico.cern.ch/event/673242/
7 (Tokai) Feb 2018  https://indico.cern.ch/event/698927/

8 (CERN)  Apr2018
17
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CERN-SPSC-2018-001 ; SPSC-P-357

Scintillator cube

Thank you very much!!
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Near Detector Fit
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Intrinsic v, Beam Component in T2K Beam

- Consists 1.2% of the total v(v) flux in T2K beam
- Mainly produced from muon and kaon decays

- Major source of background to measure d.p
through v, (VH) — v, (V,) appearance analysis

Neutrino Mode Flux at SK Antineutrino Mode Flux at SK
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SuperFGD Target Validation: MIP Peak

Dimension: 1800 x 600 x 1300 mm?3
Plastic scintillator cube size: 10 mm
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SuperFGD Target Validation: Fiber Attenuation

w/o Fiber Attenuation

p.e / Path Length (1/cm)
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Fitting the fiber attenuation:
—x—d

—x—-a —x—d
N(x) = p, (ae P1 +(1—a)e P2 )
Fit range: p.e = (20, 80)

d =41 mm, MPPC-scintillator distance

p1 = 11926 mm, long attenuation length

p, = 312 mm, short attenuation length

a = 0.816, long attenuation component fraction
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e/y Separation in ND280 Upgrade Target

* Goal to distinguish e/y events that are single-track,
electron-like, low momentum (200 <p <600 MeV/c)
 Distinction between 1 (¢7) and 2(y — e~ e™) MIP events

using the MPPC light yield from the tracks
 Considering the light yield before and after the e "e™
tracks split into different scintillator segments
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e/ y Separation using Light Yield

* Preliminary algorithm to separate e/y events using the total light yield for
each view (YZ, XZ, XY)
1. Locates the single electron track and the starting point using truth
information
* “Perfect pattern recognition”
2. Split the track into two segments where the ratio between the mean
values of the total p.e. is the largest
* Ignores the first and last MPPC hits to avoid short path length
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SuperFGD: v, MC and y 41t p-gun Comparison
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Ratio Value

77% efficiency to accept v, CC
39% to mis-ID y p-gun sample
(19% if 2-trk-like count as rejected )



SuperFGD: Different Configurations

y
X
X
y4
Work in progress

Parameter Cube edge: 1 cm  Cube edge: 1.5 cm  Cube edge: 2 cm

# of cubes 2,160,000 638,400 270,000

# of channels 58,800 26,080 14,700

Total fiber length 65 km 29 km 16 km
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ND280 Upgrade v, Selection

Comparison of predicted event rate of selected events
(1x102%! POT) between ND280 current and upgrade:

Selection

Current-like

Upgrade-like

v, CC

u

1%

A of events

Purity (%)

# 93.401 194,654
(v beam)
U
33.437 63.687
(7 beam)
V
# 17.998 33.773

(7 beam)

(/1021 POT) | CCOor CClm CC Other
FGD 1 50012 2.8 654 68.9
current )
FGD 2 48119 73.2  64.3 70.2
FGDI 48332 4.6 65.0 69.6
upgrade FGD2 45636 73.5 64.1 70.2
SuperFGD 100686 73.9 729 70.9
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ND280 Upgrade Sensitivity

ND data fit tool adapted to ND280 Upgrade to evaluate
how much the systematic uncertainties are reduced (8x102%! POT) :

Parameter

Current ND280 (%)

Upgrade ND280 (%)

SK flux normalisation
(0.6 < E, < 0.7 GeV)
MAqg (GeV/c?)

v, 2p2h normalisation
2p2h shape on Carbon
MAgpg (GeV/c?)

Final State Interaction (7 absorption)

3.1

2.4

1.8
2.9
9.4
1.2
3.4

On average the systematic uncertainties are reduced by about 30%
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Intrinsic v, Component in the Flux
Phys. Rev. D. 89, 092003 (2014)

- Expected scaling factor obtained with 6.0¢20 POT:
R(v,) = 1.01 £ 0.06(stat) + 0.06(flux @ x. sec)
+ 0.05(det @ FSI)
— 1.01 £ 0.10, 4)
- E, < 1.2 GeV dominated by muon decay:

R(v,(1)) = 0.68 £ 0.24(stat) + 0.11(flux & x. sec)

+0.14(det @ FSI)
> F T T T
g 1 = T2K v, flux
= T T T T T ) E
; 5 0.9
_g 1010 Ermy — Tétal ND280 v, Flux ] &:9 " —4— CCQE+CCnonQE
a T b, — Pion Parents d.)o o )
9. _L"' £2£4 Kaon Parents > 07 ;— + CCQE selection
> 107 g = O E
é) ‘ ]!l' H+H Muon Parents O 06 = CCnonQE selection
— 0.5F
= 8 Y | E
E ?f 7 ] “E
S ] ] E . + L
S 1075 iy 03¢ e
= i sy 02 %
106 %’ / 0.1 ; = =] T . e D
1694 77 / ) e S S S S S
0 2 4 6 8 10 0 1000 2000 3000 4000 5000

E, (GeV) True neutrino energy (MeV)



CC v, Inclusive Cross Section on Carbon
Phys. Rev. Lett. 113, 241803

Total flux averaged cross section obtained with 6.0e20 POT:

o)y, = 1. + 0. stat) — 0. Syst)X10 °®cm“ /nucleon
()(/) 111+010( )+018(y)10 38 2/ ]

Dominant components of systematic uncertainties:

~~ [T T T T [T T T T[T T T T[T T T T[T T T T[T T TT [T TT1, | LIPS B L = 10
g - Full phase-space
_ Flux (13%) & % 2 :
= = i _
- Detector (8%) £ b 1
£ L A :
- Others (6%) 5 L -
o N —6
- r ]
— B T2K v, flux .
RS 1 e NEUT v, prediction
o L GENIE v, prediction | 4
O B - -e - NEUT v, average |
&) . —e— GENIE v, average -
> I —#— Gargamelle v, data —2
= —¢— T2K v, data .
- —+4— T2K v, data 1

v, flux (x10° /cm?/50 MeV/10*! p.o.t.)



