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Neutrino oscillations .T2K\

e Neutrino flavour eigenstates are not the same than the neutrino Lorentz
eigenstates.

e Eigenstates are related through a rotation matrix.

Flavour eigenstates Lorentz eigenstates
(Ve, Yy, vr) (v1,v2,v3)
state of the neutrino interactions states of the neutrino propagation in space

Pontecorvo—Maki—Nakagawa—Sakata
(PMNS) matrix
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Neutrino oscillations T2\

® Neutrinos are produced always as a flavour neutrino (electron, muon, tau) but
they propagate in vacuum as mass states (they do no interact)
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® Neutrinos propagate at different speeds (mass) keeping the coherence, at the
interaction point the proportions change and other neutrino flavour might appear.
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Oscillations with 2v T2K\

Simplified
2V formula
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Oscillations are seen as change of v
flavour composition as function of:
Energy & Distance

CP violation
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T2K experiment T2K\
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Off-Axis ND

Same off-axis angle as SuperKamiokande (2.5 degrees)

* Measure vV, and Ve spectrum before the oscillation = TPCs + FGDs

Measure background processes to oscillation (NCmo, NCIt, CClrt...)

Compare Carbon and Oxygen interactions (FGD?2 and POD)

Excellent neutrino- ND280 installed in ex-UA1 2 FGDs (Fine Grained

antineutrino selection magnet (02 T) 3.5%3.6x7.3 M Detector):

active target mass for the
tracker, optimized for p/m

SMRD (Side Muon UA1 Magnet Yoke separation
Range Detector): e Carbon+Water target in FGD2
scintillator planes in magnet Detectors =
yokes. 3 TPCs (Time Projection
Measure high angle muons ] [E)SXEStream Chambers):
measure momentum and charge
Solenoid Coil ~ of particles from FGD and POD,

PID capabilities through dE/dx

POD (O detector):

scintillator bars interleaved Barrel ECAL POD, Barrel and

with fillable water target bags Downstream ECAL:
and lead and brass sheets. scintillator planes with

Optimised for y detection — 5 | radiator to measure EM

Magnet was granted by CERN showers




Far detector: capabllities T2/K
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Electron or muon PID discriminator

Particle identification Interaction vertex reconstruction

Electromagnetic energy reconstruction

Track Multiplicity

Hadronic interactions
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Analysis conceptually TZ/E\
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Accumulated POT

Data Set T2K

Total Accumulated POT for Physics
v-Mode Accumulated POT for Physics
V-Mode Accumulated POT for Physics
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515 kW stable operation in 2019
1.63 x 1021 POT in anti-v mode. + 33% of v-mode for next analysis
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Data / Sim.

ND input samples T2

We use 18 different sample in (py, cos 6,)
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U-like ring

Events in bin

Ratio to unosc.

Events in bin

Ratio to unosc.

Events in bin

Ratio to unosc.

Neutrino mode
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electron candidate with a charged pio
(Michel electron) neutrino mode.
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vp disappearance JI2K

(NO) / IAm3,| (I0) [eV?]
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Second octant
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Before ND280 fit

T2K

1R 1Re
Error source (units: %) || FIIC RIC || FHC RHC FIC CClx* | FIC/RHC
Flux 5.1 4.7 4.8 4.7 4.9 2.7
Cross-section (all) 10.1  10.1 11.9 10.3 12.0 10.4
SK+SI4+PN 2.9 2.5 3.3 44 13.4 14
Total 1.1 113 ||| 13.0] |12.1 18.7 - | 107

1R 1Re

Error source (units: %) FHC RHC | FHC RHC FHC CClnt | FHC/RHC
Flux 2.9 2.8 2.8 2.9 2.8 1.4
Xsec (ND constr) 3.1 3.0 3.2 3.1 4.2
Flux+Xsec (ND constr) 21 2.3 2.0 2.3 4.1 1.7
Xsec (ND unconstrained) 0.6 2.5 3.0 3.6 2.8 3.8
SK+SI+PN 2.1 1.9 3.1 3.9 13.4 1.2
Total | 3.0 4.0 [[]4.7 || 5.9 14.3 4.3
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Antineutrino mode e-like candidates

CP violation phase .T2K\

24
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T2K Runl-10 Preliminary

inverted
hierarchy

“~.E.~..~. .......................... : normal

hierarchy

SCP~-1/2

~NA
e
aY

L/

T2K Data

|
50 60 70 80 90 100 110 120

Neutrino mode e-like candidates

v energy dependency is not reflected in this plot
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Scp measurement .T2k\

% 3 | | I I I l I \l~-l l "II I I I l I I I I l I I I I l I I I I I T

Ze) E \—) Reactor Constraint E

2 — T2K only 90% =

£ e T2K only 68% —

0 :_ o T2K only Best Fit _:

E —— T2K+Reactor 90% E

-1 —

I B ! S i T2K+Reactor 68% i

Y. L —

- Rt 4 T2K+Reactor Best Fit
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Sin°0,

Fit uses the value of B13
from reactor experiments




CP violation phase 12K\

T2K result excludes most of the &cp>0 values @ 99.7% CL

— Best Fit +g —

B

T
2

T2K Run 1-10 Preliminary

20



More stat: Beam upgrade T2

Capacitor Banks for BM3

* A new power supply was designed
with capacitor banks for the cycle of
1.3s.

* The power supply for the BM3 family
was constructed and installed at D4.

* It has been tested with the BM3 family. g

PPP =

2.7x10!4

Injection

MR Power Supply approved

PPP =
frep=0-77 Hz B 5 o1s

JFY 2020

el 30 GeV =

RF upgrade and Machine development

_ PPP =
IR © RPN

S

810 kW

Extraction

Energy

time

515 kW stable
operation in 2019

exp. >800 kW by 2023
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Lower systematics: N
upgrade

Efficiency

—
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e guasi-3D imaging.
* |Improved target tracking.

* |Improved proton detection threshold.

ND280 upgrade goals

* neutron detection capabillities
* |Improved high angle acceptance:
e High Angle TPC's.

X 2 in statistics for equal p.o.t.
e Time of Flight for background reduction.

e Access to neutrons in final state (LANL

test beam).
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Near Detector Site T2

INGRID: On-axis

ND280: Off-axis

Barrel ECAL

Wagasci

positioned here

Wagasci/BabyMind: Off-axis

Side MRDs
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On-Axis ND

proton-module

for cross-sections

proton-module
for cross-sections

—
"
Spill# 222861, Time 1271289317
Module 8
[ Side View Top View
140%— 140}
120';— i I 120:— ‘B
3 P i [ i i 4 1
= ‘ ' 1001~ L eee
‘BN ! ! C e S B A
8o L HHEE 8o EREERER
& ; -
} L '
60 .'.. ' 60|
b Seee, :
40,»‘ { K 40:'
’
£ . L
- {HHEHRE R o ERERERER
&‘t o-
L ...................... I
-20E _zo:_
L ] | Caaadaaatasalaaalasataaalasaly
20 0O 20 40 60 80 100 120 20 0 20 40 60 80 100 120

Number of events

T2/K

® INGRID counts v(v) CC events in a cross of |3
identical detectors:

total rate monitors beam intensity stability
with respect to proton on target counting.

The relative event counts between modules
monitor the beam direction stability.

o
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Off-axis beam

sin°28,,=0.1
Am?, =24 x 10
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T2/K

Off-axis

e off-axis optimises the flux at the maximum of the

oscillation.

Only one oscillation maximum can be measured at
a fixed distance.

Narrow beam less dependent on beam
uncertainties but more on beam pointing.

Lower energies achieved.

On-axis
on-axis optimises the total integrated flux.

Spectrum with higher neutrino energy (longer
oscillation distances)

If broad enough, more than one oscillation
maximum can be measured at a fixed distance.

27




T2K Collaboration .T2K\
T e = =10

~500 members, 69 Institutes, 12 countries

i
Americas | ,/
Japan 114 Canada 26 &4 23 PR A
Vietnam 3 USA 70
JAN 2020 [

France
8%

Europe 262

Switzerland

France 40 7%

1200
——all (total)

—all (current)

Germany 5

1000

Russia Viet ——authors (current)
ietham
49
Italy 24 % 1% 800 ——postdocs (current)
Spain Canada students(current)
Poland 27 3% 5%

Russia 19 Poland
6%

Spain 14

Jul-98 Apr-01 Jan-04 Oct-06 Jul-09 Apr-12 Dec-14 Sep-17 Jun-20

Switzerland 34
UK 99 vk

21%

Very strong European contribution including CERN| |Operated since 2009
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Neutrino mode e-like candidates
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Super-FGD

. Assembly with Fishing Line at INR —

o 27 full size (192 x 184 cubes) x-y layers
assembled

e 56 z layers (15 x 192 cubes) —
corresponding to the full height of the
Super-FGD

o All cubes will be produced by Jan 2021

* Review to discuss feasibility of assembly
method organized by T2K — Fishing-Line
method has been chosen as primary option 5 Layers

for the assembly 192 x 184

» Design of the Super-FGD electronics is on-
going — all CITIROC chips have been
bought
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Time Of Flight

e Start assemblying
scintillator bars

e Most of the components
already received

e First ToF module
assembled

3 layers of Al foil + 6 layers of black stretch film

 Mock-up basket

e The 6 ToF modules will be installed into the “mini basket”
that has been delivered to CERN

e Mock-up of the upstream part of the real ND280 basket

e [t will be used to test integration of the different sub-
detectors
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| BL analysis

e Since the neutrino energy is not monochromatic:

Tz

« we need to determine event by event the energy of the neutrino.

e This estimation is not perfect and the cross-section does not cancels
out In the ratio.

NI& (9_;7;660) - f U(EV)¢far(EV)Pfar(§£eco‘EV)POSC(EV)CZEV + BaCkfar(greco)

evts

Nzear (greco) [ o(E,)¢m (B, ) Prear (05°°°| E, )dEy + Backpear(67¢¢°)

evts

e The neutrino oscillations introduce differences in the flux spectrum
and the ratio does not cancel the cross-sections.

far near Near and far fluxes are ( ) Cross-section neutrino nucleus
¢ (E”) 7 ¢ (EV) different g EV are not well known.

: Nreco Neutrino energy depended observables .rprecoy Background prediction depends
lznearufar(e ‘IEV) depend on cross-section models. lgaCk%“%”UfaT(HV ) on cross-section models.



@ the nucleon level !

@ the nucleus level !

VA cross-sections _T2k\

Describing Py, (67 |E,)

CCQFE vy — [P
CClr vup — AT > uTatp

vun — u” AT = T tn

vun — u” AT — ump

CCNT vuN — = AT T — = N,

CCD:is v, N = p~ N'm,m, ...

\"

Long range  Fermi
Broad orrelations motion
spectrum 3

Pauli
blocking

Short range
correlations

‘ Impulse
i . . i
| approximation {i

-t b

. -38
v crsgss gctug / E.é(10 cr:t2 / G.eV)
S N H O O - NS

35



Beam model T2

Beam model is obtained from a full GEANT simulation of the particle transport
reweighed by the NA61 results

Beam monitors
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Xsec

Flux

Corre\aﬂon matrix T2K
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12K approach T2K
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Pjar(67¢°°|E,) is given by VA models

To some level all
experiments do the
same.
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