SIS Of the T2 expeririEl

K. Matsuoka (KyoreasisIvg
for the T2K collaboration

* Physics motivations (neutrino oscillation)
* Concept of the T2K experiment
* Beam commissioning results
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The T2K (Tokai-to }/,({if,’[/,\/ ";/{‘J%ﬂfﬂerl't

50-kt water cherenkov

» Search forv, 2 v, (v, appearance)
> Precise measurement of v, 2 v, (v, disappearanc

*1 Japan Proton Accelerator Research Complex *2 The Super-KAMIOKANDE detector. See Yamada-san’s talk



@ 12 countries (Canada, France, Germany, ltaly, Japan,
Korea, Poland, Russia, Spain, Switzerland, UK, USA)

@ ~500 collaborators from 62 institutions



Neuts

@ Neutrino changes its flavor while propagating in vacuum/matter.
= Neutrinos have masses = Evidence for physics beyond the Std. Model.

Flavor eigenstates

v ®e

Atmospheric
& accelerator

Reactor & accelerator

(v, v, Mass eigenstates
Vi |= Uuins| V2 O @
Ve ) V3

Solar & reactor

1 0 0 Y +c, 0 +s.e%)Y+c, +s, 0) (08 05
.10 +C +S,, 0 1 0 -s, +¢, 0(={04 06 0.7
0 —S,, +Cyp)|—-5.£° 0 +c, 0 0O 1) (04 06 0.7
6,5 =37"~45° 013<10° by CHOOZ  60,,~34.4°%£13" ¢, =cosf;, s; =sinb;
Am,,2 = 2.4 x 1073 eV? Am;,? =8 x 107 eV? Amﬁ - miz _ mjg

@ Mass hierarchy (m; <m,<m;orm;<m,<m,)?
@ Size of the mixing angle 0,,?
@ Size of the CP phase 07 ... Ability to measure CP violation depends on siné,;.

- Important to measure 6,,.
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Far-to-near flux extrapolation

® Measure v flux, energy and flavor both at

the near (ND280) and the far (Super-K) detectors.
* CC-QE: Charged Current Quasi-Elastic
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9 v, signal

@ 1-ring e-like event (CC-QE)
@ Background

@ Beam v, contamination

(~0.4% of v, at v, spectrum peak energy) -

@ Mis-reconstructed NC*1) 70 event(*2)

(mainly from high E vs < reduced by the off-axis beam)

Measurement by Super-K
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30 GeV, 8.3 x 101 POT, 6, =0
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T2K

f

¥ High power beam
@ Beam loss has to be held as low as possible.

@ Shift of the proton beam on the target makes
a shift of the v beam direction.

- Necessary to tune and monitor
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¥ Purpose

@ Check all components (the magnets, beam monitors, horns, DAQ, etc.)
work as expected.

@ Tune the proton beam orbit and the pos./size at the target.
@ Tune the v beam direction by the muon monitor and INGRID.
@ Establish operation of the v detectors (ND280 and Super-K).

—> v, appearance search started.

, **hornonly | , Full horn setup,
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Proton beam monitors
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¥ Proton beam orbit was tuned by using the proton beam monitors.
@ Deviation of the orbit from the beam line is less than 1 mm.
@ The beam loss is enough small.
@ Proton beam hits the center of the target.



VIUuo

Required precision of the profile center:
Better than 11.8 cm (= 1 mrad) 2 3 cm

@ Monitor the neutrino beam flux and direction on a shot-by-shot basis by

measuring the muon profile.

@ Measures ionization yield by muons at each sensor to reconstruct the profile.
@ Beam direction is a direction from the target to the profile center.
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* No time dependent drift.
* Further beam tuning was ongoing

at this time.

Muon monitor measures the beam direction

stably w/ a precision much better

than 1 mrad.



Neutrino beai or (INGRID)

¥ Monitor the neutrino beam flux and direction w/ ~1-day statistics by
measuring the on-axis neutrino profile.

@ Counts neutrino (CC-QE) events in each module to reconstruct the profile.

kLY Required precision of the profile center:
Better than 28.0 cm (= 1 mrad) 2 5 cm

Event rate of each module for 7.3 x 1015 POT
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Neutrino event in ND280

UA1 magnet gcaLs TPCs FDS

@ Measure @\’ and o, yoke & SMRD \

@ POD: n° Detector > NC 7Y rate
@ TPC: Time Projection Chamber—=> PID (dE/dx) Magnet
@ Magneticfield 0.2 T :,L p; coils
@ FGD: Fine Grain Detector = ¢)
@ ECAL: Electromagnetic CALorimeter
—>
@ SMRD: Side Muon Range Detector v beam
Magnet on (0.188 T) 01:57 JST, Feb. 5, 2010
-~ FGD1 FGD2  DSECAL
| = = \\'
v beam - | |
ff/’/ It fE o Eg
| N | /‘//’

Detected the neutrino event w/ the full setup.
Calibration of the detectors is ongoing.



Super-Kamiokande IV

T2K Beam Run 0 Spill 1143842
Run 66498 Sub 160 Event 37004533
10-02-24:06:00:06

T2K beam dt = 2362.3 ns

Inner: 1265 hits, 2344 pe

Outer: 2 hits, 1 pe

Trigger: 0xB00C0DO0O07T

D_wall: 650.8 cm
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@ Neutrino oscillation is physics beyond the Std. Model.

@ The T2K long baseline neutrino oscillation experiment
started searching for the v, appearance.

“

The beam commissioning succeeded;
all the components are working as expected.

The beam direction can be measured precisely by
the muon monitor.

The beam line parameters have been fixed.
100 kW x 10’ sec data will be accumulated in 2010.

First physics result is expected around summer
2010.
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Near detectors (ND280)
¥ Measure v beam energy spectrum, flux, flavor and interaction x-
sec before the v oscillation.

@ Fine Grain Detectors (FGDs) measure neutrino vertices.
@ Scintillator bars (FGD1), scintillator bars + water (FGD2)

@ TPCs measure p, to reconstruct E, spectrum and dE/dx for particle ID.
@ MicroMegas w/ Ar/iC,H,,/CF, (95/2/3) gas mixture

@ Side Muon Range Detector
(SMRD) measures the range of L.
@ Scintillator planes btw the yokes

@ 710 detector (POD) measures the

UA1 magnet ECALs TPCs FODs

yoke & SMRD i

; Magnet
rate of NC-nt® production. el
@ Scintillator bars + lead foil/water
@ ECALs measure electrons from
FGD and y-rays from m°.
@ Scintillator bars + lead foil
v beam

> Extrapolate the v energy
spectrum and flux to Super-K.



Event number : 491 | Partition : INVALID | Run number : 1539 | Spill : INVALID | SubRun number :0 | Time : Sat 2009-12-19 07:40:13 JST | Trigger : 1

Magnet off 07:40 JST, Dec. 19, 2009
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TPC1 was not taking data

Interaction inside POD, with tracks through all central detectors.
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50-kton water Cherenkov detector (fiducial volume: 22.5 kt).

~11,000 20-inch PMTs (inner detector).

Good e-like (shower ring) / p-like separation. CC-QE mis-PID probability: ~1%
~ 80 MeV (~10%) limited by Fermi motion, 6E,_,,. ~ 2%.

New electronics & DAQ has been stably running since summer 2008.

- Improvement of decay-e tagging eff|C|ency

@ Real-time transfer of T2K beam
spill information.
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—> Trigger of T2K event. S
: ::’.'":-‘ié;p ‘qu
r e aVAVL — i X
400 [ =

300 |
200 |

100 |

-1 -0.5 0 0.5 1
Evrec_ Evtrue (GeV)



("

{ & | ( r
[I1SIL]
<$120F
> sin220= 1.0
O 2 3 2
0 Am? =225 x 107°eV
3100+ ) ks
S — Am? =250 x 103eV
@ — Am? =2.75x 10°eV?
o 80[ (dashed lines:
o non-CCQE B.G.)
60}
a0l
20 -
O_‘ { ||l;—:‘ . ‘I._:-wm.__‘,.“.\,r_,._,.
0 02040608 1 12141618 2
Ev'(GeV)
E Am? =250 x 103eV?
o 1201 sin220=0.8
= | 1
o L — sin“260=10.9
R100 — sin?20=1.0
) I (dashed lines:
D 80F non-CCQE B.G.)
60
40f
20F | The
ey —

0 02040608 1 12141618.2

EvC(GeV)

30 GeV, 8.3 x 1021 POT

M.Diwan, Venice, Mar.2009

4.0

&
o

IAM?l (x10°eV?)
£

lIlIlIIII[II\IlItIII\IIE‘

| | I T T

Bl

|

2.0
e MINOS Best Fit Super-K 90% ;
1.5 — MINOS90%  —— SuperKUE90% |
— — MINOS 68% K2K 90% :
1066 07 08 09 1

o(sin%26,,) =

sin?(26)

0.01, 5(Am,3?%) < 107% eV?




Counts / 100 MeV

100 kW x 1 x 107 sec
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(Statistical error only)
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P(v, > v,)=sin® 26,;T, —asin 26T, + asin 26,,T, + a°T,

sin“[(1— x)A]

T, =sin’ 6, (%) Atmospheric
T, =sin §'sin 26,,sin 20,,sin A Sin(xA) sm[il— )AL cp.violating
CPV X (L=x) > Interference
T, =cos d'sin 26,,sin 26,,cos A SIN(xA) sinfE= 00 CP-conserving
X (1—x)
22
T, =C0s” 8,,sin’ zelzw Solar

X
a=AMZ/AME ~1/30  A=AmAL/4E  X=2V2G.N,E/Am,

G.: Fermi coupling constant  N,: electron number density

Forv, 2V, 062> -0andx > -x. P(V, 2 V,) # P(v, 2 V,).



