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Abstract

The JHF-Kamioka neutrino project is a second generation long base line neutrino oscillation
experiment that probes physics beyond the Standard Model by high precision measurements of

o The JHF-Kamioka
neutrino project.
hep-ex/0106019

o Citation: 690




T2K Strategy

T2K
Super-K

Off-axis v beam
(Hyper-K)




MISSION OF T2K

Discovery of v, appearance !
A new phenomenon.

Complete the picture of three generation mixing
scheme.

A window to study CP violation and mass-
hierarchy.

Precision measurements of neutrino oscillation.

Confirmation of standard neutrino oscillation
scenario.

=> Precise determination of parameters?
or
=> Probe new physics !



YOUR INTERESTS IN T2K

My personal guesses:
When will T2K have the results?

How 1s the J-PARC accelerator running?

Is the option of anti-neutrino running?

Does T2K have the sensitivity to the CP violation
and the sign of Am??

What 1s the future upgrade (or successor) of T2K?



T2K PHYSICS SENSITIVITY

Oscillation Probabilities when Amfz << Amff3 = Am123 Vo mm—r—,

» 0,;: v, disappearance

4
P, ~1l—cos 1913
common
> 050 v, appearane _
s~ 2
P, ... =Sin26,, @ sin 2(1.274Am2,
~0.5

L/E,)

» 0: CP violation (T2K-beyond)

P(v, =v,)- P(Eu —>Ee) _ ~0.18 (sin?26,4=0.1) ‘
P(v, > v.)+P(vu—>ve)  ~0.58 (sin220,,=0.01)

P:




NOTE

We are working to update the physics
sensitivity based on the current
experimental condition with data
collected so far. However, they are not
ready yet. So, I show the sensitivity in
our proposal.

We plan to have the first physics
results soon (target: within JFY2010).



Measurement of 0, , Am,,?2

. . v, +tN—p+p W
Use 1 ring p-like events y (E,. p,)
(= Quasi-Elastic enhanced sample) >
to reconstruct neutrino energy. 0

750kW X5 years

No oscillation Am2=2.5x103 eV2 Am?2= 2.0 x10-3 eV?2
~ 0A 2.5 deg. ~ :

o] 3] £
=] =] =]
o o o

events/50MeV/22 5kt/5yr
=]
o

0 05 95 2 %0 05 1 15 2 %0 05 1 15 2
rec. Ev (GeV) rec. Ev (GeV) rec. Ev (GeV)

(assuming sin? 20,;,=1.0)



OSCILLATION PARAMETER %‘IT

Ratio of E, to non-oscillation

Input:
sin%20,,=1.00
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T2K-1 sensitivity with systematic errors

normalization  ( 5%)
non-QE/QE ratio( 5%)
{ K scale ( 2%)
Spectrum shape (20%)
| Spectrum width ( 5%)

€T
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L% ]
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& - @ -
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0,3 measurement (v, appearance search)

sin?20,,=1and 6=0 are assumed.

Signal:
* 1ring e-like event (CC QK sample)

Background: 5
* beam v, contamination (0.4% of v, &




BACKGROUND SUPPRESSION
(AM?=2.5X10°EVZ,SIN?20,5,=0.1)

1. FCFV, E,, >100MeV
2. single ring
4
=10 3. e-like PID
> 4. no decay-electron
=2 5. 0.35<E, rc<0.85GeV
17 1) 5 AR S S S S S 6. €0s0,,<0.90
g : 7. M_,<100MeV/c%(nO fitter)
N 8. AL<80(xO fitter)
@ ~+, V. signal
SN U U WO ‘.,,,,,, ,,,,,,,,,,,,,,, - p
?0 g  (40% Efficiency) H v, signal i
i - mi + v.+v, backgrond
101 ) + + (v, backgrond)

AT AT PRI AT PR AR IO A L i
12 34 5607 8 :
Event Selection 4 e o]

E rec (GeV




®,3 SENSITIVITY (W/ ABGgys=10%)

8 90%C.L. sensitivit e :
% | S ¥ - R Y « SenSItIVIty versus tlme
i I
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CP phase 6 (degrees)

vV, appearance

(Strong 6 dependence )

T 7 NN .
i \ X b b A E b 3 i \ h
150 iy =210 eV? % 150 1 ‘\ \ 43 = T4
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~10 times improvement from CHOOZ



CP VIOLATION STUDY
(Note: Old study with 2° off-axis)

Flux
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T2K PHYSICS SUMMARY WITH FUTURE OPTIONS

Probe 0,5 by looking for v, appearance.
Precision measurements of 0,; and Am?,..

Search for sterile neutrinos by measuring
the neutral current interactions.

Look for the difference of between v
oscillation and v.

CP violation (6 1n the MNS matrix or
new interactions)



3. EXPERIMENTAL OVERVIEW

Accelerator/Neutrino Beams
Near Detectors
Far Detectors

High Resolution Gigantic
Intense beam Near detector Far detector
,
protons Q
—_— 0SCl-ation

10 10 i i 101
Neutrino Energy Neutrino Energy




' |T2K (construction: 2004~2010)

Accelerator

Neutrino Beam

Near Detector

Far Detector

Near/Far
extrapolation

J-PARC MR
750kW (design)

2.5 degree off-axis
E _.~700MeV

peak

Fine-Segmented multi-type detectors w/
magnetic field
(w/ water target)

Water Cherenkov
50ktons (22.5 kt fiducial)
295km away

&

Hadron production is measured by C
NA61




3-PARC Facility
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プレゼンター
プレゼンテーションのノート
以上、加速器の現状を述べましたが、それでは，この施設を用いてどんな研究を展開するのかという話題に移りたいと思います。
この写真はさっきの写真とよく似ておりますが、実験室がよく見えるように、逆方向の南から北方向を眺めたものです。
本年度末には、物質生命科学実験施設とハドロン実験施設において実験が始まります。そして、来年度早々には、ニュートリノビームを神岡の方に送ることにしております。
実験室としては３つありますので、それぞれでどんな科学が展開されるのかをザッと眺めたいと思います。
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T2K NEUTRINO PRODUCTION MODE
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PRIMARY BEAM-LINE

4 750W@Prep.
{H e ] 250W@FF.

N r“ULJ @ Utlllty building # 1 (1W/m @ ARC)
: .‘ uu (Power supplles Cryogenic System)
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.3
§9
35
N | Utility building #2
; § L (Power supplles Air Condq
N aur
Final Focusing Section ’

o Beam-line tunnel was completed in December 2006
o Installation finished in 2009
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ND280 OFF-AXIS

B=0.2T

UA1 Magnet Yoke

Fine-Grain

. Detectors
EM calorimeter

“”””:dl :
"I ‘ Side-Muon-Range

A CClr interaction in the POD, | ReStatdtd
with full-bunch background

\\\\\\\\\\\\\\\\

Volume:
3.5x3.5x7.0m?
POD: ° Detector

FGD+ :
Charged Particle
tracking




NEUTRINO BEAM SPECTRUM AT SK AND
ND280
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OFF-AXIS DETECTOR

Measure v, tlux: <56%
Measure v, energy scale: <2%
Measure intrinsic v, content of beam: <10%

Measure non-CCQE backgrounds for both v, disappearance
and v, appearance: <10%

High complexity and non-trivial integration



FAR DETECTOR: SUPER-KAMIOKANDE IV
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T2K CONSTRUCTION JUST FINISHED

* The last Elec%on' "
- . Caloriineter was just i

ﬁ!}]stall ed in October 207




T2K Status



T2K PHYSICS RUN BEGINS IN 2010.

Delivered proton number

410", . -100KkW 10
195 —total - proton# per pulse ~——p=-l-==] i
35107 i — physics run — {710
3 10195 —— MU beam tuning, study 5 1019
25 10" P — i - 15101
L e ' " ]
2 10"} ~H0kW h}# "|._ A L._ 1410
- | . . O . . .- - =) — _—— -
[ f ) ]
1510} . e ! . ":' 1310
110"} - = 'j';// ' 12101
l ] ]
510 "' B 11 101
0L i . — 10
1/17 2/21 3/28 B/2 6./6 711
Date

Delivered POT: 3.35X10!° (3.28 X109 for physics)
Continuous run @ ~50kW level

Trial up to 100kW successful.

34
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OBSERVATION AT SUPER-KAMIOKANDE

Fully-Contained (FC) 33

+ fiducial volume cut
+ visible ene. > 30MeV

(FCFV)

* .

o =~ N W B~ OO N O O

-1000 0 1000 2000
AT, (nsec)

+

o First
o 33 F(
o Rest

June 2011




DX (m)

FIRST NEUTRINO PHYSICS RUN: PRIMARY
BEAM

DY (m)

O R R === e i OTR Light for 5.1x10" Protons on Ti Alloy Target
.uus__ —4—g|l;:tM(l£aﬁ11F:f rznsnhttt'lls‘:lf;;‘]r] __ E 15 35
i - 1 £
°§ g A ‘f”‘*—ﬁ—— f=ff——‘*"+"'“"-~+""'{“7¢“_j~_f--'ﬁ > 104
-5
-10
%5 0 5 0 5 10 15
. x (mm)
: iy Optical transition radiation detector (OTR)
7| R U S TS immediately upstream of target:

ADC counts/pixel




FIRST NEUTRINO PHYSICS RUN: MUON
MONITOR

€ g0 oA TR War ) AT TNy T June .
o 10F - +1mrad - r X Center|  +imrad " X Center
o) st g *Y Center . . i : .+ Y Center
€ 0 - - ' ' |
5 b apt R AN R . .ﬂ_ 4 LW .
(&) ' e -meoemom ™ snrte \ :U-&—- L [ H's‘ ! w gm‘ !\‘\ﬁ !uﬂ:!
Q@ o ] Detectoy intrinsic resolpition <1.5mm¢ S
B -10 10F - =1mrad e ~lmrad
O e
D— -15 L L 1 1 1 1 1 1 1 1 1 1
01/24 01/31 02/24 02/28 03/21 03/24 04/18 04/25 05/16 05/30 06/13 06/27
o 37 :
P 0 S - S
2 - RMS/MEAN < 1 iodj
| T R WL TR R .n_'r' LLLUT
— Y S - S S S b | S G & S 2
n Jan Feb Mar June
> ]
E 30 01;24 01:‘31 02;24 02;28 03:‘21 03;24 04:‘18 04/'25 05;16 05}30 06;13 06;27

Muon monitors:

Silicon detectors and 1onization chambers downstream of hadron

absorber
Additional emulsion detectors during commissioning runs
Direction stable to <1 mrad
Secondary/primary beam intensity ratio stable to 1%



FIRST NEUTRINO EVENTS IN J-PARC

o Nov. 2374, 2009.




FIRST NEUTRINO PHYSICS RUN:
ON-AXIS NEUTRINO MONITOR (INGRID)

The first INGRID

neutrino candidate i I ndf 7.015/4 | [_event timing after neutrino event selection |
" i _ . . _ Constant 1.007e+04 + 58.9 a — .
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i E
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detectors and beam E Dl distribution 9
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OFF-AXIS DETECTORS

FGD(Canada, Japan)

—_——ta

&Y

UA1 Magnet Yoke

= ' TPC(Canada/Fra
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Italy, German)

Barrel ECAL

SMRD(Jp,US,Pol,Rus)

POD(US) 40



OFF-AXIS DETECTOR PERFORMANCES

TPC MM alignment
mmm asof— good matching % Reconstruct track separately

DSECAL 3400 0.3% el in two adjacent MM
- mm=———""" % Compare vertical (y)
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OFF-AXIS DETECTOR MEASUREMENTS

01:57 JST, Feb. 5, 2010
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A few ND280 neutrino interaction candidates
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NEUTRINO INTERACTIONS IN THE T2K
ENERGY (~1GEV)
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Existing Data (poor precision)
= Measure them more precisely in T2K

o, in this E range interesting:
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FIRST NEUTRINO PHYSICS RUN:

SUPER-KAMIOKANDE

J-PARC neutrino

events selected
by event timing
using GPS

SK analysis is

very well
established

Event selection
& cut values
fixed before data
collection for
this run

v, disappearance

analysis

v, appearance search

Timing coincidence w/ beam timing (+TOF)

Fully contained (No OD activity)

Vertex in fiducial volume (>2m from wall)

Evis > 30MeV

Evis > 100MeV

Number of rings =1

M-like ring

e-like ring

No decay electron

Forced 2"d ring: myy<405 MeV

E e < 1250MeV




FIRST NEUTRINO PHYSICS RUN:

SUPER-KAMIOKANDE 10 o
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¢ Event time distribution clearly shows six-bunch beam

structure
¢ 33 FC events and 23 are 1n the Fiducial Volume.

¢ Expected non-beam background: ~0.001 events



T2K NEUTRINO EVENTS

Single-ring p-like event Two-ring event

Pink diamonds are placed on the wall in the beam
direction starting from the reconstructed vertex.



VERTEX AND DIRECTION

Points :
Arrow :
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Reconstructed event vertex
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SUPER-K ENERGY SCALE STABILITY
FOR T2K DATA QUALITY ASSUARANCE
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Energy scale has been quite stable.

RMS/MEAN

T2K period : 0.31%

(SK-IV all :

0.39%)

RMS/MEAN
T2K period : 0.28%
(SK-1V all : 0.45%)




PHYSICS SENSITIVITY OF THIS RUN

Physics analysis with the 3.23 E19 POT data is under
processed and will be shown soon.

Measurements of muon neutrino disappearance
Sensitive to sin?20,; and Am?,,
Search for electron neutrino appearance
Sensitive to sin?20,,
Appealing features

High quality data with the off-axis beam to study
neutrino oscillations.

Expect the similar sensitivity as that of K2K



NEAR TERM IMPROVEMENT

The beam power of 2010 Jan.-June run was limited to
50kW by the fast-extraction kicker problem.

Fixed during this summer maintenance.

100kW operation was tested and 1s successful.
T2K will start running from the next week.

6 bunch — 8 bunch (33% more protons)

Acceleration Cycle: 3.64s — 3.2s (14% more protons)
> 150kW operation is feasible.



SHORT TERM GOAL TOWARD 2011
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BEAM POWER [MW]
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Beyond



Study Symmetry Violation
T2K BEYOND between v and v

J-PARC Upgrade
KEK Roadmap

=

Best Optimization

Huge v detector
*Water Cherenkov
[.q. Ar TPC

O(~100k)ton

‘ GUT

Proton Decay
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YOUR INTERESTS IN T2K

My personal guesses:
o When will T2K have the results?

» First results with the similar sensitivity as K2K will come soon.
e In 2011, the sensitivity will be improved to be sin?26,,~0.05.
o After 2011, the sensitivity will be further improved.
o How 1s the J-PARC accelerator running?
» Expect the operation with150kW or higher in 2010-2011.
* Aim the design intensity of 750kW.
o Is it the option of anti-neutrino running?

o Technically feasible. The physics case should be studied and reviewed
by PAC.

o Does T2K have the sensitivity to the CP violation and the sign of
Am??

e The probability of v, appearance has the strong CP dependence, but do
not have the sensitivity to the sign of Am? with 300km baseline

o What 1s the future upgrade (or successor) of T2K?

o J-PARC proton beam power upgrade @
A Huge Far Detector to probe the proton decay and the v CP violation.
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