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3 flavor mixing

‘VI > =>U ' Vi> m;: 3 masses,
Weak Mass eigenstates AmijZ:miZ-ij: 2 differences
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Neutrino oscillation

* Flavor change during flight
— Only when flavor mixing/finite&different m;

* Unique & powerful way to probe v flavor mixing
and small masses

* Oscillation Probability (2 flavor) U=

cosé,, siné,
—siné@,, C0SH,,

P(Vﬂ —> VT)= ‘<VT (t)‘Vﬂ (O)>‘2 =sin® 26,, Sin2(1-27EAm223j

L (km), E (GeV) 2 _ m2 _ m?2
Ang T m2 m3



Am? (eV?)

Current status of neutrino mass

and mixings

3 mixing angles (0, 055, 043)
1 CPV phase (6)
2 (independent) mass differences (Am;=m;*-m;?)
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Present knowledge and What's next?
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2 "Normal" hierarchy €—————Y "Inverted" hierarchy

Which one?

()

e Only unknown mixing 6,5 (and really Am ;2~ Am,;2?)
e Mass hierarchy (sign of Am?)
e CP violation
e Approaches
— LBL experiment: Multi purpose (0,5, sign(am?), CPV, 0,5, Am,;?)

— Reactor-based v, disappearance: single purpose (6,5),
complementary



Goals of T2K experiment

« Establish framework of 3 flavor mixing (or find
something else)
— Discovery of v, appearance (0,;>07?)

- Atthe same Am? as v, disapp. > Firm evidence of 3gen. mix.

* Open possibility to search for CPV (6,,,=0 - No observable CPV
in v 0SC)

— Precision measurements of osc. params.
* Really sin?26,,=1?7? (disappearance)
» Test exotic models (decay, extra dimensions,....)

— Confirmation of v 2v,
« NC measurement

« Search for CPV in lepton sector
— Give hint on Matter/Anti-matter asymmetry in the universe
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Narrow intense beam Off-axis beam

First Application S « 0_; %JEE 3‘;2 i
(ref.: BNL-E889 Proposal) UPEr-K. o | ~” Am==3x10eV
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Ev reconstruction in water Cherenkov

Assume CC Quasi Elastic (QE) reaction
v, +n- | +p
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12K setup

L monitor

Possible Future - T2K-I1
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= Neutrino energy reconstruction by using
(QE) Interaction.

Oscillation pattern measurement

BG due to miss-reconstruction of inelastic interaction
m Greatly improved by Using narrow: spectrum

s Narrow: spectrum tuned

IHIgh sensitivity. Am?= eV?2
Less background  E,= GeV

s Gigantic water Cherenkov detector
High statistics
High efficiency for low energy
Good PID (e/u) capability
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Super Kamiokande (far detector)

e 50 kton water Cherenkov detector (fiducial

volume: 22.5 kton)

e ~11000 x 20 inch PMTs (inner detecton
e good e-like(shower ring) / p-like separation

e SEscale ~ 2%
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(Possible) strategy of F/N
extrapolation & NAG1

« Spectrum at far site is different
from near site even w/o oscillation

— Effect of non-point-like source

« T2K analysis

Exp’ed flux at SK
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Expected syst. uncertainties w/o NA61

It is difficult to evaluate the validity of the hadron production model !!
- The uncertainty is probably not less than the difference among several models

inspired by similar data sets
G-FLUKA vs. MARS vs. FLUKA

Ratios of F/N ratios
up to ~20% difference!

% 632 04 Ob 0B
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1 2 3 4 B8 & T 8 2 W

mt momentum " Ev, flux "

MARS/G-FL

Syst. error due to F/N
F/N ratio difference ;ilppefg;/ce
among hadron ( .bg) 0
production models: v, disappearance

~ 20% @Ev<1GeV 8(sin?26,,)~ +0.015 -0.03,
8(Am, 2)<~ + 5-10 10-%eV?2

Impossible

00.2010.8031121,1151,[86&'.;‘;} B2 04 08 OF 1 12 14 18 18 2

[GeV]
UKA FLUKA/G-FLUKA

Goal of T2K
v, appearance

S8(N,,) <10%
>> v, disappearance

8(sin?20,,)~ +0.01,
§(Am,,2)<~ t 3 105eV?

to achieve T2K GOAL! 17



Measurement of sinZ2023 . Am=2s

v, disappearance
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Am?2 [eVe]

v disappearance

Goal : 8(sin?20,,)—0.01, 6(Am?,;) <1x10“4 [eV?]

K2K final result

'H:I-': o

Statistics x100
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Precision measurement of 6,; , Am2,,
possible systematic errors and phase-1

stat.
«Systematic errors
e normalization (10% ( ->5%(K2K)) Goal
e non-ge/ge ratio (20% (to be measured)) :
« E scale (4% (K2K 2%)) 6(sin“28,5)~0.01

» Spectrum shape (Fluka/MARS —»(Near D.)) | 8(Am?,;) <1x10“*eV?

5(sinZ 26) &(Am?2)

shape knc:e
£0.04 | fs — 10
& c
[ = - uy B
@.02 e 5|
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0 [~stat E o stat.

L Il:’f %
-0.02 | -5

-|||I¢'T|||||||||||| = i‘IIIIIIIIIIIIIII o
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v, appearance in “T2K"

Back ground for v, appearance search

 Intrinsic V. component in initial beam
c

* Merged 1’ ring from v, interactions

Requirement =) 10% uncertainty for BG estimation

The K2K 1kt 1t° data will be studied for exercise
21
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v, appearance sensitivity (as func of CP 9)
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Height Sdm_

Possible future extension
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; hep-ph/0402110
Electronic crates y
’ : . Venice, Nov 2003

Outer Detector Plat forn
Inner Detector Opaque Sheet

Access Drift Liner ]
. %

upto¢=70m ll" “possibly up to
. 100 kton”

To explore
*CP violation in neutrino sector

*Proton decay.
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v, 2V, appearance and CPV

.t 2a .
P(v, — v,) @%SHP 453;1 x(l-l— N (1—23%3)) Main
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o _ T T Com %1075 271. P . E
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1

N(v,) « sin®26,; : A, «

sin@,,

Size of 0,5 critical !
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Sensitivity for CPV w/ Mt Water YepeHkos

JHF-HK CPV SenS|t|V|ty|]

4MW, 540kt 5 | A
2yr for v, & 014 CH@OZechuded ffffffffffffffffffff e
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L S A A
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(S|gnaI+BG) stat onIy

2 o i |
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4E, sind, |y stat+10%syst
noBG g4 S . R e
signal stat 322;\‘ ,,,,,,,,, T 2K3Gdlscovery1 ,,,,,,,,,,,, |
T2K-1 90% — _ BACCNE B .F Y |
OI]OIJ 0‘1|] 0.20 0‘3|] O‘4I] 05|] OGD--6-7|] 08|]O 9[I ‘1|]

sind[]
3o CP sensitivity : |8]>20° for sin?20,,>0.01 with 2% syst.
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Construction
Status



) Bird's-eye view TS
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Construction
started on Apr’'01.

MRtunnel became
continuous in
Jun’06

Meost of the public

Works.have been _

completed except! »
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T.Ishida
(IPNS, KEK)

2006/07/14, aside of DTL
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ACS: Annular ring Coupled Structure not installed o
Peak current = 30mA@181MeV (50mA@400MeV)

] - ‘L I’il .r'- \ | -8 :_4
Beam commissioning started in
November, 2006

181MeV acceleration (nominal
beam'energy in day-one
configuration) was achieved on
January, 2007

T2KKO07: 3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam - Sep 30,07 - Tokyo Japan 30




Linac beam on Jan. 24, 2007
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Accelerated up to design energy of 181MeV
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3 GeV Ring



T
(7 3 GeV RF Area

J-PARC
-/ J 3 § } | j=psgy
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3 GeV Extraction Area

1 8 0 1 | [ Q=pspny




/"% Acceleration and Extraction at 3 GeV

" 2007.10.31.14h03m23s
. . D507 ® 50w B 60/ B 50w/ ¢ 00s s000v 1gd ¢ [@ 00V
Beam Current

inside the Ring

\

Beams remain inside
the ring for 20 ms.

3NBT Beam Current
( Extracted Beams)

Magnetic
Field

Injection at the minimum
field and the extraction
at the maximum field

]

LTRIG 'O TIME ZOATS 1ASZ0 RS @7 45_%0
L]

181Me T > 4 Successful Acceleration

Acceleration )
L _ and Extraction !!!
Injection  Extraction 36




Construction status of 3-50BT and MR

3-50 BT MR
bles 3(h), 2 (v) 96
adrupoles 38 216
Xtupoles 0

Off-beam commissioning : Dec., 2007~
Beam commissioning : May, 2008~ 37



Hadron Hall in August 2007

Water/Air Magnet PS Bldg. Hadron Hall

Plants Electricity Bldg.




T.Ishida

A Commissioning Plan
| [CONSTRUCTION] [COMMISSIONING]
JFY2006 JFYZ007 _ JFY2008 JFY2009 |
1] 2| 3| 4 5] 6| 7| 8 9|10[11[12] 1} 2| 3 8| ol1o[11[12] 1| 2[ 3| 4] 5] 6] 7] 8| 9f
RCS - = | EEE W
ikt P RadiP '
PP = ro’t cti , = i
MLF e v T / J
| ) [
Hadron » 74 f/ iy /
A . ] / |
Neutrino =4 L Z /I N 3 ‘.hn
[ o XN
/ / /
Install Fast STAGE-1: Install Slow | STAGE-2: STAGE-3: | Asking Fx
Extraction Establish Extraction Acceleration Fast | High Intensity
Devices Closed Orbit | Devices (30GeV) Extraction | Run
[Day-one Operation Parameters] 0.1s (0.7s for Sx)
= 30GeV 195

0.87s
= 6 bunches / h =9 (kicker rise time problem)

= Rep. period: 3.04s for Fx (3.64s for Sx)

T2KKO07: 3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam - Sep 30,07 - Tokyo Japan 39
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= The Neutrino Beam-Line
- l ( m! i
T .
I"'"irinmm"
__T__aL_g_e_:t S;?Fion )
295km to Focusing |

Section

Super-Kamiokande

<€

D

da
K)

Near Neutrino Detector | | Beam Dump | | De

cay Volume

SCFM at ARC Section

Construction: Apr. 2004 ~ Mar. 2009 (5yrs)
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Primary beam line

net)

Preparation section
NC magnet,2D(H),5Q,4str
750W loss

Arc section
28 superconducting combined
function magnets
D2.6T,Q18.6T/m, L=3.3m
1TW/m loss

FF section
NC, 2D(V), 4Q, 4str
250W loss

Bending

| Utility building #2 H: 84.50

. (Pow er suEpIies, Air Conditioner, Cooling Water) V: 3.1~3.60 downward in FF

ey sz sect.
(OA angle 2~2.5°)
| ] | Proton beam monitors

Final Focus Section
ormal-conducting magnet)

Intensity, Profile, Position, Loss

41



Tunnel for Primary Beam-line



http://jnusrv00.kek.jp/jnu/photo/TS/070621_Yamada/IMG_8429.JPG
http://jnusrv00.kek.jp/jnu/photo/TS/070621_Yamada/IMG_8430.JPG

Primary line components

« SC magnets
— 23 (/28) mags, 9 (/14) “doublets” completed :
— Up to 28 mags, 12 dblt’s in FY2007 (by Mar.2008) A \dad? = N
— Corrector mags being fabricated at BNL - Sl

Delivery of superconducting magnet (doublet)

* Normal-conducting magnets
— 11 mags in prep.section installed and aligned.
— Fabrication of FF mags in progress, inst. In 2008

 Misc.
— Level meas. in progress to monitor ground sink.

Level-measurement for the primary tunnelbein done.

43



Graphite
26mm(D)x900mm(L)

Forced flow Helium gas
cooling in Ti-alloy container

Remotely exchangeable

Full-spec He flow test w/
mockup succeeded

Day-1 target delivered.

Full-spec He-flow test w/ real '
target being prepared .

Graphite outer tube.

Core rod is inside this tube. 44



Total Number of Pulses

1.4E+06

1.2E+06 —

1.0E+06

8.0E+05

6.0E+05

40E+05

2.0E+05

Electromagnetic horns

Long term test at 320kA with 1st horn prototype and 3™ horn finished

— Minor problems are indentified and being fixed before day-1.
The 1t Horn for day-1 is under production, will be delivered in Mar.
The 2" Horn is under production in US, will be delivered in April.

Long-term Operation Test at 320kA

0.0E+00




Full setup Test of Horn
and Demonstration of
Its Remote Maintenance Scenario at Fuji, KEK

In preparation now.
The 320 kA operation is scheduled in February.

Necessary improvements are identified and being

solved.
Hung by remote

sling too

% S
Full Setup L&« Vel

F‘_l g




Taraet Station
v/’«j"’i A:d/Hevessm

—

-—Concrete
shield

AN Iron shield

o - _— Y '. . -.-I:.".-_:
B toseny oAl W A
'j R B
- 3

volume

—

 Installation of the helium vessel(~470ton, 1000m?3) finished, passed
vacuum test in Nov. 2007 as scheduled

« Construction of surface building starts soon and will finish in June 2008. 47


http://jnusrv00.kek.jp/jnu/photo/TS/071128_Yamada/IMG_5971.JPG

Decay Volume

* 94m-L iron helium vessel cooled by water

* Middle part was constructed in 2005.

« Upstream part (20cmt Iron) was installed&tested in Nov 2007 as scheduled
* Downstream parts will be finished by Aug. 2008.

[/
¥

= ) 3NBT

| -

Downstream part 48


http://jnusrv00.kek.jp/jnu/photo/TS/070921_Yamada/IMG_3854.JPG
http://jnusrv00.kek.jp/jnu/photo/TS/071228_Yamada/IMG_6684.JPG

Beam Dump

Beam dump

Prototype module

Module assembl

« 98 graphite blocks cooled by water-pipe embedded Al-casting block
« Layout of pipes & Al-casting method developed and established

« All parts are in production and will be ready by the end of Mar.2008
— Graphite blocks being machined, ~1/4 delivered
— First Al-cooling module delivery in Jan (out of 14)
— Helium vessel iron plates (200mmt)

* Module assembly will be finished by the end of Mar.2008
« Installation from Aug. 2008

49
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Muon Monitor

» Spill-by-spill monitor for the muon profile center (= beam direction)
« Long term test of prototype at FNAL/NuMI beamline (FNAL-T968 test exp.)
« Engineering design of detectors almost finished

» Design of the support structure ongoing lonization chamber array
. Installation in fall-winter 2008 \ A

1000057 sl VS = Beam
@ 'NuMl intensity g

5000

~ Toss8 preliminary

% 10 20
Beam Intensity [1012ppp]

2d3ve
VUG O

Y

%

- - -
= B it PP S S E S - e 1 /0
[ —ttc so. s Sk

T2K prototype detectors

installed behind - IC signal/proton after ...

NuMI/MINOS MUMON I correction with pressure ‘

4215107 12116107 1217167 1218107 Si PIN diode array
5

Time

IC/Beam[pC/10"ppp]
T ; T ﬁ

-
W
=]
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Construction schedule

H19(FY2007) H20(FY2008) H21
1 4 [z 10 [1 4
Rad Wil ¢ > n
SC magnet system installation/ piping/ cabina
t instllation/ pipind/ cablina
PowerSupplv Inst.  PowerLine Inst. ™
-NC magnet test "’r l I la y
Monitor&Vacuum Ins allation  Monitor&Vac Test -
hn
Cable rack nii
NU1_building
NU2 huilding NU2 yard
|
s Hadrompeam
TS yard CA~AAANnAA
econaary
I 1 n-ao
nrirc
He vessel
Target/ hor o e A |-
) I
I\
DVED civil DVED civil NU3 building L NeUtrino Beam
N
A 4 Y
| | | —

Civil _lltilitv _Ream line comnonents installation _Test _Personel orotection svstem inspection

« Beam will start in April 2009, 15month from now.

» Installation of almost all components in 2008
— SC magnets from Feb, Target/Horn from July,
— SC/Horn in-situ ope. test from 2009, Intrlock inspection Mar. 2009
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Near Neutrino Detecys @ 280m

e ——

On-axis neutrino moitor

 Monitor
— Profile
— Direction
— Intensity (& Energy)
* Iron-Scintillator sandwich
detector

— Tmx1Tmx10cm Iron

— 1.25cm thick extruded
Scinti.

— New Photo-Sensor
(MPPC/SiPM)

A

37m

Detector
Hole

SK

3 Conceptual design optimization versus PIT

Off-axis detector

e Measurement of v flux and o in
the SK direction.
« Detector components.
— UA1 magnet (0.2T)
- TPC

— Fine-Grained Scintillator detector
(FGD)

— Lead/Scintillator tracking detector
for 70

— Electromagnetic Calorimeter

— Muon Range Detector in mag
« Key technologies

— Photo-sensor, Micromegas
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Progress on 280m Hall
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Status of 280m Near Detectors

On-axis detector
(INGRID)

[ron+Scibar
Sandwich

UA1 magnet
being shipped
Installed in Apr-Jun.2008

] ||| |||I|i :
ITEEE

On-Axis
Neutrino
Monitor

1 Off-Axis
Neutrino Detector

Current design
37m

In production, ready in Apr.2009 | All are in production

MPPC (Hamamatsu) | HPK311-53-18-002-1
g =
E i i
: 5 wo” h1

Moan 2089 |
RME 2245 |

. .5...5 B &

Photo sensdr (~60k.ch) in productlon weom  TPC > € 54




UA1 magnet (donation from CERN)

c refurblshmg (spring 2007)

ek Refurbishing
== done

“* Shipping started
— - Installation
during Apr~Jun.,
2008




Novel photosensor

» Multi-pixel Geiger mode avalanche photodiode

— Can be used in magnetic field

— High gain ~(5-7)x10°, high photon detection efficiency ~30-35% for green light
 Used in INGRID, FGD, POD, SMRD, ECAL

— In total ~60,000 channel

— Key component
» RA&D finished, mass-production started

T2K will use 1.3x1.3 mm2667 pixel MPPC produced by Hamamtsu

MPPC (Hamamatsu)
100 and 400 pixels

| HPK311-53-1A-002-1 |

& w T T
4 s g T
/ E mc; I h1

Entries 10000

Mean 209.1| |

8001 RMS  22.45| _ |

100F

‘!W

new design

760 180 200 220 240 260 280 300 320 340
adc count

—_— ml_
8
=1



Side Muon Range Detector (SMRD)

Total horizontal counters: 768
Dimensions: 870 x167 x 7 mm3

Total vertical counters: 1060
Dimensions: 870 x175 x 7 mm3

Modules made

Total counters: ~2000
of 4 counters (including spares)
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BUALELGARL kb Modules made
1.~ of 5 counters

T 3l.
= B 1

BANANNAT)
- =t
315 - il 15

#
=
T &
30

107

1RT

1
5 Scintillator thickness is 7.1 mm
Groove depth is 2.5 mm

== i " fiber




Summary

Working very hard to keep schedule
— Both civil and equipments

— Almost all beam line components will be installed in
FY2008

Beam commissioning will start in Apr. 2009
— w/ completed beamline, MUMON, On-axis detector

Off-axis detector will be ready by 2009 fall run
— except for a part of ECAL

Aim to obtain 1st physics result from 100kWx107sec
beam operation in 2010

Workshop to discuss future neutrino experiments
with J-PARC (http://j-parc.jp/NP08/)

— Mar. 5~7, 2008 near J-PARC (Mito-city, Ibaraki, Japan)
— YOU ARE WELCOME
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http://j-parc.jp/NP08/

Backup slides
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Experimental Setup

‘= _- ——-off-axis- - - - - -- - - QR VAN >
-@. g 4 ~—~O~n ~axis _ _ _ @_2_ Q 2.50 @ éesooc
. . -
om 120m 280m e 295 km &
g
Muon monitors @ ~140m i
— Fast (s(i)lll by-spill) monitoring of
bea rection/intensity

Near detector @280m
— On-axis

* Monitor Intensity and direction
(profile)

Flux at SK

....................................................................................

i H

I If,éﬂ é 2.5 3 3.5 4
[GeV]

A BN
0.5 1

FarMear v,

— Off-axis o
* Flux/spectrum/ve

Far detector @ 295km

1.6F
1.4F

Neutrino spectrum at Far is
different from Off-axis

0.4;
0.2;

3
— Super-Kamiokande (50kt) ‘fﬁﬁum

_|||I|||I|||I||| L
% 0.2 02 08 0.8 1

1.2 14 1.6 18 2
E. (GeV) 4



Proton beam monitors

 Position: ESM

— 9 prep ESMs delivered
— ARC ESMs being manufactued

 Profile: SSEM

— Chambers and Moving mechanisms
for Prep SSEMs delivered, OTR
installation in this FY.

— Chambers and Moving mechanisms

for SC part will be manufactured
soon
— SSEM sensor will be Intensity Center  Profile
assembled/installed in the next FY (CT) __(ESM) (SSEM) (BLM)
Prep. Sect 3 9 0 19
. ARC Sect. 0 5 4 21
* IntenS|ty CT FF Sect 2 6 6 10

— Final design fixed
— All parts are ordered

— Prep CTs will be assembled/installed
in this FY

F

 Loss: lonization chamber

— Commercially available (used by J-
PARC acc group)

— Layout/configuration fixed

— Twenty monitors are purchased in
this FY

T.Kobayashi (KEK) 61



Hadron production measurements at CERN-SPS NAG61
(SHINE) experiment

« Measure hadron (n/K) production from (

— to predict
* Near and far energy spectra (<2~3%)
* Near to far spectrum extrapolation (<2~3%)
] vy contami. (from K, ) (<2~3%)

» First data taking successfully finishe Thin target
(lmonth)

— Beam: 30GeV proton

— Thin target (2cmt 4%int ):~ 500k int.

— Replica target (90cm, 80%int): ~180k int.
* (Goal: 1M int. for both)

— Intense analysis started

 Measurements in 2008 planned
— DAQ rate: ~1Hz-> ~100Hz

+—- \
. J
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Goal of NA61 for T2K

v, Far/Near ratio shape ~< 2~3%
v, Far/Near ratio R(<1GeV), R(>1GeV)

~2~3%
Error from F/N ratio
T2K goal
w/o NAG1 w/ NAG1
6(Np,g) for v, app. | 10% 15% <4%
§(sin220.,,) 1% 1.5~3% 0.5%
d(Am,32)[104eV?] |1 0.5~1 0.15

« ~200k good recon’ed pion tracks give
sufficient precision

Based on Ken Sakashita’s MC Studies
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Summary of Status

Real Installation
Production

Conceptual
Design

Engineering
Design

Proton Beam monitor Feb.~

Feb~
Apr~

Superconducting magnets

Cryogenics

Normal Conducting magnets

Vacuum system

Target

Horn

Target Station

Beam Window

Decay Volume

Beam Dump

Muon monitor

« All components are in production phase
 |nstallations is starting as scheduled

T.Kobayashi (KEK)
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DAQ System Upgrade in SK

* Motivations
— Stable DAQ for the next 10 ~ 20 years
* long-life electronics
* lower power dissipation
— Good Data Quality
« wide charge dynamic range

* low noise electronics
— Dead Time Free DAQ
* high speed AD conversion & data transfer

« “recoding all hits of PMTs"
* ho dead time for higher rate Supernova bursts

* R&D of electronics & online is underway.




SK data flow @ T2K era

¥

IIII. DAQ Electronics

Data Merger

=
10~50ME/s

Reformat System depend on

analysis) Transfer and store reduced data
—

T
3

Collect ALL the hits,
Stamp GPS local timing
and send to Software Trigger

Apply ‘Trigger’ by software

~GPS based trigger for T2K

~Hitsum trigger for usual analysis

~Reconstructed vertex based trigger
for the lower energy event analysis




New Electronics Development in SK

—
il . bl T R R N o Rk

QTC Front-End Board: Q-bee Readout Carc_i for SITCP
(Charge to Time Converter) = Qtc-based Electronics wi Boston Univ.
with Ethernet & Uchida-san ( Tokyo)

-

Clock & Trigger Generation & Distribution Modules




Schedule

2007

2008

-mmm

QTC Iayﬂut :

ﬁ QTC production
» verification

— Mass production
— QBEE layout revision

Now

QBEE will be delivered in May~July

|
!
i
I
|
l
, - QBEE PCB production
|
|
|
|
l
|

) B B C5cE deivery
) Caibration

)

SK installation

SK installation from Sep. 2008
( three month delay from initial plan)
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