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T2K Strategy




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 is 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 is the future upgrade (or successor) of T2K?
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T2K PHYSICS SENSITIVITY I
Anlzatm
Oscillation Probabilities when Am;, << Am;, =~ Am’, v, =,
Vl_ﬂ

» 0y:v, dlsappearance
P

7%

b 2 7
. ~1—cos”® 49135111 1.2

>913- Ve appear
P

viL—>Vve

~0.5

ance

» 0: CP violation (T2K-beyond)

cP —

_Pv,—ov,)- P(vﬂ—>v )

P(v,—>vVv )+P(vﬂ —>ve)

~0.18 (sin226,,=0.1)
~0.58 (sin2260,,=0.01)




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, | show the sensitivity In
our proposal.

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




Measurement of 0,5 , Am.,,2
v,tn—p+p

Use 1 ring u-like events y

v

(= Quasi-Elastic enhanced sample)
to reconstruct neutrino enerqgy.

750kW 5 years

No oscillation Ar_nZ: 2.5 x10°3%eVZ Am?= 2.0 x103 eV?2

~OA25deg.~| | 1

£
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o o

events/50MeV/22 5kt/5yr
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i ik G vall i Tt . =——= u u
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(assuming sin? 26,,=1.0)
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Ratio of E, to non-oscillation

OSCILLATION PARAMETER EIT

N
o
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~
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N
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Input:
sin?20,,=1.00
Am2— 2.7 X103 eV?

| ALLCHAN 1223.
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T2K-I sensitivity with systematic errors

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

€T

1
L% ]

1

-k
o

T B(AMZ,) <1X104eV? S 8(sin220,:)~0.01
:\E : \ %10 '1§_ \
=10 4: <
\‘/ﬂ 10 '25
ECurrenth
-5 _al_ S(Sin22'923)~01
10 WLooiliwwi et iy 10 Lot L2900l

1 15 2 25 3 1 15 2 25 3
True Am,;? (103eV?) True Am,;? (103eV?)



0., measurement (v, appearance search)

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

Signal:
- 1ring e-like event (CC QE sample)
Background: '

* beam v, contamination (0.4% of v |
* mis-reconstructed n° event

N i \%
x0.4% | Ve




BACKGROUND SUPPRESSION
(AM?=2.5X103EV?,SIN?20,,=0.1)

FCFV, E, . >100MeV
single ring

e-like PID

no decay-electron
0.35<E, "¢<0.85GeV
coso,.<0.90
M_,<100MeV/c?(n° fitter)
AL<80(nO fitter)

1.
2.
O 13
@ e
D
-4
B 2
5103 6.
N
= 8.
(% ‘ e Ve S|gnal
7 e ,
?O ‘g (40% EfflClency):
3F N
101 ‘ 1 1 | \‘ |

1 2 3 4 5 6 7 8
Event Selection

| vesiona

v.tv, backgrond
+ (v, backgrond)

3.5 4 4.5 5
Reconstructed Ev (Ge' )

E, rec (GeV)



®,3 SENSITIVITY (W/ ABG4,s=10%)
90%C.L. sensitivity

Sensitivity versus time

_ $BG=20% |
; — 5BG=10%
O —— 5BG=5%

,,,,,,,,,,,,,,,,,,, ~ CHOOZ
I "unn  excluded

10'3 : . W NI . """ {

T2K-I

ll - A 10t L L .
10" sin220,, 1 10



CP phase & (degrees)

v, appearance
(Strong 6 dependence )

— \ N
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~10 times improvement from CHOOZ



CP VIOLATION STUDY

v beam is an option

(Note: Old study with 2 off-axis)

Flux
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T2K PHYSICS SUMMARY WITH FUTURE OPTIONS

Probe 6., by looking for v, appearance.
Precision measurements of 6,; and Am?2,,.

Search for sterile neutrinos by measuring
the neutral current interactions.

Look for the difference of between v
oscillation and v.

CP violation (6 In 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

0S¢l ation

protons




Accelerator

Neutrino Beam

Near Detector
Far Detector

Near/Far
extrapolation

T2K (construction: 2004~2010)

J-PARC MR
750kW (design)

2.5 degree off-axis
E cak—700MeV

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
NAG1
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? am ~ Bird’s eye photo in January of 2008



OFF-AXIS N BEAM CONFIGURATION

€ Quasi Monochromatic Beam

Super-K. O; Osc. Prob.@
0.6 [ "&\/g ~ T AMP=3x10e VY
o4 B e
TargetHorns Decay Pipe = O-i E_v L
R ©3500 -
* The v beam energy is tuned at  *°°°/
the oscillation maximum. % 2500/
- Higher signal yield. 2 2000,
- C J SIRSISINLS Sifk 1500 -
=2t high£nergy neutrinos. 1000
0.8 i— 500+
o4 _ 0AE 2 dagree %
02 DAR 2.5 degree
- I....I....I....I....I....ID.A.B.?CIIE.Q.I—?E.I....I....

(GeV/c)
Off-Axis beam P

Intense and high-quality neutrino beasn



T2K NEUTRINO PRODUCTION MODE

—_ 2 3 = | e+
= - : = .y
S 10 : K R TGTANE S : ]
® i i ® e I s _
g 107 Y 3 10
S| M’r*wt\ < 1072 LA —
5 10E L'“Ir“J M e =) 3
— - JIJL‘ ] E = ]':
103[ i LY LTOJ . e | :
0 2 4 6 8 10 0 8 10
Ev (GeV) Ev (GeV)

K/t =0.052 @SK KK ut=32%/14% / 54% @SK
= 0.047 @ND =29% /13% / 59% @ND



PRIMARY BEAM-LINE

Assumed Beam LosS
750W@Prep.
250W@FF.

B 5 (AW/m @ AR&)

L | Utlllty building #1

| (Power supplies, Cryogenic System)

o ARC Section

| Carry-in
A Building

53
28
83 . Utility building #2
';"_u § | [T (Power supplles Air Cong
\IE _ | ' AT
g £ e : g
Final Focusing Section .4 M J ’

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



TARGET STATION AND HORNS
320KA current for the horn system

Beam Window

With pillow seal Iron Block

_ mgShield inside

=

Remote

Huge couplingq
He vessels




ND280 =— 9

Near Neutrino Detectors)




ND280 OFF-AXIS

UA1 Magnet Yoke
Magnet Coils

Fine-Grain
Detectors

A CClm interaction 1in the POD,
with full-bunch background

Volume:
3.5x3.5x7.0m3
POD: n° Detector

FGD+ ;
Charged Particle
tracking

EM calorimeter

Side-Muon-Range
Detector



NEUTRINO BEAM SPECTRUM AT SK AND
ND280

OMeV]
S

I Flux at SK

- ____________ Flux at ND280
(nnrmallzed b? SK ﬂux)

/em?/ oipowf}

[

2010/1
1/11




OFF-AXIS DETECTOR

Measure v, flux: <5%
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 |V

1||";|.||.;

* ! ‘Super-K N
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T2K CONSTRUCTION JUST EFINISHED

The last Electroag™™ 188
. Calorimeter was just o

if-?;stall d in October 201108
.' T4 | .




T2K Status



T2K PHYSICS RUN BEGINS IN 2010.

Delivered proton number

Delivered POT: 3.35X 10 (3.28X 1019 for physics)
Continuous run @ ~50kW level

Trial up to 100kW successful.

34

41019— I ~lO\JI\W _81013
195 —total - protonff perpulse] -4 - -p - === i
35107} — physics run R 1110
3 10195 —— MU beam tuning, study 5 1019
2510} P — | : 15 10"
i L ' " ]
2 10'] ~50kW h}i- "|._ A L! : 14 10"
- | I - N S . - _— q [ “ [
r h . ]
15 1019: . " ..i_ J .' ] 'llI | :3 1013
110"} - = 'j';// ' 12101
i | ]
510 "' : 11 101
0oL i = ~— 10
1/17 2/21 3/28 h/2 6/6 111
Date

9s|nd Jod gu0l044



OBSERVATION AT SUPER-KAMIOKANDE

Fully-Contained (FC) 33

+ fiducial volume cut
+ visible ene. > 30MeV

AE
I-I II-II

June 2011

o AIm fto
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FIRST NEUTRINO PHYSICS RUN: PRIMARY

BEAM

T R p—— TR P e

- FUET i P

—i—“Hl“MJEI“

- I.!llllt N P )

s BRI (R Pl o 5 St # VS0 T
K P 5 P BT

OTR Light for 5.1116';5 Protons on Ti Alloy Targﬂ

)
&

(
S o 8 & 8
ADC counts/pixel

5 10 15
X {(mm)

Optical transition radiation detector (OTR)
immediately upstream of target:




FIRST NEUTRINO PHYSICS RUN: MUON

= 10 " Zan Heb Mar Apr May June
8 10F -+ 1mrad L L « X Canter e X Canter
5 I | - ¥ Center i . ¥ Center
= 0 4 " anaak ! L
S T Bt B e " el [ AT . e B Bt AR L B}
Q@  § Detectof intrinsic resolpition <1.5mm | '
qa 10 10F -1l mrad L Imrad |
o g I:ll-:."-l |.'||:J'- ﬂ:'-“."-l L'::".";"H &1:'21 ﬂ.!:‘}-! -:I-I.I'.iﬁ 34.:;'5 l:]i.llﬁ .35.:35- |_'d,'|.l13 ml-z?
37[ i
z - RMS/MEAN < 1% whole pdriodj . |
ask A 1 L o Tl (g 1
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> 1 i : T i
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Muon monitors;

Silicon detectors and ionization 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. 23", 2009.




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

The first INGRID
neutrino candidate

[Findl 701504
Constant 1.007e+04 = 580

[_event timing after neutrino event selection_|
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FGD(Canada, Japan)

> |
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OFF-AXIS DETECTOR PERFORMANCES

TPC MM alignment
m_m g . qa0d matching # Heconstruct track separately

DSECAL 3400 ] 0.3% ';1 in two adjacent MM
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OFF-AXIS DETECTOR MEASUREMENTS

01:57 J5T, Feb. 5, 2010
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A few ND280 neutrino interaction candidates

B e (T s e e e A T e T

TPC1_ TPC2 TPC3

-

L

T

N
""--\.“_\_‘_\‘

single pion candidate ' DIS-candidate




NEUTRINO INTERACTIONS IN THE T2K
ENERGY (~1GEV)

CC quasi elastic (CCQE)
v+tnow+p (ninN) o/E (1038cm?2/GeV)

rerprrrrprrerp rrrrp e e T T T
! I \ l \ l \ ! J

CC (resonance) single n(CC- 17t2ﬁ
v+np) >p+r+pn) (npinN) | _
DIS (Deep Inelastic i b

Total (NC+CC

Scattering) 08 | o i
v+N-p+ma-0+ N 06 | .
CC coherent « o4l

......

VA P+t + A N D
NC /NC single n

NN RN EEEEE NEE N R S N
+ Nuclear Effects

05 1 156 2 25 3 35 4_45 5
E, (GeV)

)



EXisting Data (poor precision)
= Measure them more precisely in T2K

o, in this E range interesting:

1 | LI |I I 1 1 | I |I I 1 1 | T |I
O CCFRR
i W BNL 7—feet
1.00 M © ANL 12—feet
- ® ANL 12—feet

0.75

0.80

Tatal CC
------------- a(DIS)

- -

0.25

oee/E, (107°° cm®/GeV)

. Ey 5o 50.0 100.0

]
MINOS, NuMI

K2K, NOVA

MiniBooNE, SciBooNE, T2K
< >
Super-K atmospheric v

0.0o0
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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



FIRST NEUTRINO PHYSICS RUN:

SUPER-KAMIOKANDE

ol oy s

LE
oD
200 FC

PROTT o

0
-400 -200 O 200 400
AT, (usec)

Number of events / 20usec

Number of events / 40nsec

10

O =2 N W s O~ O

UDFLYY

1]

-1000 O

1000 2000 3000 4000
AT, (nsec)

+ Event time distribution clearly shows six-bunch beam

structure

¢ 33 FC events and 23 are in 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
(FC, EVIsS>30MEV)

Points : Reconstructed event vertex
Arrow : 1st-ring direction
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SUPER-K ENERGY SCALE STABILITY
FOR T2K DATA QUALITY ASSUARANCE

Stopplng o (momentum/range)
L TZKbeam -

" " . i "
! FEB10 | MAR10 | APR10 | MAY1D !

i
i JANAD

L DEC.OD JUN0

oul 10 days)

Decay e (momentum)

T2|< beam
- _l._i '.' o :
—f""f—f— et
FDECOP | JAN.1O | FEBAO § MART0 { APR10 | MAY.0 | JUN.1O ]
time (2ach point for about 10 davs)

Energy scale has been quite stable.

1 +1%

] -1%

+1%

L 1%

RMS/MEAN
T2K period : 0.31%
(SK-1V 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 is 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

sin?26, ; sensitivity (90% CL)
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BEAM POWER [MW]

Ring collimator shields, RF (6th F, 2nd HH), Inj. Sep 1

1.4

1.2

1.0
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0.4

0.2

0.no

Power upgrade plan of RCS and MR(FX)

For 8 bunches, 30 GeV at MR: Pyp=1.6 X (Pres/ Tyg)

Bsec (27%)
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RCS POWER FOR MR __

RCS POWER FOR MLF

| |
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I
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JFY2008 JFY2009 JFY2010 JFY2011 JFY2012 JFY2013 JFY2014

3-50BT collimator shields, ‘
RF (1st HH), FX kickers

ACS Installation in JFY2012
400 MeV injection in the RCS

RF (3rd HH), Inj. Sep 2, FX Septa, .

f=HNN

MR CYCLE T, [sec]

750kW
in 2014




Beyond



Study Symmetry Violation
T2K BEYOND between v and v

J-PARC Upgrade

KEK Roadmap Hyper-K

= Water C r|:rr| |||- af . lllru.mr '1r\r|.

—> ALLLEEN

Best Optimization

Huge v detector
Water Cherenkov
Lg. Ar TPC

O(~100k)ton

GUT
Proton Decay
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CP sensitivity

CP discovery on 6 INn the range of
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YOUR INTERESTS IN T2K

My personal guesses:

When will T2K have the results?
First results with the similar sensitivity as K2K will come soon.
In 2011, the sensitivity will be improved to be sin?26,,~0.05.
After 2011, the sensitivity will be further improved.

How is the J-PARC accelerator running?
Expect the operation with150kW or higher in 2010-2011.
Aim the design intensity of 750kW.

Is it the option of anti-neutrino running?
Technically feasible. The physics case should be studied and reviewed
by PAC.
Does T2K have the sensitivity to the CP violation and the sign of
Am??
The probability of v, appearance has the strong CP dependence, but do
not have the sensitivity to the sign of Am? with 300km baseline
What is the future upgrade (or successor) of T2K?

J-PARC proton beam power upgrade
A Huge Far Detector to probe the proton decay and the v CP violation.
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Status of J-PARC B WR commissionine ve.

Jun, Dec” in 2008

= J‘?
Neutrinos :‘ ’Eﬂ"'
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Final Focus Section
(normal-cond ucting magnet)

/ Utility building # 1

r=—— b Carry-in
=¥ —| Building

. Utility building #2

[T (Pow er supplies, Air Conditioner, Cooling Water)

ey M= “‘

{

E [jj | (Power supplies, Cryogenic System)

1agnets

\bined
application)
m

on
1agnets

—— 1 Control of beam loss is critical issue

67



Superconducting magnets

o

o

o

Zd:?/m ME@RY]- [_JIN EO(JI@M Q®Nﬁdu-| Superconductlng magnets (doublet) in

6 doublets already installed in the tunnel

Up to 28 mags, 12 dblt's in FY2007 (by
Mar.2008)

4 corrector mags are produced by BNL. 2 are
delivered to KEK, 2 more being fabricated ' '

Magnet safety system (MSS) by
Saclay

» Hardware being constructed almost on time
(Naliviary to KEK in June) MSS
Correctors pye——




DUFCNCUCUNDUCU T TING

MAGNETS

Two magnets in cryostat “doublet”
14 doublets + 2 spare doublets
+ 4 corrector magnets by BNL

Alignment
Apr.15, 2008

Transport to
.-:... ' ., 4 I : | —=

SCFM : Superconducting Combined Function Magnet
D: 2.6 T, Q: 18.6 T/m, Length: 3.3m, Current: 7,345A@ 50GeV

o 11 doublets in beam-line, Cryogenics installation on time.

Monitor Installatidn
o Entire system will be completed by December 2008

@ inter-connect




Freparatlun section .,

NPEMRRIEIRE comPong

o 11 mags in
prep.section installed
and aligned.

o Installation of FF
magnets starts in March
2008.

Misc.

o Installation of vacuum
components / beam plug
started.

o Level meas. in progress
to monitor ground sink.

Beam plug installed®

L




Position: 20 x ESMs

BOrOYBEAM MON ITC .

o Being assembled

o Installation started in prep
sect

Loss: 50 x lonization chambers

o Twenty monitors are OTR
purchased in this FY Gamera (40 mm diam) rers
- N

|

Aluminum Lid

OTR detector (provided by
Canada)

o Provide all-time profile just in
front of target

o Mirrors, rad-hard camera
delivered

o Manufacturing, assembling in
progress

Helium

Electronics

o FADC for CT/ESM being
produced by US

o FADC for SSEM prepared by
Korea

Beam Centre

Miror 1 he--------- ®"  Foil (50 mm diam.)

-



He vessel

' g@—Concre
shield

AN Iron shield
- g

To decay
volume

m-—--unl!
3 o w

e F e M e S S

Feb. 2008

o Overcame water food problem during excavation in early 2007

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

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




Target Station

:-::*_ L . : | . : ! - i

1 T | 1§ e -- .. . ' 1 .- 'l 22m
Beam | N

. Decay Volume

* 40t crane for remone maintenance installed on'-c-h ‘08
* Construction of the building to be completed in June 200
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Downstream dome Upstream dome

Upstream plate

Pillow seal flange
for window

Monitor chamber @TRIUMF

Beam window @RAL

== Mockup monitorPillow seal flange
or monitor (T:h%’mber

Beam window and
monitor chamber are
under assembly at
RAL/TRIUMF and
will be installed Iinto
TS from July 2008.
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FULL SYSTEM SETUP TEST OF HORN

AND DEMONSTRATION OF
ITS REMOTE MAINTENANCE SCENARIO AT FuJil, KEK

In preparation now.
The 320 kA test operation soon.

Necessary improvements are identified and being
solved.

Hung by remote
sling tool,




CFX analyses (STFC RAL)

Velotity i
{Streamiice 1) = i

?J_.-‘. -
&, 133es02 P

3.0090-02

- Full prototype delivered in Dec. '07
*He gas flow test, achieve 650Nm?3/h AT~200K ~7MPa(Tensile 27MPa)
(200m/s)



PR
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26mm(D)x900mm(L) R R g e
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Baffle (RAL)

Target 15t horn
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L=94m, 6m thick
concrete wall

- ™“3NBT
(FYO05)

2008/03/07




DECAY VOLUME

Upstream part (20cmt Iron) was installed & tested in Nov 2007.
Anchor frame for BD core was embedded in concrete in Feb. 2008.
Civil construction of downstream part will be finished by Aug.
Construction of He vessel.:

for DV: just started, for BD: will start in Aug. 2008.

L ! 1 _— L= I

J

A

4
A

00 _._‘ k- :_:. . .--'_-'_-_-:h"ﬂ r} =
. : = 1 A, EL
S | “k o,

Upstream part Anchor frame for BD core Downstream part 81
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B—LH T

098 Vo7 rARNT
o Core will be Installed into He
vessel in Oct/Nov 2008.

"500°C with 3MW
[Assuming phase-I target]
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Real Installation

Production

Engineering
Design

Conceptual
Plsihts

SUMMARY OF ST

Proton Beam monitor

Superconducting magnets

Cryogenics

Normal Conducting magnets

Vacuum system

Target

Horn

Target Station

Beam Window

Decay Volume

Beam Dump

Muon monitor

o All components are In production phase
o Installations are starting as scheduled
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—_—
B2, | | Deteoter
On-aﬁlé or Hole
Monitor
Profile
Direction
Intensity (& Energy)
Iron-Scintillator
sandwich detector o
Imx1mx10cm lron FGD
1.25cm thick extruded c A
ifel\?vtllalhoto-sensor ('IY\j - ﬂ ! J Concephual dessgn opbmization versus BIT
(MPPC/SIPM) - :@: r Off-axis detector
/ H——:}im Measurement of v flux and ¢ in
= the SK direction.
Y - Detector components.
17.9m¢ ‘llglf\cl: magnet (0.2T)
Fine-Grained Scintillator detector
(FGD)

Lead/Scintillator tracking
detector for n°

Electromagnetic Calorimeter

Muon Range Detector in mag
Key technologies

Photo-sensor, Micromegas




OFF-AXIS DETECTOR

Measure v, flux: <5%
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



280M DETECTOR HOLE CONSTRUCTION

a8
FAY,

B =4 I" v
; R

o 17.5m-¢ x 33.5m deep hole
excavation finished in Jan 2009

o Underground floors being
constructed.

o UA1 magnet installation Apr-Jun,
2008

o Construction i1s on schedule
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o

o
o
o
o
o

PQOD

Scintillator bars — lead/brass sandwich — water targets. Mass: 17.6ton
total, 2.9ton water

Optimized for NC =° production measurements

Runs with/without water: C/H,0O scaling

17,000 NC 17° events/year in water

MINERVA bars, WLS fibres, MPPCs, TRIP-t electronics
Construction: May-December 2008

@ 3 Super-P@Dules

+ Upstream ECAL (3200 kg)
=7 P@Dules
+ 7 4mm-thick lead radiators

+ Target (11000 kg)
-+ 2857.3 kg water
« 26 PODules
=25 1.6mm brass radiators
- 25 Water target layers

< Split into 2 sub-units for pre-
installation handling
+ Central ECAL (3200 kg)
=+ 7 PODules
=+ 7 4mm-thick lead radiators

@ Total Mass 1s 17600 kg




ECAL

Reconstruct =0, identify e/u/n
Lead-scintillator sampling calorimeter

4cm X 1cm scintillator, WLS fibre, MPPCs,
TRIP-t readout

32 layers, 1.75mm Pb, 10X,

DS ECAL ready for installation summer 2009;
Barrel in 2010




INTEGRATION

Complex dependencies and
interactions in space and time

Central 3-D pit description,
Including services routing

Central project file
Seismic studies

Environmental studies
(temperature, humidity)
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FINE GRAIN DETECTORS

« Za—kYJIN—FTvH B|IFESE
- Iem X lem Y UFL—3, BRREBR I 74 /\—+MPPC
« 2009FEIZA2 AL

Simulated CCQE interaction
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TPC
o 3TPC, MicroMegas #x&HL (8mm x 8mm /\wkH 4 X)
o 10% EB = N fiREE (p<1GeV/c), ~10% dE/dx 43 fiZ&E
o MicroMegasit {E#%IEZCERNTT Rk, => A ERIEA !
0 20095 EIZ2ENDTPCEHREFTE.

lr MM1_001 (stiffener V2) (HARp tests 09/19/2007)
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SIDE MUON RANGE DETECTOR
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READOUT ELECTRONICS

o Two solutions for Front End Electronics:
+ UK system using FNAL TRIP-t chip: INGRID, POD, ECAL, SMRD
» French system using Saclay AFTER chip: FGD, TPC

o Prototypes for both systems operational
o Back End Boards and DAQ system by RAL (common to aII)
o Slow Control: MIDAS (TRIUMF)

s Sl

Eﬁ;
§

E

MPPC spectrum with prototype
TFB, BEB, and DAQ

transformer  Capacitive coupling (S00Q & 22 pF) *

TFB system in US lab

AFTER chip and card




SUPERKAMIOKANDE

o Refitted SuperK, major next upgrade: electronics (higher dynamic
range — faster — no dead time — stability >10 years)

o

o New Online, spill time information transferred from J-PARC over
private line, allow to flag and record +500us around each spill

o Reconstruction and simulation will be adapted

New electronics and DAQ system for the SK detector

o ~850MB/sec

RLETET Tt R Readout
' 24ch/board

Finalize custom chip
and board design

Mass production
Install new electronics modules
and DAQ system

Calibration

-7/ super-KINl




CERN-SPS NA61 (SHINE) EXPERIMENT

Measure n/K prod. from Graphite target to
predict

Near and far energy spectra (<2~3%)
Near to far spectrum extrapolation (<2~3%)
v, contami. (from K, p) (<2~3%)

First data taking in Oct., 2007 (Imonth)
Beam: 30GeV proton
Thin target (2cmt 4%int ).~ 500k int.

Replica target (90cm, 80%int): ~180k
Int.

Measurements in 2008 planned

ot p+C o h+X
(NAG6I data) |

angle (mrad)

in
momentum (Gey)

First look of data
(PID, acceptance not corrected)



T2K-I sensitivity with systematic errors

-k
o

15(Am?)1 (eV?)

-k
o

10

1
L% ]

( normalization  ( 5%)
non-ge/ge ratio ( 5%)
E scale ( 2%)
Spectrum shape (20%)

| Spectrum width ( 5%)

- = TE
5(Am?,3) <1 X104 eV? N: = 8(sin?20,5)~0.01
: @ -
I 210 &=
4 \ : \
- ~ .
L \‘/ﬂ 1[] -2_
Current knowledge: %Current )
3 JEMR VAPV 486720201

1 15 2

25 3
True Am,;? (10-3eV?)

1 15 2 25 3
True Am,;? (10-3eV?)



FUTURE PROSPECTS
IN A FEW-YEAR SCALE

We gre requesting 100kW operation of MR for more than
10(;3 sevelgalf ongns) to \{Ke IOacce erator group bef%re 2010

summer shutdown

This is vitally important, in order to get the 15t result with enough impact.

To achieve the request, to

Inclease rep. rate is a
preferable solution, without
significant hardware upgrades:

Cycle: 3.04—2.04sec, 30GeV
Accl.9 —1.1sec
Reset 0.87 —0.67sec

+ # of bunches to be recovered
from 6 to 8 (design).

+ Nominal beam power:
30GeV-9uA (270kW), to be
achieved in JFY2012 or earlier.

Beam power [kW]

[J-PARC Director’s order: “Nagamiya

0,

700
600

500 |
400 |
300 |
200 |
100 |

Chart”]

Accerelator(oseki=t i fHac 181MeV

C. N ]

r | —— MR(6 bunches, 3.04 sec) ]

o IR MR(6 bunches, 2.04 sec) \:

T 100KW ]
2008 2009 2010 2011 2012

e
JFY400MeV Linac (JAEA)
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FUTURE PROJECTS

}Jetr%ﬁr% >II'OJects to investigate Lepton sector CPV / neutrino mass

etYe ((::oorp S())nents J-PARC power upgrade (750kW—**MW) & massive far

Proton decay

Intensive discussion is being started to prepare the best proposal towards 2012.
Need continuing upgrades for accelerator components for the purpose.

For Linac: 181MeV — 400MeV with ACS Installation

For RCS/MR RF: Improvement for the magnetic alloy cut core

For MR Fx kicker:

30GeV —40(560)GeV energy boot-up

MR intensity upgrade scenario
Increasing repetition rate (cycle=3.04 to 1.92sec)
Reduce harmonic number of RCS from 2 to 1

1x8 injections instead of 2x4: Almost twice of beam injected to MR.
KEK roadmap: 1.66MW

We will learn a lot more by the successful operation of the neutrino beam-ling"!
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FIRST SHOT OF THE PROTON BEAM

SSEM

(Segmented Secondary Emission Monitor)
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HORN FOCUSING: MUON MONITOR SIGNAL
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MUMON Silicon PIN photodiode array



PROTON BEAM QUALITY AND STABILITY
Beam position on target have to be controlled < 1mm
To control direction of secondary beam within 1mrad

To avoid destroying the target from non uniform thermal
stress on target (at higher power)

Succeeded to control <1mm during long term operation

Correlation btw p beam position
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SECONDARY BEAM QUALITY & STABILITY (MUMON)
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Beam direction 1s controlled well within 1mrad

Secondary beam intensity stable within 1%
(reflects stability of targeting, horn focusing, etc)

Stable well within our physics requirements
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