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OUTLINE

Introduction of T2K and NOvVA

Components of the experiments.
T2K beamline/near-detector/far-detector.
NOvVA beamline/near-detector/far-detector.

Status of the T2K and NOvVA experiments

T2K commissioning and construction schedule/time-line for
physics result

FNAL accelerator performance/outlook for NOvA and the
schedule of the detector construction.
Some details of physics sensitivities
Events Reduction
Signal and Background
Physics Sensitivities, and the complementary issues in
experiments.
Future Prospect
Possible Upgrade (Niki's talk)
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1. INTRODUCTION OF T2K AND NOVA

The accelerator v oscillation experiments.
Probe 0,5 by looking for v, appearance.
Precision measurements of 6,; and Am?,..

Search for sterile neutrinos by measuring the
neutral current interactions.

Look for the difference of v oscillations
between v and V.

CP violation (6 in the MNS matrix or new
interactions)

Matter effect and neutrino mass ordering
(sign of Am?2,,).



Accelerator J-PARC MR <
750kW (design) i

Neutrino 2.5 degree off-axis

Beam E,..e~700MeV @

Near Fine-Segmented multi-

Detector type detectors w/

magnetic field New

(w/ water target)

Far Detector Water Cherenkov

50ktons (22.5 kt fiducial)
295km away

Near/Far Hadron production will

extrapolation he measured by CERN
NAG1 New

FNAL MI
700kW (330kw current)

~14mrad (0.8 degree) off-axis
E__.~2GeV

peak

Liquid Scintillator
segmented detector
(similar as the far detector)

New

Liquid Scintillator detector
15 kton
810km away

New

Hadron production will be
measured by FNAL MIPP

New
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T2K SENSITIVITY
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NOVA SENSITIVITY
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IMPORTANT THINGS FOR EXPERIMENTS

The experiments must be realized.

It 1s a fun time for an experimentalist to work for
the design stage of the experiment
the construction of the new equipments
the beginning of the commissioning of the experiment
the stage that the important physics results are produced.

You can consider new ideas and possible upgrade of
experiments any time.
It 1s the reason why you are physicist, I guess.

Examples
Physics sensitivity of T2K with anti-neutrino beams
Neutrino Interaction physics in the T2K and NOvA near detectors.

Summer school/Workshop 1s a good opportunity for us to
discuss/exchange these 1ideas



2. COMPONENTS OF THE EXPERIMENTS.
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2. COMPONENTS OF THE EXPERIMENTS.

12K



J-PARC ACCELERATORS [750KW DESIGN]

3GeV RCS

A round=348m

Area for
Transmutation .
Experimental Facility ==~ |




OFF-AXIS N BEAM
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TARGET STATION AND HORNS
320KkA current for the horn system

Beam Window
With pillow seal lock
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T2K NEAR DETECTO
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UA1 Magnet Yoke

Fine-Grain
< Detectors

EM calorimeter
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2. COMPONENTS OF THE EXPERIMENTS.

NOvVA
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OFF-AXIS BEAM FEATURES

Narrow energy
distribution
Tuned Energy by
selecting off-axis
angle

Maximize v,

appearance

Minimize v,
Higher Intensity at
a glven energy
Suppressed high

energy tail
Reduces NC
contamination

v, CCevents / kt/ 1E21 POT /0.2 GeV

80 -

Medium Energy Tune
T T T I T T T I
® On-axis

—— 7 mrad off-axis

- 14 mrad off-axis

| —— 21 mrad off-axis




INTEGRATION PROTOTYPE NEAR DETECTOR (IPND)

o Constructing prototype detector to run on the
surface near MINOS Surface Building

o 4 Blocks (6+)
0 2.9m wide
o0 4.2m tall

o 8.4m long
(15.3m)




SITE FOR FAR DETECTOR: ASH RIVER,
MN

L L it |
0e WestLake
i iny Lakg
Marthwest Bay ndian
. 2 Reskrue 2B
Ash River € _ M Mine Centre calFiiLake
- { /.-
International \= =~~~ i F o
Falls Deulln [+] rances Voyageurs
;@ Internatmnal Falls %r',' National Park  guetico Lake
SHTAREBEaT [Eticsburg | (shaded brown)
ASTEDE. ! Kahetuga
Ra
P I'. Eﬁ ) Littlefork 5": r \in kot
inneapolis
Ash River ) ¢ Loon lage 1
rape Lake o+
Hlg Falls i E.. .
| 1 i
EETiEE ouehieh et Lakel Kabetogama /
UCIIEHING : : Sty Fal,
St Faf - |1 R
Hil. l::rE.zmlm.I - QGheen !
Craiguille | | P :
e I~ sturgeoh Cook, StUrQERh
5 GEEIE R[VET WEr ST Far, River 511 r
Washlz‘i‘:lgrtn St | ANGORA awel
' Bear R"-'E"SLu:uarlu:ur P atl, 15
1 Far, 13
' BFitt
Tal ool i
Eowstking ! .
’F (38) i Chisholm virgin
1 Hibbi Dlg,”\r'e'leth
i _Hibbing 3

This site 1s at 810 km from Fermailab, 11.77 km off-axis

Farthest available site in the U.S. along the NuMI
beam



FAR SITE STATUS

NOVA

Groundbreaking: Friday, May 1, 2009, at 2:30 p.m.




NONA FAR DETECTOR

15 ktons
15.6m x 15.6m x 68m

1003 liquid scintillator planes,
(~73% active)

Scintillator cells
3.8 x6.0x 1540 cms
15.6m

Read out from one side per plane
with APDs

Expected average signal at far
end of 30pe




3. STATUS OoF T2K AND NOVA.

12K

T2K Commissioning/Construction status



THE NEUTRINO BEAM-LINE

One out of
three installed.
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FIRST SHOT OF THE PROTON BEAM

SSEM
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HORN FOCUSING: MUON MONITOR SIGNAL

Horn off

Horn on

80F
60F
M

20
0
-20

-40F
-60[
-80F

80
60
40
20
0
-20
-40

-60f
-80[

| si2Dhist | | sI2D hist |

S| Fit peak
73.2 pC

X CENTER Y CENTER
-484cm -254cm

X SIGMA Y SIGMA
135.5cm 147.1cm

A I I U B P T
-80 -60 -40 -20 0 20 40 60 80

Sl 2D hist

+

S| Fit peak
159.3 pC
X CENTER Y CENTER
+3.60cm +8.35cm

X SIGMA Y SIGMA
118.1cm 113.7cm

S I I R B
-80 -60 -40 -20 0 20 40 60 80

MUMON Silicon PIN photodiode array



ACHIEVEMENT IN APRIL AND MAY

Nominal intensity: ~4x10!! p/bunch, 1 bunch/spill
(~0.1% of design intensity)

Superconducting combined-function magnets are
working well as expected.

Beam monitors are working well.

Intensity monitors, beam position monitors, beam
profile monitors are working well.

Beam position at the target is confirmed with the
fluorescent plate.

Muons from © decays are observed by MUON
MONITOR behind the beam dump.

The effect of the electromagnetic horn is confirmed.
Successfully passed the government inspection.



ON-AXIS DETECTOR: INGRID

Assembly of 228"trcing planes completed
Looked for neutrino events with one module.

Half modules have been installed. (The rest of modules
will be installed 1in August)

31



OFF-AXIS DETECTORS
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§ — — ; ~ I - ._i

— "
] ~——ull T

e TPC(Canada/Fra
nce, Spain, Swiss,
Italy, German)

Most detectors
have been arrived

in J-PARC.

Barrel ECAL
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HAMAMATSU MPPC

Multi-Pixel-Photon-Counter

Multi-pixel APD operating with Geiger mode (667
pixels.) specially developed for T2K

New type photo-sensor w/ excellent performance.
Insensitive to magnetic field.

~
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60,000 production for T2K
2500 I 1 3

2000

1500

1000

500

0




FROM NOwW

Full horns and ND280 soon

100kW trial in JFY2009

Physics run from 2010 = fist result
Beyond 100kW: 1002 750kW(Design)

Beam loss control

Linac 400 MeV energy recovery and upgrade of the RCS

injection system

Important Physics result around 2012 (imy personal view)
Long-term plan toward power frontier (~1.7 MW)

KEK roadmap
Anti-v running



3. STATUS OoF T2K AND NOVA.

NOvVA
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PROGRESS

Advances on all fronts

Accelerator and NuMI Upgrades (ANU) extensive shutdown plans
beginning upgrades necessary for 700kW operation.

Module components prepared, or contracts made for prototype
detector. (Integration Prototype Near Detector (IPND), and more,
where approved)
Assembly prototypes under construction

Static leak tests, full height, in CO, full pressure.

FSAP, Full Size Assembly Prototype

FHEP, Full Height Engineering Prototype , 31 planes 2 modules
wide



MODULE ASSEMBLY AND TESTING

Y a. e g
Bubbler Construction

< J/-‘

-,,._5 2 e ¥ . -
Adhesive Dispenser
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Rolling Lifting Fixture



FAR DETECTOR

The cells are made from 32-cell extrusions.

12 extrusion modules make up a plane.
The planes alternate horizontal
and vertical.

There are 1003 planes, for a total
mass of 15 kT. There 1s enough room
in the building for 18 kT, which can be
built if we can preserve half of our

15.7 m contingency.

The detector can start taking data as soon as
blocks are filled and the electronics

- - connected.

An admirer




APPROXIMATE SCHEDULE OF NONA

o May 2007: US DOE CD-1 Approved
o Sep 2007: Cooperative Agreement signed
o Nov 2007: US DOE CD-2/3A review

» Baseline, advanced procurement
o Dec 17, 2007 R&D funding for FYO8 cut to zero.
o July 1, 2008 Supplementary funding restarts progress
o Sept 15, 2008, Oct 24, 2008: CD-2, CD-3A Approved
o April 2009: Reinvestment Act, and FY09 funding approved
o May 1, 2009 Groundbreaking at Ash River
o Fall 2009 Begin Building IPND modules
o Winter 2009/10 Begin building IPND Blocks
o Summer 2010 Begin operation of IPND (prototype Near Det.)
o Summer 2010: Beneficial Occupancy of the Far Detector building
o Winter 2011: Begin to Install FD, Data taking after a few kT installed
o 2013 Installation Complete °




4. PHYSICS SENSITIVITY

12K
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Measurement of 0, , Am,,?2

Use 1 ring p-like events
(= Quasi-Elastic enhanced sample)

vu+n—>u+p m

\Y%

GM (EMS pu)

v

to reconstruct neutrino energy.
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Ratio of E, to non-oscillation
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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: e
* beam v, contamination (0.4% of v, &




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

1. FCFV, E,, >100MeV
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®,3 SENSITIVITY (W/ ABGgys=10%)
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CP phase 6 (degrees)

T2K PHYSICS SENSITIVITY

vV, appearance
(Strong 6 dependence )
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CP VIOLATION STUDY  vbeam is an option

(Note: Old study with 2° off-axis)
CC interaction
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4. PHYSICS SENSITIVITY

NOvVA



E CC EVENT
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v CC EVENT
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u CC EVENT
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NC EVENT
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Probability
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ELECTRON IDENTIFICATION FOR NOVA
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(TDR ANALYSIS)
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DETECTOR PERFORMANCE
Optimize Figure of Merit (FOM=sig/\bkd)
performance separately for v and anti-v

Use 18E20 POT, sin?(20,,) =0.1, Am?=2.4E-3, no
matter effects

Upgrades to neutrino event generator
Updates to predicted neutrino flux

Updated detector mass and configuration
15KT, slightly shorter modules, photodetector readout



PERFORMANCE OPTIMIZATION
Combined Figure of merit 18.0
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3 SIGMA SENSITIVITY TO SIN2(20,5) # 0

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

3 o Sensitivity to sin’(26,,) = 0

- NOvA

- Am,,2=2.410"%eV? "
~ sin"(20,,) =1

— 3 years at 700 kW,

- 1.2 MW, and 2.3 MW
— for each v and v

- — Am2 >0

& #
P B T R R ul B,

- L=810 km, 15KT = "% "

C—amtc0

. r
Il L 1 i L L L

0 0.005 0.01

0.015

0.02 0.025 0.03
2 sin®(6,,) sin’(260,,)

Sensitivity vs &

for non-zero
sin?(260,5) at 700kW,
1.2MW, and 2.3MW



MASS HIERARCHY RESOLUTION

If you assume a
measurement of P(v,)=0.02,
what does that imply about
0,5 and the mass hierarchy,
and how can you distinguish
them.

Determine P using anti-
neutrinos and/or measure 0,4
In reactor experiment.

2 sin%(6,5) sin’(26, ;)

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

sin?(20,,) vs. P(v,) for P(v,) = 0.02

L =810 km, 12 km off-axis
[ Am,,2=2.4107 eV?

- sin"(20,,) =1
e
o a=0
= e H=1/2
O &§=1m
- m §=31/2
| . | . . | .
0 0.02 0.04 0.06

P(Ve)



95% CL SENSITIVITY TO
THE MASS ORDERING

95% CL Resolution of the Mass Ordering 95% CL Resolution of the Mass Ordering

— 2
= r ' —
ey - NOvA+T2K B 2 [ L=810km, 15kT
18 - - © 18 [ Amg2=24 107 eV?
C C sin®(26,,) =1
16 ; Normal 16 [ am?<0
14 ' 1.4 [ 3years foreachvandv
B " NOvA at 700 kW, '
12 | 12 [ 1.2MW,and 2.3 MW
C e, Tt [+ T2K 6 years of v .
1 - L=810km, 15kT e 1 | atnominal, x2, and x4
- Am,2=2.410" eV? N T
0.8 E sin%26,.)=1 P -
- Am? > [2l23:I : : i
06 L i Inverted
9L - 0.6
- Jyears foreachvandv p ; i
0.4 - NOvA at 700 kW, 04 L[
- 1.2MW, and 2.3MW i r
0.2 [ +T2K6 yearsofv ) 02 L
- at nominal, x2, and x4 | [ NOvA + T2K .
0 SR I R LA S I s o -
0 0.05 0.1 0.15 0 , 0.05 0.1 0.15



MEASUREMENT OF SIN?(20,,)

Sensitivit

— 2.7
3 2.65
2.6
£ 255
< 25
2.45
2.4
2.35
2.3
2.25

,(10

L I A
269 091092 0.

y Contours (15 kt*36E20 POT)

-

-
-
---------

— 10 CL
=== 2gCL

+ input paramter

t best fit

Coo iy ||,r]'/1:"'177:\‘r‘||||| b b

93 0.94 0.95 0.96 0.97 0.9

el
8 099 1

il
sin“20,,

If sin?(20,;) = 1,
then it can be
measured to 0.004.

Otherwise, it can
be measured to
~0.02.



CP PHASE

Assuming a normal
hierarchy, and oscillation
at the starred point,
NOvVA measurement
resolves the mass
hierarchy, and constrains
Ocp to the top half of the
plane.

—
E

S

L=}

1 and 2 o Contours for Starred Point for NOVA
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I 2 3 42

__:ir:%ﬂ EIHD = T AmZ=0

| 23) = T am?<0

| NOvA 3 years

Cat7oOKW
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L 1 L I L 1 I 1 l-"‘l I 1 1 ‘. 1 1 1 | 1 L

0 0.02 0.04 0.06 0.08 0.1 012

2 sin’(6,,) sin’(2=, )



5. FUTURE PROSPECT

The topics are main subjects of the next lectures.

Only introduce the Japanese scenario briefly.



Study Symmetry Violation
T2K BEYOND between v and v

J-PARC Upgrade
KEK Roadmap Hyper-K o
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Best Optimization
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Huge v detector
*Water Cherenkov
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CONCLUSION

The next generation v oscillation
experiments beyond T2K and NOvA depend
on the outcome of the on-going experiments
(MINOS, OPERA, T2K, NOvA. DCHOOZ,
Daya-Bay, RENO, and many double beta
decay experiments)

So, the future depends on YOUR discovery.
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FTRAA duc‘
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Bend proton beam by 84.5°

;j = mongen g |
@,q"‘ N :}1_*_,@: @ Utility building # 1 Preparation section
Gﬁé‘_{;}f / JJ h jlif | (Powersupplies, Cryog 11 normal conducting magnets
& _/ ; N S 750W beam loss allowed
v s .
Iy Arc section
v 28 superconducting combined
function magnets (first application)
Ny D2.6T,Q18.6T/m, L=3.3m
2 I | 1W/m loss allowed
go i T = Final focusing (FF) section
5218 M| utility building #2 10 normal conducting magnets
%% | b i (Pow er supplies, Air Conditioner, Cooling W: 250W loss allowed
el L e W

_— Control of beam loss is critical issue




Superconducting magnets

O z@ESIMﬁ@BYl MN E()%MB@NM? Superconductlng magnets (doublet) in

o 6 doublets already installed in the tunnel

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

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

o Magnet safety system (MSS) by
Saclay

» Hardware being constructed almost on time

(Malivary tg KEK in June) MSS
Correctors p |




DU LINNVUUINDUU LLINWDO

MAGNETS

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

" I___f_—’-—-,_

"N Alignment
; Apr.15, 2008

Transport to
tunnel

2000

!

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

11 doublets in beam-line, Cryogenics installation on time. ; ?.' A Monitor Installation
Entire system will be completed by December 2008 ' € inter-CONE.


http://jnusrv00.kek.jp/jnu/photo/TS/080415_Yamada/IMG_8692.JPG�

t
magngg}%@kﬂm@ COMPON

o 11 mags in
prep.section installed
and aligned.

o Installation of FF
magnets starts in March
2008.

Misc.
o Installation of vacuum

- - r E h,
Preparation section = *

components / beam plug
started.

o Level meas. 1n progress
to monitor ground sink.




Position: 20 x ESMs

i ESM
rPROTGR BEAM MON %,

o Being assembled

o Installation started in prep
sect

Loss: 50 x Ionization chambers

o Twenty monitors are OTR
i i Carmera (40 mm diam Mirror 4
purchased in this FY ( _lw
H_

OTR detector (provided by Aumoumid el
Canada) i

o Provide all-time profile just in Helium
front of target

o Mirrors, rad-hard camera TRz g

delivered

o Manufacturing, assembling in
progress

Electronics

o FADC for CT/ESM being
produced by US

o FADC for SSEM prepared by
Korea

Beam Centre

io_110cm
Miror 1 he--------- Foil (50 mm diam.)

w



He vessel

shield

AN Iron shield
—

To decay
volume

e e

o

o Overcame water food problem during excavation in early 2007

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

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



http://jnusrv00.kek.jp/jnu/photo/TS/080219_Yamada/IMG_7763.JPG�

Target Station

22m
me

* 40t crane for remone maintenance installed on ch ‘0&
* Construction of the building to be completed in June 200



Beam Window BEAY
With pillow seal

4 AR A L3242 ViaAaA R OIS AAN A A AR d

TS VESSEL

Remote

coupling

Iron Block
'S?u 111 nSIde




Downstream dome Upstream dome

Upstream plate

Pillow seal flange
for Windoyv

Monitor chamber @TRIUMF

Beam window @RAL

+= Mockup monitorPillow seal flange
or monitor chambey

Beam window and
monitor chamber are
under assembly.at
RAL/TRIUMF arn
will be installed into
TS from July 2008.


http://jnusrv00.kek.jp/jnu/photo/TS/071206_Yamada_MIRAPRO/IMG_6195.JPG�
http://jnusrv00.kek.jp/jnu/photo/TS/071128_Yamada/IMG_5971.JPG�
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FULL SYSTEM SETUP TEST OF HORN
AND DEMONSTRATION OF
ITS REMOTE MAINTENANCE SCENARIO AT FuJI, KEK

In preparation now.
The 320 kA test operation soon.

Necessary improvements are identified and being

solved.
Hung by remote

sling tog

Setup ;.




Velocity
(Streamline 1)

I 4.132e+02

—3.099e+02

CFX analyses (STFC RAL)

[m sr-1]

AT~200K ~7TMPa(Tensile 27MPa)



PERY

777 7Ah: o
26mm(D)x900mm(L) T S aeC
SUL/FNGES| -

AT~200K ~7MPa(Tensile 27MPa)

Baffle (RAL)

Target 15t horn

86



L=94m, 6m thick
=

concrete wall
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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.

i i T —
= | 3NBT o |
L y
_ ko ; S
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7 j
1 I‘. |.
POLUUL & p!
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. t/ § N
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Upstream part Anh fme for BD core

Downstream part
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o Core will be Installed into He L
vessel 1n Oct/Nov 2008.

SMX =502.836

350.049]

400.978]

451.907

502.836!

wl02¢, 3M:4pt .cons, oipe; He=d . Ski/m2K, He gap v:0.2mm, z:2mn

500C with SMW
[Assuming phase-I target]

B ol g
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Real Installation

Production

SUMMARY OF STAPER " | scior

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 1n production phase
o Installations are starting as scheduled
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On—agig ﬁ@ﬂ:ﬁgﬁor

Monitor
Profile
Direction
Intensity (& Energy)

Iron-Scintillator
sandwich detector

Imx1mx10cm Iron
1.25¢cm thick extruded
Scinti.

New Photo-Sensor
(MPPC/S1PM)

37m

Detector
Hole

| :é:l

/' ® " |14
«—®—

O Conceptual design optimization versus PIT T

Off-axis detector

Measurement of v flux and ¢ in
the SK direction.

Detector components.
UA1 magnet (0.2T)
TPC

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, 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



280M DETECTOR HOLE CONSTRUCTION

SN o / S
2V ol D ZA 1
b7 7 et
A % i, o
/ 8 ., \h (o
/ ] s 2

\"\ 7'
T "d_ e e— —

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

Underground floors being
constructed.

UA1 magnet installation Apr-Jun,
2008

Construction is on schedule
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7-|_777 /X/»]

UA1 Magnet Yoke

B=0.2T
Fine-Grain

Magnet Coils
Detectors

AN \ AERRE:
I“

3.5x3.5x7.0m?

POD TCO /,EIIH_I oS
FGD+

A CCl11r interaction in the POD,

with full-bunch background

HBALUMR

i Bl 7E
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POD

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

o Optimized for NC n® production measurements
o Runs with/without water: C/H,0O scaling

o 17,000 NC 170 events/year in water
o
o

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 P@Dules
= 25 1.6mm brass radiators
=+ 25 Water target layers
<+ Split into 2 sub-units for pre-
installation handling
+ Central ECAL (3200 kg)
<+ 7 P@Dules
<+ 7 4mm-thick lead radiators

@ Total Mass 1s 17600 kg




KCAL

Reconstruct n°, identify e/u/n

Lead-scintillator sampling calorimeter

4cm x lem 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)

Hi

fi
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FINE GRAIN DETECTORS

e Za—kYJIN—FTvHEIFESR
- Iem x lem U FL—3, BRREBRI 74 /8—+MPPC
- 2009FEEICTA/ARM—)L

Simulated CCQE interaction
v— e~

1000 — =) -
I Al o
so — TpC1 ~* TPC2 T TPC3
0 :_ ____——___——_.“‘“H"m\
500 f— .
I-I‘I5'DI[]I I-I'IDD(I] - -IEOC' o 0 - I50[]I - ‘IIOC'[I) - ‘1I5U(I) |

Tracker volume



TPC
o 3TPC, MicroMegas & HL (8mm x Smm /\wkH A X)
0 10% EENE 9 fREE (p<1GeV/e), ~10% dE/dx 4 f#HE
o MicroMegasit{E#(XCERNTCT R, => A ERAIREA !
0 2009FEBIZ26DTPCZRE T E.

“4. ' MM1_001 (stiffener V2) (HARp tests 09/19/2007)
SCy Bl 3 2 mn

— 359 mm (neutrno beam)

24
Outer wall e o ‘
E, B\ i o E \ N
e ons Inner wall and i g v § 4 al6in s ~circui
field cage HE i 9 i h . : with mesh (not linked
N % | . : ’ - [ | to readout
‘ SR vl ’ s || 1726 active pads :
~ : =\ CES 7_" i o I
! g o
) i i
| &
|
\

"'5 2:2 mm thick PCB

beam

Vi pads used for

e /

Central cathode ﬁ\
Central

cathode HV

Ll Frontend
cards

+ 4 layers PCB with internal shielding layer & 6,9x9,7 mm pads with 7x9,8 mm pitch
+ 128 um amp. gap / 12 x $0,5 mm pillars per pad / « stretched » mesh procedure
+ 93% of PCB surface is active area / less than 2 faulty pads per module

R ——




SIDE MUON RANGE DETECTOR

BMAEI—IDOXvyv7(1L.7TecmBE)IZ o FL—42E A,
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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 all)
o Slow Control: MIDAS (TRIUMF)

[_highGalnADC[0J[0] {cycle==1} | h

C sensor h61(70.55V) 16
I agllent supply 73V
[ trim 125

E integration 25
25001 hreamp reset 4

iF
3

1500 f—
B Blue LED 2.22V
= 10nS width

240 nS delay
d=55mm

MPPC spectrum with prototype
TFB, BEB, and DAQ

transformer Capacitive coupling (50Q & 22 pF) ~

TFB system in US lab

AFTER chip and card




SUPERKAMIOKANDE

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

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

Reconstruction and simulation will be adapted

New electronics and DAQ system for the SK detector

REEEEE o8 ~850MB/sec
%' “24chiboard
. ( total 550 boards)

N
: 50~100MB/sec
h-hfllllllllllln .n.'n.'r*" .- -._—'-'-‘15;"_ 1 = Y. Offline / Storage

Preparation of the new system is on schedule!
Finalize custom chip
and board design

Mass production

7 super-KIN

Install new electronics modules
and DAQ system

Calibration




la

CERN-SPS NA61 (SHINE) EXPERIMENT

Measure /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 1int.
Replica target (90cm, 80%int): ~180k
Int.

Measurements in 2008 planned Beam

Event dis

target

100

p+C—h+XxX B
(NA6I data) |

—160

angle (mrad)

40

100 20

i
7 ] an 0

momentum (GeV)

First look of data
(PID, acceptance not corrected)



T2K-1 sensitivity with systematic errors
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FUTURE PROSPECTS
IN A FEW-YEAR SCALE

We are requesting 100kW ope
10%8 seve %H onﬁls) to ¥¥1€ Ia)lc

summer shutdown

rafion of MR for mfore than
celerator group before 2010

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

Chart”]
m:l [ A('K'EEE}'Ht(lliK()thi*hﬂ ﬂ}blilg% T 'Ln'7 'tefgﬁk
700 . ™ 7
- | —— MR(6 bunches, 3.04 sec) \
600 L{----- MR(6 bunches, 2.04 sec) =
500 |
400 | f
300 | e
200 | / PSS ol T
100 e e Z-/Zf ~ -100kW_ 1
0 E__%ZM :

2008 2009 2010 2011 2012
< . >
JFY400MeV Linac (JAEA)
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FUTURE PROJECTS

1E:utu]fe projects to investigate Lepton sector CPV / neutrino mass
lerarchy

ety com onents J-PARC power upgrade (750kW—**MW) & massive far
etector(s)

Proton decay o .
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
Just after completion of J-PARC: Apr.’09 ~
4 year (3 year 1n case R&D in 2008 goes smoothly)

For RCS/MR RF: Improvement for the magnetic alloy cut core
To achieve the high field acceleration as designed (25kV/m)
To improve procuction process / Water — Oil (paraffin) cooling
This will further increase the rep. rete

For MR Fx kicker:

To improve slow rise time 1.6us—1.1us (#b 6—8)
Without causing discharge
30GeV —40(50)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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Quter Detector

Hyper-Kamiokande

Plat form

Inner Detector
Access Drift

Opaque Sheet

Liner Water Purification System

SECT ION

Plat form

Access Drift

_i

Liner

Outer Detector

2

[nner Detector

Height 54m

I

Dia. ¢43m

Width 48m

Needs ~100,000PMTs (assume 20% coverage)







PROTON PLANS

Proton
Present r:mtr:- NOvA
Operating batch Multi-batch
Conditions Slin- Slip-stacking
(May 2007) stackin g | inRecycler
in Mi
?p?BZTCL“}tE"S'W 43-45x102 | 4.3x10" 4.3x10"
Number of 8 GeV
Batches to NuMi ! 1 12
MI Cycle Time (sec) 2.4 2.2 1.3
MI Intensity
(protons per pulse or 3.3x10" 4.5x10" 4.9x10"
PPP)
MI to NuMI (ppp) 2 45x10" 3.7x10" 4.9x10"
:E::;I Beam Power 192 320 2700
EL“,;?“SWE‘" to 2%10% 3%10% 6x102°
MI Protons/hour 4.95x10™ 7.3x10™ 1.3x10""




THE BASIC DETECTOR ELEMENT

To 1 APD pixel
A
1= L
v
-
3,
typical PR -
charged -~ ~
particle
path

Liquid Scintillator

4.1% pseudocumene as scintillant
Mineral oil and waveshifters (PPO, bis-MSB)

PVC cell for primary containment
Horizontals:3.87 cm x 6.0 cm x 15.4 m long
Verticals: 3.76 cm x 5.7 cm x 15.4 m long
Highly reflective, 15% titanium dioxide

Looped wavelength shifting fiber to collect
light
0.7 mm diameter, double clad, K27 waveshifter
Almost perfect mirror, 3.6*light in 1 fiber

Avalanche Photodiode

85% quantum efficiency
Gain of 100, operate at -15°C

Low noise amplifier




APD PHOTODETECTOR

l 1

Hamamatsu > ®

S1 Avalanche Photodiode ' AR R
(APD) [I] mmmmmm

-

Sl]_2]_]_(X) Custom Variant | Fbrbessibreibdprias
of commercial S8550 S1IAPD nom

Custom design to match to
fiber aspect ratio

Bare die mounted to PCB
via bump bonding

ainm. B ) s . -y S iy



APD ADVANTAGE

QE and Intensity

1
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0.5 ECHZL —7 \ [\ Fiber Spectrum — 8&m
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