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Neutrino mass and mixings
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Present knowledge and next steps
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2 "Normal" hierarchy €—————y "Inverted" hierarchy
1 Which one?
()
e Mixing angle 0.,
e Mass hierarchy (sign of Am,;?2 — m;>m; or my<m,)
e CP violation
e Absolute mass scale
e Dirac or Majorana
e Approaches
— LBL experiments: multi purpose (8,5, sign(Am?), CPV, 6,,, Am,;?)
— Reactor-based v, disappearance: single purpose (6,5), complementary
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Goals of T2K
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Neutrmo Bealene

Target-Horn System ; "'l'n,,mmm'll
A ‘Target Station

Muon : — 7l
Monitoring Pit / :
295km to /f
Super-Kamiokande [= ]
< p ik ///l‘

Focusing
Section

SCFM at ARC Section |

Near Neutrino Detector | | Beam Dump Decay Volurhe,,

Construction: 2004 - 2009 (~ 5 years)
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Target Station
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http://jnusrv00.kek.jp/jnu/photo/TS/090110_Yamada/IMG_5023.JPG
http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG

Hornl Installation

Installation succeeded January 2009

2nd and 3rd horn;
installation in Summer '09.

Yury Kudenko  INR-Moscow




T2K Target

Graphite 26mm(D)x900mm(L)
Forced flow Helium gas cooling
in Ti-alloy container

Remotely exchangeable

Yury Kudenko
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ND280

Neutrino Facility related with ND280

Pictures taken on Jan.13
(by Yamada-san)

NMU (Neutrino Monitoring
* will be available in April

Yury Kudenko  INR-Moscow
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JPARC milestones and timeline

LINAC fully commissioned
181 MeV achieved in January 2007

3 GeV syncrotron (RCS)
3GeV acceleration and extraction in October 2007

Main Ring
first acceleration of 30 GeV beam December 2008

Extration to neutrino beam line April 2009
30 GeV

0.1% Intensity (single bunch)

Bunch width: ~10ns < “Full beam” width (58ns)
Only 1st horn

Yury Kudenko  INR-Moscow
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Near Detectors at 280m

ND280m hall

A
A

¢ 19m

Off-axis (2.5°)

o I

Beam center

Magnet + Side-MRD
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SMRD

Photosensor issue

FGDs

INGRID

Ecal TPCs

POD

Scintillator detectors with WLS fibers

- Individual fiber readout

FGD, POD, Ecal, SMRD, INGRID: ~ 60000 readout channels
- Limited space for photosensors
- Magnetic field

T2K decision in 2004: ND280m baseline photosensor -
Multi-pixel Geiger mode avalanche photodiode

Yury Kudenko  INR-Moscow
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T2K photosensor

R&D for 3 years with 2 options: MRS APD (CPTA, Moscow)
MPPC (Hamamatsu, Japan)

T2K photosensor: MPPC

Hamamatsu MPPC: active area 1.3x1.3 mm?2

Number of pixels 667

Pixel size 50x50 um

Gain 0.5x108

PDE at 525 nm 30-35%

Dark rate, th = 0.5 p.e.,22C <500 kHz

Pulse width <100 ns
Cross-talk 10-20%

m After pulses 10-20%

Mass production 60 k devices
E started Feb 2008

i3 to be completed Feb 2009
Yury Kudenko  INR-Moscow
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Monitor the neutrino beam

Iron-Scintillator sandwich detector: 16 modules

On-Axis Neutrino Monitor (INGRID)

— Direction
— Profile
— Intensity (& Energy)

Each module consists of

entries

10000

8000

6000

4000~

2000

- 10 Iron layers

- 11 layers of extruded scintillator strips 1x5x100 cm3

- 4 side veto planes

- WLS fibers, Kuraray Y11

MPPC photosensor

12000

- neutrino profile
- at the beam center

accuracy ~ 0.18 mrad

-%oo -400 300 200 100 0 100 200 300 400 500
horizontal vertex (cm)

Yury Kudenko  INR-Moscow 18



INGRID

» The first INGRID module will be installed in
March 2009 and ready for beam in April
* 15 modules will be installed by Summer 2009

228 scintillator planes are built
*0592 channels are tested.

Yury Kudenko  INR-Moscow 19



ND280m off-axis detector

Refurbished UA1/NOMAD magnet
02T

inner volume: 3.5x3.6x7.0 m3

Pi-Zero (POD)

Optimized for =° from NC

Measure v, contamination

Tracker (2FGD + 3 TPC)

Optimized for CC studies

Measure v beam flux, E spectrum, charged particle
momenta, particle ID

ECAL

Photon detection from n°in POD and tracker
Side Muon Range Detector

Measure momentum for lateral muons

Provide trigger on cosmic rays Pi-zero
I / Detector

Yury Kudenko  INR-Moscow 20



UA1/NOMAD magnhet =
Being shipped from CERN

Total weight about 1 kt to Japan
Field 0.2T Installed in ND280 pit in 2008

16 C-shape yokes

4 colls

Shear stress

6 pancakes assem| bly_

£>1 RBE

; D 23mm 55r"’_"', |

? gl - -

Al O o

OO

: = - 3 3 demi raiioz‘:d water 2l

Instrumented with scintillators Pl
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Fiducial volume

30 cm (5.7X,)

@ 3 Super-P@Dules

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

+ Target (11000 kg)
+2857.3 kg water
=26 P@Dules
425 1.6mm brass radiators
=25 Water target layers
< Split into 2 sub-units for pre-

mstallation handling

@ Central ECAL (3200 kg)
<7 PODules
4 7 4mm-thick lead radiators

@ Total Mass 1s 17600 kg

POD

Water Target Frame

\ Water
Target
{where required)

Connector Scintillator
and Fiber e pore<
P@Dule Frame Pb Converter
Differences Between Target and ECal P@Dules
r Target P@Dules * ECal P@Dules
+ 0.6 mm Lead to convert ys r Pbis ~2 mm (x2) to contain showers
180 cm (7X0) 30 cm (5.7%,) * 26P@Dules + 14 P@Dules

[

g B B

- Side View  _ e 12
E i I

Typical - =, |
simulated ‘ i e el

n0 events =
Expected efficiency of n° | - ! ™~
reconstruction ~33% e e e
T
Yury Kudenko  INR-Moscow 22



POD scintillator test

Requirement driven by
shower reconstruction efficiency cosmic ray muons
L.Y.>5p.e./MeV at far end

1.7mm +0.2

17.0mm
+0.5

Active material length ~ 16mm
’ x Is-mmm on vertical for two bars

+0.25

. 16.50mm
T 4025

Y

33.0mm 0.5

Readout:1.3x1.3 mm2 667 pixel MPPC
Without mirror

Pocition (cm) Yield (p.e.) p.e./cm
25 cm 67.3+-09 386+-06( 198+-03
205 cm 297 +-08 175+-03

With mirror (expect): 23.8 p.e./MeV (25 cm) 15.7p.e./MeV (205 cm)

Yury Kudenko  INR-Moscow 23



Assembly Table

= Glued P@Dule
_ | nextstep, insert fibers

Yury Kudenko

P@Dule

“y b —_

INR-Moscow
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F) O D Lead

Completed
Ecal S-POD
with 7 PODules

and 7 lead

radiators

Yury Kudenko  INR-Moscow 25



Tracker: mechanical design

The tracker is supported by a basket within the UA1 magnet

26

INR-Moscow
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Plastic FGD

FGD

-

v

1" water FGD

9.6mm x 9.6mm
polystyrene scintillator bar
with WLS fiber readout

e

Full FGD has ~5800 channels

1.2 tonnes active mass

WLS fiber

MPPC

Yury Kudenko  INR-Moscow 27



FGD

* Plastic FGD: 15 XY modules (30 layers thick).

* Water FGD: 7 XY modules alternate with 6 water
layers (2.5cm thick)

"5_'-‘—__ == -

completed water module

Yury Kudenko  INR-Moscow
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TPC

gas time projection chamber modules (TPC)

3 TPC’s
5mx 2.5 m Xx QOlém

B(0.2T)
B EEEEE——

."- ; -
e E_AE giemi

l-l'-'irrqiﬂnrn-

30x30 cm?
readout

W DA m

" i

- 6 read-out planes (0.7x2.0 m?)
Maximum drift distance 1.0 m
B=0.2 T E=200V/cm

Pad size: 8x8 mm?2

100000 channels

“ﬁ.. B 95% Ar + 2% IC,H,, + 3%CF,
\ 128 um gap, gain 1000
E| Fe 5.9 keV FWHM = 19%
Yury Kudenko  INR-Moscow 29
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MicroMegas

Bulk MicroMegas technology gas amplification
12 modules (34 cm x 36 cm) on each TPC endplate

MMO2 2006 pre-production
i FPrototype for TPC Mod. 0
L1

* |._ LTI
T ‘\H‘ I-ﬂl'l'-ul

MMOZ prototype

72 modules needed for 3 TPCs

48 MM modules produced

12 MM mounted on TPC #0 in November'08
12 more modules will complete TPC #0

in February 09

MicroMegas production started
in early 2008 — 8 per month.
Complete 84 by May 20009.

Yury Kudenko  INR-Moscow 30
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TPC and FGD tests at TRIUMF

beam

Mixed beam p,=n,u,e with momenta 100-400 MeV/c

Yury Kudenko

INR-Moscow

Time Difference (ns)
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Tracker performance

Micromegas spatial resolution

T. Lindner

TPC+FGD: XZ Projection ]

| XZ Projection |

1000 1000~ ¢ ~ 0.68 mm 5 pad
i pa
800_ TPC Data i
r 800
600
. 600
400 Fit to TPC Data =
200 / 400
0 -
C FGD Data 2001~
-200 i
77| A R I (R AR T B 05L
%00 200 0 200 400 600 800 1000 1200 =

residual (mm)

Typical widths for 2 pad clusters span
from 320 um (15 cm drift length)
to 650 um (75 cm drift length)

Yury Kudenko  INR-Moscow 33



e/u separation

[ Energy loss negative polarity | | Electron/Muon separation |

420000r T § "°F
uons - —
2 8 i:a 'F"'iOﬂS E 9 —_
>18000 4 Data Mu d pions @ —
E’ Exp alach % 8 —
£16000 o ione. e E
- 2 7
14000 = o
6 — o o o o
12000 sf- o o °
i = o
10000 a4 O
8000 3 g
6000 :_ 2 ;_ 8 g & Negative Polarity
40001 1 = O Positive Polarity
[ | 1 | 1 1 | 1 1 1 | 1 1 1 1 | 1 11 1 I 1 1 1 [ 11 | 11 a 1 | | I | | | I I | | L1 11 |
100 150 200 250 300 350 %0 100 150 200 250 300 350 400
momentum (MeV) momentum (MeV)

N(o) = [dE/dx(w) — dE/dx(e))/o,

~ 50 separattion between muons and electrons for
momenta > 200 Mev/c
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TPC + FG D stopping track with decay electron

Eile Edit Wiew Options Inspect Classes Help
| YZ Projection |
400
200—
.u_
: TPC FGD
200~ in-time hits
400\~ - it
N delayed hits
-600—
_ED _I 1 1 I 11 1 | 1 1 1 | 11 | | 11 | | 1 1 1 | 1 1 1
-HIJI] =200 0 200 400 o600 800 1000
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Tracking

Typical CCQE event in tracker

vptn—->uw+p

FGOA FGD2
Fully-
recanstructad
track (muon)
fram
F&O1-TRE:
FGO2TPCY e

Reconstructed hits

VErex w
Proton :

track in
F&D

TPC1 TPC3

TPC2

Yury Kudenko

COGE EMclamncy (%)

CCOE eMficiency vs true neulfing energy

100
PRELIMINARY
50 lHJ tly | ‘_
4T . !
|
-
%II L i ‘Itl.'ﬂ:lI 11 Ill:lll:ll 1] ol

True Meuinno Erangy (MeW]

Eff (CCQE) ~50% at E, ~0.7 GeV
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ECAL functions:

ECAL 19 reconstruction around tracker

charged particle identification
energy catcher around POD
incoming activity veto

- Ecal around tracker
6 sci layers
5 Pb layers (4.5X,)
20 cm wide sci slabs
- Ecal around POD
32 sci layers
31 Pb layers, 1.75 mm each (—10X,)
4cm wide sci slabs
crossed geometry
- Downstream ECAL
37 Pb/38 sci (—12X,)
crossed geometry
- Readout
WLS fibers
MPPC’s —20k devices

Yury Kudenko  INR-Moscow 37



ECAL

2x2 m? DS
Ecal prototype

Scintillator bar

Yury Kudenko

INR-Moscow
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ECAL
DS-ECAL (10-11/08, Lancaster)

-
m._ LI

= T

| LB - lai
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SMRD

Magnet yoke:
==—=— 17 mm air gaps between iron plates
=l SMRD:

3-6 layers of the gaps instrumented
with scintillator counters

about 2000 counters

S-type configuration for fiber readout

both-end readout using MPPC’s

Scintillator counters
Length = 87 cm

Width = 17 cm
Thickmess =7 mm
S-shape grooves

WLS fiber Y11

Qiroove deptt s 2.5 Both-end MPPC readout

) Ei
T

o Secintillator thickness is 7.1 mm

Yury Kudenko  INR-Moscow 40



stainless steel
container

Y11 fibers
embedded and
glued

_ Ready for shipment
Preparation T

of S-grooves

Yury Kudenko  INR-Moscow 41



timing

Test of SMRD counters

cosmic muons

MPPC calibration

Entries 1088 : N
Meon 58 . adc_‘l Entries 4701 i adc_2 | Entries 4701
E Mz 19.37 E Mean 110.9 a Mean 114.9
35 ¥ ndt 188 /70 [ 5.1
o Constant 20.05 = 0.85 3001 " 79.6 RMS  38.31 300 RMS  36.94
300 g‘lenn 1 16:5 =07 E - 81.4
E gne 1728087 E 250  68.7
25— £
20— 3
15— £
10F
SE \ £
q: n i I|IJI| Bun; L n |
50 100 150 200 250 300 ¢ 50 100 150 200 250 0 50 100 150 200 250
TDC scale: 50ps/channel 06 e
" p niries 1088
Entries 16360 Entries 16360
Mean o2 adc_1 | — adc_2 | Ees o
= 3 I ndt 60.85 /77 E RMS 1685 RZMS 167.3
F Constant 165207 0F ¥*indf  757.1/520 90F é / ndf .szzs.fi ‘ ';m
Mean 1061= 1.0 E Constant 39.14+ 0.46 oRstant 14211 £0-31
20| Sigma 2268+ 1.01 soF Mean 4894+ 1.5 sor .h‘?nyiealrr:a :gggf ::
F 2oL LY. =287 p.e/MIP [Sigma 1207413 ok LY.=20.3pemip =2 25
15[ 605 sof-
E 50; s0F
1L a0f 40f
r 30F 30f-
5 E 205 20F
M NPT | b Mool iias 10F 10F
&70 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 [ 1
TOC. ch % 200 400 600 800 1000 % 200 400 600 800 1000
ADC, ch. ADC, ch.

s(MIP) ~1 ns

l.y. (sum of 2 ends) = 58 p.e./MIP

> 99.9%

MIP detection efficiency

Spatial resolution ~7cm

Yury Kudenko  INR-Moscow
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Quality Assurance

1000 counters delivery to JPARC in Oct 2008
1130 will be completed in February 2009 — shipment to JPARC March 2009

Cosmic muon test: L.y. in center of counter sum of both ends

£
(2]

| Entries 998
Total Mean 39.63
—— 167 mm width RMS 5778

- 175 mm width

L.Y. (p.e.)

+++*++++ it H”H“HH

[ H*Hﬂ |+ M

.I.

[
[2,]

(2
(=]

N
13,

N
[=]

-
(2

-
o

h

T T T I | ||||||.|.|”_' 1l
0 15 20 25 30 35 40 45 50 55 60

-9
o
°_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIﬂII_.L,IJlIII

el e b bown oo by v by a by vwn byvw o lyvas
50 100 150 200 250 300 350 400 450 500

L.Y. (p.e.) Extrusion number of the counter

o

Excellent performance, MIP efficiency > 99%
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Physics run

Data taking start December 2009

100kW, 30 GeV, 107sec

VM_)VG 3.7 events at CHOOZ limit
background 0.25 (v, NC ) 0.39 (beam v,)

Vu_)vu (FCFV u -like)
null oscillation oscillation
All 183.2 64.4
CCQE 118.0 22.9
CCnon-QE  58.7 35.1
NC 6.5 6.5

Yury Kudenko  INR-Moscow

oscillation
parameters

sin?2 6 ;= 1.0
Am2,,=2.4 %1073 eV?
L =295 km

44




Summary

T2K is expected to provide very exiting physics
primary goal: discovery of v,—v,

Main features: off-axis intensive v, beam from JPARC,
SuperK and ND280m Complex

Neutrino beam April 2009
muon monitor and INGRID (1 module) will be
ready for neutrino beam commissioning

ND280m (off-axis) Summer 2009
installation in UA1 magnet

Physics run December 2009

ND280m starts data taking
for oscillation and non-oscillation physics

Yury Kudenko  INR-Moscow 45
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