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Motivation

Next step in v Oscillation Experiment

e discover a finite 013

T2K: Ve appearance
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— important role for future neutrino experiments

e CPV in lepton

sector

=—> hint on Baryon# asymmetry of Universe

® mass hierarchy

® precise measurement

Is ©,3 maximal ?

T2K: vy disappearance
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T2K Experiment

Super-Kamiokande Long base-line v oscillation experiment
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Stk New accelerator(~MW),
J PARC@TOka' v beam-line & de’re‘ro
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T2K features to enhance the sensitivity

p Super-Kamiokande(SK) as main neutrino detector
) Intense narrow band v, beam from J-PARC

p Neutrino energy reconstruction :
CCQE interactions dominate at T2K beam energy



Off-axis beam : intense & narrow-band beam
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3500 the beam energy depends on the off-axis
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set off-axis angle to 2.5°
2000 . .
1500 — beam energy at oscillation max.
(current Am?,3 & L=295km)
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- small high Ey tail (narrow-band)
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GeV — small # of bkg. for CCQE

Important to keep the beam direction stable
(monitoring & controlling the beam)



Experimental Setup

Far Detector
Decay volume Near
target/ yver Muon Detector V (SuperK)
p Horn  TT detector u
------------------- P\ ceccccap
proton ——e_—sssE= .
on-axis
| | |
4’7 T UV | | |
Om I18 m 280 m 295 km
Near Detectors

e Muon monitor & on-axis neutrino detector

- monitor direction of y and v, beam

v uncertainty of beam direction to be < Tmrad

e off-axis neutrino detector

- measure Ey distribution, flux, flavor contents

® Far neutrino detector (Super-Kamiokande)
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- measure V beam composition after 295 km

17.5m




Super Kamiokande (far detector)

e 50 kton water Cherenkov detector (fiducial volume: 22.5 kton)
e good e-like(shower ring) / p-like separation, OEscale ~ 2%
e New electronics & DAQ was installed in summer 2008 & stably running

e realtime transfer of T2K beam spill (GPS) information
— trigger of T2K event

M\ M spill timing

W from JPARC 3 sec
\4 ‘*l !A \‘4\
T A T A T A R R LT
K N A - event gate
T I r
dark noise neutrino  cosmic ray

T2K trigger = spill timing + 500psec

S8~ 11000 x 20inch PMTs
| (inner detector)



Ve appearance

signal

beam v. background
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Sensitivity
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90% CL 0,, Sensitivity

— Systematic Error Fraction
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x10 improvement from CHOOZ limit



Sensitivity
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T2K beam-line



T2K Neutrino Beam-line
construction was almost completed in April/2009 [2004-2009, Syears]

Mvuon Monitor 4

'''
P

# Graphite, 26 x
900 mm long

3 Horns / 320kA
in design current

1 Y=t

e/
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PecayVolume/Dump
110m length

Super-Conducting
Combined function Magnets
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Proton beam monitor

Empty: used for
back-lighting the

, vy -

Segmn’red Secondary

Current Transfomer (CT) Electro Static Monitor (ESM) Emission Monitor (SSEM)

-
.. B ..
.

_____ v =<l Y Beam Loss Monitor (BLM)
Decay Volume N monitor name | purpose quantity
CT intensity 5
ESM position 21
SSEM profile 19
BLM loss 50
OTR profile at target 1
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Muon beam monitor

lon Cham
® measure V beam direction by B

muon profile every spill

_ber

® two independent monitor
covering 1.5m x 1.5m area

® Array of
lonization chamber

® Array of
Silicon PIN photo-diode

Silicon
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T2K beam-line D 1%

2009 Feb~March

April
May

June
~ November

November

December

2010 January

preparation for first beam

First neutrino beam
Beam commissioning

Horn 2,3 installation
Helium filled in TargetStation/DecayVolume
Horn operation test in He environment

Beam commissioning

Beam commissioning

Beam commissioning
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First T2K neutrino beam produced on April/23/2009

Muon monitor signal
at 1st shot after SC turned on

VNC: Agilent DSO50:
Run Control  Analog  Trigger  Horizontal Measure Waveform

2.00v/ 200v/ @ 20v/ @ 5009/  3.0608 1.000%/ [Trigd? ¢ -450%

ion chamber

silicon detector

scintillator
(for commissioni

Utility Menu
170 File Explorer ] Options ] Service ] Language ]
~ ~ ~ ~

OTR Image Display
Command Menu
gause/ﬂesume| Reset Hmnryl Save Current lmage] g:utl

OTR History Images OTR Current Event IPomIon Hmory] Sigma Hmoryl

2009-04-24 17:31:56 UTC Spill: 56010 Distance Corrected image

proton profile just in front of the target
after 9 shots beam tuning
(fluorescence plate)

20 15 10 5 0 S

P 18
X pos. (mm)
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T2K beam-line D 1%

2009 Feb~March

April
May

June
~ November

November

December

2010 January

preparation for first beam

First neutrino beam
Beam commissioning

Horn 2,3 installation
Helium filled in TargetStation/DecayVolume
Horn operation test in He environment

Beam commissioning

Beam commissioning

Beam commissioning
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® Goal

Beam commissioning

® establish operation of beam monitors (at high beam intensity)

® tune beam orbit and beam position and size on the target

® tune neutrino beam direction by Mumon & INGRID

period beam condition total # of highlights
protons
6 sec repetition 14 |check all the components work
2009.4~5 4~8e11 ppp (single/two bunch) only Horml 1 ~2x 1071 6 expected
3.52 repetition 14 | beam monitor studies
2009.11 ~20kW (a few shots) no Horn ~8x10 First neutrino event in INGRID
- - 3 Horns operation
2009.12 gg::w §<3f0m|nr)] ts) Horn 1,2,3 | ~4 x 1076 |high power trial
~ afew shots First neutrino event in Off-axis
2010.01 |~20kW(continuous) Horn 1,2,3 | ~5 x 1017 |high power continuous run
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Beam size

Beam size manipulation at target demonstrated

150 I I I 210

E—LZA /J:G)u%(m)

A T
E E T T T T ! T T T T ! T T T T ! T T T E
] SR A =L ABAE - AR —— -
R bk%jﬁﬁ —e— SSEM X (MR Run #28 Shot #21127) | ]
?< 004 : i : ]
5 00af
1:4‘ oozf
l omf
) »
—~ oosf | —e— SSEM Y. :JaﬂE.Eun.#za.Slm#zj.izz}. S . W E
& —e— SSEM Y (MR Run #28 Shot #21128) |
~. I — — BeamSize ¥ (calc.] -
L S rrr———— 5 -
{_( .nnzf S A — ------------------------------- ]
E 001 R H’\J --------------------- =
|
\J

= 2.3mm, G, = 2.0mm €= o, = 3.2mm, G, = 3.4mm (SSEM19)
Beam size @ 50kW trial : 5, = 6.0mm, c, = 6.5mm (intentionally enlarged)
Design: o, =4.3mm, G, = 4.3mm
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Beam monitor works well at high intensity

2.6x10"%ppp(~4kW)
width(15)=3.5mm
(e ~0.5t mm mrad)

Beam profile (SSEM)

1.2x10"°ppp(~20kW)

® Observed emittance increases at high
intensity as expected _sseoa
5000?
® | ow enough beam loss for high intensity %
beam 2000-
1000:
o

width(10)=5.9mm
(e ~1.4x mm mrad)

® |oss size was studied by putting material
(other beam monitor) in the beam

® OTR signal (Ti target) was observed

mlm“ 5.00E+04

D 4.00E+04 /
| e

?

l A ~2.5W(SSEM-in)
/\/\ — < 0.5W(SSEM-out)
)\

Beam Loss@50kW
w/ SSEM

—— w/o SSEM
except for Arc section

<
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0.00E+00
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»

SR AR

N ] \e) A < %2 > Nl A © . > ne) A )
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»
» Z= t — l 3 F E=
— - L
t A J: NIL

60 -40 20 0

SSEM02X |
TBUUUE ~
16000-

- 14000 &

* 1ooooE 3.5x10" ppp(~50kW)
8000 width(10)=8.6mm
6000
4000 (¢ ~3.0t mm mrad)
2000- X

Rad 4000 ~
3500-
3000-
2500-
2000-
15005
10005
503;
60 -40 -20 0 20 40,60
OTR:Ti target @50kW |
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y (cm)

Muon monitor measurement

Muon monitor [4.5 x 10'2 ppb, |bunch 3Horns@320kA]

measurement is
consistent each other

Muon profile measured by
Silicon and Chamber detector

(shot# 47577), 2.16 x 1012 ppb, 6 bunch
(shot# 47987), 2.10 x 102 ppb, 6 bunch
(shot# 48704), 2.13 x 1012 ppb, 6 bunch

Silicon Chamber
E 80
1300 < 60
1200 40
1100 20
1000
900
800
700
- 600 -
.80 -B0 -40 -20 0 20 40 B0 80 -80 -60 -40 -20 0 20 40 60 &0
X (cm) x (cm)
x:=3.2cm &, 77.1cm x:=23cm 6,843 cm
y:3.0cm G, 81.9cm y:4.1cm G,:91.9cm
3 horns, 320 kA
1st horn, 275 KA
% no horn, 0 kA
S 1500- T
e i e
= P
2 1000="
. 2 C
Horn focusing effect I
. 2 I e [ g PR
observed by Muon monitor & = T
@ 005 — 50
X position [cm]
peak sigma
X7. 1551 pC 82 cm
2.1/ 467 pC 95 cm
219 pC 109 cm

IC X-slice {Y-center)

IC charge [ pC / 102 protons]

40- e

S I_“_'I

20_ ;

0— |-50| — I |50| -
X position [cm)]

peak sigma

38.5 pC 90 cm

13.2 pC 103 cm

6.3 pC 125 cm
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Stability of beam

20kW continuous operation

® Beam position from MR is stable(<0.2mm day by day)
® Stability of Muon yield <1%

" . — Good beam stability
® Stability of beam angle (by Mumon) is ~0.03mrad

® Beam loss is small and stable during the run

—~ 1000 ) g
X O : »
% o : =30 &
% gm 800 PRSP NG P I Nt N o5 %
o 5 At A : 5
= I L : z
: E 1
400 : 5
i : 1 110
200 including stability of i
i beam + horn field + detector 5

fo 200 300 400 500  600°
E—Lshot#l (BFRgEHICHEY)
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Achievements in beam commissioning

& basic functionality of beam monitors and beam-line equipment
(e.g. Super-conduction combined magnet) was confirmed

& Spill information successfully transfers to SK w/o any troubles
™ high intensity trial succeeded (~50kW x ~10shots)
- beam monitor/equipment works fine & small beam loss
@ beam direction was tuned
& perform continuous operation w/ 20kW

- confirm good enough beam stability

T2K beam-line is basically ready for physics run
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adron production measurement

23



Hadron production measurement

, y Near Far Detector
(:g:n Decay volume VIJ Detector (SuperK)
— i | PR \ S R
p:t:/iﬁ jf— ===
,I_I, — u V IJ | _o_n?a;ds |
| | |
Om Il8m 280 m > O43E 295 km
o YT (14 4262)
® L, distribution is different between ND and SK . | | | |
Sh . Beam NIC simulation
® 1 ' KDEMD T (EENE-ERVAE D) st gl [(GFLUKA)
X d L SKflex .
& geometrical acceptance |- K7 ST N (offaxs) flex
P [ e (normalized by area)
® so far, no measurement of ©,K production 12— =
distribution from 30GeV proton + C interaction .2 7 =~ B AEY).
S o8 ~ e R oND(Ev)
0.6 7 """"" ++ """" + § _._-0*;_._-0-'-0—-.-_.-
0.4 , ,,,,,,,,,,, — ++_._...-9—o—""’"'+ﬂ+._ ——
hadron production is a large uncertainty in T2K 2 ji1er hadron production model
e am
— measure hadron production . Ev (GeV;



Beam

Target

Vertex TPCs

® measure hadron production in CERN NA61 experiment
(data was taken in 2007, 2009)

Main TPCs

® comparison data with T2K beam-MC

® GEANT FLUKA (old FLUKA) used in MC

Forward ~
Calorimeter

Magnets

preliminary results of Tt* production (31GeV proton + 2cm Carbon target)

P of pis (0-60mrad] Fem 5T [ PP of pi+ (60-120mrad) ,pE
niries PR — Mean
m lows’
12 R RMS —

mb/GeV/c
III}IIIlIIITIIIlIIIlIIIl

O 0

L L
16 18

20
momentum (GeV/c)

60-120mrad o data
//

— MC

L
2

4 6 8 10

12

L L L
14 16 18 2

momentum (GeV/c)

e W) PP of pi+ (;:O-imrad) ,F&E
30 = RMS _ = [ews
- 10—
O~ E —mc 0 30 E —mC
>20 ¢ 120-180mrad  » data S 30; = H\( 180-240mrad . data
= ()] = Y
(2 15— O] 15— +
O 10 z— B 10E- %‘
S 5 z— {”ﬁ = SE- *” ‘m ) 99
= 0 = N L 1 00g%0, - L L L L
= 5 5 WMM‘ ' 15 7 3 s 0 % 2 3 wese e 12 14 16 18
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momentum (GeV/c)

— YIEBEEMNT IC AT 7o 2R 6 T

momentum (GeV/c)
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Prospects & Schedule

We aim for better sensitivity than the current limit by CHOOZ using data of
physics run of 2010 as a first step

® assigned beam time from Feb/23 to June 2010 1 90% CL 615 Sensitivity (6=0

® physics run will start as soon as possible

>
10} :
s -
Next : We hope to discover Ve appearance  F
with 1-2 x 107 MW*sec in a few years Tood
® sin20:3 = 0.05 (30 discovery @ TMW*107sec) =
0.03 (30 discovery @ 2MW*10’sec) L\
o
Final results with 3.75 x 107 MW*sec 10;30_—1: E— -

(8x10%' p.o.t.) : X075 X 107MW's |

01 x 107MWss T2K goal
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Summary

® T2K neutrino oscillation experiment, our goals are

® discover vy — Ve appearance (a finite 013)
one order of magnitude sensitivity improvement
from the current limit

® v, disappearance for precise measurement of sin’20,3, Am?3

® T2K neutrino beam-line operation starts
® confirmed good enough stability of beam (dbeam angle << Tmrad)
® beam commissioning almost finish = move to physics data taking

® Aim for better sensitivity than the current limit by CHOOZ
as a first step
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backup
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V Energy Reconstruction

® Vs Energy reconstruction is possible for CC Quasi-Elastic
interaction (CCQE: Ve + n = p(e) + p)

u
g m,, — E, + p, cosf,

P m

1.4 — . _ +
> vu Cross-sections S T ——
e i) Sa0 | IR -
N S B ]
5 Total (CC) #1300 |- CCQE |
%u.a : / — - events

0.6 | \{:C Quasi-elastic .

0.4 | \

_ &

o
X

||||||||||||||||||||||||||||||||||||||||||||||

"0051152253354455
E (GeV)
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=
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013 measurement by ve appearance

P(vu —ve) ={4C,;’S,,S,," sin” @,

0,3

+8C,’S,,8.8,,(C,,C,y c0s0 = S,,8,,5,,) cos ., sin ®,, sin P,
-8C,’C,,C,;S,,5.,S,,8ind sin®., sin®d, sin®,  [CPV

CPC

+ 4S122C132 (C122C232 + S122S232S132 =2C,,C538,,5,8,5 cos ) sin” @,

L .
-8C,,’S,’S,, (1- 2S132)Z—Ecos O,,sinP,,

L =295 km, <E,> ~0.6GeV
sind®;; ~ 0.05

0 - —0, a — —a for P(v, — v,)

% = 7.6 X 10~ °[eV?] <[g/:m3]) <[G§V]> 41;5

® P(Vy—Ve)—sin?(2013) : some ambiguity due to unknown params.

® |t is possible to measure CPV by comparing v and v
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Intensity [ppp]

Stability of beam

20kW continuous operation

® Stability of beam timing < 4 nsec during a day

® Stability of proton intensity ~3% during a day

beamiYb 5 UtimingD&ZE ¥

= -
proton beamiEE DR E 4 109 10" ¢ :
13 3 i
148 10 1.08 10-6 :-—-—---——— s amanww — e - ]
1.07 107 Ers s s s s
14 10" . o <y i 12/12 I
o o [ (X ® 00 ° g 1.06 10‘6 [
D & e i ChI 0Nt InE o CCtD & SN (s g - r 12/13
SEDED & EDO IO E EIDO DI IDD 6 HDOED O SHD SSIENIND 804 = [
@Ne 0@0 a» o O waEED ° o e mnames enoe © @me [
e © 0o0 o o @ o o0 @e ®0 e o — 6|
139 101 ° ° @ o oo o < 1.0510 _ /
Loa 100 | MR condition
E was changed
13 6 [
12410 0 50 100 150 200 250 300 1.03 10 [
Shot# -6 E ]
1.02 10
0 200 400 600 800 1000 1200

NU shot#



Hardware upgrade

® collimator in the primary beam-line

® remote-controllable attenuator module
® new Horn power supply

® prepare spare target & Horn magnets

® establish remote maintenance scenario at TS

Mai“tene nce

Horn/Target remote maintenance
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