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T2K experlment
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Super-Kamlokande ~£5 Chiba

e Long baseline neutrino oscillation
experiment from Tokai to Kamioka.

* vV, Ve appearance to measure 013,
which leads to CP violation studies.
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Neutrino oscillation

Ve \ [ cosf —sinf V1
vy) \sinf cosf Vo

P(Ve — V)

/UZ

Mass

iEit

wy)P

(4

sinBcosO (e
,1.27Am*L(km)

— sin*20sin E(GeV)

- Weak and mass eigenstates of neutrinos differs
- Quantum mechanical interference causes neutrino oscillation
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3 generation neutrino oscillation

Ve U U Ue Vi Leptonic CKM

Vi | = | Ua U2 Us [ | V2 (MNS matrix)

Vz U Uy Uz V3
1 0 0 cosfis 0 cosBze ™ cos s sinfys 0
0 cos 023 sin 023 0 . 1 0 — sin 012 COS 912 0
0 —sin 923 COSs 023 — COS 9136_1‘5 0 COS 613 0 0 1

Ve — V,, 18 suppressed
due to small Am?,
Am?,(8;3) term dominates
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Why neutrino is interesting?

* Neutrino mass indicates new energy scale

fermion masses
de s be

U Ce te
Vir—eieV0V; ee He Te
| | 1 | ] | | | | | ] | ! | | ] | 1 | |
ueV meV eV keV MeV GeV TeV

« See-saw mechanism

— Mixing of Dirac & Majorana mass explains small my
VL, VR
; [

vy 0 mp m
VR (mD 1\/1 ) mlzght f— ﬁ 60

— Majorana mass is at GUT scale

MSESM
Mausy =Mz

40

\/IN—m%L (Qt")OGcV)2 NlOlSGCV

. mlight ~ \/25X10_36V2 20 ')
— 915 explains Baryon Asymmetry | -
Leptogenesis 0 s o s
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Large lepton mixing (PMNS)

Giving us information at GUT scale?

parameter best fit 20 30

Am3, [10-%eV?] 765505 | 7T25-8.11 | 7.05-8.34

Amd | [107%V?] | 2401017 | 218264 | 2.07-2.75

sin® 6, 0304700 | 027-0.35 | 0.25-0.37

sin® fys 050700 | 0.39-0.63 | 0.36-0.67

sin” 0.01°00) | <0040 | <0.056

Tri-Bimaximal?

sinfyp = 1 vy >= \/iﬁ(—h/u > +|v, >)
2 =) [n>= 5l >+ >+ >)
sin® B3 =0 vy >= %(zh’e —|vy > —[vr >)
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Quark mixing (CKM matrix)

d’ S’ b’ d’ s> b’ d’ s> b’
d/1 0 0 cosfys 0 cosBae™ cosf, sinfy, 0
S 0 cos 923 Sin 923 0 ' 1 0 — 8in 912 008912 0
b \ 0 —sin Bo3 cos B93 —C089136_“s 0 cosf 0 0 1

100 100 100 .
010 010 010 | Almostdiagonal
001 001 001

Cabbibo angle
sinfyp =sinfpe = A ~ 0.2

1 0 0 1 0 AA*(p —in) 1-4 )
01— AA? 0 1 0

Sin O3 = A2 sin B3¢ = AX3(p —in)

A 1
0 —AAN? 1—48 | \ AN(p—in) 0 1

0
A?

-%0
; 0 0 1
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Tri-bimaximal?

Vi Uy Uz V1 Vo Va V1 Vo U3
1 0 0 cos 013 0 cos@3e™ ™ cosfis sinfyp 0
0 cosfyy sinfos 0 | 1 0 —8infy9 cosbp 0
0 —sinfy3 cosbag —cosfize ™ 0 cosfys 0 0 1

SiIl2 923 = % SiIl2 013 =0 SiIl2 912 = l;

1 0 0 100 2 4/50

0 5 w010 /i /20

0~ %) \001 0

V2 V2 0 0 1

~— ¥

Breaking at O(A,A?)~0.1 level like CKM?

sin»3 : vy disappearance (Long baseline v)

sin3 : vp—Ve appearance (LBL), ve disappearance (reactor v)
sinU2 : ve disappearance (solar v, reactor v)
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Basic idea of T2K experiment

» Narrow band beam tuned at £,, | /. Oscillation Prob.
the oscillation maximum o0 ~ @Am?=3.0x10°
— Off-axis v beam (2.5 deg.) »

. . . . o I\
— Maximize v oscillation i v energy spectrum

(Flux x x-section)

— Suppress backgrounds from
high energy tail, beam ve

* Sub-GeV v beam (0.5-1GeV)

— CCQE(vyn—pp) dominates
Ev reconst. by g momentum
o ‘.)E,m‘\-—m',‘)
EV o 2(111‘\'—E[ 1 P]('()H(')[)
— Works well for water Cerenkov e .
(Super-K) 0 ' GeV
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v, disappearance

* P(Vu=Vvu)=1-sin?2023sin%(1.27 Am?L/E,) 5% 720010
sin22923=1 or <17 3 100} ]! Ami:szgx:gzezz
o —_—Am© = X e
. . . 1 “ — Am? =275 x 10-eV2
* Oscillation pattern in SuperK rate §eof | o X 107eY
. . n-CCQE B.G
sin22023 : Depth of Ey dip N " ’

Am?;3 : Position of Ey dip

®
=)
=3
™
r
e

40}
- 5 year sensitivity . ,PREXN b &

. > : e
0(sin®20623)~0.01 . 28 0(5"‘220) 0 01 L i e
0(Am232)~0.0001eV2s | & 1 1 %' oz(f«i‘osoe 112141618 2

oY - | TS TR SOUUUN PORY | IO . EF%(Gev)
E | N ‘:‘*’\____.b--
< - I /' o\ + .
27k '\:2:::1::: S(Am?y) < 107 eV2
26 — 6'8%C.l: . ‘_ ...... R
—g0%CL| |
2 5 b 99%C.L |stat; error only

098 099 1 1.01_1.02
sin’20
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Ve appearance

* P(vy-Ve)~sin?B23sin?2013sin?(1.27Am?213L/E\)+ CP viol.+...

013207

* 90% CL sensitivity

sin?2013~0.006 for 750kWx5yr

Expected number of events at SK (0.75kw beam x 5yr)

=

1()'2 -
Backgrounds &;
sin?20,, Signal Q
v, induced | Beamv, | Total o Q

E Ll b b LR
0.1 103
10 13 23 <
20 10 107
¢ CP VIOI- Contrlbutlon not Sma | Syster.natic:ErrorFractlon

20% sys error

CP study in the 2nd phase | — e SN &
Complementary to reactor 613

| | CHOOZ Excluded
T I A

2010 February
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J- PARC Facility
(KEK/JAEA)

- °@
- S"hchrotro
A\ ‘utnno Beams

Materials and e
Experimental Facilitys|’

(Y2007 Beams
b w——_ JFY2008 Beams
| = JFY2009 Beams

Bird's eye photo in January of 2008
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AN EXPECTED BEAM POWER CURVES

FOR RCS AND MR FAST BEAM EXTRACTION

*1. 7MW

10—
PMR (8-bunch@30Gev) = 1.6 X PR
03 ( ): Beam transfer ratio from RSC to MR
E RCS POWER
=
=, 06 6sec (2.7%) 8y upsrd A
E no / é
= -
o m
o 3.9: —
= 04 (4.5%) —3p5ec—— &~ =R AT 30GeV 4 4
< 0
1T 2. L el
(11]
— 2.23sec (7.2%)
0.2 (maximum cycle with i 2
existing power supply) E
/ 1.0séc (16%)
0.0 4 T 0
2008 2009 2010 2011 2012 2013 2014 2015
H20 H21 H22 H23 H24 H25 H26 H27
JFY
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ND280 building.

Neutrino beamline

——— - Horn magnet

------

UA1 magnet at ND280

2010 Fe

Beam Dump

Target station

| Superconducting D-Q
combined function magnet
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Target Remote Maintenance
constructed by TRIUMF/RAL

2010 February Status of T2K




Optical Transition Radiation (OTR) monitor

T2K Target

()TR ( amers:
Area I

! - I e
‘ L ' | |
A_f:- —
' F “’ Hum 3
- | m
Horn 2
Horn | + Target o ﬁ

« Beam profile monitor in front of the
1MW target

 OTR light from Ti foil is transferred to
rad-hard camera through shielding

Collimator

Protons ==t

OTR Foil
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Beamline commissioning: April 09

After ~10 shots for tuning, proton beam  OTR detector just in front of target (fluorescence plate)

O vitry mages TTS Cureet Fowt | Bt sty | Sagma revtry |

hit around target center

e 7 . " &

MR intensity
|
i
-]
{
-l
L P ————————

Proton beam profile monitor along nu beamline

- - L= - - -
o | s | 1 ' '

gl s s e i e e
| TEF SRS S T e .
— ey '. S——_ t— o -

..... — S
o) ] )

I3 Dot S ok S |
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Muon monitor (Silicon detector) profile

LBlZohm | AIonmn )

LA R
oZYELETUT

b B B A NN

8120 st |

LR

(o ’
LR R R R

S| Fit peak
73.2pC
X CENTER Y CENTER
254 cm

X SIGMA Y SIGMA
1355cm 1471 cm

S| Fit peak
159.3 pC

X CENTER Y CENTER

X SIGNA Y SIGMA
1181cm 113.7cm

Horn
Off

Horn
250kA

Akira Konaka(TRIUMF)
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Beam monitor analysis

* Detailed study of beam monitor alignment,
rotation, coordinate system, etc.

— Lead by Toronto/York postdoc and graduate students

£ E]
T T

E o It 18/ E

= " toveapt 0.3082 4 0.007678 N ~ %

>< [ | Sope  0.9785 « 0.002408 >"

| a7

= | =

o | o |

1 - -~ 1

~ ~

= | =

E s L

p< <

D) D)

ST 1 =

/M ] ] 1 ma - A . I A

m 10 < w 2 m -0 C 10

e OTR X (mm) e OTR Y (mm)
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OTR light being used from Dec.09

As the beam intensity goes up, we use OTR {foils
instead of fluorescence ceramic plate

20kW beam on Al target 50kW beam on Ti target
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Off-axis near detector (ND280)

« Canada contributes
TPC (time projection
chamber) and FGD
(fine grained detector)

built at TRIUMF
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Flux and cross section study

* Detect both leptons and hadrons

— Clean particle identification
* Momentum, dE/dx, downstream Ecal

— Understand hadronic/nuclear uncertainties

* Vertex activitie detection
» “Kinematic” & “Calorimetric” ways

1000 —

V= [p
d

1000 - TP( IP( IP(

1 | | : ded ' 1

=100
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Time Projection Chamber (TPC)

 Requirements

— momentum resolution<10%
— dE/dx resolution <10%
— Energy scale resol. <2%

Outer wall

cathode HV

* Design o @y
— Double box structure / L
~ Cupper clad G10/rohacel e Y

* remove cupper between strips using router
— Micromegas readout

— Custom ASIC with SCA (AFTER)
— Ar-CF4-iC4H10 (inner) and CO2 (outer)

« AP<0.1mb between inner and outer volume
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TPC construction g

YZ Prapecton Fun 3433 By ,‘_...— / “w

, Micromegas

Ran 343 Evert- 9

_.--.,_ aDa A RES
‘«*~ m |
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Fine Grained Detector (FGD)

« Target mass for v interaction
— 2mx2mx30cm (<1 int. length)
— one with water layers

 Detect secondaries around vertex

— Fine granurality (1cmx1cm) Ty 11
— Extruded scinti. with WLS fiber F3 f [ [ f f [

— MPPC (SiPM) readout ;lk' | LY

: e 4. A 8.8 A8 SRS

Photon counting S i ____. -

— 10psec-50MHz wave form digitizer mﬁ_é‘a'mmmﬁwﬂéqw s{qm
for Michel electron (AFTER ASIC) W”‘T‘H‘T‘T‘T‘WTI‘T‘:]T‘T‘TI‘T‘T?
— <$50/channel for sensor/electronics/powersupply
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Extruded scintillator F G D c o n s t r u Ct I o n

Front end electronics

T

Wicth = 0264
N

thwloc-ée‘.]'}_ 7
\-<
Radus » 0 824

X from leht = 4 795

8 5k ch of SOMHZ Waveform
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FGD/TPC beam test at TRIUMF

v
TPC /' FGD




M11 Beam
test results

TPC dE/dx

L

FGD Energy vs. range for muons

Res all TPC = 6.9%

TPC/FGD track match

Res 14 MM « 10.0%} Res 27 MM = 9.4%

-

}A
o
a
e

.
-

|
—

frjegneg

SRR TR T TR TR T

TPC Data

Fit to TPC Data

.
]

|
4>
7
F
C

C

=

(

RN AR RN RS =

M .
300 350
momentum (MeV)

FGD Data

- - l -
200 400 600 800 1000 1200

40950 200 0
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FGD/TPC assembly at J-PARC

Students and postdocs with experts for assembly in summer *09
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FGD/TPC installed smoothly!
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AL e e /.
| e o ‘

Why yes, that /s Hiro Tanaka hitting the FGD with a hammer.
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Neturino event on ND280
(on YouTube)
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Cosmic event with magnet on
(Yesterday’s event!)

Event number : 43 | Passition : INVALID | Run number : 2538 | Spi | INVALID | ScRun summber (0 | Time @ Wed 2010-02-03 15:51.38 JST | Tegger © 128
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« SK fully recovered (2006) SK-III
— PMT’s with acrylic/FRP cover

* Electronics/DAQ upgrade SK-IV

— High speed, deadtime-less

— Software update and detailed
calibration is ready.

— Observation of T2K neutrino event is
Imminent.

» Study of optical response of PMT
— Lead by Hiro Tanaka
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TZ2K run plan

2010 2011
Jan Feb | Mar | Apr | May | Jun JJa:n~
- Be(:v"\‘,)”m' 20 | 40 | 40 | e | 100 | 100 || 150
AW;’;&?‘%’,;”‘” 09 | 19 | 54 | 153 | 202 | 449 || 174 Presentation at
J-PARC PAC 2010
Acc. SK v, FCFV 0.7 1.6 4.5 12.7 24.2 37.1 156
Acc. SK v, sig. (bkg.) | 002 | 006 | 017 | 05 | 09 | 1.4 6.0
[sin?28,3=0.1) (0.01) | (0.01) | (0.04) | (0.1) (0.2) (0.3) (1.3)
Sin“2043 sensitivity (90% CL)
— Complementary to > Excloded by 007
. N -
reactor projects L S  Double HOOZ
\.\_‘ Daya Bay
i appearance ‘—\\ A ® TZKiGmonth/year
. = |1 20days/year '
) SenSItlve to CP assuming 20days/mont
— Daya Bay
 near detector ready 2010 %

 far detector ready 2011

2000 2010 2011 2012 2013 2014 2015 2016 2017 203Y13 2019
ear
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Future of T2K

* New far/intermediate detectors for CP
Water Cerenkov or Liquid Argon
90% CL 0, Sensitivity

— Hyper-K (300km) " —

— Korea (1100km) O\ [
— Okinoshima (600km) RS IR |
— 2km detector SR
e Accelerator upgrades oo AL
— 400Mev ”naC A /AT (R REE
— Faster CyCIing, more #p Y S S o
. Future depends onthe size | \\

of 813

1073

1072 107
sin’ 2 0., sensitivity
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Summary

T2K accelerator/beamline commissioned in 2009
— Accelerator intensity is gradually going up 20-50kW
— Beamline compnents worked as designed

Near detector installation completed in Dec.09.
— First neutrino events observed.
— Magnet commissioning is being completed.

— 100kW(13% of design) x 107sec is expected in 2010
— New technologies (e.g. MPPC, Micromegas)

Far detector SK-1V is up and running
Physics results expected in a year.

— Canadian group is taking central role in detector
construction, operation and analysis.
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Backup slides

2010 February

Status of T2K Akira Konaka(TRIUMF)
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JFY 2010 KEK budget
(to be approved by Congress)

JEY2009 JEY2010
Total Budget 300M$ 295M$

J-PARC 65M$ 68M$
B Factory 50M$ 45M$
Intern. Collab. 10M$ 10M$
Others

‘KEKB facility 6M$
Improvement’

The cut was not substantial.
Thank you for your supports last year.  K.Nishikawa @ PAC
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Leadership role towards physics
— Near detector (ND280)

* run coordinator (Dean Karlen)
 physics coordinator (Hiro Tanaka)
* vy convener (Scott Oser)
 Calibration convener (Fabrice Retiere)
« Software co-convener (Thomas Lindner)
- SK
« Co-convener (Akira Konaka)
» Graduate student (Patrick de Perio) at Kamioka

— Beam (mainly KEK/Kyoto group)

« Canadian members lead the beam monitor
analysis
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Two ways to reconstruct Ev

. Kinematic way  Calorimetric way

0 VM+A%M+p+(A-1)

+ +
Vp n— !-l l) - (Em p“)
| Ev=FEu+Ep +Mu.1)- My

p
myE, —mi /2 ,
E = — Method used at high energy

my = £, +p, cosb, e.g. MINOS, OPERA

— Nucleus carries little energy
= avoid nuclear uncertainty

— Method used at low energy
e.g. SuperK, MiniBooNE

— Only p information is needed — Uncertainty in hadron (proton)
and little hadronic uncertainty energy measurement
= TPC for PID and Py = Detect/identify each hadrons
— Nuclear uncertainties, such as FGD around the vertex
Fermi motion, Pauli blocking TPC detects before interaction

Comparing two method to untangle the nuclear and hadronic uncertainties
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o (cmz)

MINOS Preliminary

CCQE cross section

Cross section is larger than MC up to § -
a few GeV but OK for NOMAD 3 .
(consistent with large effective Ma) B
Meson exchange current? § 100
Nuclear/hadronic effects need to be g

Near Detector
- v,-CC QE Selected

- *

S N i ot == Data

= ] Flux Tuned MC
------ True v -CC DIS
e Tru@ v -CC RES

!
i -

understood! % 2 a4 6 8 10
Reconstructed E?E (GeV)
«107° MinibooNE/SciBooNE/NOMAD preliminary results
16 -
14
12 o
10E- R
= 1 - ?
8 == MiniBooNE data with total error
6 - NOMAD data with total error
4 SciBooNE data with preliminary error
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Expected SK analysis

* Input cross sections from ! [ Reconstructed E, spectrum
ND280, miniBooNE etc. Tl orimondke eventsin SK
— vy disappearance N 3 cege
« CC1m, NC1T o | = Fai g
» Very sensitive to T momentum ~ “ ;& o
— Ve @appearance ol E_! e e
« NC111%, beam ve O _
+ Calibration of the SK responses SR
— Optical parameters Expected number of events at SK (0.75kW beam x5y
— PMT response 20, (———— e signal
— More stringent study o | o - | b | 103
may be required L =
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Rt Inear turns out to be robust against hadron production models

e F, of off-axis beam is insensitive to P,

NO280

.

T Beam ay

e Decay vertex distribution is also insensi-
tive to Py
Yield  [Decay]x [Solid augle]

—z[yBer 1
e : 2°4re 4mye(1- ,30050)

P; dependences of decay and Lorentz
factors cancels for horn focused P, range
of 1.5-4GeV.

Another advantage of off-axis beam!

= Rfarnear difference between MARS and
FLUKA is 2% at the peak and 5% in the
tail, which is within the required uncer-
tainty of < 5%.
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MINOS v appearance result

Far Background: 27+5(stat)+2(sys)

Far Data:
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