T2KZEER

Ken Sakashita(KEK) for T2K collaboration
Dec/17/2010, K22 FE X R AATBRRERETS

L]

1. Introduction of T2K experiment
- Motivation, Features and Sensitivity
2. Status

3. Future prospects and Summary
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T2K: Ve appearance
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® precise measurement
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Tokai-to-Kamioka(T2K) RER =2 — MV / IREIEER

(design intensity 750kW)

ERISRL—3 3> (~500 members, 61 institutes, 12 countries)
FLW=Za2—KY /HEER@JI-PARC : #E% in 2004-2008, 13X v 3 =% in 2009
SENSHYIET — 5 OUNE % FHE



Features of T2K experiment

™ Super-Kamiokande(SK) as main neutrino detector

- 50kton water cherenkov detector (22.5kton fiducial volume)
= good PID (e/p) at sub-GeV, OEscale ~ 2%

™ High intense neutrino beam

= conventional beam with ~MW accelerator
= pure vy beam from w/K decays (small ve contamination ~1%)

M Narrow energy band v, beam == Off-axis method

M Neutrino energy reconstruction
- CCQE interactions dominate at T2K beam energy



Off-axis beam :
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the beam energy depends on the off-axis

angle (beam direction)

set off-axis angle to 2.5°

— beam energy at oscillation max.
(current Am?2;3 & L=295km)

- ~1.2k CC int./year for SK
- small high Ey tail (narrow-band)
— small # of bkg. for CCQE

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



Experimental setup
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J-PARC Neutrino beam facility
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sensitivity .,

protons(30GeV) on target

Ve appearance v, disappearance
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Status of data taking
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First T2K beam event at SK

GPSZ=FR Wi
beam spill timing™T
N A—

3 rings event

15t ring(showering)

2"d ring(showering)

3" ring (non-showering)

15t + 2nd
invariant mass : 133 MeV/c?
momentum : 148 MeV/c




Delivered proton#

Beam performance
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1st run (Jan. to Jun.) : ~50kW operation, 3.23 x 1079 protons for physics analysis
2nd run started from Nov. : increase beam power up to 115kW



Stable beam operation

Stability of proton beam position on the target (Jan-Jun)
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Stability of beam direction measured by MUMON (Jan-Jun)
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Number of events

12000

ey

on-axisEI &R 23 (INGRID) D HIE

7% I ndf

0000

=]
(=3
(=3
=]

6000

4000

2000

LI L L L L L L BRI LN

beam profile (H)

sl

Mean
Sigma

7.015/4
Constant 1.007e+04 + 58.9
0.08442 + 2.871

432.8 + 4.472

$Soo
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T2K beam events @ Super-Kamiokande

T2K beam eventsid GPSZHW/cA/XY NEEETEL 7 &

relative event timing to the spill timing (Jan-Dec.6) (FC eventsDd+)
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Observed T2K beam events @SK

single-ring p-like event

multi-ring p-like event

Super-Kamiokande IV
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Super-Kamiokande event selection

SK analysis is well established
* >20years experiences w/ Water Cherenkov detector
Event selection & cut value are fixed already

Forv, disappearance analysis For v, appearance search

Timing coincidence w/ beam timing (+TOF)

Fully contained (No OD activity)

Vertex in fiducial volume (Vertex >2m from wall)

Evis > 30MeV Evis > 100MeV

# of ring =1

u-like ring e-like ring

No decay electron

Inv. mass w/ forced-found 2" ring < 105MeV

E, ¢ < 1250MeV

2010FIE 7T — ¥ OV BT A IETTH



analysis strategy

Near Far Detector
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analysis strategy

r Far Detector
target/ Nea
p Horn - Decay volume V Detector (SuperK)
s s @' S N N
+ — + on-axis
—4-T =V | |
Om I110m 280 m 295 km
NSK E e s
obs(E"*°) SKTOVERH. spectrumDBAIE(EZ 2 Beam MC simulation
. | mll (GFLUKA)
$ FREMEE LR U TEMN 2 v
>=< : = L OK TIux
NSKexp(EreC) = w - . ND (off-axis) flux
Posc.(E) X@SK(E) X O(E) x &(E) x M(EE™) | . (ormalized by arec
® : Flux . . 1| ®3K(Ev)
o vint xsec ND spectrumBIEN SOND(E)E RS, 0. - RenEV) = "D(Ev)
e : efficiency R S < g v
E: v true energy @0@1% 2 —3@ 0.6} - e T
Erec : v reconst. energy 0.4 RSPURORSS
M(E, Erec) : :
detector response 0.2 :
CDND(E) = NNDObS(E) / (O(E) X S(E)) % 0.5 1 15 2 2.5 3
Ev (6eV)

(O (1) near-to-far extrapolation (beam MC®prediction) {Hadron productioniﬂﬂﬁ]




analysis strategy

Near Far Detector
target/ Decay volume \/.. Detector (Super)
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(2) neutrino interaction cross section — ND280DHITE + TN FE THOERERIER



NAG61/SHINE

Hadron production JAI7E
CERN NA61%5R

Super-conduction
magnets

p - C —) r[(or K) + X Time Projection

Chambers

® pilot run in 2007 and high stat. run in 2009
- 30GeV p + C (thin target 4% and T2K replica target)

reliminary results of m+ production from thin target Projectile e
Spectator
(only '07 data, 20% systematic error) Detecoor
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implement in beam MC — reduce T2K systematic uncertainty



Prospects

® 2010 2nd run started in Nov. 18th

- increasing the beam power

(115kW at present)
: £ 101
- aim to accumulate 150kW * 107 sec 2
w
by next summer -
QSZ
N
: 107
® Next step : TMW x 107sec in a few years ®
- s5in2203 = 0.05
(30 discovery @ TMW*107sec)

10°—

Final results with 3.75 x 107 MW*%*sec
(8x10?' p.o.t.)
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XEH
o KEESL=1— MU/ FEHER

- discovery of Ve app. & precise measurement of vy disapp.

o MR — 5 INEZMi

= Ist run January - June 2010
O beam power ~50kW TTi#Ex, E—LA - RHFEEDICKE
O Observed # of FCFV events : 23

O Expect first results by winter 2011 conference

- 2nd run Nov. - Summer 2011

o IREDE—LINT— 115kW
O Aim for 150kW x 107 sec = sin220¢3 ~ 0.05 (90% C.L.)

BEEE  8AH (T2KSK>Y 7 b ORED—aE U THEER)



backup



Super Kamiokande (far detector)

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

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

3 sec
‘ ‘
1\‘ ‘\‘ "\\ \\ -
A A e 1
: i H i i i : P
[\ A . | eventgate
dark noise neutrino  cosmic ray

T2K trigger = spill timing £ 500usec

b8~ 11000 x 20inch PMTs
| (inner detector)



Proton beam monitor

=7y NER®
E=L7O774)

4 11 alloy
beam foils

gmented Secondary
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en’rTransfomer (c ) Electro Satic Monitor (ESM

) Emission Monitor (SSEM)

,,,,,, : =oi = N Beam Loss Monitor (BLM)

Decay Volume monitor name |purpose quantity
CT intensity 5
ESM position 21
SSEM profile 19
BLM loss 50
OTR profile at target 1




Muon beam monitor

lon Chamber

® measure V beam direction by > b
muon profile every spill |

Silicon

® two independent monitor
covering 1.5m x 1.5m area

® Array of
lonization chamber

® Array of
Silicon PIN photo-diode

Decay Volume




V Energy Reconstruction

® V's Energy reconstruction is possible for CC Quasi-Elastic
Interaction (CCQE: Vye) + n = p(e) + p)

U
Y m, — E,, + p, cos 8,

D -
< 14—y Cross-sections s
I > i (MC)
S s Total {CC+NC) 400 || R -
£ 1] 5| ;
“?:: i Total (CC) #300 - CCQE -
= - i i
= / i events

\{ 'C Quasi-elastic

0051152253354455
E (GeV)




013 measurement by Ve appearance

P(vu —ve) =[4C,,’S..°S,. sin” @,

015

+8C,;’S,8.,8,,(C,,Cy c080 = S,,5.,5,. ) cos ., sin®, sin®,, |CPC
~8C,’C,,C,,S,,S..S,,8ind sin @, sin®, sin®,  [CPV

+48,°Cy (C Coy” +8,,°8,,°8,," = 2C1,C1,8,,8545), c0s 0)sin” B,

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

L =295 km, <Ey,> ~0.6GeV
sin®;; ~ 0.05

0 — —9, a —» —a for P(v, — U.)

15 = 76 <107 eV ([g/fm3]> ([va1> 41;:

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

® |t is possible to measure CPV by comparing v and v



Events/5 years/100MeV

Sensitivity of Ve appearance
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