Final results from K2K
and

Status of T2K

Masashi Yokoyama
(Kyoto University)

XLIld Rencontres de Moriond
Electroweak Interctions and Unified Theories

|0-17 March 2007, La Thuile




Introduction
" @

Ve
o — @
? ‘
V’c m-
Atmospheric Reactor

Si5 0)
¢, 0
0 1,

Long baseline  =in0;, c;=cosH;

Latest results from K2K and Status of T2K, M.Yokoyama (Kyoto) 2/24




K2K (KEK-PS-E362)

Physics run: 1999-2004

target&horns decay volume near detectors
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pion monitor muon monitor 300m 250km
® Controlled beam properties P(Vu— V)=
® <E,> ~|.3GeV | -sin220-sin2(1.27 Am?-L/E)

® V./Vy~ %

® Known beam timing
(I.1us/2.2sec) sync. with GPS

® Known flight distance

® “Two detector’ configuration
® Reduce systematics
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Beam summary

* FIRST accelerator experiment
with >100km baseline!

Delivered protons on target V event vertex profile center
in near detector (MRD)
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Events at Super-K

Synchronization by GPS
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Events at Super-K

nchronization by GPS

No preactivity
>20MeV energy deposit

Events/10us
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Events at Super-K

Synchronization by GPS
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Events at Super-K

Synchronization by GPS
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Vy disappearance final results

Reconstructed Ey spectrum Null oscillation probability
. . . Normalization 0.06%
[58 single-ring, U-like events]
Ev spectrum shape  0.42%

Total  0.0015% (4.30)
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K2K 68%
K2K 90%
K2K 99%

PRD 74, 072003 (2006)
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Search for Vy—Ve

® Sensitive to unknown mixing angle 03
® Search single-ring, e-like event (good PID in W(v:)

® Main background: vy NC 1% —)fy
—Developed special 2nd ring search algorithm

Verified w/ Super-K atm. V

10 2
Evis:150MeV-250MeV

Data
atmospheric
v MC

0 induced event
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Rec. energy of 1st ring (MeV)

Efficiency: 70% for signal Ve, 30% for BG Tr°
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Vu— Ve final result
Observed: | PRL 96, 181801 (2006)
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Expected BG: |.
(13 v, 0.4 Vo) 02 04 06 Dé?nzze“;
5in220,.e= 0.13 @ Am? = 2.8x10-3eV2 (90% CL)

First sensitive search in this Am? region
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Neutrino interaction study
with near detectors

o CCFR

o BNL 7-feet Bar pDetecto
® ANL 12-feet
O ANL 12-feet

(10738 cm?/GeV)

Total 0
fffffff o (DIS)
- == 0 (QE)
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® NC 11 production PLB 619, 255 (2005)
o(NCm0)/0(CC)=0.064£0.001+0.007

® CC quasi-elastic form factor PRD 74, 052002 (2006) [SciFy
Ma=1.20£0.12 GeV

® CC coherent pion production PRL 95, 252301 (2005) [SciBar]
0(CC coherent mM)/0(CC)<0.060 (90% CL)
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hep-ex/0601022

- ~Interlude~

® One of K2K-ND (SciBar) is reused [ T2K

for new V-N scattering experiment,
FNAL-E954 [SciBooNE]

Precise V/V interaction study before T2K
‘Near detector’ for MiniBooNE

SciBooNE

SciBar @ CDF hall New detector hall @
% _,-ﬁ_.{. y :  Assembled detectors e e
g = e . S iy TR
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Approved in Dec. 2005,

Physics run expected before summer 2007!
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L=295km,
E~0.6GeV

J-PARC 50GeV PS
(KEK-JAEA, Tokai)

[ Imperial P. ace, Tokyo, Japan
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® Search for Vy— Ve

® Precise measurement of Vy oscillation
® CP violation in lepton sector (2nd stage)
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T2K beam

Expected osc. max

1 15 2 25 3 35 4

Pr (GeV/c) GeV

Quasi-monochromatic, intense beam by ‘off-axis’ scheme
* Tuned to oscillation maximum

* Less background from high-energy tail
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Proton beam kinetic energy | 50GeV (40GeV@T=0) ) | : .t
evatrorts,
# of protons / pulse 3.3x10" ppp -
Bunch structure Energy (GeV)
Bunch length / spacing 58 ns / 598ns
spitwidth __ |azss | & ~1x102 protons per year

T T S

MR beam power 750kWV, construction 2001-2008
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J-PARC LINAC accelerated
protons to 181 MeV (as designed)!

v o

Latest results from K2K and Status of T2K, M.Yokoyama (Kyoto) 15/24




Neutrino beamline
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Primary beamline tunnel
connected to MR

on Nov. 21, 2006!
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Target statlon

Decay volume
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constructed

Hadron absorber

(beam dump) o
core module
(Mar. 13,2007) <
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Horn/target

Ti alloy
outer tube

Prototype of Isthorn tested with
850k pulses @ 320kA (design current)!
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Near neutrino detectors

~280m from target
e Off-axis detector

® Inside UAI magnet e
g%%

® Measure Vv
energy spectrum,
cross-section, species..

® (On-axis detector

® Monitor beam
direction

® New photon-sensor
MPPC/MRS-APD
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Super-

® Recovered its original photo coverage and
running from last summer!




Precise measurement of Am?2;3/073

T2K 5x102'POT
Syr full intensity)

K2K/Super-K

K2K 68%
K2K 90%
K2K 99%

S,
~2200 vy int. sin® 20
§,.600 ¥ CC O(sin2%0,3)~0.01
per year,
~0.4% Ve @ peak 0(Am%3)<10-4eV?
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Vyu— Ve sensitivity
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Summary

o K2K was successfully completed.

® Confirmed vy oscillation.

® Proved “long baseline” experiment to
(excellently) work.

® Preparation for T2K is in the final stage.

® Accelerator/beamline under construction.

® Super-K recovered original photo-coverage.

® First beam in April 2009.
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Backup




J]-PARC beam power

Example commissioning scenarios

Discussion ongoing to maximize beam power.

400MeV LINAC from Fy2011 Need major up;;gce
in V bea. Ine - -¢ - RCS power
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T2k Vu disapp. systematics
OA2.5°,5x10?' POT

Am? [10- 3eV2] A2 [10- sevz]
, non-QE/QE (20%),

, Spectrum shape, 5 g NA49

. o)
Spectrum width (10%) measurements,
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K2K
Vyu disapp. systematlcs

Source Error(%)
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K2K

Ve candidate selection

beam Ve

vy MC MC Data
FCFV 158.5 .67 112
Single ring 100.3 | 0.99 67

Tightelike | 59 | 084 | 8

Evis > IOOMeV 5.4 0.84 7

No decay-e 4.1 0.74 5

° rejection |.3 0.38 |
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K2

K
EV spectrum @ ND
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Arbitrary unit

[ 1 MC (w/o reweighting)

5
Neutrino energy (GeV)
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Near to far extrapolation
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HARP results + beamline MC

confirmed by in-situ measurement of T kinematics
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Secondary beamline
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