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Short term goal (Request)

Unvell below CHOOZ limit within 2010.
30~50 [kW 107 sec] : Reach CHOOZ limit

- T2K requests 100kW x 107 sec by 2010 summer.

(107 sec = 116 days)



Expected output vs. POT

Integrated SK events (FCFV sin22613
power [kKW 107 sec] 1-ring) Sensitivity
VU (90%CL)
Requested integrated power.
100 39 ~0.06
To improve the current limit by CHOOZ
50 20 ~0.1
Limit by CHOOZ ~0.13
30 12 ~0.15

Check the SK signal (* including multi-ring events)
Near detector study (- Dean’s talk)

6 (30kw x 30 day) 10*



Next Milestone (2011~)

Accumulate 1~2x107 [MW sec] earlier than
2014.

To keep the international competitiveness
30 discovery

1 MW x 107 sec 2 sin?26,; = 0.05

2 MW x 107 sec 2 sin?20,, = 0.03



International competition

Sin“26., sensitivity (90% CL)

"'"r’i'_-a 0.1
R 0.09
N‘I—l’
t"‘E_' 0.08 Double CHOOZ
0.07 00 kW x 107 sec Daya Bay
0.06 * T2K
0.05 (The expected beam
) power based on the
0.04 discussion with
0.03 accelerator group)
*
0.02 N
0.01 LA
[Reference] 2010 2012 2014 2016 2018
NOVA: M. Messier, FNAL Director's CD-3b Review, 2009/6/16 Year

Double CHOOZ: A. Porta, Rencontres de Moriond EW 2009, 2009/3/13
Daya Bay: P. Rubin, ibid



Beam line stat
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Goal in April / May beam commissioning

Main goal:

Pass the inspection for the radiation safety by the
government.

Establish the operation of the primary proton beam-line.

Confirm the neutrino production by observing the muons.

Confirm the pion focusing by the electromagnetic horn.
Constraint:

The installation of 2@ and 3@ horns is scheduled in this
summer.

> The number of the beam spill should be

minimized in order to reduce the radio activation.
The # of shots for the beam line tuning << 1000.



Condition @ Apr./May. commissioning

Beam condition:

~4x1011 p/bunch, 1 bunch / spill

2 bunches operation, doubled intensity (~7x1011
p/bunch) are also tested.

Single shot operation / Rep. period: 6 sec.
Beam size, bunch width is smaller than design.

15t Horn Only: 270kA
TS : Filled by Air instead of Helium.



Achievement the commissioning.

Beam orbit from MR Is stable.

Difference from the design:
0.3mm(position),0.04mrad(direction)

Primary beam line tuning

The superconducting combined-function magnets are
working well.

Beam orbit is roughly tuned in ~ 3mm level.
Operation check of beam monitors

The effect of the electromagnetic horn is confirmed.
Secondary muons are observed behind the beam dump.
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Primary beam-line & monitors

FF
section |C,P

vo

P,C,I}

Beam Monitor Number

| - Intensity (CT) 5 = |
C: Beam position (ESM) 21 Prep. || 1
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Proton beam monitors

: : # of protons @ FF exit
Intensity monitor (CT) ot protons @ FF &

Spill by spill stability: 1.9% - 291 shots
Beam timing stability: 4ns
Profile (SSEM)

Resolution
Position: ~0.1mm(H), ~0.2mm(V)

1.56x101 1.80x101

Beam size: ~0.2mm
Board component in the horizontal beam profile SSEM
is observed. S0 Horizontal
< consistent with the measurement by MR- &30
. . 200; Gaussi
profile monitor wl ausst;En
- : +parabora
Position (ESM) 100
. 50¢
Resolution: ~0.6mm ;
Bunch width in Apr/May is narrower than design. st ... .. ... e
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Integrated ADC counts

Proton beam monitors (Cont’d)

Beam profile from fluorescence plate |

Beam Profile @ target (Observed by OTR system)

(OTR: Optical Transition Radiation) —
Fluorescence plate is used instead of
Al/Ti foils.

Functionality of the optical equipment
(Mirrors, Camera, etc...) is confirmed.
Beam loss monitor (BLM)

Beam loss due to SSEM detected: 7
16mW / 1SSEM (calculation).

Beam loss other than SSEM loss is much
smaller.

]
k.

BLM signal distribution

e
@ OTR foils
fluorescence plate
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Beam Orbi
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LFT108
LFT104
LFT99
EFVI2
OF04
EFVIDL
LFT93
OF03
LFT30
OFaz
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LFT86
EFRI
BFVL
0Fai
LFT79
MEFR, 14
LFT78
MED, 14
ESH14
MEF, 13
LFT74
15D, 13
SCCELLINGZ
18Fi, 12
LFT7L

Arc-section
Superconducting combined-function Magnets

Final-Focusing

Preparation
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Horn & secondary beam-line

15t horn Is operated in ~270kA without no fatal
trouble.

Muon yied measured by Si become twice due to the
15t horn excitation.

lonization chamber also measured the profile by integrating
spills.

Muon profile by

Muon profile by Si detector lonization chamber

T Horn off sirtpeak | (INtegration of 365 spills)
q : 73.2 pC
= X CENTER Y CENTER
bl | 484cm -254cm | Ch# IC 2D-profile
X SIGMA Y SIGMA 1
0 1355cm 147.1cm 5 1300
3 1200
S| Fit peak 4
159.3 pC 5 o
X CENTER Y CENTER 6 - oM
+3.60cm +8.35cm
X SIGMA Y SIGMA 7 900
# | 1181cm 113.7cm IC# 1 2 3 4 5 6 7
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First beam to SK

SK was stably taking the data during beam.
Spill timing based on GPS is successfully sent to

Kamioka site.

No fatal delay of the data transfer during commissioning

date is happened.

Online data selection for T2K is working well.

Round trip time of

transfer during the commissioning

GPS data

spill timing 160 THRAW

%

Tokai = Kamioka - Tokai
Average: 39msec (Run23)

35msec (Run24)

from JPARC . TOF 3 sec 160 OVELW

140 [
- . < > e
_.\.f-n...._l \-il ‘4 \‘u. e, et
1 T T U T B A .
SK /\ /\  eventgate
-

(N | | : |
dark noise neutrino  cosmic ray =

|

001 0.1

wripume; | SEC
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Schedule of summer work.
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S e W ®  |hstalled 15t horn
D e
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Primary beam line work: ~ Early September.
—> Start vacuuming from Sep. 10th.

Secondary line
— 2" horn installation: 7/10 Successfully finished!
— 3 horn installation: Early August:
— Fill TS Vessel-DV-BD with Helium gas in late September

Become ready for beam operation in 2" week in October.

17



Commissioning plan towards physics run.

Total: ~ 14 days

Newly installed hardware commissioning (1 day)
Remaining beam-orbit tuning (~1 day)
Beam line stablility check (~24 hours)

Reproducibility check / orbit tuning in response to
MR beam condition change (~1 day x n times)

Study to understand the focusing by Horns (1 day)

Beam based alignment for target & horn, beam
monitors (2 days)

Proton beam-monitor study (1 day)
MUMON study including emulsion (2 days)
INGRID (Near detector on axis) (~1 day + 24 hours)
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Summary Summer

2010
Construction ) Beali e . Beall PhySe
, Commissioning installation ; Commissioning Run
Government I . ~14 days
Apr. ‘09 inspection o 1st
Now Oct. ‘09 hvsi
May. ‘09 pNysICS
result

v beam line construction is finished at the end of Mar. 2009.
— Exception: Horn 2, 3 installed in summer 2009.

o 1stv beam is generated in Apr. 2009.

— Muon signal @ beam dump is confirmed.

— Passed the government inspection. Got license to operation.
 Horn 2, 3 installation is in progress.

e Beam commissioning with full horn setup is planed from Oct.

After ~2 week beam study, v beam line become ready for physics
run.

-> 15t physics result in summer 2010.
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