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T2K Overview
• High intensity beam of νμ travels 

295 km beneath Japan from the 
synchrotron at J-PARC in Tokai to the 
Super-Kamiokande Detector (SK).

• Near detectors at 280m measure 
unoscillated beam

• Detection of excess νe at SK is 
evidence for oscillation induced by 
θ13.  Whether this  mixing angle is 
non-zero is currently unknown.

• First T2K ν seen at 
SK in Feb 2010!

Antonin Vacheret, Imperial College London NuInt07,  May 30, June 3 2007 Fermilab

280m  On-Axis:  

INGRID

! Monitor beam direction, 
intensity and mean 
energy

! Beam coverage 10x10 m2

! 16 Modules

• Fe/Scint (5x1x100cm bar)

! O!-axis angle 
measurement accuracy : 
1mrad (<15MeV)  

• 10k events per day   

! Shift resolution 3cm -> 
1mm at target

9

Tracking plane assembly
Steel plate

Support structure

3mm o! target

"

ICHEP'06ICHEP'06 Yury KudenkoYury Kudenko 1313
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•• UA1 magnetUA1 magnet

0.2 T0.2 T
inner volume:inner volume:
3.53.5!!3.63.6!!7.0 m7.0 m33

•• PiPi--ZeroZero optimizedoptimized
for for ""00 from NCfrom NC

•• TrackerTracker optimizedoptimized
for CC studiesfor CC studies

•• surrounded bysurrounded by
ECALECAL andand
Side Side MuonMuon Range Range 
DetectorDetector

SMRDConceptual design

TOKAI  

KEK
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Identifying νe Signal

• Our primary signal is Charged Current 
Quasi-Elastic (CCQE) νe events.

Joshua Albert NC π0 Backgrounds for T2K 3/6



Identifying νe Signal

• Our primary signal is Charged Current 
Quasi-Elastic (CCQE) νe events.

W+

pn
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       Affected by oscillation
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Identifying νe Signal
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CC: Mediated by W±

       Produces lepton, revealing ν flavor
       Affected by oscillation

Eν =
mNEl −m2

l /2
mN − El + pl cos θlQE: Only the lepton is produced.

       Kinematics are simple enough that we
       can reconstruct parent ν energy.

• Look for single electron!

• Backgrounds: Beam νe, νµ mis-recon
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CC and NC

No cuts Bkg 
expectation:

CC νµ

48%
NC νµ

49%νe

3%

Virtually Irreducible



Detection at SK
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• Cherenkov light from charged particles traveling 
with β > 0.75 (the speed of light in water) is 
detected by PMTs on the walls.

• Pos, Mom, Dir, 
calculated from
patterns and 
timing info.
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particles ➠ (µ, p, π±...)
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Beam νe

34%
NC νµ

59%

CC νµ

7%

1R, e-like, no decay-e

• Cherenkov light from charged particles traveling 
with β > 0.75 (the speed of light in water) is 
detected by PMTs on the walls.

• Pos, Mom, Dir, 
calculated from
patterns and 
timing info.



NC π0 Background
• NC π0 events can emulate our 

signal through asymmetric decay

γ

γ

π0 Boost to 
Lab Frame

γ

γ

π0
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NC π0 Background
• NC π0 events can emulate our 

signal through asymmetric decay

γ

γ

π0 Boost to 
Lab Frame

γ

γ

π0

π0 γ

γ

ν

• The much fainter 2nd ring may be    
missed in normal ring-finding algorithms.

• Remaining γ-ring is indistinguishable from an e-ring.
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Super-Kamiokande III
Run 999999 Sub 0 Event 2212 
08-04-17:00:21:12

Inner: 2323 hits, 4048 pe

Outer: 6 hits, 6 pe

Trigger: 0x03

D_wall: 988.9 cm

e-like, p = 387.8 MeV/c

Charge(pe)
    >26.7
23.3-26.7
20.2-23.3
17.3-20.2
14.7-17.3
12.2-14.7
10.0-12.2
 8.0-10.0
 6.2- 8.0
 4.7- 6.2
 3.3- 4.7
 2.2- 3.3
 1.3- 2.2
 0.7- 1.3
 0.2- 0.7
    < 0.2

0 500 1000 1500 2000

10 0

10 1

10 2

10 3

Times (ns)

T2K MC
NC π0

1 e-like 
ring found

Identifying π0s
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1 e-like 
ring found

Identifying π0s
• Select most likely 2nd ring 

from vertex using likelihood.

NOTE: A 2nd ring will be 
selected whether or not it 

exists or is more favored over 
1-ring hypothesis!
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• Construct invariant mass

• Reject 74% of NC 
bkg by cutting on 
π0 mass!
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• Construct invariant mass

• Reject 74% of NC 
bkg by cutting on 
π0 mass!
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Super-Kamiokande III
Run 999999 Sub 0 Event 2212 
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Identifying π0s
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• Construct invariant mass

• Reject 74% of NC 
bkg by cutting on 
π0 mass!
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By assuming a 2nd 
ring and checking 
2R mass, we bring 
reducible bkg well 
below irreducible!

Summary



Super-Kamiokande III
Run 999999 Sub 0 Event 2212 
08-04-17:00:21:12

Inner: 2323 hits, 4048 pe

Outer: 6 hits, 6 pe
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Identifying π0s
• Select most likely 2nd ring 

from vertex using likelihood.

Final Bkg 
(all cuts)
(preliminary)

Beam νe

61%
NC νµ

38%

CC νµ 1.7%
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• Construct invariant mass

• Reject 74% of NC 
bkg by cutting on 
π0 mass!
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Reconstructed π0 mass (MeV)

νµ Bkg

       CCQE

νe Signal

       CCQE

By assuming a 2nd 
ring and checking 
2R mass, we bring 
reducible bkg well 
below irreducible!

Summary


