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The T2K experiment and motivation
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T2K Measures neutrino oscillations

ʉȾʉ disappearance and ʉȾʉappearance, the oscillation 

parameters ʃ ȟʃ ȟand ɿ .

T2K is sensitive to the mass hierarchy (ЎÍ ) through 

matter effect.
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Measure un-oscillated spectrumMeasure oscillated spectrum

Are used to constrain the flux and cross section parameters reducing the systematics 

errors in the T2K oscillation analyses.

Measure flux spectrum
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Far detector

Near detector

Talks from: C.J. Valls C.Wret , S.Dolan , L. Munteanu, 

and C. Schloesser .  
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Off -axis (2.5 degrees) ND280

Å ʌ Detector (P Dɲ): neutral pion detector, optimized for NC interactions.

Å Time Projection Chambers (TPCs): energy, angle and identification

Å Fine grained detector (FGDs): active target 

Å FGD1: Hydrocarbon and FGD2: Hydrocarbon + Water

Å Electromagnetic Calorimeters (ECals): separate tracks from showers and as veto.

Å Side Muon Range Detector (SMRD): energy of muons based on the range and as veto.

Å Magnet: charge of the particles and momentum.



Why we look at ND280 solid angle acceptance?
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The ÃÏÓʃ distribution 
in the events selected for 
the ’ disappearance 

analysis at SK

SK detector 
ᴽ

acceptance

ἍἍ

The ÃÏÓʃʈdistributionND280
ᴽ

Forward-going tracks

ND280
ᴽ

acceptance
Previous T2K work

Previous T2K work

ἍἍ

Different flux, target and solid angle acceptance.

NearκŦŀǊ ŘŜǘŜŎǘƻǊ Ǌŀǘƛƻǎ ŘƻƴΩǘ Ŧǳƭƭȅ ŎŀƴŎŜƭ 
systematics:
ÅDifferent near/far detector design 

acceptance.



Why measure the ἍἍ cross -section?

Neutrino oscillation parameters require a precise knowledge of the interaction cross section 
and the systematic errors are currently dominated by cross section and flux uncertainties.
ÅCross sections are used to:

- understand how neutrinos interact with matter.

- control the bias on the reconstructed energy

- reduce uncertainties on the event rate at Super-Kamiokande.
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Å’##ρʌ events constitute the main 

background for the ’ disappearance 

measurement.

Å##ρʌ events (2 rings) is a new signal at 
SK.

ÅPion production is dominated by resonant 
interactions in the T2K energy range.

Single pion production issues

ÅMissing models of nuclear effects.

ÅNo consistent way to model RES/DIS 
transition.



Neutrino -nucleus interactions
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##1%ȡʉ Îᴼ ʈ Ð

##2%3ȡʉ Ðᴼ ʈ Ð ʌ

ʉ Îᴼ ʈ Î ʌ

As consequence, the kinematics and/or 
interaction topologycan be altered.
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Selection
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Selection steps
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ND280 
Events

general event quality 

multiplicity

time of flight 

fiducial volume

direction of the main track

apply PID for muons 
Pion multiplicity

Additional steps for 
improving the purity of 

the samples

Ⱨ ~ 93% Ⱨ ~ 85% Ⱨ ~ 92% Ⱨ ~ 94%

ECal

ECal

Preliminary Preliminary Preliminary Preliminary


