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Overview
● T2K uses a narrow band neutrino beam: dominated by CCQE

● “Background” to CCQE is 2p2h and single pion production+FSI

– Selections are on observed topology

– Largely irreducible because can’t undo FSI process

● How much of these true interaction modes are in our selections
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SK selections

● Cylindrical Water Cherenkov detector

● 1Rμ, 1Re, 1Re1d.e. (only in FHC): 5 selections

– Analysis proceeds using lepton variables and decay electron

● Containment, ring-counting, likelihood cuts (details in backup)

● 1Rμ: reconstructed pμ > 200 MeV; 1Re: Erec<1.25 GeV

● For acceptance maps “signal” in 1Re1de is defined as 1e, 1π+

ν
μ

μ-
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SK selections FHC
● Mode breakdown of 1Rµ and 1Re selections in FHC

● CCQE (70%, 73%) and 2p2h (14%, 14%) dominant

● CC1π± present for both (11%, 8%)

● NC1π± for 1Rµ (2%), NC1π0 for 1Re (3%)

1Re FHC1Rµ FHC
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SK selections RHC
● Mode breakdown of 1Rµ and 1Re selections in RHC

● CCQE (70%, 67%) and 2p2h (11%, 10%) dominant

● CC1π± present for both (13%, 9%)

● NC1π± and CCOther for 1Rµ (1%, 2%), NC1π0 for 1Re (5%)

1Re RHC1Rµ RHC
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SK selections
● Mode breakdown of 1Re 1d.e. selections in FHC

● CC1π± dominant (82%)

● CCQE (4%), CCOther (4%), NCOther (3%)
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ND280 selections

● All selections are CC-only: select muon as high momentum 
negative(positive) track with muon PID

● Selection splits on reconstructed pion multiplicity

● CC0π, CC1π, CCOther: constrain signal and background model

● CCOther soaks up N(π±)> 1, N(π0) > 0

● Split by FGD1/2, FHC/RHC, Pion mult., Neutrino/anti-
neutrino (for RHC): 18 selections

Magnet + SMRD

TPC1 TPC2 TPC3
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ND280 selections
● CC0π constrains most of the signal model at SK

● CCQE (57%), 2p2h (10%), CC1π (20%)

FGD1 CC0π FGD1 CC0π

FGD2 CC0π FGD2 CC0π

68% of all 
FHC events 
are CC0π
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ND280 selections
● CC1π constrains background model at SK

● CC1πres (50%), CCMulti-π (18%), CC DIS (17%)

FGD1 CC1π FGD1 CC1π

FGD2 CC1π
FGD2 CC1π

17% of all 
FHC events 
are CC1π
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ND280 selections
● CCOther constrains background model at SK

● CC DIS (45%), CCMulti-π (26%), CC1πres (15%)

FGD1 CCOth
FGD1 CCOth

FGD2 CCOth FGD2 CCOth

15% of all 
FHC events 
are CCOther
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Future
● Both ND280 and SK are developing more selections to go 

into official analyses

● ND280:

– Possibility of adding in proton candidate tracks

– Dedicated νe and γ control samples

– Improved backwards and high-angle reconstruction using 
the ECal and SMRD PID and matching

● SK:

– 2 ring selection in development

– Will include much more single pion production events

– Although these events constrain oscillations less (higher 
Eν), it’s complimentary to 1Re 1d.e.

– Investigations into decay electron cuts too
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Summary
● ND280 and SK selection breakdowns shown

● T2K neutrino flux (~0.6 GeV) means CCQE dominant

● SK 1R selections dominated by CCQE (70%) and 
2p2h (15%)

– 1Re 1de dominated by CC1π± (82%)

● ND280 uses recon. pion multiplicity to split 
selections
– Fit signal and background samples for 0π physics

– CC0π: 50% CCQE, 2p2h (10%), CC1π (20%)

– Different to SK primarily due to acceptance and 
reconstruction

– 68% of selected FHC events are 0π selected
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Thanks
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ND280 event counts
T2K run 2-6, 2017-18 analyses, pre-tune

T2K run 2-8, 2018- analyses, pre-tune

N.B. MC subject to model parameters: these 
are just meant to be indicative!



15 Clarence Wret

SK event counts
T2K run 2-8, 2018- analyses, pre-tune

N.B. MC subject to model parameters: these 
are just meant to be indicative!



16 Clarence Wret

SK mode event counts
T2K run 2-8, 2018- analyses, pre-tune

N.B. MC 
subject to 
model 
parameters: 
these are 
just meant 
to be 
indicative!
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SK mode event counts
T2K run 2-8, 2018- analyses, pre-tune

N.B. MC 
subject to 
model 
parameters: 
these are 
just meant 
to be 
indicative!
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SK mode event counts
T2K run 2-8, 2018- analyses, pre-tune

N.B. MC 
subject to 
model 
parameters: 
these are 
just meant 
to be 
indicative!
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