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NC	
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  is	
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  but	
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  not	
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  error	
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Neutral	
  Current	
  1	
  π0	
  events	
  
-­‐!	
  No	
  charged	
  leptons	
  at	
  vertex	
  
-­‐!	
  Any	
  number	
  of	
  neutrons	
  	
  
-­‐!	
  Any	
  number	
  of	
  protons	
  
-­‐!	
  No	
  charged	
  mesons	
  
-­‐!	
  One	
  π0	
  

How	
  can	
  we	
  iden+fy	
  these	
  events	
  in	
  ND280?	
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Monte	
  Carlo	
  simula=on	
  of	
  a	
  Single	
  π0	
  produced	
  by	
  NC	
  interac=on	
  in	
  FGD	
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Require:	
  
-­‐! Two	
  oppositely	
  charged	
  tracks	
  
-­‐! 50	
  <	
  Momentum	
  <	
  800	
  MeV/c	
  
-­‐! Start	
  within	
  10	
  cm	
  of	
  each	
  other	
  
-­‐! Invariant	
  mass	
  <	
  30	
  MeV/c2	
  
-­‐! Pair	
  starts	
  in	
  FGD	
  fiducial	
  volume	
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Require:	
  
-­‐! Not	
  connected	
  to	
  a	
  track	
  
-­‐! Maximum	
  of	
  2	
  possible	
  objects	
  
-­‐! 30.0	
  <	
  Energy	
  <	
  1000.0	
  MeV	
  
-­‐! 5	
  <	
  Nhits	
  <	
  70	
  
-­‐! No	
  delayed	
  electrons	
  	
  
-­‐! If	
  two	
  possible	
  objects,	
  take	
  higher	
  

energy	
  one	
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loss curves for different particle types. For negatively charged tracks, most tracks are identified
as muons or electrons while for positive tracks, protons, pions and positrons are clearly observed.

Figure 8. Energy loss distribution as a
function of momentum for negative tracks.

Figure 9. Energy loss distribution as a
function of momentum for positive tracks.

5. Conclusion
Since January 2010, the T2K Time Projection Chambers have been successfully taking data.
They are performing as expected and first studies indicate that the design requirements are met.
More detailed analyses to better understand their performance are in progress. The TPCs have
demonstrated to provide an essential contribution to the T2K physics programme.
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Reject	
  any	
  event	
  with:	
  
-­‐! Ac=vity	
  upstream	
  of	
  FGD1	
  
-­‐! A	
  track	
  with	
  momentum	
  >	
  1	
  GeV	
  
-­‐! Reconstructed	
  muon	
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Predic+ons	
  for	
  the	
  2011/2012	
  data	
  set:	
  
Signal	
  =	
  32	
  events	
  

Purity	
  for	
  50	
  <	
  Invariant	
  Mass	
  <	
  200	
  	
  MeV/c2	
  =	
  48%	
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Good	
  agreement	
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  data	
  
and	
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Combine	
  different	
  topologies	
  -­‐>	
  bePer	
  results:	
  
TPC/FGD+ECal 	
  32	
  events,	
  purity	
  48%	
  
FGD+FGD	
  	
  	
   	
  32	
  events,	
  purity	
  30%	
  !"#$%&''&()*+,-$./0+123$
ECal+ECal	
   	
  40	
  events,	
  purity	
  15%	
  !4#$45+16-$7)891&('3$

Beginning	
  to	
  develop	
  combined	
  analysis	
  

9

the effects of other mechanisms disentangled.

Our measurement is designed to be independent of the
assumed models of single pion production and FSI. Al-
though, in making a pure νµ or ν̄µ measurement with
a contaminated beam, we introduce some dependence on
the assumed single pion production model by subtracting
wrong-sign content. In Appendix A, we characterize this
sensitivity and present an alternative, fully-independent
measurement.

In addition, we assess the cross section for νµ and ν̄µ
induced incoherent NC 1π0 production defined at the ini-
tial neutrino interaction vertex as a means to compare
with past measurements. Such an exclusive measure-
ment is naturally quite sensitive to assumed models of
both single pion production and FSI. We use the same
selection cuts as in the primary analysis. Because co-
herent NC 1π0 production is a background to this mea-
surement, the result suffers from a fairly low predicted
signal fraction: 57% in neutrino mode and 34% in an-
tineutrino mode. We use the same selection of unsmear-
ing techniques used in the primary analysis as well. The
nonfiducial fraction is also predicted to be the same at
7%. Unlike in the inclusive measurement, the efficiency
correction includes a correction for FSI predicted using
Monte Carlo that recovers the kinematic distributions
at the initial neutrino interaction vertex. This over-
all efficiency including selection inefficiency and FSI is
predicted to be 24% in both neutrino and antineutrino
modes. After all corrections, we find the cross section to
be (5.71±0.08stat±1.45sys)×10−40 cm2/nucleon for νµ-
induced incoherent exclusive NC 1π0 production on CH2

and (1.28 ± 0.07stat ± 0.35sys) × 10−40 cm2/nucleon for
ν̄µ-induced production. These cross sections are averaged
over the MiniBooNE flux as well. Here, the significance
of FSI becomes apparent: the νµ incoherent exclusive
NC 1π0 production cross section actually exceeds the νµ
inclusive NC 1π0 production cross section. Repeating the
measurement using the models of [4] and [3] discussed in
Appendix A yields values of (6.51± 0.08stat ± 1.56sys)×
10−40 cm2/nucleon and (6.20 ± 0.08stat ± 1.52sys) ×
10−40 cm2/nucleon, respectively, for νµ induced produc-
tion, and (1.78± 0.07stat± 0.42sys)× 10−40 cm2/nucleon
and (1.62± 0.07stat ± 0.39sys)× 10−40 cm2/nucleon, re-
spectively, for ν̄µ induced production. The variation
in the measurements extracted under alternative models
of coherent pion production illustrate the model depen-
dence of the extracted incoherent cross section. These
measurements are plotted against prior measurements
and the Nuance prediction (using R-S) in Fig. 9. A
comparison can be made only to the result of the reanal-
ysis of the Gargamelle data[24] since the measurement at
Aachen-Padova was limited to production on protons[23].
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FIG. 9: (a) The flux-averaged total cross sections for νµ-
induced incoherent exclusive NC 1π0

production on CH2 cor-

rected for FSI. Points 1, 2, and 3, are the cross sections

extracted using the MiniBooNE implementation of the R-S

model for coherent pion production, the model in [4], and the

model in [3], respectively. The points are placed at the mean

energy of the beam in neutrino mode; the spread is only for

clarity. The curve is the Nuance prediction using the R-S

model. Also shown for comparison is the measurement made

from the Gargamelle data[24]. The Gargamelle experiment

used a propane and freon (C3H8 + CF3Br) target. (b) The

same for ν̄µ-induced incoherent exclusive NC 1π0
production.

In this case, there are no external measurements to compare

to.

VII. CONCLUSION

In conclusion, we have used the largest sample of NC
1π0 events collected to date to produce measurements of
absolute differential cross sections of NC 1π0 production
induced by both neutrinos and antineutrinos on CH2 as
functions of both π0 momentum and π0 angle averaged
over the MiniBooNE flux. These measurements, which
are the principal result of this work, can be found in Fig. 7
and Table IV. The total cross sections have been mea-
sured to be (4.76±0.05stat±0.76sys)×10−40 cm2/nucleon
for νµ interactions at a mean energy of 808 MeV and
(1.47 ± 0.05stat ± 0.23sys) × 10−40 cm2/nucleon for ν̄µ
interactions at a mean energy of 664 MeV. These mea-
surements should prove useful to both future oscillation
experiments seeking to constrain their backgrounds and
those developing models of single pion production seek-
ing to test their predictions. We have additionally mea-
sured total cross sections for incoherent exclusive NC 1π0

production on CH2 to compare to a prior measurement.
These cross sections were found to be (5.71 ± 0.08stat ±
1.45sys)× 10−40 cm2/nucleon for νµ-induced production
and (1.28 ± 0.07stat ± 0.35sys) × 10−40 cm2/nucleon ν̄µ-
induced production.
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