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Presenter
Presentation Notes
My talk is going to focus on the backgrounds and response of the water cerenkov detectors in T2K



OutlineOutline
• T2K signal and background rates

• Water Čerenkov
 

response model
– Cross-sections and efficiencies
– Neutrino energy reconstruction
– Background rejection

• Systematic uncertainties
– Near detector(s)
– Fast global fit technique

Presenter
Presentation Notes
First I will talk about the T2K signal and background rates.
Then I will discuss a method of parameterizing the water cherenkov response model.  This response model includes cross sections and efficiencies for both signal and background, neutrino energy reconstruction, and I will also talk about background rejection.
Next I will discuss the systematic uncertainties significant to the T2K result and talk about how to control them using a near detector and include them in a global fit, which utilizes the parameterization of the water cerenkov response (and may be extended to include other detector types) so that it is fast.



T2K ExperimentT2K Experiment

SuperSuper--KK

Kamioka

Tokai

JPARCJPARC

40-50 GeV protons create off-axis
νμ

 

beam

Presenter
Presentation Notes
In T2K, muon neutrinos are produced in an off-axis beam 295 km from Super-K.  Near the target, there will be on or more detectors added to control systematics on the neutrino flux and cross sections.



Neutrino flux at SuperNeutrino flux at Super--KK
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Presenter
Presentation Notes
This is what the flux of neutrinos arriving at Super-K looks like after 5 years of data taking.  The black line is the total flux of neutrinos.
After undergoing oscillations, the pink line represents the muon neutrino flux and the green line represents the electron neutrino contribution, based on these oscillation parameters.

There are two experiments:  nu_mu disappearance and nu_e appearance.



CC/NC coherent π

 

production:
ννμμ + + 1616O O μμ-- + + 1616O + O + ππ++

νν

 

μμ

 

+ + 1616O O ννμμ + + 1616O + O + ππoo

Selection:Selection: Fully contained, Fully contained,
single-ring, single-ring,
μ-like events e-like (showering)

no decay electron
Signal:Signal:

Backgrounds:Backgrounds:

Signal and BackgroundsSignal and Backgrounds
• From off-axis νμ

 

beam at Super-K

Appearance Appearance 
ExperimentExperiment

Disappearance Disappearance 
ExperimentExperiment

CCQE:  νν

 
μμ

 

+ n + n p + p + μμ-- νν
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CC single π:
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+ N + N NN’’ + + μμ-- + + ππ NC: νν

 

+ N + N NN’’ + + νν + + ππ00

CC multi π’s:

 

νν

 

μμ

 

+ N + N NN’’ + + μμ-- + + ππ…… Beam νe

Misidentified muons
NC: νν

 

+ N + N NN’’ + + νν + + ππ...
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This slide sows the selection criteria for the disappearance and nu_e appearance experiments.
The signal for the disappearance experiment is muons from the charged current quasi elastic interaction.
The background to this signal is charged current events also producing one or more pions and neutral current events, which create pions.

For the nu_e appearance experiment, the signal is an electron.  The dominant background to this signal is neutral current events producing one pion.



Reconstructing Reconstructing νν
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EnergyEnergy
For T2K disappearance
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y-axis:  Events / 5 years / 22.5 kton / 50 MeV bin
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Interaction spectrum = 
Flux x Cross section x Efficiency
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This is what the energy distribution of neutrino interactions looks like at Super-K after 5 years of data taking, assuming these oscillation parameters.
Here, the flux that I showed on a previous slide has been multiplied by nu_mu cross sections and the detection efficiency for each type of event in a water cerenkov detector.
You can see that the most significant background is that from CC 1 pion events.  The neutral current background is small, but important to understand because events may happen where the dip is found…
This is not what we actually see, however, this is actual event energies.  These may be transformed into reconstructed energies using matrices which look like this.
These come from NUANCE or NEUT Monte Carlo used with SK reconstruction software.
The reconstructed energy distributions look like this.




ννee

 

Appearance BackgroundAppearance Background

• The π0 fitter 
(POLfit) finds a 
second ring by 
testing:
Likelihood(2γ) vs. 
Likelihood(1e)

Then fits direction 
and energy 
fraction of 2nd ring

500MeV/c π0

true Pγ2 = 55.5MeV/c
rec.Mπ0 =140.4MeV/c2

γ1
γ2

Standard
fitter

Plot from
S. Mine

• Largest background is from NC π0

 production
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As I mentioned before, NC pi0 production is the dominant background for the appearance experiment.
The pi0 decays to 2 gammas.
If the two gammas rings were clearly resolvable then this background would not be problematic; however, it is very likely that one of the gammaas will carryaway the majority of the energy.  When the energy fraction of one gamma is very small, then the signal closely resembles that of an electron.
This event display shows an example of a pi0 event and the result of a fitter which finds a faint second ring.
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signal vs. background after signal vs. background after ππ00

 
fitterfitter

Reconstructed νe Energy (GeV)Reconstructed νe Energy (GeV)
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(For Δm2=0.0025  sin22θ23 =1.0  θ13 =9°)

Before π0 fitter:
NC background ~ 40 events

After π0 fitter:
NC background ~ 10 events

Background 
estimates by 
M. Fechner
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signal for varied signal for varied θθ1313

 

valuesvalues
(For Δm2=0.0025  sin22θ23 =1.0)

θ13 =9°θ13 =6°θ13 =3°
(sin22θ13 =0.10)(sin22θ13 =0.04)(sin22θ13 =0.01)
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Of course, I’ve been showing the best case scenario with theta13 at the CHOOZ limit.

For small values of theta13, the ability to subtract the backgrounds becomes very important.  Therefore, an understanding of the systematic uncertainties is very important.



Systematic uncertaintiesSystematic uncertainties
• Precision measurement of 

θ23

 

and Δm2
23

 

and 
appearance background 
subtraction require careful 
control of systematic 
uncertainties.
– Čerenkov

 

detector 
reconstruction:

• Energy scale (~3%)
• Fiducial

 

volume (~3%)
– Cross sections

• CCQE (~10-20%)
• Other (~20-50%)

– Flux normalization and 
shape

• Hadron

 

production 
model

• Beam geometry
• Beam νe



Near Detector(s)Near Detector(s)
• Systematics may be controlled by 

using one or more near detectors.

• Fine-grained detector placed near 
the target.
– Ability to measure relative amounts of 

CCQE and nonQE
 

interactions

• Water Cerenkov 2km away from 
target.
– Flux shape matches that at far 

detector.
– Close to identical response at both 

near and far detectors.



Global oscillation fitGlobal oscillation fit
• A fit has been developed to 

determine oscillation parameters 
with the following capabilities:
– varying systematic effects
– inclusion of near and far detectors
– inclusion of both signal and 

background
– parameterized detector response

 (cross-sections, efficiency, reconstruction)

A similar approach has been used in the Super-K 
atmospheric neutrino oscillation analysis.

References:
Y. Ashie et al., Phys.Rev.Lett.93, 101801 (2004) 
G. Fogli, et al., Phys. Rev D66, 053010 (2002)

Para and Szleper (hep-ex/0110001)
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We have developed a fit to determine oscillation parameters which has the following capabilities:
Systematic effects may be varied (similarly as in the SK atmospheric oscillation analysis).
Both near and far detectors may be included.
Signal and background are included.
And the parameterized detector response is utilized.

I don’t have time to go into the specific details, but I’ve provided some references from which this technique has been developed.




Example global oscillation fitExample global oscillation fit
Δm2=0.0025  
sin22θ23 =0.95  
θ13 =0°“Data”

Prediction
Best fit Prediction   

+ Systematics

Fit Δm2

Fit sin22θ23

Uncertainty:
~2% on Δm2

23
~1.2% on sin22θ23

Preliminary 
example: no 
inclusion of 
280m detector.



ConclusionsConclusions
• Global fit of oscillation parameters 

including systematics, near 
detectors, and backgrounds is a 
work in progress.

• Current goals are
– Perform sensitivity analysis for 

oscillation parameters using different 
detector configurations.

– Determine effect of systematic 
uncertainties on T2K sensitivity.

• Method is not limited to Water 
Cerenkov detectors or to T2K-I 
experiment
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