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Introduction

I Interest in reconstruction of Neutral Current events

I kinematics ... conservation laws

I MCC 7 simu/reco samples – September 6, 2016

I Used results of the NueAna module
I NueAna basically converts the contents of several classes to

an ntuple
I Reconstructed Events
I Truth values
I Geant track list

I Problems
I Lots of truncated reconstructed tracks
I So use MC truth information for now.
I Explore limitations

This talk is about Multiprong and single prong events.



Neutral Current Reconstruction
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Neutral current kinematics for any final state. pf , the final state
momentum and θ, the final state direction, relative to the beam
direction, can be measured since the beam direction is known.
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Kinematics II

sinφ =
pf
νf

sin θ

MT =
∑
j

M∗
j

For baryons only. There seem to be no antibaryons. Corrections for
binding energy? M∗

j is the baryon mass, or a nucleon mass if the
baryon is not a nucleon. This is what is needed to balance the
energy conservation equation.



Momentum and Energy Balance

The incoming neutrino direction is known.
But not the initial momentum.
Need 3 constraints momentum and energy conservation

νf sinφ = pf sin θ
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P perpendicular ... nuclear Fermi motion



P parallel

νi = νf cosφ+ pf cos θ
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Energy

νi + MT = νf + Ef
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Binding energy of the nucleons. Genie issue? Single baryon 37
MeV. Multiple tracks 9 MeV? Coherent scattering 0 MeV.



Coplanarity
Coplanarity check for missing momentum νi · (νf × pf ) = 0 or
ν̂i · (ν̂f × p̂f ) = 0 or (ν̂i × ν̂f ) · pf = 0
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Neutral Current Multiplicity
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The final state multiplicity, including the neutrino. This includes all
particles including neutrals.



Primary Neutrino Energy
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Primary Neutrino Energy – Zoom in
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Raw resolution ... hundreds of MeV.



Derivatives – dνi
dp
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Derivatives – dνi
dt
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Cut on Errors – Primary Neutrino Energy
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Cut on dνi
dt and dνi

dp



Invert to Get Errors on Measurements

The errors on the recoil momentum and direction cosine based on
the difference between the MC truth values and the calculated
values of the 2 neutrino energies, νi and νf .
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Left, momentum Right cosine of the recoil angle.
dνi = ∂νi

∂p dp + ∂νi
∂t dt

dνf = ∂νf
∂p dp + ∂νf

∂t dt



Sensitivity
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Equation for νi involves dividing by MT + pf cos θ − Ef The plot
shows this can go to zero.



Cut when MT + pf cos θ − Ef is small
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Red has MT + pf cos θ − Ef > 0.1. Green has
MT + pf cos θ − Ef > 0.2.



Cut to Improve ∆E
E
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Blue has MT + pf cos θ − Ef > 0.2. Red has has
MT + pf cos θ − Ef < 0.2.



Recoil Neutrino Momentum
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Binding Energy Correction
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Binding energy corrected in blue; without in red. Small effect but
the binding energy correction gives smaller sytematic shift and
narrower energy resolution.



Binding Energy Correction II
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htemp

Entries  13012
Mean   0.05395
Std Dev    0.2126

(EnuT­NuiB)/EnuT
0.4− 0.2− 0 0.2 0.4

0

100

200

300

400

500

htemp

Entries  13012
Mean   0.05395
Std Dev    0.2126

(EnuT­NuiB)/EnuT {NAll>1&&NNu==1.&&EnuT<3.&&EnuT>2.&&abs(EnuT­NuiB)/EnuT<0.5}

htemp

Entries  12040
Mean   0.05907
Std Dev    0.2127

(EnuT­NuiB)/EnuT
0.4− 0.2− 0 0.2 0.4

0

100

200

300

400

500

htemp

Entries  12040
Mean   0.05907
Std Dev    0.2127

(EnuT­NuiB)/EnuT {NAll>1&&NNu==1.&&EnuT<4.&&EnuT>3.&&abs(EnuT­NuiB)/EnuT<0.5}

Left to right from top: 0 < Eν < 1, 1 < Eν < 2, 2 < Eν < 3,
3 < Eν < 4. Red is without the binding energy correction.



Energy Resolution
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The true neutrino spectrum for different resolutions. The black
curve is for fits with < 10% energy resolution. The red curve is for
∆E
E > 100% energy resolution.Blue 0.1 < ∆E

E < 0.2. Green

0.2 < ∆E
E < 0.4. Violet 0.4 < ∆E

E < 0.6. Orange 0.6 < ∆E
E < 1.0.



Cut for Improved Energy Resolution

htemp

Entries  62555
Mean    0.211
Std Dev    0.4782

(EnuT­NuiA)/EnuT
1.5− 1− 0.5− 0 0.5 1 1.5

0

500

1000

1500

2000

2500

3000

3500

4000

htemp

Entries  62555
Mean    0.211
Std Dev    0.4782

(EnuT­NuiA)/EnuT {NAll>1&&NNu==1.&&EnuT<5.5&&abs(EnuT­NuiA)/EnuT<1.5}

∆E
E when cut on MT + pf cos θ − Ef < 0.2 (Red)



Coherent Scattering: νAr → νAr

htemp
Entries  633

Mean  0.0002038− 

Std Dev    0.004336

(EnuT­NuiB)/EnuT
0.01− 0 0.01 0.02 0.03

0

10

20

30

40

50

htemp
Entries  633

Mean  0.0002038− 

Std Dev    0.004336

(EnuT­NuiB)/EnuT {NAll>1&&NNu==1.&&EnuT<5.5&&Xm>37.1&&Xm<37.3&&abs(EnuT­NuiA)/EnuT<0.5}

htemp

Entries  633
Mean    2.854
Std Dev     1.025

EnuT
0 1 2 3 4 5

0

2

4

6

8

10

12

14

16

18

20

htemp

Entries  633
Mean    2.854
Std Dev     1.025

EnuT {NAll>1&&NNu==1.&&EnuT<5.5&&Xm>36.8&&Xm<37.3&&abs(EnuT­NuiA)/EnuT<0.5}

Left, energy resolution < 1%. Right True and reconstructed
spectrum.
No Fermi motion.



What next?

I More prongs Done

I Neutrals? Photons, neutrons

I Reconstructed tracks

I Background? Fiducial volume and timing cuts.

I Comparison with CC events


