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Kinematics-based method

•  CC energy: divide event into reconstructed shower with highest charge and 
hadronic energy


•  CC energy: divide event into longest reconstructed track and hadronic energy


• Hadronic/Electron energy: electron lifetime (wire-by-wire) and recombination 
(constant) corrected calorimetric energy

νe

νμ
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Eν = Ecor
lep + Ecor

had
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Kinematics-based method
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Electron shower energy


Calorimetric energy calibrated with MC

Muon momentum (Longest track contained)


By track range, calibrated by MC

Muon momentum (Longest track exiting)


By multi-Coulomb scattering, calibrated by MC

Hadronic energy


By reconstructed hits not in the muon track or 
electron shower, calibrated by MC

 CCνe

Contained 
 CCνμ

Exiting 
 CCνμ
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 CC events with contained trackνμ
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Fid_Cut

abs(nuvtxx_truth) < 300. 

abs(nuvtxy_truth) < 680.

nuvtxz_truth > 40.

nuvtxz_truth < 850.

Muon track length V.S. Muon momentum Reco. Had. Energy V.S. True Had. Energy
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 CC events with contained trackνμ
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 CC events with contained trackνμ
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Fid_Cut

abs(nuvtxx_truth) < 300. 

abs(nuvtxy_truth) < 680.

nuvtxz_truth > 40.

nuvtxz_truth < 850.

Muon track length V.S. Muon momentum Reco. Had. Energy V.S. True Had. Energy
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 CC events with exiting trackνμ
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Fid_Cut

abs(nuvtxx_truth) < 300. 
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nuvtxz_truth < 850.

MCS momentum V.S. True momentum Reco. Had. Energy V.S. True Had. Energy
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 CC events with exiting trackνμ

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
MCS momentum [GeV]

0

100

200

300

400

500

Ev
en

ts
 / 

( 0
.0

5 
)

 =  0.6825 +/- 0.0044µ

 =  0.2413 +/- 0.0043σ
Mom. from 0.35 GeV to 0.70 GeV

1.2 1.4 1.6 1.8 2 2.2 2.4
MCS momentum [GeV]

0

100

200

300

400

500

600

700

Ev
en

ts
 / 

( 0
.0

5 
)

 =  1.7858 +/- 0.0042µ

 =  0.3510 +/- 0.0047σ
Mom. from 1.40 GeV to 1.75 GeV

2.6 2.8 3 3.2 3.4 3.6 3.8
MCS momentum [GeV]

0

50

100

150

200

250

Ev
en

ts
 / 

( 0
.0

5 
)

 =  3.343 +/- 0.015µ

 =  0.573 +/- 0.023σ
Mom. from 2.80 GeV to 3.15 GeV

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
MCS momentum [GeV]

0

10

20

30

40

50

60

70

80

Ev
en

ts
 / 

( 0
.0

5 
)

 =  0.30 +/- 0.12µ

 =  0.564 +/- 0.089σ
Mom. from 0.00 GeV to 0.35 GeV



Wenjie Wu

1 1.2 1.4 1.6 1.8 2 2.2
Reco hadronic energy [GeV]

0

20

40

60

80

100

120

140

160

Ev
en

ts
 / 

( 0
.0

3 
)

 =  1.20 +/- 0.01µ

 =  0.5 +/- 0.3σ
True from 2.25 GeV to 2.50 GeV

0.8 1 1.2 1.4 1.6 1.8
Reco hadronic energy [GeV]

0

50

100

150

200

250

Ev
en

ts
 / 

( 0
.0

3 
)

 =  0.80 +/- 0.01µ

 =  0.5 +/- 0.3σ
True from 1.75 GeV to 2.00 GeV

0.6 0.8 1 1.2 1.4 1.6
Reco hadronic energy [GeV]

0

50

100

150

200

250

300

350

Ev
en

ts
 / 

( 0
.0

3 
)

 =  0.838 +/- 0.009µ

 =  0.314 +/- 0.006σ
True from 1.50 GeV to 1.75 GeV

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Reco hadronic energy [GeV]

0
50

100
150
200
250
300

350
400
450

Ev
en

ts
 / 

( 0
.0

3 
)

 =  0.703 +/- 0.007µ

 =  0.277 +/- 0.005σ
True from 1.25 GeV to 1.50 GeV

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Reco hadronic energy [GeV]

0

100

200

300

400

500

600

700

800

Ev
en

ts
 / 

( 0
.0

3 
)

 =  0.407 +/- 0.006µ

 =  0.207 +/- 0.004σ
True from 0.75 GeV to 1.00 GeV

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Reco hadronic energy [GeV]

0

200

400

600

800

1000

1200

1400

Ev
en

ts
 / 

( 0
.0

3 
)

 =  0.291 +/- 0.003µ

 =  0.158 +/- 0.002σ
True from 0.50 GeV to 0.75 GeV

10

 CC events with exiting trackνμ
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 CC events with exiting trackνμ
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Fid_Cut
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 CC eventsνμ
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Parameters Current Value (for HD) Tuned Value (for VD)

GradTrkMomRange 431.0 412.0

IntTrkMomRange -40.7 -28.27

GradTrkMomMCS 0.89 1.092

IntTrkMomMCS 0.20 0.074

GradNuMuHadEnCont 0.76 0.554

IntNuMuHadEnCont -0.07 -0.069

GradNuMuHadEnExit 0.86 0.508

IntNuMuHadEnExit -0.08 -0.038
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Fid_Cut

abs(nuvtxx_truth) < 300. 

abs(nuvtxy_truth) < 680.

nuvtxz_truth > 40.

nuvtxz_truth < 850.
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Reco electron energy [GeV]
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 =  3.167 +/- 0.004µ

 =  0.126 +/- 0.006σ
True from 3.25 GeV to 3.50 GeV
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2.7 2.75 2.8 2.85 2.9 2.95 3 3.05 3.1
Reco electron energy [GeV]

0

100

200

300

400

500

Ev
en

ts
 / 

( 0
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)

 =  2.938 +/- 0.003µ

 =  0.119 +/- 0.002σ
True from 3.00 GeV to 3.25 GeV

 CC eventsνe
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0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Reco hadronic energy [GeV]

0
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( 0
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)

 =  0.430 +/- 0.003µ

 =  0.223 +/- 0.003σ
True from 0.75 GeV to 1.00 GeV
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Reco hadronic energy [GeV]
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)

 =  0.316 +/- 0.002µ

 =  0.183 +/- 0.002σ
True from 0.50 GeV to 0.75 GeV

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Reco hadronic energy [GeV]
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)

 =  0.2165 +/- 0.0009µ

 =  0.1192 +/- 0.0008σ
True from 0.25 GeV to 0.50 GeV

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Reco hadronic energy [GeV]
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160
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)

 =  0.852 +/- 0.010µ

 =  0.40 +/- 0.01σ
True from 1.75 GeV to 2.00 GeV
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Reco hadronic energy [GeV]
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 =  0.749 +/- 0.006µ

 =  0.336 +/- 0.009σ
True from 1.50 GeV to 1.75 GeV
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Reco hadronic energy [GeV]
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)

 =  0.642 +/- 0.005µ

 =  0.307 +/- 0.007σ
True from 1.25 GeV to 1.50 GeV
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Reco hadronic energy [GeV]
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( 0
.0

2 
)

 =  0.527 +/- 0.006µ

 =  0.271 +/- 0.006σ
True from 1.00 GeV to 1.25 GeV
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 CC eventsνe

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Reco hadronic energy [GeV]
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( 0
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)

 =  0.1006 +/- 0.0007µ

 =  0.0656 +/- 0.0009σ
True from 0.00 GeV to 0.25 GeV
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 CC eventsνe
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Fid_Cut

abs(nuvtxx_truth) < 300. 

abs(nuvtxy_truth) < 680.

nuvtxz_truth > 40.

nuvtxz_truth < 850.

Reco shower energy V.S. True shower energy Reco. Had. Energy V.S. True Had. Energy

0 0.5 1 1.5 2 2.5 3 3.5 4
True electron energy [GeV]

0.5

1

1.5

2

2.5

3

3.5

C
al
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im

et
ry
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[G
eV

]

 / ndf 2χ  0.1797 / 13
Intercept  0.06618± 0.03549 

Gradient  0.02777± 0.9288 

 / ndf 2χ  0.1797 / 13
Intercept  0.06618± 0.03549 

Gradient  0.02777± 0.9288 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
True hadronic energy [GeV]

0.1

0.2

0.3

0.4
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0.8
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y 
[G

eV
]  / ndf 2χ  0.03994 / 6

Intercept  0.03818± 0.05066 

Gradient  0.03327± 0.4286 

 / ndf 2χ  0.03994 / 6
Intercept  0.03818± 0.05066 

Gradient  0.03327± 0.4286 
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Parameters Current Value (for HD) Tuned Value (for VD)

    GradShwEnergy 0.985 0.929

    IntShwEnergy -0.02 0.035

    GradNuEHadEn 0.62 0.429

    IntNuEHadEn 0.02 0.051
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Energy resolution
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2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
Energy fractional residual

0

5000

10000

15000

20000

25000

30000

35000

Ev
en

ts

 / ndf 2χ   3418 / 5

Constant  1.205e+02± 3.328e+04 
Mean      0.000430± 0.002101 
Sigma     0.0005± 0.1512 

 CCνe

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
Energy fractional residual

0

500

1000

1500

2000

2500

3000

Ev
en

ts

 / ndf 2χ  45.36 / 11
Constant  23.6±  3115 
Mean      0.00191± 0.05156 
Sigma     0.0025± 0.2109 

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
Energy fractional residual

0

1000

2000

3000

4000

5000

6000

7000

8000

Ev
en

ts

 / ndf 2χ  35.32 / 11
Constant  38.7±  8216 
Mean      0.00108± 0.03739 
Sigma     0.0014± 0.2044 

Contained  CCνμ Exiting  CCνμ

• Need more study for a better understanding of the tails

- Energy dependence of the resolution


- Resolution for lepton energy and hadronic energy


- Suggestions?


