
Incoming neutrino Outgoing lepton (muon)

nµ µ

W+

pneut pmuon =
El

pl
!"!

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

q =
q0
q3
!"!

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

Neutrino

Muon

q

Hadronic part : models recquired 

Overview of the parameters

Accessible by experiment

Model dependent

Objective : compute cross sections for 1p1h and 2p2h and study the influence of 4-
momentum q.

1p1h, 2p2h ….



1p1h & q2

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400
MiniBoone datas

1p1h

<1.0µθ0.9<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400
MiniBoone datas

1p1h

<0.9µθ0.8<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400
MiniBoone datas

1p1h

<0.8µθ0.7<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400
MiniBoone datas

1p1h

<0.7µθ0.6<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400
MiniBoone datas

1p1h

<0.6µθ0.5<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400
MiniBoone datas

1p1h

<0.5µθ0.4<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV



2p2h & q3

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 MiniBoone datas
1p1h
2p2h
1p1h+2p2h

<1.0µθ0.9<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

Q3 cut-off
0.00 GeV
0.30 GeV
0.60 GeV
0.90 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 MiniBoone datas
1p1h
2p2h
1p1h+2p2h

<0.9µθ0.8<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

Q3 cut-off
0.00 GeV
0.30 GeV
0.60 GeV
0.90 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 MiniBoone datas
1p1h
2p2h
1p1h+2p2h

<0.8µθ0.7<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

Q3 cut-off
0.00 GeV
0.30 GeV
0.60 GeV
0.90 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 MiniBoone datas
1p1h
2p2h
1p1h+2p2h

<0.7µθ0.6<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

Q3 cut-off
0.00 GeV
0.30 GeV
0.60 GeV
0.90 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 MiniBoone datas
1p1h
2p2h
1p1h+2p2h

<0.6µθ0.5<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

Q3 cut-off
0.00 GeV
0.30 GeV
0.60 GeV
0.90 GeV

(GeV)
µ

Kinetic energy of the lepton T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-1

.G
eV

2
cm

-4
1

C
ro

ss
 s

ec
tio

n 
(1

0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 MiniBoone datas
1p1h
2p2h
1p1h+2p2h

<0.5µθ0.4<cos

Q2 cut-off
0.00 GeV
0.05 GeV
0.10 GeV
0.15 GeV
0.20 GeV
0.40 GeV

Q3 cut-off
0.00 GeV
0.30 GeV
0.60 GeV
0.90 GeV



2p2h & q0
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2p2h & q3 - Interval
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Hadronic part : models recquired 

Next ?

Next : study the role of the energy of the incoming neutrino, the binding energy … 

Neutrino Energy ?

Objective : Find a relevant parameter for a good description of MiniBoone datas in 
shape.


