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Multi-vertex event reconstruction with fiTQun (WCTE)
Focus on charge profile
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Introduction Charge Profile

fiTQun
• FiTQun is a maximum likelihood estimation event reconstruction algorithm for

WC experiments,

• FiTQun steps:
1 Vertex pre-fitting,
2 Hit clustering,
3 Single-ring reconstruction,
4 Multi-ring reconstruction.

• likelihood, function of the particle parameters
specifying initial condition:

• vertex position x, y, z,
• time t,
• zenith angle and azimuth of the direction θ, ϕ,
• and momentum p.
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Introduction Charge Profile

Preparation for Multi-Vertex fiTQun
• Normal fiTQun only find the pion upstream track →
• Multi-Vertex needed to find pion scattering vertex ↘

Figure: Pion scattering
processes in WCTE
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Introduction Charge Profile

Cherenkov angle

• Lorentz factor γ = 1√
1−β2

• E = γm0

• ⇒ β =

√
1 − m2

0
(m0+Ek )2

• cos θ = 1
nβ

• Muon:
• Ek = 200MeV → θ = 39.1◦

• Ek = 1200MeV → θ = 43.0◦

• Pion:
• Ek = 200MeV → θ = 37.0◦

• Ek = 1200MeV → θ = 42.9◦
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Introduction Charge Profile

Charge Profile, FC muons (µ+/µ− at 15cm from wall and -29cm
height)
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Introduction Charge Profile

Charge and Time Profile, all pions
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Introduction Charge Profile

Charge Profile, Pion from 309.5 MeV to 350 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 350 MeV to 400 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 400 MeV to 450 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Introduction Charge Profile

Charge Profile, Pion from 450 MeV to 500 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 500 MeV to 550 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Introduction Charge Profile

Charge Profile, Pion from 550 MeV to 600 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 600 MeV to 650 MeV momentum

0 20 40 60 80 100 120 140 160 180
Angle [°]

0

0.05

0.1

0.15

0.2

0.25

0.3Q
 [p

.e
.]

 Charge Profile±πWCTE 

 Charge Profile+πWCTE 

 Charge Profile-πWCTE 

 Charge Profile±πWCTE 

Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Introduction Charge Profile

Charge Profile, Pion from 650 MeV to 700 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 700 MeV to 750 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 750 MeV to 800 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 800 MeV to 850 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 850 MeV to 900 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 900 MeV to 950 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Introduction Charge Profile

Charge Profile, Pion from 950 MeV to 1000 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 1000 MeV to 1050 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 1050 MeV to 1100 MeV momentum

0 20 40 60 80 100 120 140 160 180
Angle [°]

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Q
 [p

.e
.]

 Charge Profile±πWCTE 

 Charge Profile+πWCTE 

 Charge Profile-πWCTE 

 Charge Profile±πWCTE 

Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 1100 MeV to 1150 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 1150 MeV to 1200 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Introduction Charge Profile

Charge Profile, Pion from 1200 MeV to 1250 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 1250 MeV to 1300 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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Charge Profile, Pion from 1300 MeV to 1332.2 MeV momentum
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Figure: Charge [p.e.] profile in function of PMT direction [◦]
Figure: PMT direction α
used for Charge profile
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