
FD Reconstruction !
Efficiencies Studies II

Aaron Higuera!
University of Houston!



2

Technical Details

Sample used MC 4.0!
✤ Location /pnfs/lbne/persistent/dunepro/v04_20_00/!
✤ LArSoft v 04_20_00 e7:prof!
✤ FD geo workspace 4APA!
✤ Muon neutrinos unoscillated sample!

!

Selection!
✤ Muon neutrino events!
✤ Charged current events (~69k events)!
✤ Tracking efficiency for primary lepton (muon)!
✤ Tracking efficiency for leading pion π±!

✤ Tracking efficiency for leading pion p!
✤ Two tracks algorithms  “pmtrack”!
✤ Plot as function of true momentum(energy/angle)
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CC Vµ Events

Neutrino Energy (GeV)
0 5 10 15 20 25

Ev
en

ts

0
500

1000
1500
2000
2500
3000
3500
4000
4500

CC DIS
CC Res
CC QE
CC Other

 Vertex X (cm)
400− 300− 200− 100− 0 100 200 300 400

 V
er

te
x 

Y 
(c

m
)

800−

600−

400−

200−

0

200

400

600

800

0

5

10

15

20

25

30

Vertex X vs Y 

 Vertex Z (cm)
200− 100− 0 100 200 300 400 500 600

 V
er

te
x 

X 
(c

m
)

400−

300−

200−

100−

0

100

200

300

400

0

5

10

15

20

25

30

35

40

Vertex X vs Z 

 Vertex Z (cm)
200− 100− 0 100 200 300 400 500 600

 V
er

te
x 

Y 
(c

m
)

800−

600−

400−

200−

0

200

400

600

800

0
5
10
15
20
25
30
35
40
45
50

Vertex Y vs Z 



 Truth lenght - Reco length (cm)
50− 0 50 100 150 200 250 300

 E
ve

nt
s

0

200

400

600

800

1000

1200

1400

 Muon Momentum (GeV)
0 5 10 15 20 25

 T
ra

ck
in

g 
Ef

fic
ie

nc
y

0

0.2

0.4

0.6

0.8

1

4

Muon Tracking Efficiency (CC Vµ Events)
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For muon events that stop inside FV!
calculate residual between TG4 
trajectory and track length
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Muon Tracking Efficiency (CC Vµ Events)

Why?

Why muon tracks are missing that much?!
Let’s see some event displays
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Muon Tracking Efficiency (CC Vµ Events)

run 20000001/466/46598 (0.8 GeV µ)!
µ+π+π0

Because of π0 there is a mess at the vertex, 
therefore muon track misses first hits!
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Muon Tracking Efficiency (CC Vµ Events)

run 20000001/734/73334 (0.6 GeV µ)

µ

TPC0

Muon traversing multi TPCs!
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Muon Tracking Efficiency (CC Vµ Events)

run 20000001/734/73336 (1.1 GeV µ)

µ

TPC0
Muon traversing multi TPCs, muon track becomes two tracks!
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Pion (π±) Tracking Efficiency (CC Vµ Events)

For multi-pion events plot as a 
function of the leading pion
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Pion (π±) Tracking Efficiency (CC Vµ Events)
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For pion events that stop inside FV!
calculate residual between TG4 
trajectory and track length
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Proton Tracking Efficiency (CC Vµ Events)
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Zoom In

Generated Proton
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Proton Tracking Efficiency (CC Vµ Events)

run 20000001/466/46515 (0.3 GeV p)
Zoom In
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Proton Tracking Efficiency (CC Vµ Events)

run 20000001/579/57803 (0.2 GeV p)
Zoom In

true vertex!
no visible proton?
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Proton Tracking Efficiency (CC Vµ Events)

run 20000001/579/57837 (0.3 GeV p)

Im using PMtrack (Projection Matching 
tracker)!
!
It seems that PMtrack cannot handle 
shor track!
!
Or it need to be tuned for short track!
Protons are heavy ionizing particles 
therefore they don’t travel through the 
Argon as muon or pions
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Proton PC (0.1-6 GeV)
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1K PC Protons !
Same conclusion!
It seems that PM tracking has a 
300 MeV threshold for protons!

Zoom In
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The End


