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1. This quantity is comparable 

across experiments and generators

2. Testing and tuning of neutrino 

event generators inclusively 

3. Several desirable attributes for 

an early measurement 

4. Knowledge can be expanded to 

DUNE 

5. First measurement of charged 

track multiplicity in νμ CC 

interactions in Ar

3. The Detector

4. Event Selection

6. Event Classification
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8. Results

9. Conclusions

1. Compared kinematic distributions 

from data and different GENIE models

2. Models are consistent with data at 

low multiplicities

3. Hint for slight discrepancy in data 

and MC in higher multiplicity bins
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B

We measure a large set of observables in inclusive charged current muon neutrino scattering on argon with the MicroBooNE liquid argon time projection

chamber operating at Fermilab. We evaluate three neutrino interaction models based on the widely used GENIE event generator using these observables.

The measurement uses a data set consisting of neutrino interactions with a final state muon candidate fully contained within the MicroBooNE detector.

These data were collected in 2016 with the Fermilab Booster Neutrino Beam, which has an average neutrino energy of 800 MeV, using an exposure

corresponding to 5e19 protons-on-target. The analysis employs fully automatic event selection and charged particle track reconstruction and uses a data-

driven technique to separate neutrino interactions from cosmic ray background events.

B

One prong event

wire (beam direction)

ti
m

e
 (

d
ri

ft
 d

ir
e

c
ti

o
n

)

wire (beam direction)

Four prong event

wire (beam direction)

RUN 6098 EVENT 2241, April 28th, 2016 

RUN 6102 EVENT 1954,  April 28th, 2016  

ti
m

e
 (

d
ri

ft
 d

ir
e

c
ti

o
n

)

wire (beam direction)

One prong event

Candidate muon

Candidate muon

Candidate muon

Candidate muon

cosmics

U / <PH>D<PH>
0 0.5 1 1.5 2 2.5 3 3.5 4

Ev
en

t F
ra

ct
io

n 
pe

r 0
.0

8

0

0.02

0.04

0.06

0.08

0.1

0.12
 

Signal MC
Cosmic Data
stat. uncert. only

MicroBooNE 

UMtD / DMtD
0 1 2 3 4 5 6 7 8 9 10

Ev
en

t F
ra

ct
io

n 
pe

r 0
.2

3-10

2-10

1-10

 

Signal MC
Cosmic Data
stat. uncert. only

MicroBooNE 

•Muons from neutrinos CC interactions are usually forward-going.

• Cosmic rays travel forward and backward with roughly equal probability

PH test MCS test
Rate of energy loss increases along 

the track from upstream to 

downstream end.

Scattering is more pronounced 

along the downstream end of the 

track as the momentum decreases.
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1. Abstract

Interaction vertex

pass
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Area normalized

Area normalized

Φ22 – Φ21= Φshort – Φlong

from multiplicity 2


