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DUNE
4 10-kton liquid argon TPC

Detects charged particles above thresholds

Figure: F. Capozzi
Max Planck seminar, 

2017
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Official experimental setup
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Official experimental setup
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Official experimental setup
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A neutrino event
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Signal: 𝜈" + 𝐴 → 𝑙 + 𝑋Friedland & Li, 2018
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What do particles do



Ionization
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dE/dx ~= 2 MeV/g cm^2Friedland & Li, 2018

Ø Stable

Ø Energy (E) ~= Charge (Q)

Ø 𝑙 = )
*)/*,

Ø Proton: large dE/dx

Ø Recombination: small Q

Shirley Li (SLAC)



Hadronic interaction
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Interaction length ~ 1 mFriedland & Li, 2018

Ø Knock out several nucleons

Ø 10s MeV loss to binding E 

Ø Highly stochastic

Shirley Li (SLAC)



Official experimental setup
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DUNE 2016
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Neutrons
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Extremely challenging to reconstruct neutrons

Friedland & Li, 2018
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Extremely challenging to reconstruct neutrons
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Experimental inputs



Thresholds
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DUNE CDR 2
Figure from X. Qian

ArgoNeuT
detect E <= 1 

MeV

ArgoNeuT 2018
Shirley Li (SLAC)



Experimental performance



Calorimetric energy reconstruction
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Signal: 𝜈" + 𝐴 → 𝑙 + 𝑋

1. Separate an event into 𝑙 and hadronic system

2. 𝐸" : total collected charge -> energy

3. 𝐸1: total collected charge -> energy

4. 𝐸3 = 𝐸" + 𝐸1 or 𝐸3 = 𝑓(𝐸", 𝐸1)

Shirley Li (SLAC)



Calorimetric energy reconstruction
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Signal: 𝜈" + 𝐴 → 𝑙 + 𝑋

1. Should work perfectly 
if 𝐸" →

*)
*,
→ 𝑄

2. Problem arises             

if 𝐸1 → 9 𝑑𝐸/𝑑𝑥
Missing energy
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No consensus in the field
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Energy resolution from prior work

Romeri, Fernandez-
Martinez & Sorel, 2016

Shirley Li (SLAC)



Energy reconstruction results
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Cross section



Neutrino-nucleus interaction
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Event generators: GENIE, GiBUU, NuWro, …In prep

Shirley Li (SLAC)
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Ø QE: 𝜈 + 𝑛 → 𝜇 + 𝑝

Ø RES: 𝜈 + 𝑛 → 𝑢 + Δ →

Ø DIS: 𝜈 + 𝑑 → 𝜇 + 𝑢 →



Status of cross section prediction
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Electron scattering: generator vs. data
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In prep



Status of cross section prediction
Electron scattering: generator vs. data
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In prep



Conservation?
Four-momentum not conserved

Shirley Li (SLAC) 24/25

In prep

�2 �1 0 1 2 3
En � Eout (GeV)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Pr
ob

ab
ili

ty

Energy

0 2 4 6 8 10
Momentum imbalance (GeV)

10�7

10�6

10�5

10�4

10�3

10�2

10�1

W
ei

gh
ts

pe
rb

in

Momentum



Conclusions



Mailing list??

GENIE, GiBUU, NuWro
FLUKA, GEANT4

LArSoft



Backup



Missing energy
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Hadronic energy
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Hadronic interaction
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