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Whatis o(E,)?

Energy resolution from previous works
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Why do we care?

Energy resolution impacts oscillation measurements
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Why do we care?

Energy resolution impacts BSM searches
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o(E,) & v-A cross sections

Large v-A cross section uncertainties

Data from Day et al., 1993

Ankowski, Friedland & Li, in prep

4.0

3.5 7

3.0

2.5

2.0

1.5 7

1.0 5

d?c /dwdQ) (ub/GeV -sr)

0.5

3.595 GeV @ 16.02° e-C scattering
GiBUU :

GENIE

QF

"4

/

DIS

0.0

0.2

0.4

Energy transfer w (GeV)

|
0.6

Shirley Li (Fermilab)

|
0.8

|
1.0

|
1.2

1.4

0.2

0.4

|
0.6

|
0.8

|
1.0

|
1.2

Energy transfer w (GeV)

1.4

1.6

5/29



o(E,) & v-A cross sections

Large v-A cross section uncertainties
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o(E,) & v-A cross sections

Large v-A cross section uncertainties

Data from Day et al., 1993

Ankowski, Friedland & Li, in prep
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How do cross section uncertainties
impact oscillation analysis?
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The overarching question

How well can we measure neutrino energy?
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The scope of the work

A theorist’s view of liquid argon detectors
(GENIE+FLUKA)

~100s MeV
-- a few GeV

Detects charged particle tracks
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_alorimetric energy reconstructior
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1. Separate [ and hadronic system
2. Ej:total collected charge -> energy
3. Ej: total collected charge -> energy

4. Ev = El + Eh or E‘V — f(El'Eh)

How to characterize its performance?
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_alorimetric energy reconstructior

Signal: v +A—-> 1+ X

1.2

1. Should work perfectly if
E, — ionization (3—2) —

charge 2
S 0.6
E
2. Problem arises 0.4+
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Reconstructed E,

Understanding missing energy is the key
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A concrete example

Charge distributions of neutrino events
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Hadronic energy

Prompt v vertex: v + A > [+ X

Friedland & Li, 2018
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30 — 40% of neutrino energy, large fluctuations
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Hadronic system

Friedland & Li, 2018 . cy GENIE simulation
Varied composition
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Missing energy in Ej,

After primary vertex
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Friedland & Li, 2018

Only neutrons matter??
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Particle propagation
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Protons & PPions
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Neutrons

EdN /dE

Friedland & Li, 2018
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Extremely challenging to reconstruct neutrons
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Neutrons

EdN/dE
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Neutrons

EdN/dE
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Secondar_y Particle propagation

Friedland & Li, 2018 Neutrons
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Neutron deposit ~ 50% of its energy in ionization
Shirley Li (Fermilab) 19/29



Missing energy in Ej,

Atter full propagation 1. Recombination:
1
charge Char e X
5 1+01§5

2. Nuclear breakup:
p+4Ar - 3p + X
Energy ->nuclear
binding energy

rec

charge, ’ 3. Thresholds

below CDR th

n, rec

Friedland & Li, 2018
4. Neutrons
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Detection thresholds

Uncertain; large possible range

Extremely conservative

Kinetic Energy vs. Residual distance
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Missing energy in Ej,

Friedland & Li, 2018 Reducible vs. irreducible

charge
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2. Irreducible: nudl, v,
neutron
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Irreducible missing energy has to be simulated correctly
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Missing energy fluctuations

Friedland & Li, 2018

Large fluctuations in hadronic showers
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Normalized distribution
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Energy reconstruction results

Friedland & Li, 2018

1. CDR th: method as itis

2. Charge: collect all
charges with no thresh.

3. Best rec: no thresh,,
correct for
recombination
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Comparisons to other work

Romeri, Fernandez-
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Recent experimental work

Neutron in argon Neutron in CH,
measurements measurements
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Test beams
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Connection to v-A cross sections
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Conclusions

1. Energy resolution is a key quantity in terms of
understanding the performance of LAr detectors

2. Uncertainties from v-A interactions, particle
propagation, and analysis choices

3. We investigated the impacts of different analysis choices

4. Further studies needed
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