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Update: Studies of neutrino energy
reconstruction using electron
scattering data
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3.

Outline

Introduction.
2. March 2019 status:
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Analysis review ongoing.

Looked at (e,e’), (e,e’p) events with zero detected pions and photons.
Reconstructed energies Ec,;, Eqe.

Subtraction for undetected ©*, w ~and extra p complete.

Started subtraction for undetected y.

Status today:
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Completed subtraction for undetected m*, 7 ~, ¥ and extra p.
Modified e momentum correction.

Analyzed the 1.1 GeV e2a data.
Determined binding energy values for Eg,. calculations.
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Energy Reconstruction for QE reactions

(1) Cherenkov detectors:

* Detect: leptons & pions
e Miss: protons and neutrons

Use Lepton kinematics
Assuming QE interaction

2Me + 2ME; — m}
Z(M — El + |kl|COS(91))

EQE -

g-single nucleon separation energy

M- nucleon mass

m; — outgoing lepton mass

k;, E; -lepton three momentum, energy
0,-lepton scattering angle

(2) Tracking detectors:

* Detect: Charged particles + mt°

* Miss: Neutrons and charged
particles below threshold.

Use Final-State Calorimetry
Assuming low residual excitations

ECal=El+2Tp+£+2En

T,-kinetic energy of knock out proton
E-energy of produced meson



E2a experiment
Targets:

CLAS: 3He , “He, 12C, >°Fe
T2K: CH, H,0

Minerva: 3He, *He, C, Fe, H,0
Microboone: Ar

Miniboone: mineral oil (C, H, O)
Nova: CgH3(CHj3);
DUNE: Ar

Neutrino exp’r beam energles
" p 12K off-axis'

E MiniBooNE

% 07 2.2GeV 4.4GeV
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= NOVA near energies
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QE Event Selection

As close to QE as one can get:
e Scattered electron,
* Knockout proton,
* Zero pion,
e Zero gammas in the EC.

Scale the e~ scattering data with 1/0,, . to have neutrino like' data!



Background Subtraction

Want Orr (e,e’) and (e,e’p) events.
Need to account for undetected m, y and extra protons.

CLAS acceptance
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Background Subtraction in (e,e’) analysis

Subtract for 7T and y:

Data Driven Correction:
1. Use measured (e,e’m*/y) events, (e,e’n*/y)
2. Rotate m around g to
determine its acceptance,
3. Subtract (e,e’) tt/y contributions,
4. Repeatfor2mnt/y,3nt/y.
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Background Subtraction

Selecting non-radiation y.

y detected in EC
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(e,e’) mt/y subtraction

2.26 GeV
s TT subtraction
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Background Subtraction in (e,e’p) analysis

Subtract for undetected ¥,y and multiple p.

Data Driven Correction:
1.  Use measured (e,e’pr/y) events,
2. Rotate T around q to

determine their acceptance,
3. Subtract (e,e’p)mE/y contributions
4. Do the same for 2p, 3p, 2p+w¥/y etc

%Fe 4.4 GeV

*104
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>°Fe (e,e’p)

4.46 GeV

Weighted Counts

Proton subtarction

s Subtraction converges
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Weighted counts

0.5

Proton subtarction

2.26 GeV || *He

Subtraction undet. ¥, p
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MM[GeV/c?]

2 GeV
3He (e,e’pp)n

e" momentum correction

Problem: neutron peak in wrong

location
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2 GeV
3He (e,e’pp)n

e" momentum correction

Solution: multiply e momentum by a different factor a in each sector

MM? = (P — P,)* = M3

Pe(aperaﬁ)

P(E, P)= P3je+ PReam —

_ —0.5(M7 - P%)

a =

Ep. — Ppe
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h1_e_mom_corrfuct_1
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2 GeV e- momentum correction
3He (e,e’pp)n
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Correcting for binding energy

ECal:El-l_Tp-I_g

€=Efina — Ebing
£(3He)=5 MeV
£(*He)=20 MeV
£(12C)=16 MeV
£(°°Fe)=10 MeV

Use these offsets to

correct the binding energy

used in E¢, and Eqe
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Results



Large A dependence
»10° 2.26 GeV

_4H e E.. (e,e’p)

Weighted events
N

ECal:El+Tp+g

o 2Me + 2ME; — mj 1
%57 2(M = E, + |kl cos(6))

55 3
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Reconstructed

1.Eqe has worse peak
resolution than E¢,

2.Same tail for Eqe+Ecy).
3.°%Fe is predominantly tail.
4 .°%Fe is much worse than
“He.

Weighted events
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Weighted events

Large E dependence

Weighted events
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Eqe VS Eca

Agreement between to methods
doesn’t imply correct energy

reconstruction.
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Fractional energy feed down
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Summary

1. The first use of electron data to test neutrino energy reconstruction algorithms

= select zero-pion events to enhance quasi-elastic signal
<> Subtract for undetected 7 and extra p.
= just using scattered lepton (Eq)
<> used in Cherenkov-type neutrino detectors
= total energy of electron plus proton (E,))
<> used in calorimetric neutrino detectors
2. Only 0.1-0.66 of events reconstruct to within 5% of the beam energy
= better for lighter nuclei
* improved by a transverse momentum cut
3. Added 1GeV analysis.
4. Analysis complete.
5. Update note for committee.

6. Anticipate paper submission soon.

Chris Marshal Aferditi|
Papadopoulou
(LBL) (MIT@FNAL)

Adi Ashkenazi
(MIT@FNAL)
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3He (e,e’pp)n

e" momentum correction
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3He (e,e’pp)n e momentum correction
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*6Fe 4.46 GeV

Weighted counts

(e,e’) mt/y subtraction

+ subtraction
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S6Fe (e,e’p) Proton subtarction

4.46 GeV
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