ELECTRONS FOR UTRINO

Adi Ashkenazi (MIT)
on behalf of the €#1’ collaboration

06/23/2020




1 "2 "8 4 5 B
v Energy [GeV]




4 6
v Energy [GeV]




1T 2 3 4 5 6
v Energy [GeV]



Miss-modelling might impact mixing parameters

v, appearance channel
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The Challenge
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How to improve modelling?

Improve theory




How to improve modelling?

Improve theory

Use near detector



How to improve modelling?

Improve theory Use external constraints
e scattering _

Use near detector



10

Why Electrons?

- Electrons and Neutrinos have:
- Similar interactions
- Vector vs. Vector + Axial Vector
- Many identical nuclear etfects
- Ground state (spectral function)

- Final state interactions

Electron beams have known energy
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Possible electron facilities
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CLASG6 Detector

Electron beam with energies up to 6 GeV

Large acceptance
Charged particles above detection threshold:
O > 15°

P, > 300 MeV/c

P> 500 MeV/c
DC: Drift Chamber
CC: Cerenkov Counter 100 em
- SC: Scintillation Counter v
Open Trlgger EC: Electromagnetic Calorimeter —



14

M: Playing the Neutrino game

Analyse electron data as neutrino data

- Select lepton + proton final state (1pO7t)
- Scale by o, n /0y x 1/Q%

- Reconstruct incoming lepton energy

- Benchmark neutrino event generators
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1p07 electrons vs. neutrinos

Weighted Events / GeV

SFe E=2.2 GeV
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Energy Transfer [GeV]

Q? [GeV?/c?]

evece, v3.0.6 tune G18 10a 02 11a Electron were weighted by 1/Q*

For more details see backup slides



GENIE reproduced e inclusive data

Ar(ee"): 2.222 GeV at 15.54°
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GENIE reproduced v inclusive data

cm?

108
)[

©

d’o
®C°dcos

dp

17

a
o o
S

reco

1

"o

N
 § T 7 1

W

-
—
1 1

-
-
- Lol o L B o B A B ol B B

- Jlﬁ
—e—

|

-1.00 = cos(ef‘”) < -0.50

MicroBooNE 1.6 x 10°° POT
- GENIE v2.12.2 + Emp. MEC

[]

GENIE v3.0.6 G1810a0211a
GiBUU 2019

NuWro 19.02.1

Data (Stat. ® Syst. Unc.)

v3.0.6 tune G18 10a 02 11a

For more details see backup slides

]

cm?
GeVn

rBCO) [1 0-38

1)

1

]

cm?

GeV n

)

LI ] L L ] L L L

e [10°

18

"

d
dp"®“dcos(6

do
dp™“°dcos(0

o

9))

0.45 < cos(9[f’°°) <0.62

uBooNE _

W
|

l A A A A l A A L A l

e sam - -l . —

ll.‘l&l&l&IJHl&«“l‘l-‘l-‘l-‘l-’l-‘l.’l-l-“

1

PR S T T N P
1.5 2 2.5

P> [GeV]
Phys. Rev. Lett. 123, 131801 (2019)
See talk from Kirsty Duffy next session



18

Adding radiative eftects
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10 -¢- Data —rad  —norad
il 1.
10—
% 81— M
5
> 6 °
H —t
4_
, o
Qw'.l‘d' | 0L.¢_._._.

3 4305 431 4315 432 4325 433
E . [GeV]

[Mo and Tsai]
evetes v3.0.6 tune G18 _10a_02 1la




19

M 1p0x Event Selection

Focus on Quasi Elastic events:
1 proton above 300 MeV/c
no additional hadrons above threshold:
P> 150 MeV/c

P2 > 500 MeV/c



Background Subtraction

Diffterent interaction lead to multi-hadron final states

Gaps can make them loop like QE-like events with outgoing 1ulp
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Background Subtraction

Diffterent interaction lead to multi-hadron final states
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Data driven Background Subtraction

(9 180 -
Using events with two 2

detected hadrons o i ek e

- Rotating p,it around g
- Determining 1t detection efficiency

- Subtracting contribution to QE-like

Same for final states with more than 2 hadrons
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Incoming Energy Reconstruction

Tracking detectors:

Cherenkov detectors:

Assuming QE interaction Calorimetric sum
Using lepton only Using All detected particles
Eop - 2Me + 2M E; — m? -
Q(M—El+ ‘kl|0086’l) Eecal = LB ‘|‘Ep + €
[1pOa]

€ 1s the nucleon separation energy ~ 20 MeV
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Testing the incoming energy reconstruction
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Erec Worse with Higher Mass
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Erec Worse with Higher Energy
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M Data vs. Simulation
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Disagreements between Data and MC

Weighted Events / GeV

04 06 08 1 12 14
C(e ,e')On 2" |GeV]

Peak width narrower 1in simulation due to model deficiencies
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Disagreements between Data and MC

1.159 GeV

2.257 GeV 4.453 GeV

m x1/3

Weighted Events / GeV

1 1.5 2

(e.e p)lpOn E. [GeV]



Multiplicities
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MC vs. (e,e’p) Data: Pr=P; + P?
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Implications and future plans



Potential implication on ZUMVE analysis

Extracting Data and Simulation smearing matrices
Based on electron scattering on >C with 3 known energies

36
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Potential implication on ZUMVE analysis

The fit considers:
- Ve appearance channel (all inclusive)

- Exposure of 168 kt MW yr on 12C

- Corresponds to 3.5 years data taking
on DUNE like experiment

- Using existing parameter constraints

from reactors + others experiments
- Smearing matrices based on:

lelp selection
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M The team

Mariana Khachatryan
ODU @ JLab

Afroditi Papadopoulou
MIT @ FNAL



Future Plans -Approved run for CLAS ]2

Acceptance down to 5° Q2> 0.04 GeV?

x10 luminosity [103> cm—2s-!]

Keep low thresholds
Targets: 2D, “He, 12C, 160, 90Ar, 120Sn

1 -7 GeV (relevant for DUNE)

Running planned for 2021

Overwhelming support from:

(\ % ID“’EBI"_"IBE J< Hyper-Kamiokande T2 iZ\ @

MINERVA
2 Fermilab _8& o b5 (Zentes wBooN®
v erml a ¢ ® Sel;BiegeLnJBoltzmann-Uehling-UhIenbeck Project \g N s-‘<g
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Summary

- Testing vA Models using wide phase-space
cA data.

- Data-MC disagreements for QE-like

lepton+proton events

- Especially for high transverse momentum.

- Large potential impact on DUNE
- Our data will help improve models

- More data coming very soon
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Thank you for your attention
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Where did the MEC go?
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CLASG6: Acceptance maps available

¢ 180

CLASGO has a different
efficiency, which we
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Ecal around the QE peak 0.8<Xg<1.2
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Ecal around the QE peak 0.8<Xg<1.2

1.159 GeV 2.257 GeV 4.453 GeV
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Systematic Uncertainties

Fe @ E =4.453 GeV

Fe(e ,e'p)lp(m E (GeV)

Ip

Ip



Systematic Uncertainties - Data side

1. Background subtraction:

1. Assuming no ¢4, dependency when rotation hadrons system
around q vector. H(e, €’pi) cross sections measured dependency
affected the subtracted spectra by about 1%.

2. Varying the CLAS ¢ acceptance in each sector reduced by 10—
20%. This changed the resulting subtracted spectra by about 1% at
1.159 and 2.257 GeV and by 4% at 4.453 GeV.

2. Varying the photon identification cuts using its velocity greater than
two standard deviations (30 at 1.159 GeV) below v = ¢, by £0.250.

This gave an uncertainty in the resulting subtracted spectra of 0.1%,
0.5% and 2% at 1.159, 2.257 and 4.453 GeV.

No normalisation uncertainties, as simulation was scaled to data.

48
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GENIE Simulation

evete/ V306 tune G18_10a_02_1la
electrons neutrinos

Nuclear model Local fermi gas model
QE Rosenbluth CS Nieves model
MEC Empirical model Nieves model
Resonances Berger Sehgal
DIS
FSI hA2018
Others Adding radiative correction
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Testing neutrino generators

with inclusive electron scattering data
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Radiative Correction

A first implementation of the radiative corrections to GENIE to account
for the following processes:
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Based on Mo and Tsai calculation
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E., Reco Requires Interaction Modelling
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E. Reco Requires Interaction Modelling
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Potential implication on ZUMVE analysis

The expected energy at DUNE far detector as reconstructed using the energy
feed down from A(e,e’p) data and simulation
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Oscillations Require E;, Reconstruction

MC Unoscillated Spectrum
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55 T2K, Phys. Rev. D 91, 072010 (2015)



Oscillations Require E;, Reconstruction
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Oscillations Require E;, Reconstruction
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Oscillations Require E;, Reconstruction
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