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Why electrons?
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sant Nuclear Physics
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How Quasielastic is the (e,e’) QE peak?
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How to read an (e,e’p) spectrum
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Fixed w = 0.2 GeV, vary q
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What are correlations?

Average Two-Nucleon Properties in the Nuclear Ground State

Two-body currents are not Correlations
(but everything adds coherently)

¥ Weinstein, Neutrino Cross Sections



2N currents enhance correlations
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Physics Summary

* Electron scattering:
— Intense monochromatic beams

— Can choose kinematics to minimize “uninteresting”(i.e.,
complicated) reaction mechanisms

— Calculate cross sections after the fact

e Neutrino interactions
— Continuous mixed beams
— Must include all reaction mechanisms

— Need good models in event generators

* Correct initial state
* MEC, IC
* FSI (not discussed here)




The ideal electron experiment

* |dentify contributing reaction mechanisms
over a wide kinematic range

— Full acceptance for all charged hadrons

— High efficiency for neutrals

* Neutrons

.71'0

* Lots of targets
— Neutrino detector materials: C, O, Ar, Fe
— More nuclei to constrain models

 Enough beam energies to cover the full range
of interesting momentum transfers



Why momentum transfer and not beam energy?

* The scattering cross section depends primarily on
energy and momentum transfer

* For (e,e’p):
Al R, + vrR R
T dedn,dEyde Omoct|[VLRL + VrRr + VirRyrcosg,, +
VrrRyr €0S 2¢hp4]
— Kinematic factors v; depend on {Q?, w, 0,}
— Response functions R; depend on {Q%, w, 6,4}
— Only beam energy dependence comes from 6,

* Need to account for boson propagator < PEINYE

1
— & — for W exchange
MZ

1 .
— & — for photon exchange (Mott Cross section)
Q

L. Weinstein, Neutrino Cross Sections 2018 16



How to use electron data for neutrino
measurements

* Tune vector models in generators to data,
especially the Q% and A dependence

— Span a wide enough range in Q% and A to
constrain models well

— Constrain final state interaction (outgoing particle
rescattering) models

* Tune remaining model elements to near
detector data

 Guide event selection for “enhanced QE”
samples, “Res” samples, etc



A real electron experiment
CLAS6: 1996-2015

CEBAF
Large
Acceptance
Spectrometer

DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter

L. Weinstein, Neutri



CLAS6 coverage

180 : -
6[Deg. :_ 3H :»_ 7[ 3H
[Deg.] E e_ e O[Deg]é e

80 |

- 60 :
ARG ACAA |
-\ 3
0 0 i IS YUUUT VT TOUST TR
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
@[Deg.] @[Deg.]
180
B[ Deg.]

IIIIII I[l

120

60

650100150200250300350 0 0 50 100 150 200 250 300 350
Dmin = 300 MEV/C L. \m[ip@g:]\leutrino Cross Sectic Pypin = 150 MEV/C [Deg][911



CLAS6 Data (million events)
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Reconstructing the initial energy

* Select an enhanced QE sample using
— Zero pion events

— p#’tiss = P$+ pll cuts for (e,e’p) and (e,e’X) events
* Reconstruct the incident lepton energy:

_F = 2My€e+2MNE;—m;
kin 2(My—E;+kjcos0;)
* € single nucleon separation energy

* My nucleon mass

« {my, E}, k;, 0,} scattered lepton mass, energy,
momentum and angle

* broadened by nucleon fermi motion

—Ecq1 = Eo. + T, + € [for(ee'p)]
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Form “pure” Omlp (e,e’p) spectrum:
Subtract undetected pi and proton

* For (e,e’p pi) events:

. (ee) °
— Rotate pions around g _
— Determine pion acceptance for that event ~ (€:¢7) p
— Subtract undetected pions \T‘
* Repeat for undetected two proton events A
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Compare E,,, and E_,
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e Genie for electrons
— QE and 2p2h mechanisms

* Focus on peak of QE
* Physics should be well described

2
e x= —1+402

ry=-300 MeV{c
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Near term next steps

Add more reaction mechanisms to electron-
Genie
— Resonance production

e A= Nm

e AN - NN
— Electron radiation
See effect on neutrino model parameters
— Tune models
— Use beam energy reconstructions directly
Analyze the 1w reaction channel (e, e’ pm)

Resubmit a proposal to take more data



Electrons for neutrinos proposal

CLAS12

* 6-sector forward detector (8
— 40°)

— Toroidal magnetic field
Sp CTOF

Solenoid

p , SVT
— 50% neutron detection -

efficiency for p > 1 GeV/c

(Pb/scint cal) é - 4
— 200ps@5m > 2 _10% at “E i) : :
1—1.5GeV/c Al
e Hermetic central detector
(40 — 135°)
— 5T solenoidal field, 30 cm
radius

— 10—15% neutron detection
efficiency (scintillator)

— 60ps@0.3m

L. Weinstein, Neutrino Cross Sections 2018 29



Electrons for neutrinos proposal
* CLAS12

— b6-sector forward detector (8 — 40°)

» Toroidal magnetic field
* 50% neutron detection efficiency for p > 1 GeV/c (Pb/scint cal)

e 200ps@5m—=> % ~10 — 15% at 1—1.5 GeV/c

— Hermetic central detector (40 — 135°)
* 5Tsolenoidal field, 30 cm radius

 10—15% neutron detection efficiency (scintillator)
* 60ps@ 0.3 m
* 37.5 beam days requested for
— 1.1,2.2,4.4, 6.6 and 8.8 GeV beam energies
— H, He, C, O, Ar, and Pb
* Conditionally approved by Jlab PAC45

— Need to return and optimize beam time request



Goals

We provide event yields and detector acceptance
maps

— Many beam energies

— Many targets

— Many event topologies

Let experts use these to tune generators

What do you want to see??
— Targets

— Energies

— Event topologies

— Distributions

Proposal update due April 30 to CLAS!

L. Weinstein, Neutrino Cross Sections 2018 31



Summary

* Electron scattering can contribute dramatically
to neutrino experiments

* We need guidance from the neutrino
community

 We’ll provide data, you figure out what it
means



Backup slides
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Perfect acceptance
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Energy (GeV)| H [*He|!2C|160|%0Ar|Pb|Total
1 0.2/0.5]0.5|0.5] 0.5 [0.5] 2.5
2.2 02111} 1 |1]| 5
4.4 021|111 |1]| 5
6.6 022 ]2 |0] 2 |2] 8
8.8 02/ 4 | 4|0 | 4 |4] 16
Total (days) | 1 |8.5|8.5(2.5| 8.5 |8.5(37.5
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