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Outline

1) elastic scattering of leptons on nucleons
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2) QED nuclear medium effects in

(anti)neutrino-nucleus and

electron-nucleus scattering



Electron-proton scattering
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Form factors measurement

Sachs electric and magnetic form factors
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(- electromagnetic FFs known at % level and better, axial FF - 10-20 %)
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CCQE scattering on free nucleon

v (F) (k') tri
=k ¥ neutrino energy E,

momentum transfer Q2 _ _q2

contact interaction at GeV energies

- assuming isospin symmetry, nucleon current:
T (Q%) =< pla (v — y"s) din >

D4(Q%) = 1 FE Q) + T Y (Q?) +4#95Fa(@) + Trs Fr(Q?)

form factors: isovector Dirac and Pauli axial and pseudoscalar
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tree-level amplitude

= (C(K )y (L = 5) Ve(k))(p(p’)r“(QQ)n(p)))
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CCQE. Why should we care?

- neutrino-nucleus cross sections and future accelerator-based v fluxes
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- basic process: bulk of events at Hyper-K and DUNE \

- channel for reconstruction of neutrino energy
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1) elastic scattering of leptons on nucleons

2) QED nuclear medium effects in

(anti)neutrino-nucleus and

electron-nucleus scattering



QED medium effects

( - charged lepton exchanges photons with nuclear medium J
S




SCET¢ formulation

- forward scattering is dominant process

- Glauber photons exchanged with a nuclear charge distribution
QCD: G. Ovanesyan and I. Vitev, JHEP (2011)
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- change: integral along final lepton direction over charge and potential
final

50 ~ / 0(2)dz / ?2;_,; 0 (@) ? (o0 (KK = 31) — o (F.F))

lepton line

~

. leading-order cross sections are distorted
_ - EFT and full QED calculations are performed
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Neutrino scattering

IR regularization
- relative correction per nucleon
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- permille-level distortion of cross sections: O(”) correction

|- smaller correction to inclusive cross section
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Antineutrino scattering

IR regularization

- relative correction per nucleon
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- permille-level distortion of cross sections: O(”) correction

|- larger correction than for neutrino scattering
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SCET¢ formulation

- forward scattering is dominant process

- Glauber photons exchanged with a nuclear charge distribution

- add initial-state exchanges, no interference with final-state exchanges

- change: integral along initial lepton direction over charge and potential

initial

o~ [ o | CL () 2 (o0 (F 40 F) — o0 (EF))

(2m)°

lepton line

- change: integral along final lepton direction over charge and potential
final
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lepton line

. leading-order cross sections are modified
- EFT and full QED agree above the lepton mass scale
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Electron scattering

- relative correction per nucleus after incoherent sum over nucleons
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- percent-level at low momentum transfers: O(a?) correction

_ - critical new etfect for electron scattering experiments
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Proton charge radius extraction

- determinations from elastic electron-proton scattering data
- determinations from the Lamb shift in muonic hydrogen

- combination of spectroscopic transitions in ordinary hydrogen
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- QED medium effects reduce tensions to A1@MAMI data

|- calls for a more elaborate analysis of form factors
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Conclusions

QED nuclear medium effects

SCET¢ and full QED

permille-level QED nuclear medium distortion of neutrino-nucleus

Cross sections: negligible at current state-of-the-art

permille- to percent-level corrections in electron-nucleus scattering:

calls for reanalysis of nucleon and nuclear form factors

SCET¢ works perfectly at GeV energies
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Thanks for your attention !!!
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Neutrino experiments

- DUNE and Hyper-K: leading-edge v science experiments

Sanford Underground
Research Facility

Fermilab

—— -
o - -

- origin of matter-antimatter asymmetry Ocp

- mass hierarchy and oscillation parameters PMNS matrix, Ams,?
- Grand Unified Theories proton decay

- dynamics of supernova explosion wait for one;)

17 DUNE, CDR (2016), TDR (2020)



Neutrino experiments

- DUNE and Hyper-K: leading-edge v science experiments

Sanford Underground
Research Facility

Fermilab

_____________
~ - ~

- measurement of v, disappearance and v. appearance

N, ~ /dE,,CID,, (E,) x o (E,) x R(E,, E**°)

( - near detector: determine flux and cross sections J
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