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Radiative corrections in
coherent elastic neutrino-nucleus scattering

O.T., P. Machado, V. Pandey and R. Plestid, JHEP 2102, 097 (2021)
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neutrino energy < 100 MeV



3

From quarks to nuclei

- scattering on quarks in nucleons in nucleus
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CEvNS cross section on spin-0 nuclei

- radiative corrections enter with the nucleus charge form factor
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- effect of radiative corrections

- tree-level cross section⌫
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Total and differential cross section

40Ar,  Eνμ = 50 MeV
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- recoil nucleus energy spectrum: one-loop vs tree level 
nuclear models for point-nucleon form factors:  

Yang et al. (2019), Payne et al. (2019), Hoferichter et al. (2020), Van Dessel et al. (2020)

- % effect of radiative corrections on cross sections

40Ar,  Eνμ = 10 MeV

full calculation
tree-level result
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Radiative corrections in CCQE
on free nucleons

Qing Chen, Richard J. Hill, Kevin S. McFarland and O. T. (arXiv: to appear)

soft-collinear-hard factorization framework

✓

neutrino energy ~ GeV
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- large kinematical logarithms enhance radiative corrections

- phase-space restrictions enhance radiative corrections

- crucial dependence on detector details

Radiative corrections in CCQE
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- cross section is given by factorization formula

Factorization approach
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- determine hard function at hard scale by matching
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Interaction with nucleons

9. Quantum chromodynamics 39

reasonably stable world average value of αs(M2
Z), as well as a clear signature and proof of

the energy dependence of αs, in full agreement with the QCD prediction of Asymptotic
Freedom. This is demonstrated in Fig. 9.3, where results of αs(Q2) obtained at discrete
energy scales Q, now also including those based just on NLO QCD, are summarized.
Thanks to the results from the Tevatron and from the LHC, the energy scales at which
αs is determined now extend up to more than 1 TeV♦.

QCD αs(Mz) = 0.1181 ± 0.0013

pp –> jets
e.w. precision fits (NNLO)  

0.1

0.2

0.3

αs (Q
2)

1 10 100
Q [GeV]

Heavy Quarkonia (NLO)

e+e–   jets & shapes (res. NNLO)

DIS jets (NLO)

October 2015

τ decays (N3LO)

1000

 (NLO

pp –> tt (NNLO)

)
(–)

Figure 9.3: Summary of measurements of αs as a function of the energy scale Q.
The respective degree of QCD perturbation theory used in the extraction of αs is
indicated in brackets (NLO: next-to-leading order; NNLO: next-to-next-to leading
order; res. NNLO: NNLO matched with resummed next-to-leading logs; N3LO:
next-to-NNLO).
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♦ We note, however, that in many such studies, like those based on exclusive states of
jet multiplicities, the relevant energy scale of the measurement is not uniquely defined.
For instance, in studies of the ratio of 3- to 2-jet cross sections at the LHC, the relevant
scale was taken to be the average of the transverse momenta of the two leading jets [379],
but could alternatively have been chosen to be the transverse momentum of the 3rd jet.
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- QCD running coupling

- hadrons are correct degrees of freedom at GeV energy
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Hadronic model at GeV scale

- exchange of photon between the charged lepton and nucleon

- best determination of hard function

- assume onshell form for each interaction vertex

⌫

e e
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Factorization approach

- soft and collinear functions obtained analytically
- hard function describes physics at GeV energies

- RGE evolution of the hard function to scales

- soft and collinear functions are evaluated perturbatively
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- determine hard function at hard scale by matching

- cross section is given by factorization formula
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- corrections with e larger; cancellation virtual vs real

Eν = 2 GeV, ΔE = 20 MeV
νe p  e+ n

dσ
/d
σ L

O

0.80

0.85

0.90

0.95

1.00

Q2, GeV2
0 0.5 1.0 1.5

νμ n  μ- p
Eν = 2 GeV, ΔE = 20 MeV

dσ
/d
σ L

O

0.85

0.90

0.95

1.00

Q2, GeV2
0 0.5 1.0 1.5

νμ p  μ+ n
Eν = 2 GeV, ΔE = 20 MeV

soft and collinear photons, Δθ = 100

soft photons only
tree-level error

dσ
/d
σ L

O

0.85

0.90

0.95

1.00

Q2, GeV2
0 0.5 1.0 1.5

Eν = 2 GeV, ΔE = 20 MeV
νe n  e- p

dσ
/d
σ L

O

0.80

0.85

0.90

0.95

1.00

Q2, GeV2
0 0.5 1.0 1.5

Cross sections



13

- more details at NDNN 2021 Workshop next week

Radiative corrections
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Outlook

- phenomenological applications

- importance of resonances and resonance production
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Ongoing work

Coulomb corrections in CCQE
Ryan Plestid, Richard J. Hill and O. T. (ongoing)

high-energy expansion

enhancement by nucleus charge Z
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Stay tuned

Thanks for your attention!


