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Introduction
The elastic neutrino-nucleus scattering

(νAel) cross-section [1] was first experimen-
tally measured with CsI(Na) and LAr scintil-
lator detectors[2]. The measurement was done
with >10 MeV stopped pions decay-at-rest
neutrinos (DAR-ν) from Spallation Neutron
Source (SNS) at Oak Ridge National Labo-
ratory. The energy region of DAR-ν has par-
tial coherence whereas the complete coherency
effects can be observed for reactor and solar
neutrinos[3, 5].

Formulation
The differential cross-section of νAel pro-

cess in terms of incident neutrino energy Eν
and of three momentum transfer(q ≡ |q|), for
a nucleus of can be written as

dσνAel

dq2
=

1

2

[
G2
F

4π

][
1− q2

4E2
ν

]
· Γ(q2), (1)

where, GF is the Fermi constant and Γ(q2) is
the many-body term describing the collective
contribution of individual nucleons in the tar-
get nuclei. The universal kinematic variable q2

is related to the experimentally observable nu-
clear recoil energy (T ) and nuclear mass (M)
via q2 = 2MT+T 2 ' 2MT . Whereas, the
kinematically allowed maximum nuclear recoil
energy is given by Tmax = 2E2

ν/(2Eν +M) '
2E2

ν/M , while the least observable recoil en-
ergy depends on the detector threshold.

The formulation of Γ(q2) term have com-
plimentary formulations based on different
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physics aspects[3]. The commonly adopted
description is based on nuclear physics given
by,

Γ(q2) = ΓNP (q2) = [εZFZ(q2)−NFN (q2)]2,

where, FZ(q2) ∈ [0, 1] and FN (q2) ∈ [0, 1], are
the respectively, the proton and neutron nu-
clear form factors, while ε ≡ (1− 4 sin2 θW ) =
0.045 is responsible for neutron dominant con-
tribution. In this description, the proton form
factor, FZ(q2) is determined by the electron-
nucleus scattering experiments, while neutron
form factor FN (q2), require weak processes to
probe.

Another description of Γ(q2) arises from the
region where q2 → 0, where nucleons can be
taken as structureless pointlike particles. This
gives a perfect alignment of the scattering am-
plitude vectors of individual nucleons in the
target nucleus and the interactions becomes
completely coherent. As q2 increases, the
cross-section reduces due to deviation from
the complete coherence. This leads to a for-
mulation of QM coherency effects by a param-
eter α(q2) ≡ cosφ ∈ [0, 1]. Thus, the QM
formulation of Γ(q2) [5] becomes

Γ(q2) = ΓQM (q2) = [εZ −N ]2 · α(q2)+

[ε2Z +N ] · [1− α(q2)].

This formulation leads to the limiting be-
haviour of complete coherency (α = 1) at
q2 ∼ 0 and complete decoherency (α =
0) at q2 & [π/R]2 states, corresponding to
dσ/dq2 ∝ [εZ −N ]2 and dσ/dq2 ∝ [ε2Z +N ],
respectively.

Other than NP and QM descriptions, Γ(q2)
can be defined by a measurement driven de-
scription. This description is based on cross-
section reduction denoted by ξ(q2), relative to
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FIG. 1: Measurement on α with COHERENT CsI
and Ar data. The stripe-shaded areas are the 1σ
allowed regions derived from the reduction in cross
section. The dark-shaded regions are the theoret-
ical ±1σ uncertainty of 10%..

that of the complete coherency, where

Γ(q2) = ΓData(q2) = [εZ −N ]2 · ξ(q2).

These three formulations of Γ(q2) are comple-
mentary descriptions of the νAel interaction,
and are related via

ξ(q2) = α(q2) + [1− α(q2)]
[ε2Z +N ]

[εZ −N ]2
,

ξ(q2) =
[εZFZ(q2)−NFN (q2)]2

[εZ −N ]2
,

and[
εZFZ(q2)−NFN (q2)

]2
= (εZ −N)2 · α(q2)+

(ε2Z +N) · [1− α(q2)].

Limits on Data and Conclusions
The first-generation positive measurements

on νAel is provided by the COHERENT ex-
periment [2]. The energy of DAR-π neu-
trinos goes upto ∼53 MeV for which the
three momentum transfer is ∼ 11×103 MeV2.
The coherency α(q2) and their uncertainties
were extracted from the cross-section reduc-
tion (ξ(q2)). The allowed ranges derived in
α(q2) from measurements and the theoretical
expectations adopting the nuclear form fac-
tor with a 1σ uncertainty of 10% are depicted
(Fig. 1). The most stringent bounds within
the stated region of interest for CsI at 90%
confidence level, excluding complete QM co-
herency is α < 0.57 with p=0.004 at q2=
3.1×103 MeV2, and complete decoherency is
α > 0.30 with p=0.016 at q2= 2.3×103 MeV2.
Future measurements on νAel from a vari-
ety of low energy neutrino sources and nu-
clear targets will probe high QM coherency
regions[3, 4]. Detailed quantitative studies on
coherency also have the potential to provide
the entry points to different BSM models[6].
Understanding and applications of coherency
effects from nuclear to nucleons level with
ΓNP description are the possible topics of fu-
ture research.
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