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If there is a weak neutral current, then the elastic scattering process v + A —v + A should
have a sharp coherent forward peak just as e + A —e + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 1073 ¢cm? on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
coherent nuclear excitation processes v + A —v + A*provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino
emission in stellar collapse and neutron stars.
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The standard event rate per nuclear recoil energy (after integrating over the time for
simplicity)

do, y GFMN M\E, , § NE
dE. 4z <1 ) ) [ZQpr (¢%) + NO,F, (q )]

with the SM proton and the neutron weak charges being (tree-level)
OM=1-4sin°0y, =0, QM=

Clearly, these charges will be modified in the presence of new physics/interactions, and
it's often seen in literature to consider the neutral current 4-fermion operators

%
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A consistent treatment on new physics modifications to neutrino production and detection

IS outlined earlier
A, — Xov, vB, =Yg

ME = U AL+ Y [exU] AL
X

A, By
Vi
q 2 ~ myzk
X, Y,

My = Uy AP + D [exU] , AR
X
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N(?) number of source particle (7™

for example), the time info is also
largely ignored in previous analyses,

but it allows distinguishing prompt
vs delayed weak charges
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A consistent treatment on new physics modifications to neutrino production and detection

IS outlined earlier

A, — Xy,

VBy — YB

ME, = U* AP + Z [GXU] AL
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For example, for 7+ decay,
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Accelerator ones

Given the limited number of signal events, Poissonian likelihoods are constructed for Csl
and LAr detectors based on the 2D datasets released
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Marginalizing over the nuisance parameters, accelerator results (Csl + LAr) lead to

Flavor general
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“esults: Accelerator ones

Flavor universal (LEFT) Flavor universal (SMEFT)
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Adding CONUS+
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Abstract

Neutrinos are elementary particles that interact only very weakly with matter. Neutrino
experiments are, therefore, usually big, with masses in the multi-tonne range. The
thresholdless interaction of coherent elastic scattering of neutrinos on atomic nuclei leads
to greatly enhanced interaction rates, which allows for much smaller detectors. The study
of this process gives insights into physics beyond the Standard Model of particle physics.
The CONUS+ experiment! was designed to first detect elastic neutrino—nucleus scattering

in the fully coherent regime with low-energy neutrinos produced in nuclear reactors. For
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Hesults: Adding CONUS+

Data: [2018 - 2022] — 2023 [119 days]
Location: Germany — Switzerland
Distance: 20.7m

Flux: 1.5 X 1030 /cm? - s

Detector: HPGe

Operation time:
327 kg-day [On]
60 kg-day [Off]

# of Events:
(395 = 106) kg-day [Observed]
(347 = 59) kg-day [Off]
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Adding CONUS+

Reactor-type CEVNS are special since one only has v, fromn — p + ¢ + U,. Based on
a similar computation, one has only one generalized weak charge, given by

0:(Ge] = O3y + 204[5C).., 505 =2 ((A + Z)e™ + (2A — Z)edd)
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Adding CONUS+

EWPO (U35) ,_.,_, 0.85 + 0.34
CEVNS (U35) »—+—. 1.03 + 0.55
EWPO-+CEvNS (U35) HH 1.0+ 0.15
EWPO (general)+10 E- 1.1+£2.1
CEvVNS (general) % 1.2+2.3
CONUS+ I—E-I—i 1.14 4+ 0.36
Reactor [15%)] l-;' 1.0 £0.15
SM ; 1.0 £ 0.0
10 1 2 3
%[70(16]
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Jpcoming: More reactors

Global efforts: several more proposals/on-going projects (just to name a few)

vGen w/ HPGe@ Kalinin, Rusia CONNIE w/ Si@ Angra 2, Brazil
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< The observation of CEVNS has motivated tremendous studies within/beyond the SM.
We highlight the consistent treatment on NP-modified event rates.

<+ Reactor-type CEVNS events are found to significantly improve the determination of
the generalized weak charge:

* 15% (30% now) relative precision matches that from the U35 global fit
(Preliminary, subject to change).

< More results to come very soon...






