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Cross-section (10 cm?)

What is Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)?
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Cross section increases as N=2.

(largest of all -> small detectors)
CATCH: sub-keV to few keV

recoils are only observable.
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Why is CEVNS important?

Can give input to several research questions, such as:

v'Study of the neutral current and sensitivity to the weak mixing angle and non-standard neutrino
interactions

v'Study of the nuclear structure — minimally disruptive of the nucleus

v'New types of particles such as sterile neutrinos

v'Lepton universality tests

v'Input to dark matter searches and even sensitivity to new dark matter particles

v Effective neutrino charge radius

v'Neutrino magnetic moment

v'Better understanding of supernovas (where neutrinos carry the energy out first, and CEVNS is the dominant mode)

complementary to measurements at the big neutrino experiments!




The rate is a clean Standard Model prediction:

For instance of sterile
neutrinos, a magnitic
moment of the
neutrinos, or new light
mediator particles!
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Non-standard neutrino-quarks interactions

Allowing for neutrino interactions not currently included in the Standard Model:
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Non-standard neutrino-quarks interactions

Expected 90% C. L. sensitivity after 3 years @ESS
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Neutrino magnetic moment

In Beyond Standard Models with a magnetic moment for the neutrino, the effective weak mixing angle

changes dependent on the effective charge radlus for the neutrlno

Interesting physics
concentrates at low

energies

Ultra low energy
threshold is crucial

CEVNS rate
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Weak charge radius/neutron skin
thickness

CEVNS: measure the weak form factors and the weak charge distribution, and most direct
measurment of difference in the nucleon radii AR, = R — R, the neutron skin.

Important for nuclear structure and pressure, including astrophysics neutron stars.

R, from electron-nucleon scattering for neutrons needs the neutral current weak

interactions. Compare E___, spectrum to simulations to extract radii:
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Implications for Dark Matter searches

Coherent v-A scattering Coherent DM-A scattering
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If the detector is sensitive to the low recoil from neutrino interactions
it should also be sensitive to certain types of dark matter




Implications for Dark Matter searches

Coherent v-A scattering Coherent DM-A scattering
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Understanding coherent neutrino scattering is
therefore also an important component in
dedicated dark matter experimental searches

10—40 ]

10—42 4

10—411 J

|
-3
o

10—48 J

Particle Data Group 2021

NEWS-G (2017)

DAMIC (2017)

SL:L)&zt'CDMS (2017)

XENON1T (2019)
SEAP-3600 (2019)

PandaX-ll (2017)

1078

nucleon cross section [pb]

L1010
Neutrino coherent scattering XENONI1T (2018) E
L1012
014
10° 10t 10?2 10}
m, (GeV)



g T vy AN ) A7 AR R
Dark Matter searches
proton beam CEVNS detector Eﬁ i /" —COHERENT Csl
% 0 --:Csl Sensitivity 3
S |l —_ 5|
Nuclear Recoil N<ﬁ> """""""" _:;?g? i
Signatw > 1071 —BaBar =
X —MiniBooNE e/N 3
op =05 —NAB4 .
los Wisell G99 E
1 10 > 105
. m, (MeV/c?)
Search for accelerator-produced low mass dark matter, via 15
portal particles (V) produced in the target. E Leptopjfobic Dark matter < ]
. S MeB
»Would show up as small excess in event counts 0 &
Sy
» Large dependence on dark matter and/or portal parameters. o
Recoil E can be larger than for standard neutrino -scattering S0/ 7 oM
= o
L . . . /@ £
» Sensitivity to dark matter without or with small coupling to <S5 o
leptons oL v _
E ---------------------------------------- %qf/ ax=0_5 E
""""" Scalar dark matter
| ]

10°



Why at the ESS?

Ample source of neutrinos, low enough energy to get
coherent scattering

Capture ~99%

Tungsten/Wolfram
target
Decays in flight
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Detectors for the VESS

* Combination of technologies to minimise possible
systematic effects.

* Use of different nuclei to allow for exploring larger
fraction of the phase space, and similar nuclei
with different technologies

CEvNS nuclear recoils/(kg-yr)

10

* Right now two main technologies are being tested and

developed, using Csl and Xe.
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Backgrounds and simulation

Prompt neutrons from the ESS target are the main background!

We need to find detector locations where the neutrons do not
compete with CEVNS signals.

Need shielding of detectors

We need to measure the neutron background on-site once the ESS is
running but for now have only simulations — we are using and
comparing results from different simulation tools, MCNPX, PHITS,
GEANT

Steady-state background can be subtracted.



VESS: possible location
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Summary & outlook

The ESS gives us an opportunity to build up a world-leading neutrino programme with precise

measurements and large discovery potential

Coherent Elastic Neutrino-Nucleus scattering makes it possible to achieve this with small-scale

detectors

We are working with other ESS fundamental physics on a fundamental physics@ESS paper

Currently collaborating VESS institutes: University of
Chicago, University of Santiago, Ben Gurion University,
Lund University

Support from ESS personel.

Particle Physics at the European Spallation Source

H. Abele®™, A. Alekou"™, A. Algora®™, K. Andersen®™, S. BacBler***, L.. Barron-Pilos™, J. Barrow!*%,
F. Ranssan® 7. Rerezhiani®®® ¥ Refler®. A K Rhattacharvva®™ A Rianchi®™ I Riinens®!

Abstract

Presently under construction in Lund, Sweden, the European Spallation Source (ESS) will be the world’s
brightest neutron source. As such, it has the potential for a particle physics program with a unique reach and
which is complementary to that available at other facilities. This paper describes proposed particle physics
activities for the ESS. These encompass the exploitation of both the neutrons and neutrinos produced at the
ESS for high precision (sensitivity) measurements (searches).




Backup




Expected recoil energies
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Detectors for the VESS

* Combination of technologies to minimise possible
systematic effects.

* Use of different nuclei to allow for exploring larger
fraction of the phase space, and similar nuclei
with different technologies

CEvNS nuclear recoils/(kg-yr)
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* Right now two main technologies are being tested and

developed, using Csl and Xe.
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GankSS Status

The Gaseous Prototype (GaP) system

- GaP vessel almost ready to
operate.

- EXxpected initial operation before
end of the year

- GaP system designed to
measure Quenching Factor (QF)
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Symmetric medium size

detector being designed:

Explore the possibility to introduce
optical fibres to optimise light
collection:

* Possibility to observe S1

* More uniform detector response

Test final solutions to be operated at the ESS
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Cryo Csl
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