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Coherent Elastic neutrino Nucleus Scattering (CEvNS)
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@ Coherent elastic scattering off the whole nucleus
CEvNSQESS - 5 .
R @ [N — (1—4sin“ Oy )Z]* enhancement in SM
cross-section (N neutrons, Z protons)
:IE"':S e Tabletop detector possible — O(10) kg
Newtron <kin @ High sensitivity also to BSM physics - such as the Xi7

Conclusions

Also sensitive to neutron skin effect - important for
neutron stars

Nuclear recoil energies down to ~1 keV

Requires extremely low threshold to be sensitive

Current lowest threshold corresponds to 5 electron-hole
pairs in Germanium




Evidence for the Xi7 — a fifth force
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Cross-section for CEvNS with light Z’

Dominated by vector coupling of nucleus (axial vector coupling o nucleus spin)
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Klein Nystrand nuclear form factor
Fv z(y) and Fy n(y) nuclear form factors for protons and neutrons
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(QR )
Q? = 2ME,, = ym2, Ra = 1.2A1/3 fm, and a = 0.7 fm.
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Neutrino Sources

Spallation sources
@ pulsed proton beam producing neutrons and 7
o m stopped in target before decay, 7 — putv, — eTvei,y,

® 7.+ = 26ns, 7, = 2200ns

Nuclear reactors

@ continues flux of anti-neutrinos v, from fission products

Nuclear recoil spectrum by integrating over neutrino energy

dN, Mot Na /1 doN do,
dx

dy My ) dy dx

kinematics gives x > /y (head-on collision) or E, > \/E;;M /2



LUND

UNIVERSITY

CEvNSQESS

Johan Rathsman

The Xi7

: + + +, 5
Neutrino flux from 7™ — v, — e v i/,v, decay at rest

e O a0t
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My

e r nrof 7% per proton
r =0.08(0.3)@0.8(5)MW

@ Npor nr of protons on target
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m,, = 105.6 MeV = E"®* = 52.8 MeV
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Neutrino flux from reactors

dq)ﬁe _ q)teXP X632+b2x+c2x2+

dX Nge
+ea1+b1X+C1><2+d1x3+e1x4+f1x5}

Fitted to data from DayaBay (blue) and
calculation by Kopeikin (red), Ny, = 6.8

Total fluxes for experiments
o d)Dresdean = 4.8 x 1013 sz/S
4 ¢CONUS+ =15x 1013 cm2/s
Much lower energy than 77-DAR

= (Much lower)? nuclear recoil energy
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Theoretical nuclear recoil spectra
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Quenching factor for Germanium

uncertainty at small recoil energies
0.5

lonisation energy smaller than nuclear
recoil energy 0.4f

— QF;: Lindhard k=0.157
— QF,: Lind. k=0.162 + Mod]

Yion = Q(y)y Q(y) 03}
Described by the Lindhard model 0.2
0.1
QLina(y) = % 0.001 0010 , 0.100 1
g(y) =3(Czy)* P +0.7(Czy)%0+ Czy  QF; = Quina(k = 0.157),
Cz = Ey™ x 11.5/Z73 QF, = Quina(k =0.162) + Quioa
Emax — 82 5 keV for Ge with Qnod(y) = 0.36 exp(—120y)

detector threshold < y > 0.01
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Detector resolution
Finite detector resolution gives smearing

dN,
d
dy

dN, _ /1 2 _(yrec Q(y)y)
d-yrec Ymin 1 + Erf ( \/Xb/) \ U 202

minimal fractional recoil energy ymin = 0.00034

o = og/EN® is a dimensionless width with
U% = U% + EionnF,

where n = 2.96 eV, the Fano factor F = 0.11 and o, is the intrinsic resolution
of the detector

JnDresden—H = 68.5€Vee>

oCONUSE — 20.0eVee.

Also thresholds: Emin-Presden=II _ o046y and EMMCONUSE _ 1606V,



Detected recoil spectra for reactors compared to SM
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] > 40t
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CEUNS = 0 =
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Conclusions 0.000 0.001 0.002 0.003 0.004 0.005 0.000 0.001 0.002 0.003 0.004 0.005
Yrec Yrec

not possible to construct quenching factor that describes both data sets
Y. Li, G. Herrera and P. Huber, JHEP 11 (2025), 022

use QF; since overall in better agreement with data

adding a Xi7 (BFA and BFA) able to describe both datasets
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Statistical analysis of data

X2:Z<(1+P3>:i—ﬂi>2+< P )2’

Osys

x; model predictions for number of events
(i number of observed events
o corresponding errors
. P .. 2
p overall scale factor, determined from minimising x

Osys overall systematic uncertainty, use ogys = 0.17 (CONUS+)



Y2 contours for arbitrary mass Z’
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Y2 curve for Xi7
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Adding in Ar, Ge and Csl data from COHERENT

LUND Approximate nuclear dependence of effective charges
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by average of effect on C{, and C},
C.i/"(Ar) = 1.020 C.5/* (Ge)

1%

C.2/*(CsT) = 0.953 C_3/* (Ge),

The Xi7

Systematic scale uncertainties:
a;';s = 0.13 (Argon),

ol = 0.12 (Caesium lodine),

agg = 0.103 (Germanium).
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Prospects at ESS

@ ESS to start running in autumn
2026

@ Initially with proton beam energy
840 MeV and 800 kW power

@ Designed for 2 GeV and 5 MW

Two scenarios: “a S )
o LowFar: 840 MeV, 800 kW for 1 yearﬁ at 25 meters from spallation target
@ HighNear: 2 GeV, 5 MW for 5 years at 15 meters from spallation target
Main systematic uncertainties:
@ neutron background, assuming 50 cm plastic shielding
@ neutrino flux uncertainty, assuming 10% for LowFar and 2% for HighNear
@ quenching factor uncertainty
Assume detector threshold 200 eV, and resolution o, = 68.5eV



Prospects at ESS, cont'd
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Neutron Skin

@ Important for understanding dynamics of neutron stars

LUND

UNIVERSITY @ Neutrinos direct probe of distribution of neutrons in nuclei
@ Difference in radius of neutron and proton distributions,
CEvNS@ESS

R, # R, = 1.2AY3 fm
Effects on the KN form factor (assuming only scattering from neutrons)
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1.0 .
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Neutron skin
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Recoil spectra
Predictions for different neutron radia compared to expected experimental data:

@ black error bars: statistical uncertainties
@ brown error bars: statistical uncertainties + estimated systematics
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LowFar - 1 year @ 840 MeV HighNear - 5 years @ 2 GeV



Ratios of recoil spectra
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Conclusions and outlook

LUND CEvNS at reactors and spallation sources and Xi7:

UNIVERSITY @ can search for light Z’ such as the Xi7
CEvNS@ESS @ fit to available data prefers an X7 compared to the SM, requires flavour
Johan Rathsman non—universa“ty

@ minimal model with Z’ as the X7 can describe all available CEvNS data
Neutron skin:
S @ high statistics needed (ESS)
@ possible to reach 3-4% uncertainty on R,/R,
@ need for more precise theory predictions?
Experimental challenges for CEvNS
@ quenching factor at low nuclear recoil energies (Eec &~ 200 €Vee)
@ neutron background at spallation sources

@ need to measure absolute neutrino flux (uncertainty on r)
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Backup — quenching factor uncertainty

Rqr [Reactor]

RqF [7T* decay at rest]
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