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CEVNS introduction
CONUS+ setup
Measurement campaigns
Latest campaign (Run 2)
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® Data acquisition & stability

® Calibration & Analysis

® CEVNS results

“ NEW results
published!

(This morning)
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Coherent Elastic Neutrino Nucleus Scattering

Z° Boson
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Atomic
Nucleus

°© Predicted by Freedman (1974)
o First detection by COHERENT (2017)

Using a Csl detector at a pion-decay-at-rest source

- W » . ’mﬂm 3
B ﬂii LJW% A Y,
m:ﬁa? =

A s .‘.‘3 }

Oct 28, 2026 CONUS+ Overview - Matthias Meier

: 4"_“‘%@ ’3_“:_«&_4_!

i«yam
3 32



( EVNS MAX-PLANCK-INSTITUT "X
FUR KERNPHYSIK

Coherent Elastic Neutrino Nucleus Scattering —— M CEWNS (Go)
— IBD
10° —— SM EveS
Neutrino Neutrino ; 10-1
=
Z° Boson © 107
Atomic Nuclear é 10=°1
Nucleus Recoill )
10771
°o Predicted by Freedman (1974) 5
. . 10~ T T T T
°© First detection by COHERENT (2017) 0 10 20 30 40 50
Using a Csl detector at a pion-decay-at-rest source Neutrino energy [MeV]
e e
Oct 28, 2026 CONUS+ Overview - Matthias Meier ‘;‘,ﬂ%’;zmlﬂ !Ei =



‘ EV N S MAX-PLANCK-INSTITUT "X
FUR KERNPHYSIK

Coherent Elastic Neutrino Nucleus Scattering —— SM CEWNS (Ge)
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Low neutrino energies — Fully coherent CEVNS
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Reactor
Spectrum
. . . 10°
Coherent Elastic Neutrino Nucleus Scattering —— SM CEvNS (Ge)
. — [BD
© Cross-section 10"+ —— SM EveS
Weak nuclear Kinematics ;: 10-1
charge term =
9 9 — E 10~ 1
do GpM Qy Q) (2 MT :
dT  2m 4 E2 g 1071
Nuclear form 10°7
factor
(-1las Q-0) s | . , :
0 10 20 30 40 50

Neutrino energy [MeV]
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CONUS+ Setup

o Located at the KKL power plant
(Leibstadt, Switzerland)

® Boiling water reactor
® Thermal power: 3.6 GW

® Off-time: ~ 1 month/year
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CONUSH+ Setup MAX-PLANCKCINSTITUT R

o Located at the KKL power plant
(Leibstadt, Switzerland)

® Boiling water reactor
® Thermal power: 3.6 GW

® Off-time: ~ 1 month/year

°© Measurement location
® |nside the reactor building
® Distance to reactor core: 20.7 m
® High antineutrino flux: 1.45 x 10*® s*cm™2

® Average overburden: 7.4 m w.e.
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CONUS+ Setup MAX-PLANGIINSTITUT

© Neutrino detectors
® 4 High purity germanium detectors

® Electrically cryocooled
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CONUS+ Setup MAX-PLANGIINSTITUT

© Neutrino detectors
® 4 High purity germanium detectors

® Electrically cryocooled

o Shielding
® Active muon veto

— Two layers of plastic scintillators

— Photo Multiplier Tube readout
® Multiple lead layers for gamma suppression
® Multiple (borated) polyethylen layers for neutron reduction

® Flushing of detector chamber with radon-free air
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© Neutrino detectors
® 4 High purity germanium detectors

® Electrically cryocooled

o Shielding

® Active muon veto

Background
suppression
by 10~

— Two layers of plastic scintillators

— Photo Multiplier Tube readout

® Multiple lead layers for gamma suppression

® Multiple (borated) polyethylen layers for neutron reduction

® Flushing of detector chamber with radon-free air
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Measurement campaigns MAXPLANCK INSTITUT K

Runl Run 2
Individual 4 x 0.94 1x0.94
mass (kg) 3 x2.45
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Measurement campaigns MAXPLANCKINSTITUT SRS

Run 1 Run 2 Detector upgrade
Individual 4%x094  1x0.94 (Nov 2024)
mass (kg) 3 x2.45
Run 1l
,H*ji;’ﬂ‘ e 1;'L
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Measurement campaigns

Runl Run 2
Individual 4 x0.94 1x0.94
mass (kg) 3x2.45
Total active 2.8 5.6
mass (kg)
Energy threshold 160-180 140-170
(€Vee)
Electronic noise
(FWHM in eVee) 20 >0
EXxposure
327 1296
(kg day)
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Detector upgrade
(Nov 2024)

Run1l .
o — S NMM%M 1 ;‘L
gih Bes 1! 3
,“ié ? 4_4_¢4_ y’&ij 8% é ;1&%@.& 3.1&14. ‘g‘_;mym&

"'»nt Er B B




MAX-PLANCK-INSTITUT
FUR KERNPHYSIK

Run 2
overview & results
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Run 2 - Data acquisition v <
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Run 2 - Data acquisition e =
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Run 2 - Calibration MAX-PLANCIINSTITUT =&

Energy calibration
o Linear calibration

°o Using atomic de-excitation lines
(mainly cosmogenic "*Ge prod. in detectors)

— No veto
— 450 ps veto window
: " K-shell

_.
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Run 2 - Calibration MAX-PLANCIINSTITUT =&

Energy calibration Pulser scan
o Linear calibration © Characterization down to threshold
. . . . . [ ] 1 1cl
o Using atomic de-excitation lines Trigger efficiency
(mainly cosmogenic 7:Ge prod. in detectors) ® Correct for non-linearities 1
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Run 2 - Calibration MAX-PLANCIINSTITUT =&

Energy calibration Pulser scan
o Linear calibration © Characterization down to threshold
o Using atomic de-excitation lines . Trigger efficiency
(mainly cosmogenic 7:Ge prod. in detectors) Correct for non-linearities 1
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Run 2 - Stability
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Run 2 - Stability

Cryocooler power (W) Noise FWHM (eVee)
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Run 2 - Background mode| maegusnr
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Run 2 - Background mode| maegusnr
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Run 2 — CEVNS analysis e <¢

Binned Poisson likelihood fit

o Simultaneously on reactor o (Gaussian pull terms
ON and OFF data

® Trigger efficiency
o First background fit above 400 eVe. ® Energy calibration
— get background normalizations ® Active mass
([

Normalizations of the 7 bg. components

e —
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Run 2 — CEVNS analysis e <¢

Binned Poisson likelihood fit

o Simultaneously on reactor o (Gaussian pull terms
ON and OFF data ® Trigger efficiency
o First background fit above 400 eVe. ® Energy calibration
— get background normalizations ® Active mass
o

Normalizations of the 7 bg. components

Likelihood A

Test likelihood
improvements on | s
Run 1 data

Test on Run 2 > Detector-wise
like Asimov data unblinding
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Run 2 — CEVNS analysis e <¢

Binned Poisson likelihood fit

o Simultaneously on reactor o (Gaussian pull terms
ON and OFF data ® Trigger efficiency
o First background fit above 400 eVe. ® Energy calibration
— get background normalizations ® Active mass
o

Normalizations of the 7 bg. components

Likelihood A

Test likelihood
improvements on | ===
Run 1 data

Test on Run 2 > Detector-wise
like Asimov data unblinding
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Run 2 — CEVNS result MAX-PLANCICINSTITUT %

CONUS'7 (ON) —+— ON data I Neutrons
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Run 2 — CEVNS result MAX-PLANCICINSTITUT %
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Run 2 — CEVNS result MAX-PLANCICINSTITUT %
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Run2 — Meas. uncertainties - wxpancemstiur <

Il Measurement Ns B Prediction Nsy O Ns/Nsm

Total

Stati St i CS Systematic
dominated Statistical
measurement —

Scale

Quenching
factor

Background
model

Cross section

Trigger
efﬁmggcy

Neutrino
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Active mass
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| | | | | |
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Run2 — Meas. uncertainties - wxewancemsmimur

Il Measurement Ns B Prediction Nsy O Ns/Nsm

Total

Stati Stics Systematic
dominated Statistical
measurement v
Quengiird

Background
model

Cross section

Imperfect description of Trigger

efficiency
the background shape Newtrin
. . . ux
(Inflated uncertainties yield
consistent result of 9.3 0) Active mass
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A-B ’
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| | | | | |
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Relative uncertainty (%)
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Run2 — Meas. uncertainties - wxpancemstiur <

Il Measurement Ns B Prediction Nsy O Ns/Nsm

Total

Stati Stics Systematic
dominated Statistical
measurement v
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factor

Background
model
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(Inflated inties vield Neuttine Systematics
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Summary

o Power plant enables fully coherent CEVNS

measurement

o First detection with CONUS+ Run 1 data (2025)
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Summary MAXPLANGICINSTITUT §

o Power plant enables fully coherent CEVNS

measurement COVUS'l'

o First detection with CONUS+ Run 1 data (2025)

o Fourfold exposure in Run 2
o Measurement stability confirmed over 1.5 years

o Excellent detector performance and understanding
of the energy spectrum down to 140 eVee

==__ o Detection of 1555 + 152 CEVNS events with 10.2¢

Two new publications online

© Short-Form Publication: arXiv:2610.37318 ‘ |
o Detailed analysis report: arXiv:2610.37345 S w— 37!
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https://arxiv.org/abs/2610.37318
https://arxiv.org/abs/2610.37345

MAX-PLANCK-INSTITUT *¥
FUR KERNPHYSIK

Thank you
for your
attention!
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Backup
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Run 2 - Stability
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Run 2 - Stability

CONUS-6

T T T T TT™]
o (© ]
T, 840 &
3 - ]
: 780!!!!!!'!!llllllil ~~~~~ L
= ]
3 720f ' '_
Z ! ]
_. 660 I L L
S 180F ' - ]
d (d) i
5 17} b
o | i
S o bbb
o Lot
B 150fF E
@ 1 L L :: i
w0 100 200 300

Time since 16 June 2025 (days)

Oct 28, 2026

CONUS-7

1500 i -

1350}

1200} , , Rk
170F E E—
160-TJ1;JJIT;;;-
150F E E-
1405 100 200 36& L

Time since 16 June 2025 (days)

CONUS+ Overview - Matthias Meier

MAX-PLANCK-INSTITUT *¥
FUR KERNPHYSIK

CONUS-3

T
1200' " i '“' i :'
1100;#_!!‘_!!‘.‘! ................... i
1000 -
170 B
160 'L*% YD R LLL'
150F 1 .
140} . : T b

0 100 200 300
Time since 16 June 2025 (days)

S et awaxg;ﬁhqumg 42
B J'f“i‘i P W — A S, -
"'ﬂ‘i . g_! ek, ! l #&i AJLLQ ib.ﬁa&i»u«:.f asna 28

3 B o et

a0




Run 2 - Stability
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Quenching measurement

ionization quenching factor
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—— Lindhard model, k = 0.162 + 0.004

Correlated systematic uncertainties

Ge

(88K)

——

nuclear recoil energy (keV )

]
T

v e aka A;‘}; Y TY Y s auu

=1 ;'id*nluq il o

o

i e
A

> 2 1 | )é‘ 17

JAVAY ;
gua 2835


https://link.springer.com/article/10.1140/epjc/s10052-022-10768-1
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Sub-kev energy calibration — wxewegsmmer <
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https://doi.org/10.48550/arXiv.2604.25748

Threshold definition
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Comparison to other
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Weinberg angle
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Run2 — Meas. uncertainties
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Run2 — Meas. uncertainties - wxpancemstiur <
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Crosschecks

TABLE VI. Summary of the consistency checks performed on the final CEvNS result. For each test, the number of signal
counts N, (or the signal rate R for the reactor-on minus reactor-off fit) is compared to the final combined fit or to the SM
expectation Ngy for the corresponding configuration. All uncertainties include statistical and systematic contributions.

Test description Result Assessment

Reactor-on only fit N, = 1562 £ 156 Agrees with final fit result

Reactor-off fit with free signal Ng=224+29 Consistent with zero

Thresholds 4+ 10 eV .. N, = 1248 + 141 Consistent with SM prediction (Nsy = 1369 + 163)
Thresholds + 20 eVe Ns = 1039 £ 139 Consistent with SM prediction (Nsm = 1092 + 131)
Fit range to 2 keVe. Ne = 1617 £ 140 Agrees with final fit result

Fit range to 8 keV. N, =1636 £ 139 Agrees with final fit result
Uncertainties scaled for goodness of fit Ng = 1555 £ 167 Agrees with final fit result, significance 9.3 ¢
Reactor-on minus reactor-off fit Ry = (5.75+£1.83)d™" Corresponds to N, = 1817 £ 578 and agrees

with final fit result
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