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The experimental site, the Very Near Site (VNS), is located at 102 m and 72 m from the two reactors of the Chooz B plant.
~ 3 m.w.e. depth @ VNS — backgrounds need to be under control (NUCLEUS background prediction EPJ.C 86 (2026) 1, 29)

Neutrinos expected at the detectors =~ 2.1 - 101? v/cm?/s @ VNS assuming full power
Reactor nominal thermal power: 2 - 4.25 GWy,
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| Internal shielding: cryogenic shielding of active External shielding: borated
( germanium (COV) , B,C, borated polyethylene, polyethylene, lead and muon veto.
lead and muon veto.

Dry dilution refrigerator at ~ 10 mK

Target detectors: ~10 g of CaWO,
and Al, 05 with instrumented holders
(inner veto)

The setup will be placed
at the VNS, a 24 m?
basement room.
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The NUCLEUS Experiment

Transition edge sensor (TES)
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Dresden-TI (~1 keVy) |

1000k b | '» Excellent energy resolution, allowing
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|+ This allows the use of a gram-scale
: detector!

01 EMAC. {DhD Tlhes{s L | | T
0.01 0.05 0.10 0.50 1
T [keViy]

Mattia Atzori Corona (INFN) T . ad T ~ MIAPbP Workshop*



The LEE rate is around 3-5 orders of magnitude

— CEYNS CaWO, higher than the SM CEVNS!

— | Disclaimers:
* The LEE measured during the NUCLEUS
commissioning run at TUM is used as input for

the sensitivity study.
Phys.Rev.D 112 (2025) 7, 072013

LEE (Commissionir_lg CaWO,)

Particle Background @ VNS (G4),

e We assume that the LEE scales with the
number of detectors rather than with the

| | detector mass @
00 01 02 03 04 05

 The LEE is not constant over time (see the
Energy [keV] NUCLEUS study: Arxiv:2603.07687 )

Counts/[keV kg days]
S
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LEE (Commissioning CaWO,)

PRELIMINARY

Particle Background @ VNS (G4)
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Modified recoil spectrum with a
different value of the neutrino
charge radius.

Hidden by the LEE

~ MIAPbP Workshop

Mattia Atzori Corona (INFN) T



Counts/[keV kg days]

LEE (Commissioning CaWO0,)
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Modified recoil spectrum with a
different value of the neutrino
magnetic moment.

Can we exclude this hypotesis in the

presence of the LEE?
2
dO‘%% _ ﬂ-a]%}M 1 o 1 Z2F2(|q12) @
AT m2 \Tan E, 4 /B
o x1/T,,
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—— CEVNS CaWOy . ~ - g7=10"% mp=3 MeV

Modified recoil spectrum in the presence of
a new light mediator.

Due to the kinematics, the rate is highly
enhanced at low-energies
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LEE (Commissioning CaWwoQ,)
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Erickcek et al. method Phys. Rev. D 76 (2007) 042007
This is analogous of the Yellin Method with binned data

i=# of Bins

XZ
i=1

E;— U,)*

* [E;isthe average # events assuming a given signal hypothesis

* U, is the experimental realizations, i.e. the observed number of events

The procedure follows different steps:

Example Plot

dR/dT,; /[5eV]
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T [keV MAC. PhD Thesis

1. From Poisson distribution with predicted mean value E;, produce the mock data O;.

2. Repeat X° = Z

i=+# of Bins (E _ Oi)2
i=1 { EI

with 0; < Ei} for a big number of realizations (e.g. 10%).

3. The number of times in which the value of x* is smaller than the original value of x? is counted, and the C.L. [%] is

counts

evaluated by CL =

total number of trials

MIAPbP Workshop"
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Erickcek et al. method Phys. Rev. D 76 (2007) 042007

Cons:
» One can only place an upper limit on the signal 0.001
» No detection possible 5.x 1074

» Very conservative upper limits

This sensitivity was obtained _
assuming the Erickcek et al
method, 1 year of exposure, 20 eV

< 10-6
threshold and around 10 grams of 510
CaWO0,
1. % 10-8‘

Can we do better?
Is there any more feature we
can exploit?
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Presented in my PhD Thesis, not a
NUCLEUS official result!
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Evidences:

» The NUCLEUS LEE decays with a power law with

k~0.59

Rige(t) = RovLee (t —to) ™"

» The spectral shape does not change with time

SLEE(THI') — B X fe—an/Tl _I_ (1 L f) e—an/TQJ

» The CEvVNS signal varies with the reactor power
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Arxiv:2603.07687, NUCLEUS
Bl and B2 ON
B2 OFF
The signal is time-dependent!
B1 OFF
B1 and
] B2 OFF
0 50 100 150 200 250 300 350
Time from measurement start (days)
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Events per day

Events per 9.3 eV

Background time PDF
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All the previous assumptions need
to be validated with real reactor
data.

— 1 We assumed 35 eV threshold as

&
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obtained during the Commissioning
Run (NUCLEUS Phys.Rev.D 112
(2025) 7, 072013).

Operational recommendation for

the experiment:

* It would be ideal not to warm
up the cryostat during its
operation at the VNS, to exploit
the behaviour of the LEE over
time.

MIAPbP Workshop
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Statystical Method with a LEE -

The unbinned likelihood function is defined as

——— Combined likelihood 7 T
Energy-only likelihood —log £ = [a / P(t) dt + B(t) dt]
—— Time-only likelihood = h

_ Z]og (a P(t;) fs(Ei) + B(t:) fo(E;)]

For each pseudo-experiment, parameter
inference is performed using a profile
likelihood ratio test statistic.

Median test statistic

. , , \ Exploiting the time information
100 150 200 250 significantly improves the sensitivity!

Signal rate compared to SM

Upper limit around 35 times the SM.
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NUCLEUS Sensitivity
" Universal Model
0 001 . 90% CL

" == Technical Run

107}
—— Physics Run
R - 340 g (CaWOy)
10—7 T Y T U R Y
0.01 0.10 1 10 100 1000

M, [MeV]

Even in the presence of the LEE, it is possible to
put competitive constraints.

If one wants to improve the constraints:

Physics Run: 7 grams of CaW0, with a
subdominant LEE level

340 g (final goal): mass for which statistical

uncertainties ~ systematic uncertainties (3%,
mainly due to neutrino flux), subdominant LEE

~ MIAPbP Workshop*
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- NUCLEUS Physics Reach (w LEE) -

Neutrino Magnetic Moment

90% CL

CEVNS TEXONO
Experiments CONUS+ COH CslI+Ar
—IMUNU During the Technical Run:
Reactors| GEJMA ; .
(VES) -~ TEXONO Csl [y | <22 X107 pp
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Sensitivity ~ ] 340¢g ITechnical
(CaWOy,) Run
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4 | COHERENT < 0% CL
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To perform precision test of the SM one
would need to get rid of the excess!

~ MIAPbP Workshop
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C

» Can we tackle the low-energy excess to probe new physics with
NUCLEUS?

v' If the assumptions we made are realistic (and we stay cold for long)

v Reactor power variation: allows us to improve the constraints on the
CEVNS normalization, neutrino magnetic moment or new light mediators
even with a LEE component

v With a sub-dominant LEE component, NUCLEUS will provide world-
leading constraints on serveral scenarios with a gram-scale detector!

Stay tuned!
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BN Technical Run pseudo-experiments
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Likelihood Results: Physics Run
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Combined likelihood

Energy-only likelihood
Time-only likelihood
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