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The NUCLEUS Experiment

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 ⋅ 𝟏𝟎𝟏𝟐 𝝂/𝐜𝐦𝟐/𝒔 @ VNS assuming full power
Reactor nominal thermal power:  2 ⋅  4.25 GWth
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The NUCLEUS Experiment

Target detectors: ∼10 g of CaWO4

and Al2O3 with instrumented holders 

(inner veto)

Internal shielding: cryogenic shielding of active

germanium (COV) , 𝐵4C, borated polyethylene, 

lead and muon veto.

Dry dilution refrigerator at ∼ 10 mK

External shielding: borated

polyethylene, lead and muon veto.

The setup will be placed

at the VNS, a 24 𝑚2

basement room.
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(a) Detector module
(b) Inner veto
(c) Detector holder

Different materials can be used
• CaWO4

• Al2O3

Transition edge sensor (TES)

Particle Interaction 
Phonon

production
TES Resistance

Change
Signal recorded

The NUCLEUS Experiment
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• Excellent energy resolution, allowing
for a threshold of approximately

20 eVnr

• The event rate increases at low 
energies.

• 𝜎 ∝ 𝑁2

• This allows the use of a gram-scale 
detector!

Theoretical Event Rate

MAC. PhD Thesis
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The LEE rate is around 3-5 orders of magnitude
higher than the SM CE𝜈NS!

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

• We assume that the LEE scales with the 
number of detectors rather than with the 
detector mass

• The LEE is not constant over time (see the 
NUCLEUS study: Arxiv:2603.07687 )

PRELIMINARY

LEE Vs Signal

NEW
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LEE Vs Signal

PRELIMINARY

Modified recoil spectrum with a 
different value of the neutrino 

charge radius.

Hidden by the LEE
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PRELIMINARY

Modified recoil spectrum with a 
different value of the neutrino 

magnetic moment.

Can we exclude this hypotesis in the 
presence of the LEE?

LEE Vs Signal

𝜎 ∝ 1/𝑇𝑛𝑟
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PRELIMINARY

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

Due to the kinematics, the rate is highly
enhanced at low-energies

LEE Vs Signal

𝑑𝜎LM

𝑑𝑇𝑛𝑟
∝

𝑔′4

−2𝑚𝑁𝑇𝑛𝑟 + 𝑀𝑍′
2 2



Mattia Atzori Corona (INFN) MIAPbP Workshop 10

• 𝐸𝑖 is the average # events assuming a given signal hypothesis

• 𝑈𝑖 is the experimental realizations, i.e. the observed number of events 
The procedure follows different steps:
1.  From Poisson distribution with predicted mean value 𝐸𝑖, produce the mock data 𝑂𝑖. 

2. Repeat for a big number of realizations (e.g. 104).

3. The number of times in which the value of 𝜒2 is smaller than the original value of 𝜒2 is counted, and the C.L. [%] is 

evaluated by CL =
counts

total number of trials

Statistical Method with a LEE

𝑂𝑖
𝑂𝑖

Erickcek et al. method Phys. Rev. D 76 (2007) 042007
This is analogous of the Yellin Method with binned data

MAC. PhD Thesis

Example Plot
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Statistical Method with a LEE
Erickcek et al. method Phys. Rev. D 76 (2007) 042007

Cons:
➢ One can only place an upper limit on the signal
➢ No detection possible
➢ Very conservative upper limits

Presented in my PhD Thesis, not a 
NUCLEUS official result!

This sensitivity was obtained
assuming the Erickcek et al 

method, 1 year of exposure, 20 eV 
threshold and around 10 grams of 

CaWO4

Can we do better?
Is there any more feature we

can exploit?  
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How to model the LEE? 
Evidences:

➢ The NUCLEUS LEE decays with a power law with 
k∼0.59

➢ The spectral shape does not change with time

➢ The  CE𝜈NS signal varies with the reactor power
The signal is time-dependent!

Today

Arxiv:2603.07687, NUCLEUS 
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Statistical Method with a LEE
PRELIMINARY

All the previous assumptions need
to be validated with real reactor
data. 
We assumed 35 eV threshold as
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.
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Statystical Method with a LEE

PRELIMINARY

The unbinned likelihood function is defined as

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

Exploiting the time information 
significantly improves the sensitivity!

Upper limit around 35 times the SM.
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Likelihood Results

PRELIMINARY
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Physics Constraints with the LEE

PRELIMINARY

• 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 CaWO4 with a 
subdominant LEE level

✓  340 g (final goal): mass for which statistical 
uncertainties ~ systematic uncertainties (3%, 
mainly due to neutrino flux), subdominant LEE
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NUCLEUS Physics Reach (w LEE)

PRELIMINARY During the Technical Run:
|𝜇𝜈𝑒

| < 22 × 10−9 𝜇𝐵

Neutrino Magnetic Moment
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NUCLEUS Physics Reach

PRELIMINARY

PRELIMINARY

To perform precision test of the SM one 
would need to get rid of the excess!

PRELIMINARY
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Conclusions and Outlook

➢Can we tackle the low-energy excess to probe new physics with 

NUCLEUS?

YES! If….
✓ If the assumptions we made are realistic (and we stay cold for long)

✓ Reactor power variation: allows us to improve the constraints on the 

CE𝜈NS normalization, neutrino magnetic moment or new light mediators

even with a LEE component

✓ With a sub-dominant LEE component, NUCLEUS will provide world-

leading constraints on serveral scenarios with a gram-scale detector!

Stay tuned!



Thanks for your attention!
              Questions?
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Likelihood Results

PRELIMINARYPRELIMINARY
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Likelihood Results: Physics Run

PRELIMINARY
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