
  

BULLKID a probe for CEvNS
Giorgio Del Castello

giorgio.delcastello@roma1.infn.it

19/03/2024

mailto:giorgio.delcastello@roma1.infn.it


  

CEvNS: Coherent Elastic Neutrino 
Nucleus Scattering

2   INFN & Sapienza |  BULLKID a probe for CEvNS   | Giorgio Del Castello 2



  

What is CEvNS ?

Nuclear Recoil  
(observable: nuclear  
kinetic energy)

𝜈 𝜈

RN

Z0
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Nuclear Form Factor

       Fourier transform of the nucleon distribution

Weak Force ChargeNeutrino Energy (see later)

T



  

Coherent?
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Nuclear Form Factor

Coherency
Neutrino does not see the internal 
structure of the nucleus



  

Peculiarities
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No Threshold

>O(10²)

Weak Force ChargePeculiarities
● No Energy Threshold!
● Scaling with N²
● Great enhancement due to coherency!
● ν-flavour independent (tree-level)



  

Why measure CEvNS ? 

 

 Supernovae Collapse Models Irreducible Background for 
WIMP experiments

Detector Miniaturization and non-invasive
reactor and nuclear waste monitoring

SM and BSM/NSI studies
● sin θW at low momentum 

transfer
● Magnetic dipole moment 

of neutrino
● Non-standard interactions

Studies on Nuclear Form Factor
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Measuring CEvNS
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Experimental Challenges

44 years!
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First CEvNS observation
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Observation from COHERENT in 2017 at  Oak Ridge 
National Laboratory 

Using shielded CsI[Na] scintillator



  

Where to measure CEvNS?
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cross-section

recoil energy

coherency

Needs to be 
measured!



  

BULLKID for 
reactor CEvNS detection
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Detection Trade-off
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N² Scaling

● Heavy Atoms Needed!

Nuclear Recoil Energy

● Light Atoms Needed!

Usual targets are: Si, Ge, CaWO4, Al2O3, CsI[Na], NaI[Tl], Xe,Ar



  

Reactor CEvNS: Neutrino Spectrum at VNS
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● 24 m2 basement room (~3 m.w.e)
● 2x4.25 GWth nuclear reactors at the Chooz Power Plant
● Baselines of 72 m and 102 m
● At experimental site expected antineutrino flux of 1.7x10¹² v/(s cm²)

Mostly anti-electron 
neutrinos (~6 per fission)



  

BULLKID vs NUCLEUS
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Cryogenic 
Muon Veto

Muon 
Veto

Borated 
Polyethylene

Lead

NUCLEUS External 
Shielding

CryoCubes
● Resoluton < 6 eV
● Dense Crystals (CaWO4)
● 10 g Detector (18 cubes)

● Resolution ~ 25 eV
● Needs Germanium MKIDs
● O(1 kg) Detector (>100 cubes)

CryoVeto (ambient γ)
● 4π Germanium Coverage
● Different Readout

● 4π BGO Coverage (*)
● Same Readout (KID based)

*see M. del 
Gallo’s talk 
tomorrow



  

Reactor CEvNS: Threshold and Target

 

1515   INFN & Sapienza |  BULLKID a probe for CEvNS   | Giorgio Del Castello 15

Reactor CEvNS:
● Most of the flux < 5 MeV:

<TSi>  ≤  700 eV 

<TGe> ≤ 300 eV 

Requires:
● Exposure
● Heavy Materials
● Low Resolutions!
● Low Background!

Background: 
100 dru flat

Background: 
100 dru flat



  

BULLKID: Background
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Unexplained 
excess of events 
at low energies

BULLKID doesn’t see 
the excess so far

The EXCESS is seen in both CCDs and CryoDetectors and 
makes you blind to most of the reactor neutrino spectrum



  

BULLKID Sensitivity
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With a demonstrator 
made of Ge*
With 150 eV trigger 
threshold
100 dru flat background
Measure reactor CEvNS 
at 5σ!

*see D.Delicato’s talk tomorrow



  

Other Experiments
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Slide from Enectali Figueroa-Feliciano

https://indico.cern.ch/event/1215362/contributions/5312783/attachments/2617634/4525516/Magificent_CEvNS_Figueroa.pdf


  

Exotic CEvNS and Bibliography
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Neutrinos to Give High-
Frequency Traders the 
Millisecond Edge

Submarine neutrino
 communication Neutrino-Based Tools   

for Nuclear Verification

 

Neutrino detector device, 
neutrino detector system 
and method for detecting 
neutrinos

1. Coherent effects of a weak neutral current, Daniel Z. Freedman, Phys. Rev. D 9, 1389
2. Coherent Neutrino-Nucleus Scattering and new Neutrino Interactions,M. Lindner et al. ,

 Journal of High EnergyPhysics 2017.3 (Mar. 2017)
3. Magnificent CEvNS 2023 Experimental Summary, Enectali Figueroa-Feliciano
4. CeνNS coherent and elastic neutrino-nucleus scattering, M.Vignati Taup 2023
5. EXCESS workshop: Descriptions of rising low-energy spectra
6. Latest observations on the low energy excess in CRESST-III
7. Exploring CEνNS with NUCLEUS at the Chooz nuclear power plant

https://www.forbes.com/sites/brucedorminey/2012/04/30/neutrinos-to-give-high-frequency-traders-the-millisecond-edge/?sh=d219bd6590c6
https://www.forbes.com/sites/brucedorminey/2012/04/30/neutrinos-to-give-high-frequency-traders-the-millisecond-edge/?sh=d219bd6590c6
https://www.forbes.com/sites/brucedorminey/2012/04/30/neutrinos-to-give-high-frequency-traders-the-millisecond-edge/?sh=d219bd6590c6
https://doi.org/10.1016/j.physletb.2010.08.003
https://doi.org/10.1016/j.physletb.2010.08.003
https://scienceandglobalsecurity.org/archive/sgs27carr.pdf
https://scienceandglobalsecurity.org/archive/sgs27carr.pdf
https://patentimages.storage.googleapis.com/20/85/ef/45b5276d2108c1/WO2018188732A1.pdf
https://patentimages.storage.googleapis.com/20/85/ef/45b5276d2108c1/WO2018188732A1.pdf
https://patentimages.storage.googleapis.com/20/85/ef/45b5276d2108c1/WO2018188732A1.pdf
https://patentimages.storage.googleapis.com/20/85/ef/45b5276d2108c1/WO2018188732A1.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.9.1389
https://link.springer.com/article/10.1007/JHEP03(2017)097
https://link.springer.com/article/10.1007/JHEP03(2017)097
https://indico.cern.ch/event/1215362/contributions/5312783/attachments/2617634/4525516/Magificent_CEvNS_Figueroa.pdf
https://indico.cern.ch/event/1199289/contributions/5262781/attachments/2704262/4694256/CEvNS-TAUP2023.pdf
https://scipost.org/SciPostPhysProc.9.001/pdf
https://scipost.org/submissions/2207.09375v1/
https://doi.org/10.1140/epjc/s10052-019-7454-4


  

Backup
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More on EXCESS
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Low Energy Excess has 
similar signature to CEvNS

Difficult signal to background 
discrimination



  

EXCESS time dependence

 

2222   INFN & Sapienza |  BULLKID a probe for CEvNS   | Giorgio Del Castello 22



  

Asimov Statistics
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Calculate directly from the expected background and CEvNS rate 
the significance without any montecarlo simulations

"Development of energy calibration and data analysis systems for the NUCLEUS experiment", G. Del Castello

https://arxiv.org/pdf/2302.02843.pdf
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