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Research Questions

Results

Crystal Directionality Setup

Conclusions 

• Neutrino-nucleus scattering provides a probe 

of SM and BSM physics.

• BSM physics can enhance the scattering rate.

• Directional dependence in neutrino-nucleus 

scattering rate exists in crystal detectors.

• It could be hard to observe such modulation 

amplitude experimentally (at least 

103kg·year).
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Motivation

• Coherent elastic neutrino-nucleus 

scattering tests Standard Model and 

BSM physics.

• Crystal targets can probe low-energy 

recoils through phonon excitations.

• Directional modulation may help 

distinguish signal from background.

• How does Beyond Standard Model 

physics affect the neutrino-nucleus 

scattering rate?

• Can crystalline detector anisotropy 

create directional dependence in the 

scattering signal?

Theory Background

• The differential neutrino-nucleus 

scattering rate is: 

                               , 

                               

    where                                .

• Different scenarios modify 
𝑑𝜎

𝑑𝑞
.

• SM coherent scattering: weak 

interaction.

• BSM scenarios considered:

• Neutrinos have a magnetic 

moment.

• The light mediator couples 

neutrinos to nucleons.

• Nuclear recoil structure factor:

• Impulse approximation structure factor:

• Structure factor 

𝑆( Ԧ𝑞, 𝜔) depends on 

momentum-transfer 

vector Ԧ𝑞.

• 𝜃∗ variation → a 

modulation in 

scattering rate. 

• Modulation pattern:

    a signal-discrimination

Modulation in scattering cross section with different detectors 

Exposure required to observe 

modulation with 𝐓𝐞𝐎𝟐 detector

Scattering rate with 𝐀𝐥𝟐𝐎𝟑 detector

• Magnetic moment scenario gives the largest 
scattering rate: BSM physics produces an 
observable signal.

• Changes in scattering rate indicates new 
physics.

• TeO2 detector gives larger modulation than Al2O3 and CaWO4.

• With Al2O3, the modulation is greater at lower neutrino energy.

• The exposure is the detector mass and observation time needed to 

observe a given modulation amplitude: at least 103 and 105 kg·year in 

the magnetic moment and Standard Model scenarios, respectively.
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Modulation amplitude in scattering 

cross section with different neutrino 

energies with 𝐀𝐥𝟐𝐎𝟑detector
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