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Topic: neutrino interactions on 40Ar
at low energies (≲ 100 MeV)

Goal: precise calculation of cross sections
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Topic: neutrino interactions on 40Ar
at low energies (≲ 100 MeV)
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Why argon?

▪ Neutrino experiments (COHERENT, DUNE)

▪ Dark matter experiments (DarkSide-20k)

▪ Liquid Ar shield (LEGEND-1000)
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𝜈𝑒 + 18
40Ar ⟶ 𝜈𝑒 + 18

40Ar∗

Neutral Current (NC) 

Neutral current inelastic interaction

18
40Ar

ν

ν

18
40Ar∗
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Hadronic current
Write the Hamiltonian: ෡𝐻𝑊 = −
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𝐱 መ𝒥𝜇(𝐱) Leptonic current
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Inelastic NC cross section
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Inelastic NC cross section
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Are we done?

Total differential 
cross section



Inelastic NC cross section… at low energies 
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𝑬𝝂 ≲ 100 MeV



Inelastic NC cross section… at low energies 
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𝜎𝐺𝑇
(𝑁𝐶)

⋍
𝐺𝐹
2 𝑔𝐴

2

𝜋
𝑬𝝂 − ∆𝐸 2 𝐽𝑓 ෍

𝑖=1

𝐴

𝜏±(𝑖)𝜎1𝑀(𝑖) 𝐽𝑖
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Gamow-Teller 
transition probabilities

Nuclear excitation energy

No direct experimental measurements
No reliable theoretical predictions

𝑩(𝑮𝑻)

≲ 100 MeV



At low energies:   𝐵(𝐺𝑇)𝑒𝑥𝑝 = 𝐵(𝑀1)

𝑔𝐴
2(2.2993 𝜇𝑁)2

Transition probabilities are computed through
BIGSTICK, a nuclear shell model code.

Theoretical approach

Data-driven approach

W. Tornov et al., Phys. Lett. B 835 (2022)

Estimation of nuclear matrix elements
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We consider experimental measurements of the 
magnetic dipole amplitudes B(M1) for the process:

 γ + 18
40Ar ⟶ γ + 18

40Ar
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Elastic 
(CE𝛎𝐍𝐒)

Inelastic
(Shell model)



What’s next? 
My PhD so far
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Charged current inelastic interaction

𝜈𝑒 + 18
40Ar ⟶ 𝑒− + 19

40K∗
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Cross section

Charged current inelastic interaction

𝜈𝑒 + 18
40Ar ⟶ 𝑒− + 19

40K∗

𝜎𝐺𝑇+𝐹
(𝐶𝐶)

=෍
𝑖

𝐺𝐹
2 𝑽𝒖𝒅

𝟐

𝜋
𝓜𝒐→𝒊

𝟐 𝑬𝒆
𝒊 𝒑𝒆

𝒊𝑭(𝒁, 𝑬𝒆
𝒊 ) Fermi function
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Solar neutrinos
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Elastic interactions of neutrinos
with electrons and nuclei 

𝝂

electron

M. Sestu et al., Arxiv: 2509.22178

Neutrinos constitute a background at
direct detection dark matter experiments
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Thank you for your attention!
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