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What is a sterile neutrino? 

• No Standard Model interaction 

• Non-zero mixing angle with an active 
neutrino 

• Mass? 



How to thermalise a sterile 
neutrino? 
• Propagation and measurement! 

• Rate: Γ𝜈𝑠 =
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• Resonances in the medium: Δ𝑚 → 0 IH
and

or
L ≠ 0  
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(Remember LEP: 3 
active light neutrinos.) 

Credit: Steen Hannestad 



Motivation: Neutrino anomalies 
Experiment What do they measure? Estimate of significance 

Nuclear reactors (ILL, 
Bugey, Gösgen...) 

A small deficit in the 
𝜈 𝑒 flux from 235U, 238U, 
239Pu and 241Pu fission. 

2.5σ 
(Mention et. al.: 
1101.2755) 

Galium detectors (SAGE 
and GALLEX) 

A small deficit in the the 
𝜈𝑒-flux from 51Cr and 37Ar 
decay. 

3.0σ 
(Giunti and Laveder: 
1006.3244) 

Short baseline oscillation 
experiments (LSND and 
MiniBooNE) 

𝜈 𝜇 − 𝜈 𝑒 and 𝜈𝜇 − 𝜈𝑒 

oscillations. 

3.8σ + 0σ + 3.0𝜎+? 𝜎 
(1007.1150 + ...) 
 

Big Bang Nucleosynthesis 
(BBN) 

Amount of radiation at 
T=1 MeV 

Consistent with 0 or 1 fully 
thermalised neutrino. 

Cosmic Microwave 
Background (WMAP + 
ACT/SPT + BAO + H0) 

Amount of radiation at 
recombination 

1.5σ − 2.5𝜎 
(1009.0866 + ...) 
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𝛿𝑚𝑠
2~1eV2 



1+1 approximation 

• 2 level system: 2x2 density matrix 

• Hermitian and unitary: Expand in Pauli matrices.. 

𝜌 =
active (entanglement)

(entanglement) sterile
 



Quantum Kinetic Equations 
• Density matrices using Bloch-vectors: 

𝜌 =
1

2
𝑓0 𝑃0 + 𝑷 ⋅ 𝜎  

 𝜌 =
1

2
𝑓0 𝑃0 + 𝑷 ⋅ 𝜎   

• Equations of motion: 

𝑷 = 𝑽 × 𝑷 − 𝐷𝑷𝑻 + 𝑃 0𝒛  

𝑃 0 = Γ
𝑓𝑒𝑞

𝑓0
−
1

2
𝑃0 + 𝑃𝑧  

Sigl & Raffelt 1993 



Numerics (!) 

• Vastly separated time scales: 
Hubble expansion, relaxation, 
oscillations...  Stiffness 

• 8 × res~103 equations  sparse 
methods needed 

• Parameter space spans several 
order of magnitudes 

• ndf15 and RADAU5: state of the art 

• LASAGNA: Lepton Asymmetric 
Sterile-Active Grid Neutrino 
Analyser 



𝛿Neff for 𝛿𝑚𝑠
2 > 0,𝐿 = 0 

arXiv:1204.5861 (Contours from 1006.5276) 



𝛿Neff for 𝛿𝑚𝑠
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𝛿Neff for 𝛿𝑚𝑠
2 > 0,𝐿 = 10−2 
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𝛿Neff for 𝛿𝑚𝑠
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Thermalisation cartoon 
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Open questions/future  
• Effect of 𝜈𝑒  distribution function distortion on BBN 

• Make LASAGNA public 

• Chaotic lepton number in inverted hierarchy? (in progress) 

 

hep-ph/9906452 and 0807.0456 



Information loss in QRE 
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Credit: Rasmus Sloth 

Preliminary! 



The End 
Thank you for your attention! 


