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1. Navigate to the tutorial on the Jupyter notebook:

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/ enter 
username & password

2. Click on the ipynb file!

3. Run notebook as it is

4. Play around with widgets and write some code (if you like!)

5. ULYSSES manual may be useful: https://arxiv.org/abs/2007.09150

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/
https://arxiv.org/abs/2007.09150


The aim of this tutorial is to give you an idea of what ULYSSES 
is all about. No matter how complicated baryogenesis mechanisms are they always 
boil down to the same thing: solve a Boltzmann Eq for a given theory input 
parameter, see if you can match the observed baryon asymmetry!


ULYSSES has different “models” of Boltzmann equations. 

1BE1F  = track decays & washout of lightest RHN in one flavour regime

1BE3F  = track decays & washout of lightest RHN in three flavour regime

2RES    = track decays & washout of N1 and N2 in resonant regime 

3DME  = track decays, washout and oscillations of 3RHNs using the density matrix 
formalism


ΔM ≪ ΓN



Now we have a model, we can define some input parameters from the Casas-Ibarra 
parametrisation. We will fix some of them and allow others to vary


We will vary the remainder for different models


Lightest RHN mass 


 GeVM1 = 1014
Second lightest RHN mass 


 GeVM1 = 1015

Select a model

Vary input parameters

Look at how solution changes
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Try different models and varying the input parameters 

Note that the inputs for angles are in 1 degree increments and for the lightest active 
neutrino mass m1 in 0.1 (of the appropriate units) so changing the widgets by large 
amounts might take some time: the solution to the BEs (which can be complicated 
for example 3DME) needs to be recalculated. So the final plot might take some time 
to “settle down”




Task 5 & 6 

Here we have the Boltzmann equation for 1BE1F, simplest BE around. 


Here is a point in the Casas-Ibarra 

Parameter space. 


Understand how the 

ODE is solved and how the solutions are stored


I have plotted the lepton asymmetry ( ) 

number density in red. 


Is this for weak or strong washout? 
What is the value of etaB? 

Can you plot the number density of N1 on the same plot as  
the N1 equilibrium number ? 

How does the behaviour of N1(z) change for strong and weak washout? 
Change the point above and see if you can achieve strong washout. 

Explain the difference between strong and weak washout 

NB−L



Task 7 (optional) 

Next task is to pick a model, say 1BE2F (1RHN decaying in the two flavour regime) 
and fix all but one Casas-Ibarra  Parameter fixed


For example this point “p” all parameters fixed apart from




Now call this model and allow delta to vary! 
Plot  as a function of  

δ

ηB × 1010 δ
<latexit sha1_base64="aQ/LzNSCTKouSp8ZBGt0j9wdu7A="></latexit>

⌘obsB


