
FASER Liverpool :
May Update (2nd May 2025)

Sinead Eley 



ALPtrino : Recap 
- Using ABCD approach to estimate background due to geometric muons in signal region 

- Consider each energy bin in each region independently 
- I.e. Each bin becomes the signal region in its own ABCD 

- Need to account for the number of neutrinos in each bin 
- Correct for this using neutrino MC 

- Apply correction factor 
- Need as this uses an inverse timing cut relative to ALPtrino

- Apply both  statistical errors and systematic errors to the results 

-



Systematics 
- Different generators used in production of neutrino MC samples 

- EPOS-LHC is the nominal for light hadrons 

- POWHEG+Pythia is the nominal for charm hadrons 

- Each generator differs in their theoretical modelling 
- Have other samples from:

- SIBYL, QGSJET, Pythia-forward & different POWHEG tunes

- Uncertainty given by the spread of the event generator predictions 
- E.g. Do the same calculations on nominal and uncertainty samples

- Take the difference between the nominal result and each of the systematic results 

- Find the largest difference

- That’s your uncertainty 

- This is done for both light and charm, respectively 

- Combine light and charm in quadrature to get overall systematic uncertainty  



Correction Factor 
- As inverted timing cut is applied need to correct 

for this 

- Using a correction factor ‘f’, can apply this to data 

to get an overall prediction 
- f = ratio of events that pass a cut of timing > 20 pC, 

to those that are < 20 pC

-

- Factor is calculated for each year of data 

independently and applied before combining all 

years to get a total prediction

4



Magnet Region
● Magnet Region Cuts:

○ PS1 nMIP >10 
○ PS ratio < 1.5

● Prediction is a lot larger than observed in bin 1 
○ Perhaps another background that needs to be 

taken into account 
● Higher energy bins

○ <1 event predicted and 0 events observed 
● Final bin prediction and observed agree very nicely
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PS Region
● PS Region Cuts:

○ PS1 nMIP >10 

○ PS ratio > 4.5

● Less than 1 event predicted in PS region 

○ 0 events observed 
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Calo Region
● Calo region cuts:

○ PS1 nMIP < 10

● Less than 1 event predicted in all bins 

○ 0 events observed in all bins 
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TREx Fitter
- Learning how to use TREx fitter to get significance 

and include elec nu CC signal (with elec NC and 

muon nu as background) 
- Can also add geom muon ABCD as a background 

- Got this working for me locally 
- Can now plot a significance for all regions 

- There is an ability to add an ABCD estimate for 

background too 

- Will add the correct binning for this to the 

fitter

- As well as ABCD data 

- Potentially will add a tree write out with the 

needs of TREx in mind to the RDF 



Muon Neutrino 
Background 

- After the Physics meeting a few weeks ago, the 
ALPtrino team have been coming up with a plan 
of attack for using a data driven method to 
account for muon neutrino background 

- With the plan we have decided to use:

- Use electronic neutrino result as flux 
measurement 

- Need a data to MC ratio (i.e. repeat plot from 
electronic neutrino analysis with 24’ data)

- Binning matching electronic neutrino analysis
- Would have to recalculate geom. Muon 

neutrinos for this binning 
- Use 100-300 bin as a CR 

-



Summary 
- ABCD method seems to work well 

- Will likely need adjusting once control regions and signal regions are decided on 

- These will be necessary for a data driven muon neutrino background estimate 

- Can adjust regions in ABCD accordingly 

- Can run TREx Fitter now to get significance for combination of regions 
- Using John’s extra script to extra ABCD background can also get the significance taking into account the 

ABCD for a region 


