
RUN 3 AmBe Simulation
(with QF) + simple ER/NR 

discrimination 



1. Geant4 (10^7 neutrons from AmBe source, implemented QF)
2. Digitization (as in RUN 3)
3. Reconstructed as RUN 3

Only ~20000 of the events generate some kind of energy deposit in the gas 
(0.02%)

Not all of them are NR. More than half of them are ER due to neutrons interacting 
with PMMA and copper and produce photons/e-

Simulation setup



Matching MC truth with reconstructed tracks

1. Loop over reconstructed clusters
○ For each cluster, compute the reconstructed barycenter.

2. Read the corresponding MC truth (Geant4) event
3. Read Geant4 hits for that event

○ Each G4 event can have multiple particles (we identifiy by trackID_hits).
○ For each unique trackID, select all hits belonging to that track.

4. Compute barycenters in G4 (x,y)
○ For each track (trackID), compute the x-y barycenter using its hits.

5. Matching
○ Compare each reconstructed barycenter with all MC barycenters in the event.
○ Assign the match to the closest MC barycenter (within a given threshold, es. 10 mm). See next 

slide for the reasonable theshold
6. After match:

○ Do all analysis you want



Differences between MC truth and reco

We use
10 mm as a 
threshold for a 
good match

We select events with a single track, and 
reconstructed pictures with a single 
high-density track (density > 20). After the 
correct translation: 



Reconstructed quantities
(sc_integral, sc_length, etc…)

by particle type 





(NORMALIZED)



calibrated with iron peak (5.9 keV) @  
10000 counts



sc_length / sc_width



rho = sc_rms / sc_nhits



eta = sc_width * sc_length * rho











Geant4+digitization+reconstruction



Data/MC comparison RUN 3



In RUN 3, starting from a trigger 
rate of 1.6 Hz without the source 
and 1.8 Hz with the AmBe source, 
a net excess of 0.2 Hz (i.e., two 
events every 10 seconds) is 
observed, which can be attributed 
to neutrons since the gamma 
contribution from AmBe is 
negligible; given that the source 
emits 200 neutrons per second, 
this means only 1 in 1000 is 
detected—corresponding to the 
product of the geometrical 
acceptance and the DAQ 
efficiency—where GEANT4 
simulations show that 3 out of 
1000 generated neutrons interact 
in the gas, implying a DAQ 
efficiency of about 33%, and thus 
0.003 × 0.33 ≈ 0.001, so to 
simulate one hour of AmBe 
exposure one should generate 
(3600 s) × (200 n/s) × (0.33) = 
237,600 neutrons, without 
multiplying by the geometrical 
acceptance again since GEANT4 
already includes the full geometry.









How He, C, and F differ from each other?



Carbon Fluorine Helium

Color map is “number of clusters”



Color map is “real energy in MC truth”



Simple ER/NR discrimination



Simple cuts
(based on previous distributions)

Note: ER and NR are all from AmBe 
source. There is no LIME background

Next slide visual result



Before cuts After cuts

Yellow region has no meaning. To fix



How does the QF affect NR energy?



Energy in MC truth vs reconstructed energy (10000 counts = 6 keV)

You can see how ER start to not be linear when they are too long (cut tracks), 
while NR due to QF



Next steps

- improve normalization for MC/data comparison
- find better cuts for ER/NR discrimination (looking at Atul’s work)
- compare 3D reconstructed length (proportional to energy) for NRs


