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Background in Monte Carlo Simulation

•Before and after brick assembling nuclear emulsions are are are piled up without passive material in a 
different order with respect to the brick one. The segments due to the cosmic rays integrated during this 
period, therefore, should not form any track, apart from combinatorial associations (tracks 2 or 3 segments 
long).

•When the brick is assembled it integrates cosmic rays that are then reconstructed as long tracks. These 
could mimic a vertex or be associated to a true vertex if they’re reconstructed as more than one track 

Beam

•Nuclear emulsions integrate cosmic rays since their production up to their development

Passive material not to scale
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Background in Monte Carlo Simulation

• These two sources of background were not present in Monte Carlo simulation

• Segments integrated when the brick was not assembled have been added

Beam

Passive material not to scale
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Combinatorial Background added to MC - Example

•Background segments were taken from data, in a region with no signal
All segments

3803509 entries
DATA

Background (cut on X coordinate)

Signal (cut on track’s angle)

105744 entries
DATA

1604247 entries
DATA

Background translated to the signal region
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Combinatorial Background added to MC - Example

• and added to MC simulation, after being shifted

All segments

18746 entries

MC

Signal (cut on track’s angle)

1622993 entries

DATA
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Tracking
•Track reconstruction performed separately for each section, with appropriate parameters 
•Algorithm developed to merge tracks reconstructed in two sections

S1 S2

S1 S2

tracking parameters S1 tracking parameters S2

tracking parameters 1-2

Projection of  missing segments
S1: projection from the last 3 plates 

S2: projection from the first 9 plates (to account 
for refreshing)
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Tracking
• 2-prongs back-to-back vertices, formed due to more stringent tracking parameters, 
are reattached in a unique track
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Vertices Selection: MC and DATA Samples

• Many vertices reconstructed: not all of  
them are true ones 

• A MC vertex is considered good if  it 
has at least 2 tracks belonging the same 
MC event 

• Need to improve vertices 
reconstruction: good results already 
obtained and reported in the next slides

MC Data
Entries 11350 12412

n≥3 4660 3748
n=2 6690 8664

vtx good n≥3 3912
vtx good n=2 1472

tot good 5384

Expected ∼6300

(MC and DATA normalised 
to beam particles)
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Data and MC Comparison
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• MC now describes Data much better than before

Before Now
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Vertexing - improvements I
• Improvements to restore some vertices topologies:  
Oxygen passing through a vertex, because reconstructed as unique track 
with one of  the daughters
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80
0	
m
ic
ro
ns



Oxygen
Nitrogen

Proton
After

13

Vertexing - improvements II

• Improvements to restore some vertices topologies: O→N+p
Before
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Vertexing: 2 mm2 test MC

•Test with a small volume Monte Carlo only: comparison between Truth vs 
standard vertices reconstruction (no improvements)

Multiplicity True Reco
2 3 25
3 11 11
4 5 4
5 6 7
6 3 1
7 3 1
8 3 1
9 0 1

True Reco
entries 119

Oxy at BP (*) 88 55

Tot vtx 34 51

Tot vtx n>2 31 26

(*) Oxy at BP = npl>23 & firstplate<4
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Vertexing: 2 mm2 test MC

•Test with a small volume Monte Carlo only: comparison between Truth vs 
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Vertexing: 2 mm2 test MC

•Test with a small volume Monte Carlo only: comparison between 
Truth vs vertices reconstruction after new algorithms improvements

Multiplicity True Reco
2 3 11
3 11 19
4 5 4
5 6 7
6 3 1
7 3 1
8 3 1
9 0 1

True Reco

Tot vtx 34 45

Tot vtx n>2 31 34 01

2-prong	
vertices

02
Find	

incoming	
oxygen

03

O→N+p
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Vertexing: 2 mm2 test MC + Bkg

•Test with a small volume Monte Carlo + bkg: comparison between 
Truth vs vertices reconstruction after new algorithms improvements

Multiplicity True Reco
2 3 152
3 11 8
4 5 7
5 6 9
6 3 0
7 3 1
8 3 2

True Reco

Tot vtx 34 179

Tot vtx n>2 31 27 01

2-prong	
vertices

02
Find	

incoming	
oxygen

03

O→N+p
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Vertices Selection (MC): new results

• We are about to reach the number of  expected vertices (∼6300) 

• Nest step: Boosted Decision Tree (BDT) method to classify good and fake vertices 
Ref: https://root.cern/doc/v614/classTMVA_1_1MethodBDT.html

Before Now
Entries 11350 9918

n≥3 4660 5848
n=2 6690 4070

vtx good n≥3 3912 4926
vtx good n=2 1472 644

tot good 5384 5570
−56%

+21%

https://root.cern/doc/v614/classTMVA_1_1MethodBDT.html
https://root.cern/doc/v614/classTMVA_1_1MethodBDT.html
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Conclusions

•Combinatorial background added to MC simulation 
• Several improvements in tracking and vertexing algorithms: 
•Merge of  different sections 
•Reconstruction of  topologies where the Oxygen is attached 
to one of  its daughters: 
• tracks passing through a vertex 
•O→N+p 

•Next step: BDT Analysis to classify good and bad vertices 
• Still room for improvements!
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FOOT: Emulsion spectrometer data taking

 GSI (run March 2019) 

• Scanning completed (520 emulsion films) 

• Charge identification on GSI2 (16O@200 MeV/n, 
C2H4 target) completed  

• On going analysis 

GSI (run February 2020) 

•  12C (700@MeV/n) 

•  2 ECC exposed (C and C2H4 target) 

•  72 emulsion films thermally treated 

•  328 emulsion films chemically developed 

•  80% Scanning completed
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Charge identification: analysis completed!

•Article submitted on December 3 on Open Physics
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Charge identification: analysis completed!
•Thermal treatments inducing controlled fading of  nuclear emulsion films were 
applied to Section II of  the emulsion spectrometer in order to distinguish the 
charge of  fragment

•Fragments charge was measured using two 
complementary methods: 
‣Cut-based analysis: Cosmic Rays, Z=1, Z= 2 (high 

energy) 
‣Principal Component Analysis: Z=2 (low energy), 

Z=3, Z≥4
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Charge identification: analysis completed!

•Charge assigned for 
98.3% of  
reconstructed tracks 

•The mean of  tanθ  
distributions decreases 
with increasing Z, as 
expected



Merry	Christmas!


