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Beam: Carbon ions  → Energy: 221 MeV/n              
Target: Carbon (C)

1CNAO 2023: Carbon@221 MeV/n on Carbon Target 

CN8  
Beam: Carbon ions  → Energy: 221 MeV/n              

Target: Polyethylene (C2H4)



CN7: S0, S1, S2 stacks
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• S0: 3 emulsion films → improves reconstruction of primaries
• S1: 1mm carbon layers – emulsion films
• S2: emulsion films thermally treated → charge identification
• Plate 34 and 72: “buffer” emulsions → helps for stacks merging

Layers:      3 (x 0.35 mm)       30 (x 1.35 mm)                                      36 (x 0.35 mm)                   tot= 55.2 mm                    

……………



MC Reconstructed: NEW Background
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• "MC Reco" (same format as data + disalignment + background...)
• Nuclear emulsions integrate cosmic rays since their production up to their 

development:
• Base-tracks belonging to cosmic rays tagged from Section 2 Charge 

identification analysis in DATA
• Base-tracks due to the cosmic rays integrated when brick is not assembled
       → old method: copy lateral region (background only) and paste, filling the  
             entire plate
       → new method: estimate of base-tracks density and angular
            distribution in the lateral region. Then, generation of a random 
            sample with the same features.



New MC Simulation
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• MC simulation needed to evaluate efficiency and therefore the cross section

• New geometry completed in FLUKA: buffer emulsion added before and between stacks

→ corrispondence with data taking setup 

S1

C

buffer emulsion added
S2



New MC Simulation: Selection Cuts
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C →C2H4

• 10 runs: 10 x 30 000 events

• Events 

• Events without beam 
Carbon 

• Events with no interactions
 

• Interactions not in target
 

• The number of tracks with 𝜃
≤ 0.03 mrad can’t be ≥ 2 if 
the remaining number of 
tracks is ≤ 2

• at least 3 tracks and at least 
2 daughters with more than 
3 base tracks

• At least one track arriving in 
S2

C →C

• Cuts in MC True, plotting the residual after each cuts:



Improvements in Vertex Reconstruction: DATA vs MC reco
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Vertex Reconstruction: 
• Step 1: vertexing
• Step 2: tries to add close short tracks (now check if the probability decreases too much), tries to 

extend tracks if needed …
• Step 3: some adding cuts (see below)

MC reco: 
• total vertices: 4148
• pure vertices: 3150
• not pure vertices (different MC event ID): 998
         → with at least one cosmic ray track: 585

Vertices removed in “Step 3”:                                 DATA   MC reco

• with n<3:                                                                         1369      1532
• with at maximum 1 fragment with nseg>2:      601         19
• with no fragments reaching S2:                              29          61

Vertices with no parent:                                              1633     1962

plate



Improvements in Vertex Reconstruction: DATA vs MC reco
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vertex multiplicity n. of fragments vs angle

• Still optimizing: tracks purity, cuts in the step 1 of vertexing, found why some vertices have no parents

• DATA and MC reco are in a good agreement



Vertices: DATA vs MC reco vs MC true
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n. of fragments vs layern. of vertices vs layer

Low Efficiency? → still things to correct/optimize: 

• solve some issues in the MC reco with the new geometry → and use the new MC for a 
full comparison

• some missing parents which are not attached for the formation of the vertex

MC reco, without 
buffer emulsions

PRELIMINARY



Towards Cross Section Estimate
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• The energy loss within S1 is not negligible

• We divide S1 into sub-sections

𝑑𝜎(𝑥)

𝑑𝑥
|𝐶𝑜𝑟𝐶2𝐻4 =

𝑌𝑖(𝑥)

𝑁𝐵𝑁𝑇𝐺Δ𝑥𝜖𝑟𝑒𝑐𝑜
𝑖 (𝑥)

C:
• (208 ± 5) MeV/n
• (195 ± 6) MeV/n
• (179 ± 7) MeV/n
• (163 ± 6) MeV/n
• (146 ± 7) MeV/n
• (130 ± 6) MeV/n

C2H4:
• (208 ± 5) MeV/n
• (195 ± 5) MeV/n
• (180 ± 7) MeV/n
• (163 ± 6) MeV/n
• (147 ± 6) MeV/n
• (129 ± 7) MeV/n

H:
• (208 ± 5) MeV/n
• (195 ± 6) MeV/n
• (179 ± 7) MeV/n
• (163 ± 6) MeV/n
• (146 ± 7) MeV/n
• (130 ± 7) MeV/n

m
ea

n
E c

Cross Section estimate? → identify the reconstructed number of beam particles NB 𝑁𝐵1 𝑁𝐵2 𝑁𝐵3



Summary
• New method to add background to reconstructed MC is implemented

• New geometry for the MC simulation is now available

• Still to correct some issues in reconstruction of this new geometry (MC reco)

• Still to optimize some features of vertices reconstruction

Everything in order to a better estimate of the efficiency and, identifying the right number of the 
reconstructed beam particles in each energy slot → close to the estimate of Charge Changing 
and Production Cross Section
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→   Thank you !!!
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Backup slides
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MC reco vs DATA: tracks
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MC reco: purity of tracks
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MC reco: protons
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• protons, looking at the real lenght of the track: 
number of crossed plates (npl)



MC reco: background
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Charge Identification
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• To better characterize the vertices we need to identify the fragments charge → Stack n. 2 

……………

R0 R1 R2 R3                                      

S2

• S2 is divided into 9 groups, each consisting of 4 emulsion films which undergo different thermal treatments 
that partially (or totally) erase the base-tracks

Variables:

• k0, k1, k2, k3: 
number of base-tracks belonging to a 
given track for each set of thermal 
treatments

• VR0, VR1, VR2, VR3:                        
“volume” of the base-tracks (sum of 
the number of pixels, each weighted for 
its brightness) corresponding to the 
sensitized grains in the digital image



Cross Section
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The problem of 𝑁𝐵 evaluation
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• Each passive material layer can be considered a “new 
measurement”

• The number of incident beam particle on each layer has to be 
evaluated and is affected by its efficiency

• Estimation of carbon tracks?

𝑑𝜎(𝑥)

𝑑𝑥
|𝐶𝑜𝑟𝐶2𝐻4 =

𝑌𝑖(𝑥)

𝑁𝐵𝑁𝑇𝐺Δ𝑥𝜖𝑟𝑒𝑐𝑜
𝑖 (𝑥)

𝑁𝐵1 𝑁𝐵2 𝑁𝐵3



Cosmic Rays and Protons Identification
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• <VR0> = average of volumes (ionization) in 
R0-type plates, k0 ≥ 3

• Sharp cuts of recognized populations

cosmic rays

-

protons

• <VR1> = average of volumes 
(ionization) in R1-type plates, k0 ≥ 3

Z ≥ 2



Principal Components Analysis
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k0 ≥ 3, k1 ≥ 3, k2 ≥ 3, k3 ≥ 3 

• We can recognize what we can interpret as helium fragments contribution 



Principal Components Analysis
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Z = 3

Z = 4 Z = 5

MC

• We can recognize primaries (carbon beam):  tracks starting from the first two plates                                      
Subtract the beam contribution and investigate the fragment populations                                                      
(from a first reconstructed MC we expect a small fraction of fragments with Z = 3, 4, 5)
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