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Analysis status
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Electronic setup

Campaign Beams Energy [MeV/u] Targets status

GSI 2019 O 400 C Pub: Frontiers (2022)

GSI 2021 O 200, 400 C, C2H4, H
Pub: PRC (2025), 

accepted: PRC (2026)

HIT 2022 He 100, 140, 200, 220 C -

CNAO 2022 C 200 C No-B, VTX not optimized

CNAO 2023 C 200 C, C2H4 B, VTX not optimized

CNAO 2024-2025 C 200 C, C2H4 B + No-B, (+ IT in 2025)

Emulsions setup

Campaign Beam Energy [MeV/u] Targets status

GSI 2019 O 200, 400 C, C2H4 In Submission

GSI 2020 C 700 C, C2H4 -

CNAO 2023 C 221 C, C2H4 Analyis ongoing

CNAO 2017 setup

Campaign Beam Energy [MeV/u] Targets status

CNAO 2017 C 115,153, 221, 281, 353 C, C2H4, PMMA Pub: EPJA (2026)
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Ongoing analysis: C+C @ 200 MeV/u 
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Electronic setup

Campaign Beams Energy [MeV/u] Targets status

GSI 2019 O 400 C Pub: Frontiers (2022)

GSI 2021 O 200, 400 C, C2H4, H
Pub: PRC (2025),

accepted: PRC (2026)

HIT 2022 He 100, 140, 200, 220 C -

CNAO 2022 C 200 C No-B, VTX not optimized

CNAO 2023 C 200 C, C2H4 B, VTX not optimized

CNAO 2024-2025 C 200 C, C2H4 B + No-B, (+ IT in 2025)

Emulsions setup

Campaign Beam Energy [MeV/u] Targets status

GSI 2019 O 200, 400 C, C2H4 In Submission

GSI 2020 C 700 C, C2H4 -

CNAO 2023 C 221 C, C2H4 Analyis ongoing

General Meeting – 16/06/2026

Talks from: Giacomo Ubaldi (glb trk), Bharat and Benedetto (calo), Giuseppe (alpha clustering), Matilde Dondi 

(inverse kinematic), Simone Masci (emulsions)



Runs at CNAO2025
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List of Physics runs (beam: C@200 MeV/u )

C-TG, No B ~ 3.5 M events
7908 7909 7910 7911 7922 7924 7927 7928 7930 7931 7932 7933 7940 7941 7942 7943 8028 8039 8040 8093 8094 8096 

8097 8098 8099

C-TG, yes B ~ 8 M events
8044 8045 8047 8049 8050 8051 8053 8101 8102 8103 8105 8106 8107 8109 8110 8111,8112 8118 8119 8120 

8121 8122 8124 8125 8126 8127 8128 8130 8131 8132 8133 8135 8136 8137 8139 8140 8141 8142 8143 8144 

8147 8148 8149 8150 8153 8154 8155 8156 8159 8160 8161 8162 8164

+ 1.8 M events @ CNAO2024

C2H4-TG, yes B ~ 8.4 M events
8186 8187 8188 8189 8197 8198 8201 8202 8203 8205 8206 8209 8210 8214 8215 8216 8218 8220 8221 8223 

8224 8225 8227 8228 8230 8231 8232 8234 8235 8236 8238 8239 8240 8241 8242 8243 8219 8193 8194 8195
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Needed steps to analyze CNAO2025
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• Data quality: check all runs (log + control histograms)

• Calibration of detectors

• Alignment (check all geo + beam files)

• MC simulation (CNAO25SEP_MC for no B, CNAO25NOV_MC for B)

• Check global tracking in physics runs without magnet. From all plots of interest to elemental 

cross section evaluation

• Move to data with B ON and redo the above exercise

• if elemental cross section with B match the ones without B→ move to isotopic cross section

• CALO standalone cross section (without global tracks)

• When glb trk and CALO standalone under control, use full setup (glb trk + CALO)

• In parallel: be ready with all the machinery for inverse kinematic

General Meeting – 16/06/2026



Needed steps to analyze CNAO2025
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✓ Data quality: check all runs (log + control histograms)

✓ Calibration of detectors

✓ Alignment (check all geo + beam files)

✓ MC simulation (CNAO25SEP_MC for no B, CNAO25NOV_MC for B)

✓ Check global tracking in physics runs without magnet. From all plots of interest to elemental 

cross section evaluation

✓ Move to data with B ON and redo the above exercise

• if elemental cross section with B match the ones without B→ move to isotopic cross section

✓ CALO standalone cross section (without global tracks)

• When glb trk and CALO standalone under control, use full setup (glb trk + CALO)

✓ In parallel: be ready with all the machinery for inverse kinematic
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Strategy to analyze CNAO2025: man power
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Task People involved

Analysis Full (glb tracking): elemental and isotopic XS Giacomo U., Roberto

Global tracking studies Giacomo T e U, Giuseppe, Roberto

Analysis SC+BM+TW (reference) Matilde, Riccardo, Marco

Analysis SC+BM+TW (reference) + VTX Luana, Marco, Laura

MSD reco Ilaria, Sofia, Roberto, Lucia

VTX and IT reco Chris, Marco, Giacomo T, Laura

TW reco Matteo, Marco, Roberto

CALO Benedetto and Bahrat

MC production Giuseppe, Silvia

Inverse kinematic Matilde

Alpha Clustering Giuseppe, Silvia

+ master degree students



Elemental cross sections CNAO 2025: reference
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C+C @ 200 MeV/u

Runs with No B



Elemental cross sections CNAO 2025: reference
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• Take-home-message

VTX is ok: we’re not losing

physics (see Laura’s talk of 

yesterday)

• All the tracks and vertexes

are there to be matched by 

global tracking ( IT+MSD)

• With global tracking we

have to match this statistics: 

need to maximize global 

tracking efficiency improving

chi2 and pull/residuals of glb

tracks (see G Ubaldi’s talk)



Elemental cross sections CNAO 2025 : reference
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Relative errors for elemental

cross section with ~3.5 M of 

primaries (2-8%)

Needed more statistics for 

isotopic XS, increase the 

number of angular and kinetic

energy bins and for subtraction

and inverse kinematic

~8x106 events with B field for 

both C and C2H4 targets @ 

CNAO2025
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Work in progress: tracking…alignment, geometry
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• Chi2 of global tracks in data after a fix 

in geometry of the MSD + re-

alignement by Ila

• Now further improved after VTX geo 

fixing both in chi2 and residuals/pulls

→ see Giacomo U talk

CNAO2025 data CNAO2025 data

From Giuseppe’s slide of 20/05 analysis meeting:

https://agenda.infn.it/event/52415/contributions/297659/attachments/150570/230481/Glo

balTrack_Residuals.pdf
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From Giuseppe’s slide of 20/05 analysis meeting:

https://agenda.infn.it/event/52415/contributions/297659/attachments/150570/230481/Glo

balTrack_Residuals.pdf

Alignment procedure and detectors 

geometry have to be continuosly 

checked and improved to match MC 

performance (chi2, pulls/residuals) –

VTX vertexes/tracks

At the same time MC needs to become 

more realistic (cluster size of M28, 

digitization of MSD clusters, cluster 

position / associated errors )

This is needed to extract a reliable 

efficiency for global tracking from MC to 

be used for experimental XS

CNAO2025 data

Work in progress: tracking…alignment, geometry



Problem: bias in p (MC reconstruction) 
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From Giacomo Ubaldi’s slide of 20/05 analysis meeting:

https://agenda.infn.it/event/52415/contributions/297877/attac

hments/150571/230482/momentum_reconstruction_perform

ance.pdf

The momentum accuracy (mean) is shifted by ~ 2%, while the 

expected mean bias should be compatible with 0. This has an 

impact on EKIN reconstruction

The reason is actually under investigation by Rob and 

Giacomo U:

Different possibilities explored:

• Geometry

• Magnetic field loading / field map convention

• Bias in the measured hit position, for example from 

clustering

• GenFit reconstruction
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Mass with p-Tof reconstruction
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From Giuseppe’ slide of 04/03 physcis meeting:

https://agenda.infn.it/event/51233/contributions/290396/

attachments/146910/223855/Aid_CNAO2025.pdf

The discussed problems we have in global 

tracking are reflected both in statistics and mass 

resolution



Mass with EKIN-Tof reconstruction (CALO+SC-TW)
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From Benedetto’s slide of 06/05 physcis meeting:

https://agenda.infn.it/event/52231/contributions/296611/attachments/149672/229026/CALO_Update_260506.pdf



Conclusions
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• Our main goal for FOOT is now the analysis of C+C,C2H4 @ 200 MeV/u

• This is the data sample for which we made FOOT

• Many people are already working on it, the work is well distributed with little overlap

• Anyhow this dataset still suffer of problem with the VTX: will we be able to get the results in this 

condition? I feel optimistic but still some work to do…

• Let’s start with the elemental cross section without magnetic field, then move to magnetic field 

and finally isotopic cross section with full setup

• Possible (and mandatory) comparison of charge-changing cross section between emulsions 

and magnetic spectrometers
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Conclusions
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• Our main goal for FOOT is now the analysis of C+C,C2H4 @ 200 MeV/u

• This is the data sample for which we made FOOT

• Many people are already working on it, the work is well distributed with little overlap

• Anyhow this dataset still suffer of problem with the VTX: will we be able to get the results in this 

condition? I feel optimistic but still some work to do → The impact of the efficiency of last sensor 

is negligible: september/november data are compatible, fraction of vertexes in B/No-B runs are 

very similar, SC+BM+VTX+TW cross sections match the one without VTX 

• Work in progress to improve global tracking in data and MC (and make MC more 

realistic)

• Let’s start with the elemental cross section without magnetic field, then move to magnetic field 

and finally isotopic cross section with full setup

• Possible (and mandatory) comparison of charge-changing cross section between emulsions 

and magnetic spectrometers, and Z=2 (and 3?) angular differential cross section
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Today 16/06/2026

Tomorrow 17/06/2026



Spare slides
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MCREC MCTRUE comparison in SC+BM+VTX+TW analysis
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September

November



CNAO2022 and CNAO2023 data
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CNAO2023: (B ON)

C-TG  and C2H4: ~ 10 M events !!

There is still some hope to recover those data

Fraction of vertexes ~ 2.3-2.4 %

General Meeting – 27/01/2026

Protons with max VTX thr from 

CNAO2024

valid for protons at CNAO 2023

CNAO2022: (B OFF)

C-TG: ~ 1.5 M events 



Cluster size carbon runs
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• Problem for channel 0 (sens3): in november 

sigma’s pedestal half with respect to 

september like last year in CNAO2024

• Cluster size ~ half wrt other layers

• Cluster partecipate to all the tracks when in 

geometrical acceptance
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Spare slides
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TW
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Spare slides
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