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Introduction and summary
• The possibility of reconstructing masses and energies in CNAO2025 data allowed 

us to achieve for the first time an almost full analysis of 𝛼-clustering fragmentation 
of 12C at 200 MeV/u(*):
➢Analysis of  (angular separation) of 𝛼-pairs  to identify correlated 𝛼’s from 8Be decay
➢ Evaluation of the fraction of sequential 12C ➔ 8Be + 𝛼 decay events
➢Perform the analysis of 8Be excitation energy
➢Perform the analysis of 12C excitation energy using 3 𝛼 events

• We succeeded in achieving preliminary results which seem to open interesting 
scenarios in this range of energy.  Apparently, there are not yet analogous published 
data around 200 MeV/u

• The analysis of our exp. data also allowed us to identify some possible (second 
order) inaccuracy in the FLUKA MC model of 𝛼-clustering fragmentation of 12C
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(*) as proposed in A. Caglioni’s talk at Trento meeting 2023:
https://agenda.infn.it/event/37748/contributions/217798/attachments/114168/163750/Presentazione%20GM%20Alice.pdf
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The 2 main physics questions
• At FOOT energies, is the 12C ➔3 𝛼 process  “sequential” or “direct”(*)? 

• Which excitation energies are involved?  
Among all possible break-up processed of 12C, the 3 𝛼 final state is the one which has the minimum 
energy threshold: 7.27 MeV. Is the JP= 0+, 7.65 MeV level (“Hoyle state”) the main contributor also at 
our energies?
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



8Be 






12C*







Sequential:
12C ➔ 8Be + 𝛼➔ 3 𝛼

Direct:
12C ➔ 3 𝛼

(*) see D. Dell’Aquila’s talk at Napoli meeting 2024: 
https://agenda.infn.it/event/40055/contributions/233702/attachments/122473/179270/dell'aquila20240624_Meeting_FOOT.pptx

Low energy experiments find that the 
sequential channel is dominant
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The data set: CNAO2025 November (B field)

10021838 (C target) + 9220867 (C2H4 target) events processed 
Shoe main branch after last MSD alignment
GenFit standard tracking
Mass/Energy reconstruction: P + ToF combination
Comparison to MC: CNAO25NOV_MC
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→
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Event selection

• Rejection of pile-up on Start Counter
• 1 BM track 
• Vertex Valid AND Matched with BM track within target volume
• ≥2 Vertex tracks
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Changed with respect to previous analyses: 
we were using at first ≥2 Global Tracks with TW point

However, asking for 𝛼 identification, eventually 
requires ≥2 Global Tracks with TW point 
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Global Track selection

• Cut 0: all tracks of selected events
• Cut 1: >2 VTX points in the track
• Cut 2: 1 TW point
• Cut 3: x-y coordinates of track proj in 

target in range ±1 cm
• Cut 4: ToF< ToF (50 MeV/u)
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Only a very loose cut on 2

Additional selection:
Zid(MSD) = Zid(TW)

E d
ep

(M
SD

) 

ToF (TW) 
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Processed Events: Selected Global Tracks with Ch Match

After final Selection cuts
Total no. of selected Global Tracks:

Data MC
C target: 196,174 293,701
C2H4 target: 258,429 414,119 
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Fraction of  selected Gl. Tracks with respect to all primaries:
Data MC

C target: 1.96% 2.94%
C2H4 target: 2.80% 4.14%

Fraction of selected Gl. Tracks with respect to reconstructed primaries:
Data MC

C target: 3.8% 3.5%
C2H4 target: 5.1% 4.9%
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Mass reconstruction for Z=2
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Exp Data MC

Data from C+C2H4 targets summed together 

We make use of the fixed blind correction of P and  discussed in previous physics meetings
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4He selection
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Exp Data

3200.<Mrec<4250.

4He
3He

MC

3313.6<Mrec<4102.6

4He
3He
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183414 ev. %Ev(≥2 tracks) ~ 27.0%
%Ev(3 tracks) ~ 2.1%

%Ev(≥2 tracks) ~ 27.9%
%Ev(3 tracks) ~ 3.1%

244897 ev.

MC

4He Angular Distribution

Exp Data

We shall sum together C and 
C2H4 target samples. 
The justification for this 
choice will be clear as we go 
along.



Z=2 and 4He multiplicities compared
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Exp Data

MC

Exp Data

MC

4HeAll Z=2

Normalized to same area
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8Be analysis:
- angular separation
- excitation energy 

1115-17 June 2026 XX FOOT Collaboration Meeting



4He pairs angular separation: MC true
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MC true
(no reconstruction)

In MC, the fraction of pairs in the 8Be(gs) region is 
close to 30%
There is also a component due to higher excitation 
levels of 8Be appearing at larger angles.

Considering that in sequential  12C → 8Be → 3 𝛼 decays 
you have 1 pair over 3 coming from 8Be
➔ almost all events are sequential
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4He pairs angular separation: MC rec and data

13

Exp Data

MC rec.

After reconstruction, we lose events in 
the 8Be(gs) region mainly because of the 
inefficiency due the superposition of 2 
particles in the same TW bar. 

But this occurs ~in the same way in both 
exp. data and MC !
➔ also in our exp. data almost all the 
12C → 3 𝛼 decays must be sequential

In MC we have this structure. This is due to the 11.4 MeV excitation energy of 8Be. 
We shall discuss this later
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≥ 2 𝛼 events



Can we sum C + C2H4 for this analysis?
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C C2H4

Exp Data Exp Data Exp Data

Normalized to same area
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That’s  expected: 
- the interaction cross section (H) is quite small as compared to (C)
- Atarget changes the interaction rate, but has only second order effects on the dynamics of projectile fragmentation  



Can we sum C + C2H4 for this analysis?
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C C2H4

Exp Data Exp Data Exp Data

Normalized to same area
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That’s  expected: 
- the interaction cross section (H) is quite small as compared to (C)
- Atarget changes the interaction rate, but has only second order effects on the dynamics of projectile fragmentation  



4He pairs angular separation (Mult = 3)
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Exp Data MC

Normalized to same area
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Reconstructed Ekin/nucleon distributions

Z=2 A=4

MC rec
Exp Data

C2H4 target

2% blind correction on Prec in both data and MC    - Normalization to unit area

Z=2 A=4

MC rec.
Exp Data

C target
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Reconstructed Ekin/nucleon distributions

Z=2 A=4

MC rec
Exp Data

C2H4 target

2% blind correction on Prec in both data and MC    - Normalization to unit area

Z=2 A=4

MC rec.
Exp Data

C target

18

MC rec.
MC true
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𝐸𝑒𝑥 = (𝐸𝑖
𝑘𝑖𝑛 + 𝐸𝑗

𝑘𝑖𝑛 + 2𝑚𝛼)
2−(𝑝𝑖 + 𝑝𝑗)

2 −𝑚8𝐵𝑒
𝑛𝑢𝑐

MC true

3.03 MeV

g.s.

11.4 MeV

17 -18 MeV

A curiosity: the JP=2+ 3.03 MeV and the JP= 4+

11 MeV states belong to a “rotational band” 
of the 8Be nucleus described as a  2 𝛼 rotor: 
E(J) ~ J(J+1)

Analysis of Excitation Energy in 8Be
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Exp Data
MC rec

17 -18 MeV

11.4 MeV

3.03 MeV

g.s.

≥ 2 𝛼 events
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Exp Data MC
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≥ 2 𝛼 events



8Be energy levels
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𝐸𝑒𝑥 = (𝐸𝑖
𝑘𝑖𝑛 + 𝐸𝑗

𝑘𝑖𝑛 + 2𝑚𝛼)
2−(𝑝𝑖 + 𝑝𝑗)

2 −𝑚8𝐵𝑒
𝑛𝑢𝑐

MC true

11.4 MeV

This level is known to have a 
large width:  ~ 3.5 MeV

This might be an oversight in 
the FLUKA model 

The 3.03 MeV level  has  ~ 1.5 MeV 
and is modeled more faithfully

➔ In data we cannot appreciate the 11 MeV level because it’s wide
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Fitting the different components
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Peak due to 8Begs
gaussian

Peak due to 8Be3.03 MeV
gaussian

Combinatorial 
background 𝑝 ∆𝜃 ~

∆𝜃

𝜎∆𝜃
2 𝑒

−
∆𝜃2

2𝜎∆𝜃
2

Of course, neglecting 
contribution from Eex> 3.03 MeV
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Experimental data fits
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C C2H4
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≥ 2 𝛼 events



Example of fit for the MC (rec) results
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MC:   (3.03 MeV) = 4.57 ± 0.04 deg

MC:   (g.s.) = 0.81 ± 0.01 deg

C
MC:   (11.4 MeV) = 7.2 ± 0.3 deg

In any case, from these fits we can estimate the abundance of the 8Be decay with respect 
to the total, for the detected energy levels, and compare data to MC
15-17 June 2026 XX FOOT Collaboration Meeting

≥ 2 𝛼 events

In MC, due to the enhanced 
visibility of the 11 MeV structure, 
a third gaussian is necessary



Exp. Results. 
The case of 3 𝛼 events (no ambiguities)
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C
MC recExp Data
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3 𝛼 events



Exp. Results. 
The case of 3 𝛼 events (no ambiguities)
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(3.03 MeV) = 4.53 ± 0.05 deg.   Integral:  14.5%

(g.s.) = 0.83 ± 0.01 deg Integral: 11.4 %

(3.03 MeV) = 4.50 ± 0.01 deg.   Integral:   8.7%

(g.s.) = 0.82 ± 0.01 deg Integral: 11.5 %

Data:

MC:
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Correction of Exp. Results for reconstruction 
inefficiencies: ()
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There are 2 main contributions:
1. Reconstruction inefficiency: can be measured  in 

MC, but is unknown for data, at the moment  
2. Probability that 2 tracks hit the same TW bar: we can 

assume that this contribution is the same for MC 
and data

A bin-to-bin ratio of MC rec/MC true allows to evaluate 
() to correct exp. Data, although only for a shape 
analysis:  at the moment, missing a clear idea of 
reconstruction efficiency for data, we cannot aim to 
have a reliable absolute correction

MC true
MC rec
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()
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Normalized to unit primary

The corrected g,s. peak is wider than MC 
true since we are not correcting for 
angular resolution in reconstruction

The absolute comparison is 
meaningless: we do not yet know 
the real reconstruction eff. for data
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3 𝛼 events



Total Integral of 8Be compatible with 33% ➔ even at FOOT energies, all 12C ➔ 3 𝛼 events 
seem to proceed through the  sequential channel

Application of ()
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Uncorrected data.           

(3.03 MeV) Integral:  7.7%

(g.s.)        Integral: 25.8 %

Arbitrary
Units
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3 𝛼 events



12C: excitation energy analysis
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Excitation Energy 12C using 3 𝛼 final state

• By selecting the events with 3 reconstructed 𝛼we are also able to  
measure the excitation energy of the fragmenting 12C nucleus

• This is one of the most important nuclear physics aspects in this 
kind of measurement: do we obtain the same picture observed by 
low energy experiments?

• In our case statistics is of course reduced...
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𝐸𝑒𝑥 = (𝐸𝑖
𝑘𝑖𝑛 + 𝐸𝑗

𝑘𝑖𝑛 + 𝐸𝑘
𝑘𝑖𝑛 + 3𝑚𝛼)

2−(𝑝𝑖 + 𝑝𝑗 + 𝑝𝑘)
2 − 𝑀12𝐶

𝑛𝑢𝑐𝑙
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The “Ikeda diagram” of self-conjugated nuclei 
nuclei
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Kinematic threshold:

the  minimum excitation 

energy (MeV) to achieve 

this kind of break-up 
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Prediction of MC true 
(FLUKA model) for 

12C ➔ 3 𝛼
fragmentation,

summing both direct 
and sequential 

channels

MC true

All low energy experiments find that 12C ➔ 3𝛼 is ~100% 
dominated by the excitation of the 7.65 MeV (Hoyle) state15-17 June 2026 XX FOOT Collaboration Meeting



Our results for 12C Excitation Energy
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MC 
rec

𝐸𝑒𝑥 = (𝐸𝑖
𝑘𝑖𝑛 + 𝐸𝑗

𝑘𝑖𝑛 + 𝐸𝑘
𝑘𝑖𝑛 + 3𝑚𝛼)

2−(𝑝𝑖 + 𝑝𝑗 + 𝑝𝑘)
2 − 𝑀12𝐶

𝑛𝑢𝑐𝑙

Notice: 
• The expected threshold (7.27 MeV) is reproduced
• We have no resolution to spot the energy levels above the 

7.65 MeV
• in reconstruction the dominant 7.65 MeV state seems 

depleted with respect to higher levels (contrary to MC 
true). There are hypotheses on this fact under investigation
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Our results for 12C Excitation Energy

• We succeed to reproduce the expected threshold (7.27 MeV) also 
in data

• We can measure an envelope of excitation energy very similar to 
MC expectation

• Contrary to low energy experiments, where 12C ➔ 3𝛼 is ~100% 
dominated by the excitation of the 7.65 MeV state, we find instead 
that we have all higher excitation energies. Exp data and MC model 
exhibit the same trend (with some differences)

• It is interesting to observe a significant difference in the excitation 
of the levels in the group around 10 MeV

• However, a more careful analysis of the possible states is 
necessary
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MC

Exp Data

𝐸𝑒𝑥 = (𝐸𝑖
𝑘𝑖𝑛 + 𝐸𝑗

𝑘𝑖𝑛 + 𝐸𝑘
𝑘𝑖𝑛 + 3𝑚𝛼)

2−(𝑝𝑖 + 𝑝𝑗 + 𝑝𝑘)
2 − 𝑀12𝐶

𝑛𝑢𝑐𝑙
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0+

3-

2+

0+

1-

2-

1+

4-

4+
Forbidden

Allowed

Only J+ states 
with J even would be 

allowed

12C ➔ 3 𝛼
Direct channel

the no. of decays in 
3 𝛼 in should be 

significantly 
reduced! 
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0+

2+

0+

2-
4-

4+
Forbidden

Allowed

Only “natural parity” 
P = (-1)J states 

are allowed

12C ➔ 8Be + 𝛼
➔ 3 𝛼

Sequential  channel

“unnatural parity” 
P = (-1)J+1 states are always 

forbidden both in direct and 
sequential decay 

That could be an oversight 
of FLUKA model

3- 1+

1-

For this particular study  we 
made use of ChatGPT and 
Claude LLM’s,  obtaining the 
same answers from both
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Our results for 12C Excitation Energy
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𝐸𝑒𝑥 = (𝐸𝑖
𝑘𝑖𝑛 + 𝐸𝑗

𝑘𝑖𝑛 + 𝐸𝑘
𝑘𝑖𝑛 + 3𝑚𝛼)

2−(𝑝𝑖 + 𝑝𝑗 + 𝑝𝑘)
2 − 𝑀12𝐶

𝑛𝑢𝑐𝑙

10.3 ??

10.85 ?? 14 ??

We would really need more 
statistics....

Definitively there’s a difference with 
respect to the MC model
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A curiosity: the JP=2+ 4.4 MeV and the JP= 4+ 14 MeV states belong to 
a  “rotational band” of the 12C nucleus described as a  3 𝛼
equilateral triangle configuration: E(J) ~ J(J+1)

Other comments
• Although we have not enough resolution, the abundance of 

states put in evidence by our results, suggests that the 
sequential decay 12C ➔ 8Be + 𝛼➔ 3𝛼 dominates, confirming 
the previous analysis based on the abundance of 8Be g.s. and 
3.03 MeV states

• Can we really tell that this is a real peak due to the 10 MeV 
excited states, or does it come out from a hole due to the 
excluded unnatural parity states which stay between 10 MeV 
and the JP= 4+ state at 14 MeV (or both)?

• We would really like to have more statistics....
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MC

Exp Data
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Dalitz Plot analysis

40

see:
D. Dell’Aquila’s talk at Napoli meeting 2024: 

https://agenda.infn.it/event/40055/contributions/233702/attachments/122473/179270/dell'aquila20240624_Meeting_FOOT.pptx
G.B.’s talk at Cherasco meeting 2024: 
https://agenda.infn.it/event/43120/contributions/251472/attachments/129704/192592/Dalitz_AlphaClust.pdf

ϵi,j,k = Ei,j,k/Q
x= √3 (ϵj - ϵk)
y= 2ϵi - ϵj - ϵk

Symmetrized Dalitz plot: 
when the energies of the 3 𝛼’s are 
ordered: ϵi ≥ ϵj ≥ ϵk

From: D. Dell’Aquila et al., Phys. Rev. Lett. 119 (2017) 132501

This band occurs not only for sequential decay, but, 
more important, when the excitation level of 12C is 
the 7.65 MeV Hoyle state
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,j,k are evaluated in the c.m. frame of the 3 𝛼 system,
by applying a 3D Lorentz transformation to the system 
defined by 𝑃𝑡𝑜𝑡 = 0

https://agenda.infn.it/event/40055/contributions/233702/attachments/122473/179270/dell'aquila20240624_Meeting_FOOT.pptx
https://agenda.infn.it/event/43120/contributions/251472/attachments/129704/192592/Dalitz_AlphaClust.pdf
https://agenda.infn.it/event/43120/contributions/251472/attachments/129704/192592/Dalitz_AlphaClust.pdf
https://agenda.infn.it/event/43120/contributions/251472/attachments/129704/192592/Dalitz_AlphaClust.pdf
https://agenda.infn.it/event/43120/contributions/251472/attachments/129704/192592/Dalitz_AlphaClust.pdf


Dalitz Plot analysis: MC
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7.65 MeV state

MC true

Higher energy states

x= √3 (ϵj - ϵk)

y=
 2

ϵ i
-

ϵ j
-

ϵ k
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Dalitz Plot analysis: MC

42

MC recMC true
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Exp. data

In reconstruction the 
7.65 MeV state is smeared out

Only higher exc. states remain visible



Conclusions
• Although we have not yet an optimal reconstruction, we succeeded to have a first complete analysis of 

the 𝛼-clustering fragmentation of 12C at energies > 100 MeV/u (after 5 years!...)
• Our data seem to confirm the strong predominance of the sequential decay channel over the direct one
• Main limitation: at this time, we can only analyze relative quantities. To get absolute numbers it will be 

necessary to assess reconstruction efficiency.
• We also demonstrated to be able to perform an excitation energy analysis (who would have ever 

thought?): as a difference from well established low energy results, the process is not exclusively 
dominated by the 7.65 MeV energy state, but many higher excited states contribute

• It would be very desirable to have more statistics...
• Our results put in evidence difference with respect to our FLUKA MC model. In particular, there are 

some inaccuracies in the management of energy levels (but neither FLUKA nor G4 or similar codes are 
expected to be accurate at this level)

• Although there are still aspects not yet fully understood or satisfactory, in our opinion these results, if 
confirmed, should be published as soon as possible
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Requests
• Before a publication on this matter, a critical internal review of all 

analysis steps is necessary
• For this purpose, we would like to ask other expert people in the 

collaboration, not yet involved in this job, to volunteer
• 2 kinds of expertise are needed: use of SHOE results and physics
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BACKUP
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Break-up Kinematic Threshold

The minimum excitation energy for a break-up reaction of primary nucleus N:
N → A1 + A2 +A3. ...

is given by:
Emin ≥ -Q = ∑ (excess mass of fragments Ai) - (excess mass of primary N)

Excess mass for a nucleus of mass number A and mass M is given by: 
M – A*u

Where u is the atomic mass unit (931.494 MeV/c2)

Notice: for 12C, mass excess is 0, since by definition u=1/12 of 12C mass



Masses and mass-excess table
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Isotope Nucleons 
(A)

Protons 
(Z)

Atomic Mass 
(amu)

Nuclear Mass 
(amu)

Atomic Mass (MeV/c2) Nuclear Mass 
(MeV/c2)

Mass Excess 
(MeV/c2)

n 1 0 1.0086653 1.0083910 939.566 939.565 8.072
1H 1 1 1.0078250 1.0075507 938.783 938.272 7.289
2H 2 1 2.0141018 2.0138275 1876.124 1875.613 13.136
3H 3 1 3.0160493 3.0157750 2809.432 2808.921 14.950
3He 3 2 3.0160293 3.0149321 2809.413 2808.391 14.931
4He 4 2 4.0026032 4.0015060 3728.401 3727.379 2.425
6He 6 2 6.0188860 6.0177888 5606.556 5605.534 17.592
6Li 6 3 6.0151214 6.0134757 5603.049 5601.517 14.085
7Li 7 3 7.0160030 7.0143573 6535.365 6533.832 14.907
7Be 7 4 7.0169283 7.0147340 6536.227 6534.183 15.769
8Be 8 4 8.0053051 8.0031108 7456.894 7454.850 4.942
9Be 9 4 9.0121822 9.0099879 8394.794 8392.750 11.348
10Be 10 4 10.0135341 10.0113398 9327.547 9325.503 12.607
8B 8 5 8.0246058 8.0218629 7474.872 7472.317 22.920
10B 10 5 10.0129369 10.0101940 9326.991 9324.436 12.051
11B 11 5 11.0093054 11.0065625 10255.102 10252.547 8.668
10C 10 6 10.0168532 10.0135617 9330.639 9327.573 15.699
11C 11 6 11.0114340 11.0081425 10257.085 10254.019 10.651
12C 12 6 12.0000000 11.9967085 11177.928 11174.862 0.000
13N 13 7 13.0057386 13.0018985 12114.767 12111.190 5.345
14N 14 7 14.0030740 13.9992339 13043.779 13040.202 2.863
15O 15 8 15.0030654 14.9986764 13975.265 13971.177 2.855
16O 16 8 15.9949146 15.9905260 14899.167 14895.079 -4.737



Typical Break-Up Threshold Energies

¹²C → α + 8Be:      7.27 MeV

¹²C → ¹¹B + p:         15.96 MeV
¹²C → ¹¹C + n:         18.72 MeV
¹²C → ¹⁰B + d:         25.19 MeV
1²C →  ⁹B + t:           27.37 MeV
¹²C → ¹⁰B + p + n:  27.41 MeV
¹²C → 6Li + 6Li:        28.17 MeV
¹²C → ¹⁰C + n + n:  31.84 MeV
....

12C Break-up Thresholds
4He → p + t:           19.8 MeV
4He → n + 3He:     20.6 MeV
4He → d + d:       23.8 MeV
4He → p + n + d: 26.1 MeV
4He → 2n + 2p:     28.3 MeV

4He Break-up Thresholds

¹6O → α + 12C:          7.16 MeV

¹6O → p + 15N:          12.1 MeV

¹6O → 4 α:                14.4 MeV

¹6O →8Be + 2 α:       14.5 MeV

¹6O →8Be + 8Be:      14.6 MeV

¹6O → n + 15O:         15.7 MeV

¹6O → d +14N:          20.7 MeV

¹6O → p + n +14N:    23.0 MeV

¹6O →11B + α + p:    23.1 MeV

¹6O →10B + 6Li:        30.9 MeV

¹6O →9Be + 6Li + p: 37.5 MeV

….

16O Break-up Thresholds
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This average number is much less than A∙B

Example: 
p+12C @ 200 MeV/u ➔ pp ~ 20 mb, pn ~ 40 mb, pC ~220 mb ➔ <n> ~ 1.6

12C+12C @ 200 MeV/u ➔ A=12, pC ~ nC ~220 mb, CC ~ 800 mb ➔ <n> ~ 6.6
16O+12C @ 200 MeV/u ➔ A=16, pO ~ nO ~270 mb, OC ~ 920 mb ➔ <n> ~ 7.3

(neglegting p-n differences)

How many nucleon-nucleon collisions in a N-N 
collision?

In proton-Nucleus A:

In Nucleus A – Nucleus B: 

The other way round:

(neglegting p-n differences)
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<n> ~ 
𝑍 𝜎𝑝𝑝 +𝑁 𝜎𝑝𝑛

𝜎𝑝𝐴

<n> ~ 
𝑍𝐴 𝜎𝑝𝐵 +𝑁𝐴 𝜎𝑛𝐵

𝜎𝐴𝐵
+ 
𝑍𝐵 𝜎𝑝𝐴 +𝑁𝐵 𝜎𝑛𝐴

𝜎𝐴𝐵

~ 
𝐴 𝜎𝑝𝐵

𝜎𝐴𝐵
+ 
𝐵 𝜎𝑝𝐴

𝜎𝐴𝐵



Processed Events: 10,000,000

No. of selected events: 425,421

Rec. Track Statistics
Total no. of rec. Global Tracks: 8,815,154 
Cut 1 (Np_vtx>2): 660,485
Cut 3 (Ntwp=1): 444,469
Cut 4 (Chi2<50): 444,404
Cut 5 (Matched Vertex position): 444,404
Cut 6 ( > [E=50 MeV/u]): 443,893
Selected Global Tracks with Ch Match TW-MSD: 414,119

Selection and cuts MC
Processed Events: 10,000,000

No. of selected events: 300,687

Rec. Track Statistics 
Total no. of rec. Global Tracks:                                    8,711,148 
Cut 1 (Np_vtx>2): 487,507
Cut 3 (Ntwp=1): 314,095
Cut 4 (Chi2<50): 314,028
Cut 5 (Matched Vertex position): 314,028
Cut 6 ( > [E=50 MeV/u]): 313,511
Selected Global Tracks with Ch Match TW-MSD: 293,701

C target

Event Selection:
• 1 BM track 
• Vertex Matched with BM track within target volume
• ≥2 tracks with TW point
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C2H4 target

4.25% of all events

3% of all events

tot. ev.: 20,000,000
sel. ev.:          726108

sel. tracks:        707,820

>93% of 
selected 
tracks have 
Z-id match 

15-17 June 2026 XX FOOT Collaboration Meeting

(8,417,447 prim)

(8,401,035 prim)



Processed Events: 10,021,838

No. of selected events: 198, 314

Rec. Track Statistics
Total no. of rec. Global Tracks: 5,417,946 
Cut 1 (Np_vtx>2): 323,321
Cut 3 (Ntwp=1): 205,561
Cut 4 (Chi2<50): 204,478
Cut 5 (Matched Vertex position): 204,478
Cut 6 ( > [E=50 MeV/u]): 204,093
Selected Global Tracks with Ch Match TW-MS196,174

(5,221,772 prim.)

Selection and cuts exp. data

Processed Events: 10,021,838

No. of selected events: 22,026

Rec. Track Statistics
Total no. of rec. Global Tracks: 5,329,040 
Cut 1 (Np_vtx>2): 51,626
Cut 3 (Ntwp=1): 46,265
Cut 4 (Chi2<50): 44,700
Cut 5 (Matched Vertex position): 44,532
Cut 6 ( > [E=50 MeV/u]): 44,485
Selected Global Tracks with Ch Match TW-MSD: 40,262

C target
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0.22% of all events

Evts:   ~25% wrt MC
Tracks: 21% wrt MC

Feb. 26 Rec. Present Reconstruction

1.98% of all events

Evts:     ~66% wrt MC
Tracks: ~67% wrt MC

15-17 June 2026 XX FOOT Collaboration Meeting



Processed Events: 10,021,838

No. of selected events: 220,678

Rec. Track Statistics
Total no. of rec. Global Tracks: 5,325,655 
Cut 1 (Np_vtx>2): 421,114
Cut 3 (Ntwp=1): 272,154
Cut 4 (Chi2<50): 270,540
Cut 5 (Matched Vertex position): 270,549
Cut 6 ( > [E=50 MeV/u]): 270,175
Selected Global Tracks with Ch Match TW-M.  258,429

(5,104,987 prim.)

Selection and cuts exp. data

Processed Events: 9,220,867

No. of selected events: 32,768

Rec. Track Statistics
Total no. of rec. Global Tracks: 5,206,820 
Cut 1 (Np_vtx>2): 77,882
Cut 3 (Ntwp=1): 69,092
Cut 4 (Chi2<50): 66,741
Cut 5 (Matched Vertex position): 66,475
Cut 6 ( > [E=50 MeV/u]): 66,428
Selected Global Tracks with Ch Match TW-MSD: 59,495

C2H4 target
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0.36% of all events

Evts:   ~25% wrt MC
Tracks: 21% wrt MC

Feb. 26 Rec. Present Reconstruction

2.4% of all events

Evts:     ~56% wrt MC
Tracks: ~68% wrt MC

tot. ev.: 19,242,705
sel. ev.:        418,992

sel. tracks:        454,603
15-17 June 2026 XX FOOT Collaboration Meeting
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