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Experimental SETUP

4 STS: thicknesses 2 mm for ToF 
measurements (Time Resolution 
~400-600 ps) and Deposited Energy 
measurements (dE) 

2 LYSO: 4x4x8 cm thick for 
Deposited Energy measurements (E)
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Thin Targets based on C,H and O elements: PMMA, Graphite and Plastic Scintillator

CNAO

The thin targets (1-2 mm) do 
not require, as a first 
approximation, the 

implementation of a correction 
for the fragments absorption 

inside the target.

The fragments production (Z=1) has been measured 
as a function of the kinetic energy for 4 angles; 

The Time of Flight in thin plastic scintillators and the 
energy deposit in the inorganic crystals has been 
used for PID and kinetic energy measurements;

Angles:  
90º/60º;  

50º/32º (?)  

Carbon beam energies:  
115,150,221,279,351 MeV/u 



2020 Publication - 90º/60º
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• Zid from STS detectors 
• Aid from LYSO detector

• Detection Efficiency  
from p,d,t FLAT MC

• Selection (mixing) 
Efficiency from FULL MC

• Ekin@Gen 
from analytical 
correction of 
Ekin@Meas



Cross section 2024
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• DATA @ 90º/60º/50º/32º  
• DATA-MC comparison 
• Zid from STS detectors 
• Aid from LYSO detector 
• Detection efficiency from  

FULL MC
• Selection Efficiency (mixing) 

binned in Ekin
• UNFOLDING to compute Ekin 

gen from Ekin meas

Full simulation (C on Targets 
~1.e10 primaries) to calculate 

the trigger+detection 
efficiency 

Full simulation (C on 
Targets ~1.e10 primaries). 
On the E (and dE) vs ToF 
distributions, application 

of the PID selections 
tuned from data: 

evaluation of fragments 
(p, d, t)  

mis-identification.

Measurements of the DAQ 
dead time for each run (rate 

dependent)

<latexit sha1_base64="Zo4nvEBCQsNYJY/9KR9NrE4loJo=">AAACNXicbZDLSgNBEEV7fMb4GnXppjEIrsKM+NoIUbNwGTEvSELo6VRik56eobtGCMN8j5/gV7hVXGQnbv0FJzFCTKzV5dwqqup6oRQGHefdWlhcWl5Zzaxl1zc2t7btnd2qCSLNocIDGei6xwxIoaCCAiXUQw3M9yTUvP7NyK89gjYiUGUchNDyWU+JruAMU9S2r5oQGiEDRS/pr2zHRcCENnknwCl4DzKZZcVy0rZzTt4ZF50X7kTkyKRKbXvY7AQ88kEhl8yYhuuE2IqZRsElJNlmZCBkvM960EilYj6YVjx+NaGHkWEY0BA0FZKOIUxPxMw3ZuB7aafP8MHMeiP4n9eIsHvRioUKIwTFR4tQSBgvMlyLNEOgHaEBkY0uByoU5UwzRNCCMs5TGKWhZtM83Nnv50X1OO+e5U/vTnKF60kyGbJPDsgRcck5KZBbUiIVwskTeSGv5M16tobWh/X507pgTWb2yJ+yvr4B2+Gs4w==</latexit>✏ = ✏Det · ✏Sel · ✏DT

~ same as before

Purity



DATA @ 50º  
show some issues:  
HW problems (not 
identified) OR not  
the right angle  
(range spanned  
30º-38º & 45º-54º) 
OR both
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DATA @ 90º/60º/50º/32º and DATA-MC comparison

BUT Absolute Normalization

C on PMMA

not publishable

DATA
MC

Cross section 2024



DATA @ 32º  
have a QDC saturation 
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DATA @ 90º/60º/50º/32º and DATA-MC comparison

BUT

publication before the related ToF

QDCLYSO  

saturation 

Cross section 2024
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The 12 C fragmentation cross sections for a AZ X fragment are obtained as:

Particle identification (Z,A): 
same as old analysis.

<latexit sha1_base64="S++FbinwotCsQWn1Xzpk7+Do4wk="></latexit>

d�

dEk
(AZX) =

NA
ZX(Ek)

�Ek
· 1

N12CNY
· 1
✏

For fw Angles:   
NO DATA for  
C 221 MeV/u 

CH 150,221 MeV/u

Unfolding to compute Ekin gen 
from Ekin meas.

Cross section 2024 - The FORMULA

Purity

Purity correction instead of  
correcting for the off-diagonal 
elements of the mixing matrix 

(same concept, different 
application)
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Cross section 2024 - YIELD
From a study on DATA available statistics (raw yield),
it is possible to perform the DATA analysis of: 

- 90-60: All Targets, all Beam Energies  
- 32: C no 221, CH no 150-221  

- p: 90 - 60 - 32 
- d: 90 integral - 60 - 32
- t:  60 - 32
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Cross section 2024 - Unfolding the Raw YIELD

To obtain the Ekin @ generation of detected particles, we need to 
UNFOLD the measured Ekin (from TOF).  
The UNFOLDING ingredients are:
- unfolding matrix: probability matrix that, given a measured 

Ekin, tells you the generation Ekin
- Measured Ekin distribution: the distribution to be unfolded
- Generation Ekin distribution: the distribution to compare with 

the unfolded one
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UNFOLDING
Unfolding Matrix (Ekin gen vs Ekin meas) from FLAT simulations:  
p, d, t generated within the PMMA + C + CH targets,  
with FLAT Ekin spectrum (5 MeV/u - 1GeV/u)

• Same x-y ranges and variable 
binning of FULL MC/DATA spectra
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unfolding matrix FLATp - C - 60º

t - C - 60º
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UNFOLDING FLAT: p - PMMA - 90º

 REAL TEST: FLAT on FULL 
1) apply the Unfolding Matrix from FLAT MC  
    to the Ekin reco (magenta) from FULL MC  
2) obtain the unfolded Ekin gen (black)  
3) compare to the Ekin gen (red) of FULL MC

FULL: 12C 351 MeV/u - PMMA - 90º

RooUnfoldBayes (Black) 
vs 

TUnfold (Orange)
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UNFOLDING FLAT: p - PMMA - 90º

•  REAL TEST: FLAT on FULL
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UNFOLDING FLAT: p - C - 32º

•  REAL TEST: FLAT on FULL
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The 12 C fragmentation cross sections for a AZ X fragment are obtained as:

<latexit sha1_base64="S++FbinwotCsQWn1Xzpk7+Do4wk="></latexit>

d�

dEk
(AZX) =

NA
ZX(Ek)

�Ek
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N12CNY
· 1
✏

Cross section 2024 - PURITY

Purity

Purity = number of particles selected in p (d,t) band
number of true p (d,t) in p (d,t) band

Purity values range [96 - 100] %



Information of the target composition:
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The 12 C fragmentation cross sections for a AZ X fragment are obtained as:

NY =
⇢Y · thY ·NA

AY

From CNAO 
Dose Delivery

thy=thy*sqrt(2)

<latexit sha1_base64="S++FbinwotCsQWn1Xzpk7+Do4wk="></latexit>
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✏

Normalization

Purity



The efficiency                      and                    have been evaluated using dedicated Monte Carlo 
simulations developed with the FLUKA code  
=> MC FULL triggered: at least 1 fragment (idpa = 1 or -3 or -4) born in tgt
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To evaluate                       : trigger and detector efficiency + geometry

Efficiency evaluation: ✏ = ✏MC · ✏Sel · ✏DTDet
✏Det(Ekin)

<latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit>

✏Sel
<latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit>

✏Det(Ekin)
<latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit>

Not to 
scale

z

x

p, d, t

Eps_det_DENO
p (d, t) 
born in tgt 
son of a primary particle 
out of tgt 
out of tgt in (Theta±DTheta(4º); Phi± DPhi(4º/
6º@32deg))

Eps_det_NUME
Triggered (time coinc btw STSa and  
STSb < 150 ns && Edep in STSa,b > 100keV) 
Cross STSa, STSb, LYSO 
above detectors (STSa, STSb, LYSO) energy 
thresholds cuts as data  
(90/60º: Ely_cut = 24 MeV, Estsa,b_cut = 5 MeV) 
(50/32º: Ely_cut = 24 MeV, Estsa,b_cut = 2,3 MeV) 
Eps_det_DENO selections

<latexit sha1_base64="i+8hCyJmAwSKlzv6BrhZmzqx6YM="></latexit>

✏Det(Ekin) =
✏NUME

Det

✏DENO

Det

root -l effEk_calc_2024.cc\(0\)
root -l effEk_calc_2024.cc\(1\)

root -l histos_effdet.cc\(0\)
root -l histos_effdet.cc\(1\)
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Efficiency evaluation: ✏ = ✏MC · ✏Sel · ✏DTDet

90º 
PMMA
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Efficiency evaluation: ✏ = ✏MC · ✏Sel · ✏DTDet

60º 
PMMA
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Efficiency evaluation: ✏ = ✏MC · ✏Sel · ✏DTDet

32º 
PMMA
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Efficiency evaluation: ✏ = ✏MC · ✏Sel · ✏DTDet

To evaluate          : p, d, t 
identification efficiency using 
the Zid + PID bands 

✏Sel
<latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit>

The efficiency                      and                    have been evaluated using dedicated Monte Carlo 
simulations developed with the FLUKA code  
=> MC FULL triggered: at least 1 fragment (idpa = 1 or -3 or -4) born in tgt

✏Det(Ekin)
<latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit><latexit sha1_base64="57tnowYkC0P0yk2mxNQl98Uq9ig=">AAACDXicbZDLSsNAFIYn9VbrrepK3AwWoW5KIoIuixdwWcFeoA1lMj2tQyeTMHMilBB8BJ/Cra7ciVufwYXvYhK70Naz+vj/czjn/F4ohUHb/rQKC4tLyyvF1dLa+sbmVnl7p2WCSHNo8kAGuuMxA1IoaKJACZ1QA/M9CW1vfJH57XvQRgTqFichuD4bKTEUnGEq9ct7PQiNkCnGl4AJrV7147FQyVGpX67YNTsvOg/OFCpkWo1++as3CHjkg0IumTFdxw7RjZlGwSUkpV5kIGR8zEbQTVExH4wb5y8k9DAyDAMagqZC0lyE3xMx842Z+F7a6TO8M7NeJv7ndSMcnrmxUGGEoHi2CIWEfJHhWqTZAB0IDYgsuxyoUJQzzRBBC8o4T8UoDSvLw5n9fh5axzUn5ZuTSv18mkyR7JMDUiUOOSV1ck0apEk4eSBP5Jm8WI/Wq/Vmvf+0FqzpzC75U9bHN3JEm00=</latexit>

✏Sel
<latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit><latexit sha1_base64="8XOQN4ClhEn9z1xLVEMkYHhUNuI=">AAACA3icbZC7TsNAEEXX4RXCIwFKmhURElVkIyQoI2gogyAPKbGi9WYSVlnbq90xUmSl5CtooaJDtHwIBf/C2riAhKmO7p3RzNxASWHQdT+d0srq2vpGebOytb2zW63t7XdMnGgObR7LWPcCZkCKCNooUEJPaWBhIKEbTK8yv/sA2og4usOZAj9kk0iMBWdopWGtOgBlhLSY3oKc02Gt7jbcvOgyeAXUSVGtYe1rMIp5EkKEXDJj+p6r0E+ZRsElzCuDxIBifMom0LcYsRCMn+aHz+lxYhjGVIGmQtJchN8TKQuNmYWB7QwZ3ptFLxP/8/oJji/8VEQqQYh4tgiFhHyR4VrYRICOhAZEll0OVESUM80QQQvKOLdiYiOq2Dy8xe+XoXPa8CzfnNWbl0UyZXJIjsgJ8cg5aZJr0iJtwklCnsgzeXEenVfnzXn/aS05xcwB+VPOxze4xJe3</latexit>

Eps_sel_DENO = Eps_det_NUME
Triggered (time coinc btw STSa and  
STSb < 150 ns && Edep in STSa,b > 100keV) 
Cross STSa, STSb, LYSO 
above detectors (STSa, STSb, LYSO) energy 
thresholds cuts as data  
(90/60º: Ely_cut = 24 MeV, Estsa,b_cut = 5 MeV) 
(50/32º: Ely_cut = 24 MeV, Estsa,b_cut = 2,3 MeV) 
p (d, t) 
born in tgt 
son of a primary particle 
out of tgt 
out of tgt in LYSO acceptance (in cartesian 
coordinates) 

Eps_sel_NUME
in p (d, t) selection, z1 selection, z2 selection 
     Eps_sel_DENO selections

Probability that a fragment of 
type u is measured in the 
region v  ( u, v = p, d, t )

✏uvmix =
Nuv

Nu

root -l effMix_Ekin_2024_E.cc
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Efficiency evaluation: ✏ = ✏MC · ✏Sel · ✏DTDet
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Closure TEST
To study the Monte Carlo reliability in assessing the efficiencies to 
be applied to experimental data, we perform the MC Closure Test: 
- define the MC truth (EpsDet_DENO) = p (d, t),  

born in tgt, son of a primary particle,  
out of tgt in (𝚹 ± ∆𝚹(4º); Φ± ∆Φ(4º/6º@32deg))  
[no angular bin due to Multiple Scattering] 

- reconstruction of the MC with efficiencies applied

| MCreco - MCtruth |
MCtruth=> CLOSURE TEST:
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[40, 250] MeV/u

- mctrue = mc @ generation  
- mcreco_meas = mc reco (no IDmatch) (Ekin MEAS) 
- mcreco_true = mc reco IDmatch (Ekin GEN) 
- mcreco_meas_cr = mc reco IDmatch (Ekin MEAS) 
- mcTunf = mcreco_meas UNFOLDED with TUnfold (Ekin@gen) 
- mcRoounf = mcreco_meas UNFOLDED with RooUnfold (Ekin@gen)
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p PMMA 351 90 deg
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Closure MC p PMMA 351 60 deg

[40, 350] MeV/u
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Closure MC p PMMA 351 32 deg

[40, 180] MeV/u
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Closure MC d PMMA Int 60 deg

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Ekin [MeV/u]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

50−

40−

30−

20−

10−

0

10

20

30

40

50

M
C

tru
e

σ
 ) 

/ 
M

C
tru

e
σ

 - 
M

C
re

co
σ( 

50−

40−

30−

20−

10−

0

10

20

30

40

50

1 MeV/u

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Ekin [MeV/u]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.0005

0.001

0.0015

0.002

0.0025

0.003
 [b

ar
n 

sr
-1

 M
eV

-1
]

M
C

σ

0.0005

0.001

0.0015

0.002

0.0025

0.003hIntNew_reco_true
hIntNew_true
hIntNew_reco_meas
hIntNew_reco_unf
hIntNew_reco_meas_cr
hIntNew_reco_unf2

[40., 350.] MeV/u



28

Closure MC d PMMA Int 32 deg
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Closure MC t PMMA Int 60 deg
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Closure MC t PMMA Int 32 deg

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Ekin [MeV/u]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

50−

40−

30−

20−

10−

0

10

20

30

40

50

M
C

tru
e

σ
 ) 

/ 
M

C
tru

e
σ

 - 
M

C
re

co
σ( 

50−

40−

30−

20−

10−

0

10

20

30

40

50

1 MeV/u

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Ekin [MeV/u]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

0.0008

0.0009

0.001

 [b
ar

n 
sr

-1
 M

eV
-1

]
M

C
σ

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

0.0008

0.0009

0.001hIntNew_reco_true
hIntNew_true
hIntNew_reco_meas
hIntNew_reco_meas_cr
hIntNew_reco_unf2

[40., 60.] MeV/u



31

Conclusions
- We are performing a study on RooUnfoldBayes to assess the 

best n iteration parameter which made the unfolding stable also 
at 32 degrees (by now we used niter = 3) 

- Once the unfolding procedure is stable we will: 
1) assess the MCsys error from the closure test 
2) apply the unfolding to experimental data 
3) add the sys errors to experimental data (machinery ready): 
    N12C (4%), Closure MC, PID sys, Unfolding sys (?)


