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Charged particles interactions o>
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Figure - Absolute differential angular cross-sections of
protons, “He, °Li, 'Be, obtained for the carbon target. [7]
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CLINM - Cross-Sections of Light lon and Neutron Measurements

Combined measurement of secondary particles and radiolysis effectiveness with
radiochemistry team (IPHC)

Secondary charged particle identification + ¥ + neutrons of high energy measurement
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MC Geant4 10.07 simulation
® INCL++ physic list
» Experimental setup materials, geometry
detector resolutions
® Number of events : 200 000 000
® Gaussian beam energy

® Particle cuts
Default Range Cuts for All Particle Types in QGSP_INCLXX_HP
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Gamma
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Experiment at CNAO ¢ o>
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Plastic scintillator

Config.1 -
B W .- -= 0 o CeBrj scintillator
12C peam -5 ___14_'7{' _____
200 MeV/u 120 MeV/u
N RW3 target
Exit window 5cm
-
Experimental data ] [ Geant 4 simulation ]
\
120—= =
% L5 > =
= = 10° é 2
g 100§ 3 B -
= g
8 B 3
o < i = 10
g é -
10
10°
1 10
Z=2is £% | —— Z=2
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 60 0 1000 1200 1400 1600 1800 2000 )
CeBr Energy (MeV)
CeBr Energy (MeV)

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr 10



Secondary particles measurement
Experiment at CNAO ° *->

Config.2 Plastic scintillator
12C beam e .
400 MeV/u . 120 MeV/u ]
RWS3 target > CeBr; scintillator
Exit window 23 cm 2.2cm
[ Experimental data ] [ Geant 4 simulation ]
S S
s i 1 =3
5 ] 5
i 2
o S
£ . %
o
a. o
10
1
L !‘llnkl?‘; 111[1. 1 1
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2000 2500 3000
CeBr Energy (MeV) CeBr Energy (MeV)

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr 11



Secondary particles measurement
Experiment at CNAO ° *->

Config.2 Plastic scintillator

12C beam | .

403 MeV/u .120 MeV/u | T

RWS3 target E’ CeBr; scintillator
Exit window 23 cm -2 cm
[ Experimental data ] [ Geant 4 simulation ]

3 S
s i 1 =3
& g 5
i - 5
o s
o . L
w
g :

10

¥ -rnh"’tlﬁ["xx:lx
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
CeBr Energy (MeV) CeBr Energy (MeV)

3000

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr 11



Secondary particles measurement
Experiment at CNAO
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Experiment at CNAO
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Experiment at CNAO ¢ o>
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Secondary particles measurement
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Conclusion

CNAO CLINM experiment

Significant discrepancies between experimental
data and Geant4 simulation

inaccuracies in simulation of the carbon
break-up into alphas B
underestimated secondary particle yields K e
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to improve nuclear models accuracy
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Secondary particles in heavy ion therapy -

Physical aspects e ©

/ Linear energy transfer (LET) \
s Restri :

estricted local version of dE/dx
— Related to track length
—> Dominated by ionization e

Q
@)

S LET = ——ZE (es)

TotaI kinetic energy of electrons §

20— 2oJ

+ \ \\ : . <4 3 \ ‘
\_ proton carbon ion
5} S ; 1 | R

z [nm]
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Secondary particles in heavy ion therapy -

Biological aspects o> O O O
( _» Mean energy depOSiteh g Oxygen enhancement factor A
D D — dE G — Reduced oxygen concentration in cell (hypoxic cell)
ose—b = dm [Gy] Ve reduce radiation effectiveness
N Mass element radiation dose in hypoxia
—> OER = — —
_ radiation dose in air P
~ Particle flux
) _ yray [ ———
— D = — LET Linear energy transfer
p\ Proton F
Material density
\ ~ e R —
(" Relative biological effectiveness ) o
— Take into account radiation type
—» Based on cellular survival curves Fast neutrons . || ——
Reference dose with Neon - |
X-ray th
—> RBE = Dxray TRy Siticon | —
ton Dose under investigation Argon | e
yielding equivalent
\ cellular survival J 0 0,5 ! L5 2 2,5 3 3,5
mOER mRBE [4]
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Secondary particles in heavy ion therapy

o>

Q

Treatment plan

/ Imaging
Define tumoral/targeted vo

lume

Treatment planning

System (TPS)
e

/
AR 5N

AR

l

Dose caIcuIation

)
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Secondary particles measurement -
o o> O O

Calibration measurements

Q

r N
S (V.MeV1)

~ Scintillator material = conversion efficiency
of energy deposited into detected signal
~ 102 to 10° g.MeV-1l.cm2

Amplitude (mV)

\ \_ /
r / N
. SxE+
Birks’ law : A = ——— 2
1+kB *xE
\. / 4
4 A
Pedestal (mV)
Offset value added to measured signal to
( 1 ) 1
kg (MeV?) compensate background noise
~Quenching effect of light = High kg = high quenching ~ few mV to 10 mV
\. y

For organic scintillator ~ 102 - 103 cm.MeV-1
For inorganic scintillator ~ 103 — 104 cm.MeV!
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Secondary particles measurement -
@ @ @

Plastic scintillator
Voltage applied : - 1200 V

[ Calibration in amplitude ] [ Energy resolution ]
(a) (b)
g 10 g F Po 3.16 +0.08
Tg/ 903— - H CNAO é 70:— o 1H CNAO P1 5546 +0.13
s E 1 2 F
§: 805— C CNAO @ 60:— - 12C CNAO
70— :
o o
505— 4of—
40— -
= 30—
30— L
= $=2.30+0.16 o
20 ks = 0.0048 + 0.0019 20
== p=7.42%0.5 -
| AR AN T T TN TN N NN R N N AN NN SO SO SO NN SO S SO B 10__| AR SN T T R TR N TN T SO TR AN SO SO MO MO AN WO WO A W |
0 10 20 30 40 50 0 10 20 30 40 50
E_dep (MeV) E_dep (MeV)
Lot . A — S*E4p Energy resolution :
Birks’ law : A = rp— op N 1
> Birk’s law respected up to 50 MeV g Po VE

© Energy resolution : beam straggling effects

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr 45



Secondary particles measurement

CeBry scintillator ¢ °
Voltage applied : + 350 V

[ Calibration in amplitude ] [ Energy resolution ]
(a) (b)
S B L 3 Po 0.01108 £ 0.00015
£ L = '2C CNAO g 1l ] P 0.4718 + 0.0027
g 20 126 Gg| s —— H CNAO
s - 1 _ @ 12H
g - —» 'HCNAO S =0.359 + 0.002 3 .12
< 200 ks = 0.0008638 + 0.0000024 * i C CNAO
- p=12.07+0.17 1011
150:— gl *
100 °C
C S =0.1495 + 0.0005 al—
5ol ks = 0.0008570 + 0.0000024 -
p=36.0+0.6 - - - -
2
0:r|||||||||||||||||||||||III|III|III|III|III|||| O:|||||||||||||||||||||||||||||||||||||||||||||||
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
E_dep (MeV) E_dep (MeV)
) SxE+ i .
Birks’ law : A = P Energy resolution :
1+kg*E O p1

E "° JE
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Secondary particles measurement -
@ o> O

CeBry scintillator
Voltage applied : + 350 V

[ Calibration in amplitude ]

(a)
> N 12
E [ -= CCNAO
() -
s *°F — 2casl
g o - HCNAO S =0.359 + 0.002
< 200 — ks = 0.0008638 + 0.0000024
- p=12.0720.17 o Distinct calibration functions for each ion type
150 —
N > Birk constant similar for both ions
100 > Birk’s law up to 2350 MeV
B S =0.1495 + 0.0005
50 C ks = 0.0008570 + 0.0000024
p=36.0%0.6
o Ll oyl | | Lev bl

800 1000 1200 1400 1600 1800 2000 2200 2400
E_dep (MeV)

0 200 400 600

S*xE+p

Birks’ law : A = rp—
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Secondary particles measurement -
CeBry scintillator e s o

Voltage applied : + 350 V

[ Energy resolution ]
(b)
L 1' Po 0.01108 £ 0.00015
E 14— Y CNAO P 0.4718 + 0.0027
é 121~ 12
o - “C CNAO
10:—
> ~10 MeV energy resolution for both ion types .

> Highlight scintillator precision for this ion energies

N
||||||I|III|II

11 I 111 I 111 I 111 I 111 I 111 111 111 111 111 111 111
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
E_dep (MeV)

oO

Energy resolution :
o
% _ o+ 2L

E "° JE
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Secondary particles measurement
Calibration measurements o o o o o

i i CeBr; deposited energy 120MeV/u
[ CeBr; +400V (a) and +600V (b) ] [ Time resolution ] 5 .
C (a) and 80MeV/u 'H (b)
(a) (a) (a)
P 1.16617 + 0.00029 : 006 [ G4
=~ 250 "o Py eafuoooa N 2/ndf 1062/14 N
é : : ‘H Cz\rfe P: 0.003727 + 0.000006 60000 — x ~ I Data
o [ = Fcoeaw Py 02415 £ 00003 C Constant (641.4 £ 1.9)e+02 0.05
° —— °LiGANIL . b - 2L
E 200; ;2(_3 Propagated error 2 00007170 0000001 = Mean 28.260 % 0.001 -
gL Wi 50000~ Sigma 0.171+ 0.001 C
B r 0.04f—
- 40000 C
150— - ,
L - 0.03f—
L 30000 -
100 - 0.02f—
20000{— -
% - .01
10000[— -
- B ey, | 1Y [T
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 71 - l 11 1 | l 1l ‘ L1 1 - l - l i - l 11 1 | l - l - goo 900 1000 1100 1200 1300 14000 B E1500 M 1\1600
% ~""700 200 800 400 500 600 700 800 900 1000 % 27 28 29 3 3 32 38 34 35 aBr Enargy (MeV)
E_dep (MeV) Time (ms)
L)
> L —e— - C
§ T H Cyrce 2021 2500 x2ndf 153.5/80 0o7E- — Data
s o1 - Constant 2468+ 15 C
£ ool H Cyrce 2022 u Mean 33.31 +0.001 oob-
B 2000 — Sigma 0.282+ 0.001 e
B - 0.05|—
150— 1500 |— -
N C 0.04—
100 1000— 0osE
- Po 19.8+ 3.0 - E
o P4 -30+ 19 00— 0.02—
ol P, 0.024 + 0.008 C -
- - 0.01—
Lol A v v b b b b v b v b v by v by L P RN | L L PRI R S C
2 1 6 8 10 12 14 16 18 20 22 %0 31 3z 33 34 35 36 oE . ‘ I Ll ‘
E_dep (MeV) Time (ms) 0 50 100 150 gggr Energy (Me\2/§SO
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Secondary particles measurement

Calibration measurements

(a) Cyrcé setup
Attenuation

wheel (Al)
Plastic scintillator
Proton beam WA
16-25 MeV
T’ > CeBr; scintillator
.5cm 2cm
Exit window 2€M

Collimator 1cm (Al)

(b) CAL setup

Brass collimator
1mm

Proton beam bl
62 MgV L
CeBr; scintillator

20.6cm

Exit window

(c) GSI setup

Plastic scintillator

1mm Plastic scintillator
—
12C ppam an.‘u” TR
180 MeV/u
—
AEa— > CeBrj scintillator
— 10cm 54.5cm PMMAT  em  0.5em :
Exit window target
(d) CNAO setups
Plastic scintillator
—F
Proton bpam WA
80-180 MeV
—t
[« «——> CeBr, scintillator
- 77cm 5cm
Exit window
Plastic scintillator
——
12C begm WA
120-200 MeV/u
>
> CeBr, scintillator
- 150.1cm 8.5cm
Exit window

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr

htemy
Entries
3500 — S Bev 02602
2/ ndf 362/70
— Constant 3427 +18.4
= Mean 35394000
[ Sigma 0.2447 +0,0008
3000 —
2500 —
2000 —
1500 —
1000 —
500 —
O - I L L L L I L L 1 1 I 1 1 1 1 I 1 1 1 1 I L L I L L
33.5 34 35 36 36.5

Cyrcé - Strasbourg
CAL - Nice
GSI - Darmstadt
CNAO - Pavia

1H
1H
12C
12C

totTimeResolution

16 - 25 MeV

60 MeV
110 - 180 MeV/u
120 - 200 MeV/u
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Secondary particles measurement

Detectors ¢ o> S —
CeBr; Hamamatsu
Plastic scintillator CeBr; crystal scintillator slamxSlom ___ ____PMT
Photomultiplier (PMT) (- 1200 V) PMT (usually + 1200 V)
Support + optical guide + 600 V for protons and high energy y
+350V /+400V for 12C
: ' Aluminium Polytetrafluoroethylene
Hamamatsu . 400um imm |
Plastic R7057 ;JIIA;(PSQQO Entrance window
6cm x 6cm x 0.2cm s 105
D 160
3
O 140 .
..%. 10
- 120
i B 10°
AE-E results from simulation with a carbon-ion beam of

200MeV, the detectors at 5° from the beam axis, and a
PMMA target of 4 cm

B Work done by M. Vanstalle

10

10?

Li7

1 1 1 I 11 1 I 1 1 1 I 11 1 I 1

eoo 800 1000 1200 1400
E - CeBr3 (MeV)

1 400

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr 12



Analysis




Secondary particles measurement

Experiment at CNAO ¢ o>
Config.1 Config.2

. = = Li (Z=3)
H (z=1) He (Z=2) Li (Z=3) H(Z=1) He (2=2)
MC_True N MC_True N MC_True N 04 MC_True N , MC_True N 0061 MC_True
0.012- — MC_rec 0014~ — MC rec 0.012] — MC rec 008 — MC rec 005 — MC_rec F — MC rec
L — Data r — Data — Data — Data F — Data 0.08]— — Data
r 0.012 0.08] C C
0.01— E 0.01 o0l L
r L 007, n r
L 001 E 004 L
0.008 r 0.008 0.06] L { L S
L r 0.03F [ %
C O.OOET 0.05 C [ 00377 +
0.006—, r by 0.008 C C ’* w“'
T 0.008]— L i 0.04 # +++ s 00l , r X L
L | P gt +u_++++ 02~ i “on, 002~ P Lo,
0.004 L 1 ., 0.004 003 + +HL + F . C . TN
r 0.004— fnr“ ! ", o R L +++ F i - kN L o b
F r i ., X 0.02 F e T r - r it B
0.002}—, r N 0.002]— / i e .01 [ o s 0.01— L." B
s 0.002 . g o -~ b
L) A ~ 0.01 L L e 1\\ P, L J. [
of | T e ——— L I | | i S S P T TP I Do e S| L ﬁ\\\\\\\\\\\\\V\—l_A it I T N R L =vesriuret ST OO |
0 50 200 2 50 100 150 200 250 300 350 50 100 150 200 250 300 350 05 50 700 56 200 50 100 150 200 250 300 ] 50 100 150 200 550 300 350
Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeViu) Energy deposited (MeViu) Energy deposited (MeV/u)
Be (Z=4 C (Z=6
. Be (2=4) C (Z=6) N ome (z=4) MCTre N oo MCTwe N op (2=6) MC._True
0,016 MC_True N o.022p MC_True N r MC_True E — MC rec F — MC _rec ok — MC rec
sorab- ”:‘UH — MC rec 0.02F- — MC rec 0.025— — MC_rec 004 — Data 005 —— Data E — Data
- F 14 —_ E —— F E - =
E ) I\ Data 0.018F~ Data Data 0.035— L L 0161
00121~ it | E .02[— E it E .14~
L 0.016F 002 0,03 L 0.041~ E
0.01 0.014F 00255 i #M ‘L+ = 012
r 0012 0015~ E i 0.03F x/=
0.008[- o m:— 0,02~ C C
£ OTE £ E 008
0.006f 0.008]— 001 0015 0021~ oy 006
F ooosi E o7 C ot E
0.004- E 001 J‘—if;; E N oo
L 0.004{— 0.005 — E 0.01— E o
0.002F 0002k & .. 0,005 [ L 002 - g
£ = T e ’J\\\\mw i, s L b I Ervies Mﬂ’/:rrrJ\w NI
50 100 150 200 20 40 60 80 100 120 140 0 50 100 150 200 250 300 350 ) 50 100 150 200 250 300 350 0 20 40 60 80 100 120 140 160 180 200
Energy deposited (MeVi) Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u)

e R
— Centered around beam energy (after target)

Fragments from projectile
— Data broader than MC
beam spread bigger than anticipated
further refinement in beam control needed
angular secondaries distributions non accurate

\. .
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Secondary particles measurement

Experiment at CNAO ¢ o>
Config.1 Config.2

H (z=1) He (Z=2) Li (z=3) H(@=1) He (z=2) Liz=9)

MC_True N MC_True N MC_True N 01 MC_True N = MC_True N 0061 MC_True
— MC_rec 00141~ — MC_rec 0.012[~ — MC rec 0.09) — MC rec 0.05— — MC_rec L — MC rec
— Data L — Data F — Data 008 — Data E — Data 0.05{— — Data
0.012— 001 s F
001 L 07 L 0.04— 1
0.008(~ 0.06 C { C JJJJ;N
C 0.03— L #y
0.008 r 0.05] r [ 0.03— 4 N
o 00081 +.,0 F F A O
i F 0.04 + +++ +++ thy 002 i g, L g SRS
, 0008 B g oue- - Lt
! " C 0.03 ++ . - e, . Lo
I Y 0’ A s +++ £ f o -, L o T
; l"'a‘_ 0.002— 7 MM 00z, | + 00— i e "f_\ 0.0t Lg“ A
\ ~ W 0.01 _F r [ttt ‘\\ e F J‘ [
: Hs‘o””u‘)o””ws‘o‘\w P a— ) 50 100 T 50 '25‘0‘}‘3& 350 e e L f‘ e T RET - - * R T UTHRI =
50 200 2 : . 0 50 100 150 200 50 100 150 200 250 300 0 50 100 150 200 250 300 350
Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u) Y nergy deposied (MeViu) Energy deposited (MeVil) Energy deposited (MeV/u)
Be (Z=4) C(z=6
. Be (Z=4) N C (z=6) N one MCTme N o MCTe N ) MG True
0016~ MC_True N o, E MC_True C MC_True E — MC rec — MC_rec o18F — MC rec
nuu; PZ‘UH — MC rec 0.02F — MC rec 0,025~ — MC _rec 004 ~ Data o00sF- — Data = — Data
b — Data 0018 — Data L Data 0035 L 0161
0.012— . H:‘ 0.016F 0.02— 003 Wﬁtﬁ 0.0aF 0.14
E f i 4 E E A E
001 I W,{WWWMH 0.014F ok o et 012
I § 't T E . .025— o E
F o i 0.012— 0.015 E i + C ==
0.008— 4 Y # £ E U*+ 0.03 o1
£ J }’“ h’. 0.01F- 002~ + 0080~
0.0081~ W # 0.008 R 001 0015 H 0.021- E
F x wm E o E o + 0.06F
- s 0.006F » i, E R E
R L i E ; " 001 Jzﬁ? ! 0.0~
£y * 0.004F— o AY 0.005(— E b 001~ = -
0.002- 1 f ®oa E o Y, 0.005[] L 002 o
.y 0002 S RN = J * r C M/ -
< N R R = £ = R T el e | P N RN VRN IR BRI, | WO IO | . .. | | ol | o Eiid oSS N & R RN
50 100 150 200 250 0 50 100 150 300 % 20 50 8000 T 0 50 100 150 200 350 300 350 0 50 f00 150 200 250 300 850 0720 40 60 80 100 120 140 160 180 _ 200
Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u)

— Centered around beam energy (after target) ("
Fragments from projectile Purity
— Data broader than MC

beam spread bigger than anticipated Z particles correctly attributed in a cut

[

further refinement in beam control needed Efficiency

angular secondaries distributions non accuratej N <
MC evaluated
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Z particles correctly attributed in a cut

total number of particle in the cut

total number of Z particle detected
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Secondary particles measurement

O-

Experiment at CNAO ¢ >
Plastic scintillator
Config.1 /
]t .- -\ Jem CeBr, scintillator
2;2((): I'\J/IeeaVTu "1;0’ MS;‘V/U T K _____
__>RW3target
Prtmdon e Z=2 Helium (MC_rec and MC_true)
60 MeV/u c e .
— MG T Good accordance in distribution and energy
N C ~1rue Underestimation of He by 6.02% in the cut
0.014— — MC rec
B — Data
0.012_—
: Z=2 Helium (purity and efficiency)
0.01— High cut purity 88.01%
00083_ high production rate of He during C fragmentation
T | low contamination rate
0.006— Wt High cut efficiency 83.01%
- _/-/:’ ‘, "'x. include most He particles in analysis
0.004F— : f,«(‘ ]'1 "\'
B v ] ’-.
0.002|— kY
¢ ~
o_- : 11 | | 11 1 | | | 11 | I\ \I‘“t-—:l i e | I — L | | ——
0 50 100 150 200 250 300 350
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Secondary particles measurement -
Experiment at CNAO o > o

Conﬁg'z Plastic scintillator
st ] —
RW3 target ;2—’ CeBr; scintillator
Exit window 23 cm = cm
Z=2 Helium (MC_rec and MC_true)
P MeV/u > Good accordance in distribution and energy
N = MC_True Underestimation of He by 7.25% in the cut
0_05__ - MC rec
B — Data
004l Z=2 Helium (purity and efficiency)
B High cut purity 85.11 %
0032 { high production rate of He during C fragmentation
T [ low contamination rate
B High cut efficiency 79.36 %
0.02— [ .‘,.ao"a-.,“ include most He particles in analysis
. v,
B [ “.." ‘o...
0.01_— I st '..'...
- ﬁr..--* pter 1 "'-...,..
Ol_ L d | | | | | | | | | | | RTMI i i !.' 4 L 1 I___
0 50 100 150 200 250 300

Energy deposited (MeV/u)
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Secondary particles measurement

E [ t at CNAO
.
Config.1
H (z=1) He (Z=2) Li (Z=3)
N MC_True MC_True MC_True
0.012— — MC _rec 0.014— — MC rec 0.012(— — MC rec
r — Data C — Data = — Data
0.01 0.012— 0.01C
0.01— r
0.008 C 0.008|—
0.008— C g
0.006 5 L 0.006 { W*:
0.006 \M;Z'WM»% C B
C ] o, - T4
0.004 r w ., 0.004— M‘w
0.004 \ = W
\ ., L
0.002 0.002 | N 0.002—
i ~ i e
ok \ R R R . S S oL T ol v L T ) e 1
0 50 100 150 200 250 150 200 250 300 350 0 50 100 150 200 250 300 350
Energy deposited (MeV/u) Energy deposited (MeV/u) Energy deposited (MeV/u)
Be (Z=4) B (Z=5) C (Z=6)

N o016 MC_True N 0.022 MC_True N MC_True
0014: — MC rec 0.02- — MC rec 0.025|— — MC rec
T — Data 0018 — Data —— Data
0.012|— 0,016 0.02—

0.01— 0.014
F 0.012— 0.015—
0.008|- F
0.01—
0.006— 0.008[— § 0.01—
E il o
- i — N
0.004[- 00065 o i P o
r 0.004— ‘;4'* R‘a’ 0.005— |t
0.002 " 0.002F- r L L,
l\,‘” B E RIS Y h
o O . ok L Ll A P O™ L L L | i i
100 150 0 50 100 20 40 60 80 100 120 140

200 250
Energy deposited (MeV/u)
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Secondary particles measurement

Experiment at CNAO o o o o o
Config.2

H (z=1) He (2=2) Li (Z=3)
NERCAT= MC_True N - MC_True N 008 MC_True
0.09F- — MC rec 0.05|— — MC_rec r — MC rec
= —— Data L — Data 0.05— — Data
0.08— N C
- 0.04— r
0.07E C 0.04{—
0.06[— C { r
= 0.03— C
0.05— - 0.03—
- C { C Fat
0.04F + ﬂ 1 H B r o,
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N 0045 MC_True N o0.06 MC_True N o2 MC_True
- MC rec E — MC rec o8F — MC rec
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Secondary particles measurement -
Experiment at CNAO . > o

Plastic scintillator
Config.1 .
-1 ,,”” CeBr; scintillator

Q
O

o T
ev/u 120 MeV/u
T i Z=1 Hydrogen (MC_rec and exp data)
e " Strong correspondance in energy between
MC True Resolution constraint at low energy
N 0.0121 —MC rec Proton scattering and beam spread
_ —— Data
0.01— Z=1 Hydrogen (MC_rec and MC_true)
- Overall agreement
0.008— Minor distribution and energy shift 5SMeV/u
E | + Overestimation of H by 39.31% in the cut
0.006|— HHW@M{ M
fm ++ Z=1 Hydrogen (purity and efficiency)
0.004 Cut purity 45.52%
- mostly He mistakenly classified as H
0.002/r~, protons isolation challenging with this setup
i Cut efficiency 75.01%
=, B T vy e R most H included in the analysis

Energy deposited (MeV/u)
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Secondary particles measurement
Experiment at CNAO

Config.2

12C beam
400 MeV/u

Plastic scintillator

‘ 120 MeV/u

Exit window

RWs3 target
23 cm

> CeBrj scintillator

2.2cm

H (z=1)

0.09

0.08

0.07
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0.05

0.04

0.03

0.02

0.01

[T

L\_\‘\—\_\_it‘
| | | | | | | | | | | | | J | L ool i 1 i  ——

MC_True
— MC rec
— Data

OTLIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

50

150 200
Energy deposited (MeV/u)
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Z=1 Hydrogen (MC_rec and exp data)
Both centered at 70MeV/u
Resolution constraint at low energy
Proton scattering and beam spread

Z=1 Hydrogen (MC_rec and MC_true)
Overall agreement
Overestimation of H by 55.09% in the cut

Z=1 Hydrogen (purity and efficiency)
Cut purity 36.54%

mostly He mistakenly classified as H

protons isolation challenging with this setup
Cut efficiency 78.88%

most H included in the analysis
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Secondary particles measurement
Experiment at CNAO ° o>

O-

Q
O

Plastic scintillator
-1 - @ CeBr; scintillator

Config.1
o T
B T Z=3 Lithium (MC_rec and exp data)
ey _ Isolation and identification difficult (statistical
N Li (£Z=3) MC True zresence of.He) |
soral — MC rec greement in energy apart resolution
B — Data
0.1 Z=3 Lithium (MC_rec and MC_true)
. Overall agreement
0.008/— Minor distribution and energy shift 10MeV/u
. / Overestimation of Li by 15.31% in the cut
0.006_— [r'f ##:
- ; /@{W Z=3 Lithium (purity and efficiency)
0.004— o ] Cut purity 53.27%
. overlap in the energy loss with He and Be
0002 Cut efficiency 62.90%
0" NG ]""'\A S significant fraction of Li excluded
0 50 100 150 200 250 300 350 confirm overlap
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Secondary particles measurement

O-

Experiment at CNAO
Config.Z Plastic scintillator
12C beam -~
400 MeV/u ‘ 120 MEV/U T T T e———
RW3 target > CeBr; scintillator
Exit window 23 cm 2.2cm
Li (Z=3)
N 006 MC_True
B — MC rec
0.05— — Data
0.04|—
N 5
0.03—
B ot +
- ] +
0.02[— = %
— = +
- = +
0.01 Lo
. — L
B J' ho
- L
01LJIJI>|IIII|IIII|IIII|LLI\_‘“I"—%‘III;JII_-I--|.JIL.I|.
0 50 100 150 200 250 300 350
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Energy deposited (MeV/u)

Z=3 Lithium (MC_rec and exp data)
Isolation and identification difficult (statistical
presence of He even more important)

Small shift in energy of 10MeV/u

Z=3 Lithium (MC_rec and MC_true)
Overall agreement
Minor distribution and energy shift 10MeV/u
Overestimation of Li by 6.75% in the cut

Z=3 Lithium (purity and efficiency)
Cut purity 58.18%
overlap in the energy loss with He and Be
Cut efficiency 62.39%
significant fraction of Li excluded
confirm overlap




Secondary particles measurement

Experiment at CNAO

Plastic scintillator
Config.1 .
-1 ,,—"’ o CeBr, scintillator

- 22
12C beam _"’ 5° T .
200 MeV/u 120 MeV/u
R S

RW3 target
Exit window 5cm

N 0.016 MC_True

— MC rec

]
v
0.014 L I." _ Data

0.012

0.01
0.008
0.006

0.004

0.002

I I I -
T T T B L1 11 T =

50 100 150 200 250
Energy deposited (MeV/u)

o
o II|III|III|III|III|III|III|III
D\‘ﬁ\_
.

Z=4 Beryllium (MC_rec and exp data)
Energy shift of 10MeV/u
Better accurate resolution reproduction

Z=4 Beryllium (MC_rec and MC_true)
Good agreement in distribution and energy
Slight underestimation of Be of 4.65% in the cut

Z=4 Beryllium (purity and efficiency)
High cut purity 77.92%

effective discrimination criteria
Cut efficiency of 74.46%

reasonable balance between capturing most
particles and maintaining purity
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Secondary particles measurement -
Experiment at CNAO o > o

Q
O

Config.2 Plastic scintillator
o W= | —
RWS3 target ;;:n CeBr, scintillator
Exit window 23 cm :
\ Be (Z=4) e T Z=4 Beryllium (MC_rec and exp data)
0045 - Tue Energy shift of 25MeV/u
- — MC rec . :
0.04 — Data Better accurate resolution reproduction
0.035:—
= Z=4 Beryllium (MC_rec and MC_true)
003 Good agreement in distribution and energy
0025 Slight underestimation of Be of 13.09% in the cut
o.ozf—
= Z=4 Beryllium (purity and efficiency)
= . High cut purity 69.96%
001~ [ effective discrimination criteria
0.005— Cut efficiency of 61.86%
o J R N T . TR reasonable balance between capturing most
0 50 100 150 200 250 300 350 particles and maintaining purity

Energy deposited (MeV/u)
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Secondary particles measurement -
Experiment at CNAO . > o

Plastic scintillator
Config.1 .
-1 -7 CeBr; scintillator

- 225
12C beam _"’ 5° T .
200 MeV/u 120 MeV/u
—

RW3 target
Exit window 5cm

Q
O

Z=5 Boron (MC_rec and exp data)

N 0.0221 MC_True _ A
- - Slight energy deviation less than 10MeV/u
0.02 MC rec . :
- Improved reproduction of calculated resolution
0.018— — Data
0.016— Z=5 Boron (MC_rec and MC_true)
0-014;— Consistent agreement in distribution and energy
0.012F Marginal underestimation of 0.67% in the cut
0.01—
0.008[ - Z=5 Boron (purity and efficiency)
0.006 High cut purity 80.05%
0.004F- high purity at the higher energy setting
. 0025 effective discrimination criteria
E s | | L . Cut efficiency of 79.66%
% — s 100 150 300 reasonable balance between capturing most

Energy deposited (MeV/u) ] . .. ]
particles and maintaining purity
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Secondary particles measurement -
Experiment at CNAO o > o

Q
O

Config.2 Plastic scintillator
It | T R e
Z=5 Boron (MC_rec and exp data)
B (Z=5) MC True Slight energy deviation of 10MeV/u
N 006 T Improved reproduction of calculated resolution
- MC rec
0.05:— — Data
- Z=5 Boron (MC_rec and MC_true)
N Consistent agreement in distribution and energy
0'04:_ Small energy shift of 10MeV/u
- Marginal underestimation of 4.05% in the cut
0.03[—
. 02:_ y Z=5 Boron (purity and efficiency)
Tr oo High cut purity 92.16%
- + high purity at the higher energy setting
0.0 effective discrimination criteria
- 1° Cut efficiency of 65.58%
TR T T R T-" B R~ - M1 reasonable balance between capturing most

Energy deposited (MeV/u) particles and maintaining purity
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Secondary particles measurement -
Experiment at CNAO . > o

Plastic scintillator
Config.1 .
-1 ,,—"’ o CeBr, scintillator

Q
O

v T
C (Z=6) Z=6 Carbon (MC_rec and exp data)
N - MC_True Slight energy shift less than 5MeV/u
0.0251 — MC_rec Close reproduction of calculated resolution
B —— Data
0.02~ Z=6 Carbon (MC_rec and MC_true)
. Consistent agreement in distribution and energy
0.015/— Significant underestimation of 59.84% in the cut
0.01- Z=6 Carbon (purity and efficiency)
- Highest cut purity 94.56%
0.005F- A good identification fidelity
C L, Cut efficiency 59.16%
- ! X
Ol_ ' I | | | | | | | | | | | | | | | | I-‘_—.I I A 4 | l ! !
0 20 40 60 80 100 120 140

Energy deposited (MeV/u)
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Secondary particles measurement -
Experiment at CNAO o > o

Q
O

Config.2 Plastic scintillator
4;25 :nfl/r?u ‘ 120MeV/y || |
RWS3 target ;;:n CeBr, scintillator
Exit window 23cm ‘
C (Z=6)
N o2 MC_True Z=6 Carbon (MC_rec and exp data)
01sE- — MC rec Slight energy shift less than 5MeV/u
- { — Data
0.16—
0.141- Z=6 Carbon (MC_rec and MC_true)
- Consistent agreement in distribution and energy
012E Insignificant underestimation of 0.24% in the cut
01—
008 Z=6 Carbon (purity and efficiency)
0.06]— Highest cut purity 99.48%
0.0aF- good identification fidelity
00ok- isolation with great precision when aligned
- ™ . with the beam
0...I--M"|'-'4::.La-1 Poon i edeadhecodsodhodessbodsocsodsed

o

20 40 60 80 140 160 180 200 Cut efficiency 98.71%

Energy deposited (MeV/u)
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Secondary particles measurement

Errors evaluation o *> O O
200MeV/u on 5cm target, with | 400MeV/u on a 23cm target, with
Secondaries detectors at 5° detectors at 0°

Z=1 (H) 4552 +0.03% 75.01+0.03% 36.54 + 0.03 % 78.88 £+ 0.04 %

Z=2 (He) 88.01+0.01% 83.01+0.01% 85.11+0.01% 79.36 £ 0.02 %
Z=3 (Li) 53.27 £ 0.06 % 62.90 £ 0.07 % 58.18 £+ 0.04 % 62.39+0.04 %

Z=4 (Be) 7792+0.09% 74.46 +0.09 % 69.96 + 0.05 % 61.86 £ 0.05 %
Z=5 (B) 80.05+0.09% 79.52+0.10% 92.16+0.02% 65.58+0.03 %

Z=6 (C) 94.56+ 0.08 % 59.16 +0.14% 9948 +0.01% 98.71+0.01 %

e Cut parameters highly effective for some Z (He and C)
® But variability in performance across different Z and
experimental setups
® For H and Li further refinement of detectors resolution
needed
adjusting AE-E thresholds to reduce overlap
adding detectors
use better resolution detector than plastic like silicium

European Nuclear Physics Conference 2025 - levana.gesson@Ipsc.in2p3.fr 69



