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STATE OF ART
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Already done with the following beams:

• He@700 MeV/n —> space radio protection

• C@200 MeV/n —> hadron therapy fragmentation 

Next:

• O@200 MeV/n —> hadron therapy fragmentation

• O@400 MeV/n —> hadron therapy fragmentation

SIMULATIONS FOR EMULSION EXPOSURE AT GSI 



GENERAL STRUCTURE OF EMULSION DETECTOR
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SECTION 1: alternated layers of emulsion films and target (C/C2H4) —> vertexing 
SECTION 2: emulsion films only —> charge identification
SECTION 3 and followings: alternated layers of emulsion films and passive 
materials —> momentum measurement and isotope identification

Optimisation on-going: materials, thickness, number of layers…



OPTIMISATION REQUIREMENTS
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• Primary beam interactions in S1 ~ 10-15%

• Containment of the entire event in order to measure all tracks 
momentum (including secondary re-interactions)

Optimisation on-going: materials, thickness, number of layers…



SIMULATION WITH 
HE@700 MEV



BEAM HE4
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Beam position at Z=0

• He4 @ 700 MeV/n 

• 5000 events 

• Gaussian Shape, FWHM 1cm 

• @-30cm in z



DETECTOR STRUCTURES
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S1 S
2 S3 S4 S5

GEO1:  
 
S1: C / C2H4 (30x1mm)+30emu 
S2: Emu (27)  
S3: C (10x1mm)+10emu 
S4: Fe (10x1mm)+10emu 
S5: W (30x1mm)+30emu

GEO2:  
 
S1: C / C2H4 (30x1mm)+30emu 
S2: Emu (27)  
S3: W (10x0.3mm)+10emu 
S4: W (10x0.5mm)+10emu 
S5: W (30x0.9mm)+30emu

 116.38 mm

 101.38 mm
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HE4@700 MeV/n
TARGET (S1): CARBON



RECONSTRUCTION
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* = last segment coordinates at 0.5 cm from the edge 
** = end point in the last 2 plates 

Step GEO 1 (S3 CFeW) GEO 2 (S3 W)

Beam 5000

Reaches in S1 99.6%

VTX in S1 15.7%

All He4 daughters contained 2.6% 4.3%

Exit lateral(*) 2.2% 1.4%

Exit at the end (**) 10.9% 10.1%
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Energy distribution S1

ENERGY DISTRIBUTION
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ANGLE DISTRIBUTION

(initial)
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MULTIPLICITY S1



h_Energy_out_EXITING_p
Entries  512
Mean    422.8
Std Dev     210.2

0 500 1000 1500 2000 2500 3000
 (MeV)kin E

0

5

10

15

20

25

30

35

40

 e
nt

rie
s

h_Energy_out_EXITING_p
Entries  512
Mean    422.8
Std Dev     210.2
h_Energy_out_EXITING_D
Entries  44
Mean     1215
Std Dev     136.9

h_Energy_out_EXITING_D
Entries  44
Mean     1215
Std Dev     136.9

h_Energy_out_EXITING_He3
Entries  50
Mean     1616
Std Dev     104.5

h_Energy_out_EXITING_He3
Entries  50
Mean     1616
Std Dev     104.5

h_Energy_out_EXITING_Tr
Entries  52
Mean     1908
Std Dev     102.4

h_Energy_out_EXITING_Tr
Entries  52
Mean     1908
Std Dev     102.4

h_Energy_out_EXITING_others

Entries  24
Mean      176
Std Dev     108.9

h_Energy_out_EXITING_others

Entries  24
Mean      176
Std Dev     108.9

Protons
Deuterons
He3
Tritium
Others

Final Energy distribution for tracks exiting last plate
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Initial E_kin distribution for tracks exiting last plate

TRACKS EXITING AT THE END OF S5
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HE4@700 MeV/n
TARGET (S1) POLYETHYLENE
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Step GEO 1 (S3 CFeW) GEO 2 (S3 W)

Beam 4999

Reaches in S1 99.8%

VTX in S1 10.2%

All He4 daughters contained 1.5% 1.3%

Exit lateral(*) 1.2% 1.0%

Exit at the end (**) 7.9% 7.5%

* = last segment coordinates at 0.5 cm from the edge 
** = end point in the last 2 plates 

RECONSTRUCTION



SIMULATION WITH 
C@200 MeV/n



Beam position at Z=0
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Beam position at Z=0

BEAM C
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• C @ 200 MeV/n 

• 10000 events 

• Rectangular Shape 

• @-30cm in z



DETECTOR STRUCTURE
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GEO3:  
 
S1: C (30x1mm)+29emu 
S2: Emu (27)  
S3: Polyethylene (10x1mm)+10emu 
S4: W (10x0.5mm)+10emu 
S5: W (15x0.9mm)+15emu 
S6: Pb (40x1mm)+40emu

S1 S2 S3 S5S4 S6

143.04 mm

116.24 mm



C@200 MeV/n
TARGET (S1): CARBON



RECONSTRUCTION
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Step S5 S6  
(10 layers)

S6  
(20 layers)

S6  
(40 layers)

Beam 10000

Reaches in S1 99.4%

VTX in S1 23.7%

All He4 daughters 
contained 14.8% 17.5% 19.4% 21.2%

Exit lateral(*) 0.5% 0.7% 0.8% 0.9%

Exit at the end (**) 8.4% 5.5% 3.5% 1.5%

* = last segment coordinates at 0.5 cm from the edge 
** = end point in the last 2 plates 
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ENERGY DISTRIBUTION
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ANGLE DISTRIBUTION

(initial)

MULTIPLICITY S1

0 2 4 6 8 10 12 14 16 18 20
 multiplicity

0

50

100

150

200

250

300

350 e
nt

rie
s

Multiplicity distribution
h_mult

Entries  2354
Mean    5.023
Std Dev     2.679

Multiplicity distribution

h_Angle_He4
Entries  1936
Mean    6.533
Std Dev     7.712

0 10 20 30 40 50 60 70 80 90 100
 Angle (degrees)

1

10

210

 e
nt

rie
s

h_Angle_He4
Entries  1936
Mean    6.533
Std Dev     7.712

h_Angle_p
Entries  7266
Mean    27.79
Std Dev     17.89

h_Angle_p
Entries  7266
Mean    27.79
Std Dev     17.89

h_Angle_He3
Entries  568
Mean    11.76
Std Dev     11.24

h_Angle_He3
Entries  568
Mean    11.76
Std Dev     11.24

h_Angle_D
Entries  1195
Mean    17.64
Std Dev     16.42

h_Angle_D
Entries  1195
Mean    17.64
Std Dev     16.42

h_Angle_Tr
Entries  525
Mean    15.82
Std Dev     17.17

h_Angle_Tr
Entries  525
Mean    15.82
Std Dev     17.17

h_Angle_HeavIo
Entries  335
Mean    4.174
Std Dev     5.141

h_Angle_HeavIo
Entries  335
Mean    4.174
Std Dev     5.141

h_Angle_others
Entries  0
Mean        0
Std Dev         0

h_Angle_others
Entries  0
Mean        0
Std Dev         0

Protons
Deuterons
Tr
He3
He4
Heavy Ions
Others

Angle distribution S1



TRACKS PER LAYER
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NEXT STEPS

!21

• March 2019: Measurement at GSI  
O@200MeV/n - O@400MeV/n beams 
Simulation’s results will be presented at next meeting 
(December)

• On-going: strategy for isotopes identification and momentum 
measurement for the tracks exiting at the end of the detector


