
GSI data taking
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CRUCIAL MEASUREMENTS FOR RADIOPROTECTION
 Recommended beams : H, He, C, O, Si, Fe
 Recommended targets: H, Al (Z=13), low Z materials (Z<13)  

CRUCIAL MEASUREMENTS FOR HADRONTHERAPY
 Recommended beams : H, C, O
 Recommended targets: H, C, O, N 

GSI DATA TAKING
 Beam : 16O (200 – 400 – 800 MeV/n)
 Targets: C (2mm) , C2H4 (5 mm)
 Beam Energy: 200 – 400 – 800 MeV/u 
 Detection: H, He, Li, Be, B, C, N   only charge measurements

POSSIBLE MEASUREMENTS
 Charge changing cross sections: 16O + Target  something ≠ 16O , ΔZ ≥ 1
 Elemental  σ (charge) cross section 
 Differential Angular  dσ/dΩ charge cross section 
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σ on Carbon target:   16O + C  X in [0-10] GeV 
Total σ: 16O + 12C  X

No measurements in our energy range

Total σ: 16O + 13C  X

different final states2

Energy is total (not per nucleon)

200 MeV/n

290 MeV/n

550-1625 MeV/n

ISOTOPIC IDENTIFICATION (NOT FOR US)



dσ/dΩ on Carbon target:   16O + C  X in [0-10] GeV dσ/dΩ: 16O + 12C  X

16O (260-608 MeV) ela +
16O (608 MeV) inl

16O (17-28 MeV) ela +
16O (25-36 MeV) inl

dσ/dΩ: 16O + 13C  elastic scattering

16O (132 MeV)

16O (14 MeV)

16O (17 MeV)

16O (20 MeV)

3 σ: 16O + 14C  only ela scatt

E range = [11-608] MeV
Energy is total (not per nucleon)

E range = [14-132] MeV

No measurements in our energy range

ISOTOPIC IDENTIFICATION (NOT FOR US)



Total σ on hydrogen target:   16O + H X in [0-10] GeV 

Measurements at ~300 – 400 – 450 – 500 – 600 – 680 MeV/u
4

Energy per nucleon



Total σ and dσ/dΩ on hydrogen target:   16O + H X in [0-10] GeV 

Total σ: 16O + H X

No measurements in our energy range
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E range [295-816] MeV

200 MeV/n

490-1560 MeV/n

Energy is total (not per nucleon)

dσ / dΩ: 16O + H X
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Experimental Panorama with final state visible at GSI

16O +  Target 
H, He, Z(3-9)+ X 

Charge changing σ

POSSIBLE MEASUREMENTS
 Charge changing cross sections: 16O + Target  something ≠ 16O , ΔZ ≥ 1
 Elemental  σ (charge) cross section 
 Differential Angular  dσ/dΩ charge cross section 

Charge dσ/dΩ
Charge σ



Charge Changing Cross Section
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Charge changing Cross Section

16O + Target  something ≠ 16O (ΔZ ≥ 1)

Recommendation to make meaurements with O

1 measure
(Fluorine?)

Now and in the following
Research focalize on T <  280 MeV/u



σ (charge):
Cross Section: H, He production
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16O + Target  H+ X 

Recommendations

16O + Target  He+ X 

No measurements in our energy

No measure T< 280 MeV/n



Recommendations

σ (charge):
Total Cross Section light ion (3≤Z≤9) production
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16O + Target  Z(3-9)+ X 

target:
C, Au

Measurements in C and Au

important to compare



dσ(charge)/dΩ :
Differential Charge Cross Section
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16O + Target  H+ X 

Measurements with C target: 
important test

Measurements:
C, Co-Ni, AgBr 16O + Target  He+ X 

Measurements:
C, Fe, AgBr

16O + Target  Z(3-9)+ X 

Measurements:
C, Al, 71, Au



σ: Isotopic Total Cross Section: H, He production
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16O + Target  H+ X 16O + Target  D+ X 16O + Target  T+ X 

target:
Al, Co-Ni, Sn, 
Au, Pb

target:
Al, Co-Ni, Sn, Au

target:
Al, Co-Ni, Sn, Au

Adding σ (H,D,T or 3He, 4He, 6He) elemental cross section

16O + Target  3He+ X 16O + Target  4He+ X 16O + Target  6He+ X 

target:
Al, Co-Ni, Sn, Au

target:
Al, Co-Ni, Sn, 
Sm, Au, Pb

No measurements on C and C2H4 targets



σ:
Isotopic Total Cross Section: (3≤Z≤9) production
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16O + Target  Z(3-9)+ X 

No measurements of isotopic cross section with 16O



dσ/dΩ , dσ/dE:
Differential Isotopic Cross Section: H production
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16O + Pb  H+ X 16O + U  D+ X 16O + U  T+ X 

target:
Pb, U

target:
U

target:
U

Exist also the differential cross section wrt momentum (p// and pperp)

target:
Pb, U

target:
U

target:
U



dσ/dΩ , dσ/dE
Differential Isotopic Cross Section: He production
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target:
Au, Pb, U

16O + Target  3He+ X 16O + Target  4He+ X 16O + Target  6He+ X 

target:
Ca, U

No 16O
measure

No 
measurements

No 
measurents

No 16O
measure

dσ/dΩ dσ/dΩ

dσ/dE dσ/dE



dσ/dΩ , dσ/dp
Differential Isotopic Cross Section: : (3≤Z≤9) production

15

target:
Al, Au

16O + Target  Z(3-9) + X 

No measurements of dσ/dE

target:
H, 4, C, Al, 28-29, Ag, Pb



Short summary of the experimental panorama
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16O +  Target 

Charge changing σ

Charge dσ/dΩ

Charge σ

1 measurement on F

H + X:         no measure
He + X:       no measure
Z(3-9)+ X:  measure: C, Au

H + X:         measure: C, Co-Ni, AgBr
He + X:       measure: C, Fe, AgBr
Z(3-9)+ X:  measure: C, Al, 71, Au

Isotopic total σ and dσ/dΩ  no measure on C and C2H4

16O beam with T < 280 MeV/n



Backup slides
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Isotopic Total cross section

σ:
Isotopic Total Cross Section with 16O projectile

Total σ: 16O + 12C  X + H 

Total σ: 16O + 58Ni  X + He 

(not possible at GSI)



D2σ(charge)/dE dΩ :
Double Differential elemental Cross Section: H production
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16O + Target  H+ X 

target:
C, Co-Ni, AgBr



d2σ/dE dΩ :
Double Differential Isotopic Cross Section: H production
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16O + Target  H+ X 16O + Target  D+ X 16O + Target  T+ X 

target:
Al, Ca, Co-Ni, Sn-Ag, Au, U target:

Al, Co-Ni, Sn-Ag, Au, U 
target:
Al, Co-Ni, Sn-Ag, Au, U 



D2σ(charge)/dE dΩ :
Double Differential elemental Cross Section: He production
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16O + Target  He+ X 

target:
C, Fe, AgBr



d2σ/dE dΩ :
Double Differential Isotopic Cross Section: He production
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16O + Target  3He+ X 16O + Target  4He+ X 16O + Target  6He+ X 

target:
Al, Cu, 50, Au

target:
Al, Ca, Cu, 50, Au, U

No 16O
measure



D2σ(charge)/dE dΩ :
Double Differential elemental Cross Section: (3≤Z≤9) production
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target:
C, Au

16O + Target  Z(3-9) + X 



d2σ/dE dΩ :
Double Differential Isotopic Cross Section: (3≤Z≤9) production
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16O + Target  Z(3-9) + X 

No 16O
measure



Total σ and dσ/dΩ on Aluminium:   16O + Al  X in [0-10] GeV 

dσ/dΩ: 16O + Al  X

16O (280 MeV)
16O (100 MeV)

16O (28 MeV) 16O (11.7 MeV)

Also measurements of 
d2σ/dΩdE at 88 MeV of 16O

No measurements in our energy range

25

Total σ: 16O + Al  X 

Energy is total (not per nucleon)

E range [11-280] MeV
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