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𝐵𝑒𝑎𝑚 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 𝜎 ∙ 𝑗 ∙ 𝛮𝑡 ∙ 𝜀

𝜀 = 𝜺𝒅𝒊𝒇𝒇𝜺𝒆𝒇𝒇𝜺𝒊𝒔𝜺𝒔𝒆𝒑𝜺𝒕𝒓𝒂𝒏𝒔

𝑁𝑡 – Nr of exposed atoms [dim]

𝑗 – Proton flux [cm-2]

𝜎 – Cross section [mb]

𝜀 – Efficiency [%]

Extraction optics
Mass separator

Target unit

1.4-GeV Protons

Adapted from
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K.-H. Schmidt, et al. Phys. Rev. ST Accel. Beams 10 (2007), 014701

Increase in spallation residues when increasing proton 

(deuteron) energy on 208Pb measured in inverse 

kinematics at GSI

Increased yields of deep spallation products from 

spallation evaporation reactions

Residues close to valley of stability at A ~ 100 less 

affected (spallation fission products)

Proposal:

Verify expected gains in production yields in respective 

regions of the nuclear chart 
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Experimental campaign
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Target and ion source configuration
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• August 2022: 1st measurement campaign: UCx target + Ta-surface (MK1) ion source  

➢ Access to many surface ionized species of interest

• Exploited four different laser ionization schemes

• Neutron converter

• (October 2022: LaCx target + Ta-surface (MK1) ion source + Sn laser ionization)
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• Limited to 1.7 GeV by power converter current in BTY vertical dipoles

• Optics rematched to keep all quadrupole settings within power converter limits for 1.7 GeV

Rematched BTY-line optics at 1.7 GeV
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Courtesy of Matthew Fraser



• Beam size upstream of GPS target measured as a function of the last gradient of the last 
quadrupole using a SEM grid:

• Example in vertical plane:

Rematched BTY-line optics at 1.7 GeV
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Proton characteristics
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Preliminary results

9S.Stegemann |  ISCC meeting | 7 Nov. 2022



Preliminary results - UCx
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Preliminary results - UCx
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Preliminary results - UCx
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Preliminary results - UCx
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Preliminary results - UCx
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Preliminary results - LaCx
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2.0 GeV - UCx
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FLUKA2017 v.1.0

Courtesy of Joao Pedro Ramos

FLUKA CERN v.4-2.2

~20% gains 

Fact. ~2 n-rich

Hg, Au, Tl, Pb,…

Fact. ~2 

Mg, Al, Na,…

Rare-earth (not 

released from UCx)

Deep spallation (better 

prod. By lower Z 

targets)
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• Further data analysis from present beamtime

• Exploring other regions in nuclear chart

• Simulations for 2-GeV protons

Conclusions
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Outlook

• Confirmed expected gains using 1.7-GeV compared to 1.4-GeV protons

• Results agree well with MC predictions

• Further study proton beam transport to ISOLDE
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Thank you for your attention!

Questions, comments?


