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𝑀𝑎𝑡𝑜𝑚 𝑍, 𝑁 =  𝑀𝑛𝑢𝑐 𝑍, 𝑁 + 𝑍 ∙ 𝑚𝑒  − 𝐵𝑒(𝑍)
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Mass filters:

Neutron Binding Energy S1n 

𝑺𝟏𝒏 𝑍, 𝑁 = 𝐵 𝑍, 𝑁 − 𝐵 𝑍, 𝑁 − 1

Two-Neutron Separation Energy S2n

𝑺𝟐𝒏 𝑍, 𝑁 = 𝐵 𝑍, 𝑁 − 𝐵 𝑍, 𝑁 − 2

𝑀𝑛𝑢𝑐 𝑍, 𝑁 =  𝑍 ∙ 𝑚𝑝 +  𝑁 ∙ 𝑚𝑛 + 𝐵(𝑍, 𝑁)/𝑐2

𝑀𝐸 𝑍, 𝑁 = 𝑀𝑎𝑡𝑜𝑚 𝑍, 𝑁 − 𝑍 + 𝑁 𝑢
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[1] F. Wienholtz et al., Nature 498 (2013) 
[2] D. Neidherr et al., PRL 102, 112501 (2009)

Proton-Neutron Interaction 𝜹𝑽𝐩𝐧 

𝜹𝑽𝐩𝐧
𝒆𝒆 𝑍, 𝑁 = Τ1

4 ⋅ [𝑆2𝑛 𝑍, 𝑁 − 𝑆2𝑛 𝑍 − 2, 𝑁 ]

𝜹𝑽𝐩𝐧
𝒐𝒆 𝑍, 𝑁 = Τ1

2 ⋅ [𝑆2𝑛 𝑍, 𝑁 − 𝑆2𝑛 𝑍 − 1, 𝑁 ]

20Ca
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Extend the study of nuclear structure in neutron-rich noble-gas isotopes

Motivation

[1] F. Wienholtz et al., Nature 498 (2013) 
[2] D. Neidherr et al., PRL 102, 112501 (2009)
[3] M. Mougeot et al., PRC 102, 014301 (2020)
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Neutron-rich argon:

• First direct mass measurement of 49,50Ar

Motivation
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Neutron-rich argon:

• First direct mass measurement of 49,50Ar
• extract single and two neutron binding energy S2n in 49,50Ar

→ probe possible shell-closure at N=32
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interaction in 20Ca at the shell-closure N=32 (𝜹𝑽𝒑𝒏
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Motivation

Neutron-rich argon: Neutron-rich radon:

• First discovery and direct mass 
measurement of 230,231Rn

• study opposite inflection, S2n

• refinement of mass models for 
nucleosynthesis, r-process [1,2,3]

• First direct mass measurement of 49,50Ar
• Extract single and two neutron binding energy S2n in 49,50Ar

→ probe possible shell-closure at N=32
• Precise mass measurement of 50Ar allows to probe the proton-neutron

interaction in 20Ca at the shell-closure N=32 (𝜹𝑽𝒑𝒏
𝒆𝒆 (𝟓𝟐𝐂𝐚))

• Shell effect in an odd-Z nucleus below Z=20 at N=32 (𝜹𝑽𝒑𝒏
𝒐𝒆 (𝟓𝟏𝐊))

[1] E. M. Holmbeck et al., EPJ A 59, 28 (2023)
[2] S. Brett et al., EPJ A 48, 184 (2012)
[3] J. Clark et al., EPJ A. 59, 204 (2023) 
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• uranium carbide target (2000°C)
• effusion via a low-temperature, 

water-cooled transfer line to a 
FEBIAD type plasma ion source

• cold transfer line efficiently 
condensate possible isobaric 
contamination

Experimental Techniques

FEBIAD type ion source

[1]

[1] S. Sundell et al., NIM-B 70, 160-164 (2023)
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Injection

Storage

Ejection

in-trap lift

Mirror 1 Mirror 2Pulsed Drift Tube

Experimental Techniques

FEBIAD type ion source

[1]

[1] S. Sundell et al., NIM-B 70, 160-164 (2023)

𝒕𝟎 = 𝑨 ൗ
𝒎𝟎

𝒒 + 𝑩
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Experimental Techniques
MR-ToF MS: [2,3]

• versatile and fast
• Mass separation 

or spectrometry
• low yield and/or 

short half-life of 
ion of interest

• isobaric 
contamination as 
calibrants
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Mirror 1 Mirror 2Pulsed Drift Tube

[1] S. Sundell et al., NIM-B 70, 160-164 (2023)
[2] R. N. Wolff et al., Int. J. of Mass Spectr. 349–350 (2013)
[3] F. Wienholtz et al., NIM B. 463 (2019) 

FEBIAD type ion source

[1]
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Mirror 1 Mirror 2Pulsed Drift Tube

FERBIAD type ion source

[1]
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MR-ToF MS: [2,3]

• versatile and fast
• Mass separation 

or spectrometry
• low yield and/or 

short half-life of 
ion of interest

• isobaric 
contamination as 
calibrants

• high first ionization potential
• charge-exchange (CE) reactions 

with neutral impurities in buffer 
gas of the RFQ-CB

• 38Ar+ CE life-time 23(2) ms [1]

• with cold trap CE life-time of 
38Ar+ improved to 50(13) ms [1]

[1]

[1] M. Mougeot et al., PRC 102, 014301 (2020)

48Ar measurement 2017
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𝑡𝑎𝑐𝑐 = 10 ms 𝑡𝑐𝑜𝑙 = 5 ms

• high first ionization potential
• charge-exchange (CE) reactions 

with neutral impurities in buffer 
gas of the RFQ-CB

• 38Ar+ CE life-time 23(2) ms [1]

• with cold trap CE life-time of 
38Ar+ improved to 50(13) ms [1]

[1]

[1] M. Mougeot et al., PRC 102, 014301 (2020)

𝒕𝟎 = 𝑨 ൗ
𝒎𝟎

𝒒 + 𝑩

𝑡𝑡𝑟𝑎𝑝 ≈ 17 ms
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48Ar measurement 2017
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34S16O
33S16O

⋅ 4 ⋅ 10 In-target production

49Ar 50Ar

÷ 100÷ 20

𝑡𝑐𝑜𝑙 = 5 ms

• high first ionization potential
• charge-exchange (CE) reactions
• using cold trap
• 38Ar+ CE life-time optimization
• Challenges:

• CE life-time
• space-charge effect [2]

[1] M. Mougeot et al., PRC 102, 014301 (2020)
[2]  F. M. Maier et al., NIM-A 1056, 168545 (2023)

[1]

𝒕𝟎 = 𝑨 ൗ
𝒎𝟎

𝒒 + 𝑩

𝑡𝑡𝑟𝑎𝑝 ≈ 17 ms
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𝑡𝑎𝑐𝑐 = 1 ms
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34S16O
33S16O

⋅ 4 ⋅ 10 In-target production

49Ar 50Ar

÷ 100÷ 20

𝑡𝑡𝑟𝑎𝑝 ≈ 17 ms
𝑡𝑐𝑜𝑙 = 5 ms

• high first ionization potential
• charge-exchange (CE) reactions
• using cold trap
• 38Ar+ CE life-time optimization
• Challenges:

• CE life-time
• space-charge effect [2]

• Verification of argon isotopes:
• Proton On/Off
• enlarging cooling time (CE)

[1] M. Mougeot et al., PRC 102, 014301 (2020)
[2]  F. M. Maier et al., NIM-A 1056, 168545 (2023)

[1]

𝒕𝟎 = 𝑨 ൗ
𝒎𝟎
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77th INTC Meeting
Proposal 715 – D. Lange

𝑡𝑎𝑐𝑐 = 1 ms

12.11.2024



18 / 19

Summary
Neutron-rich RnNeutron-rich Ar

50Ar

S2n

𝛿𝑉𝑝𝑛
𝑒𝑒(52Ca)

𝛿𝑉𝑝𝑛
𝑜𝑒(51K)

[1] L. Weissman et al., PRC 67, 054314 (2003)
[2] ISOLDE Yield Database
# extrapolated
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Isotope Half-life Yield in CA0 [µC-1] Target Ion Source Method Shifts
49Ar 170(50) ms 1.1 ⋅ 101 [1,2]

UCx
FERBIAD 

type
MR-ToF

3

50Ar 106(6) ms 2.0 ⋅ 100[1,2] 12

230Rn - ≈ 5 ⋅ 101 # 1

231Rn - ≈ 2 ⋅ 101 # 2

Target optimization, Charge-exchange half-life optimization 2

Total Shifts 20
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Summary
Neutron-rich Ar

Isotope Half-life Yield in CA0 [µC-1] Target Ion Source Method Shifts
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50Ar

S2n
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Thank you for your attention!

The TAC does not see 
any particular issues 

with this proposal

Neutron-rich Rn
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