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Laser photodetachment in an MR-ToF device:
Towards the isotope shift measurements in
short-lived radionuclides
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Negative ions

« Electron affinity (EA) is the binding energy of the
additional electron in a negative ion (in the order of ~1eV)
» Typically no bound excited states

Motivation

« Excellent model for validation of atomic theory beyond
the single particle model

« High beam purity and selectivity possible

Applications
« AMS, e.g. carbon dating with suppression of isobars
* Injection and stripping of H- for proton beams (e.g.
LINAC 4)
« Sympathetic cooling of antimatter
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Laser photodetachment
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» Wigner threshold law: o (E) = (E, — Eg)'*2
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Laser photodetachment
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« Frequency tune-able laser overlapped with negative ion
beam
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» Wigner threshold law: o (E) = (E, — Eg)'*2
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Photodetachment in an MR-ToF

electrostatic
mirror
« MR-ToF:
« Bunched ions are reflected between mirror electrodes
* Re-use of the ions possible for spectroscopy, therefore increased efficiency
* Goal:
+ Proof of principle of photodetachment threshold spectroscopy in an MR-ToF device
« Step towards EA measurements of sparsely produced radioelements

* Improved resolution by using cw lasers and by compensating laser power with laser-ion interaction time
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IS643 ISOtOpe Shlft Of the EA Of CI EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Measurement of shifts in the electron affinities of chlorine 1sotopes

Isotope shift;

Dag Hanstorp', Jakob Welander!, David Leimbach!, Annie Ringvall-Moberg'%, Michel Godefroid®,
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« Attempt of measurement was made at At run 2018
« Issues with laser setup o - . .
* Yields dropping . .
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1S643: Isotope shift of the EA of CI

35Cl

 Offline experiment:

Py ¢l (Pa)

 Cl efficiently produced with LaBg surface ionizer (MK4)
« High precision measurement of 3>3/C|
. 3 i
« Milestones: N i\
« Establish negative ion source at MIRACLS g _ 3
. . . . 5 B i
« Trapping of negative ion bunches in MR-ToF . : ¥
. E
« 1st photodetachment signal sy .
 High precision measurement of 3°Cl and 3’Cl ' el A SR S )
SMS MS FS RIS 1S
This work
HF —1.348 —0.607 —0.003(22) —1.351(22) —0.610(22)
val. FC—MCHF —0.674 +0.067 —0.002(20) —0.676(20) +0.065(20)
val MCHE —0.495 +0 246 =000321) 049721y 40244211
final results —0.535(51) +0.206(51) —0.003(22) —0.538(72) +0.203(72)
Berzinsh et al [27]
Exp. —0.51(14) +0.22(14)
DF —1.3 —0.6 +0.014(14) —1.3 —(0.6
MB low corr. +0.50 +1.24 +0.014(14)  +0.51(2) +1.26(2)
[1]
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MIRACLS Proof of Principle setup
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Negative ion source for MIRACLS

Isolde target connected to moveable beamline

MK4 surface ion source for negative ion
production

0.50 keV beam energy
Beamline compatible with other ISOLDE targets
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Z in mm

Neutral particle detector upgrade
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The setup
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Current status
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Conclusion

« Successfully commissioned a negative ion source and beam-line on the MIRACLS PoP setup
« Work towards the isotope shift of stable Cl isotopes ongoing
+ Proof of principle of photodetachment spectroscopy in an MR-ToF

- Offline measurement of 36Cl planned

* Online measurements of Cl isotope shift in 2022
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