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NEEC
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NEEC Nuclear Excitation by Electron Capture

V

e First proposed theoretically in 1976

NEEC

e First experimental observation claimed in 2018
e Relevant for Nuclear structure and Nuclear astrophysics
e Manipulating nuclear states by manipulating electrons or 1ons

e Isomer depletion and Nuclear clock
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O XFEL NEEC >> XFEL photoexcitation by 10’

O High power laser NEEC >> XFEL NEEC by10°
NeXC d 1/S J
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Wu, Gunst, Keitel, Palffy, Phys. Rev. Lett. 120, 052504 (2018)
Gunst, Wu, Keitel, Palffy, Phys. Rev. E 97, 063205 (2018)
Wu, Keitel, Palffy, Phys. Rev. A 100, 063420 (2019)

Gunst, Litvinov, Keitel, Palffy, Phys. Rev. Lett. 112, 082501(2014)
Gunst, Wu, Kumar, Keitel, Palffy, Phys. Plasmas 22, 112706 (2015)
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First claimed NEEC evidence
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e 9mMo 1somer depletion

e P._=001

C. J. Chiara et al., Nature 554, 216 (2018)
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First experimental evidence of NEEC
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Theoretical analysis

® NEEC probability < P, . = 0.01 by

about 8 orders of magnitude

Y. Wu et al., Phys. Rev. Lett. 122, 212501 (2019)
J. Rzadkiewicz et al., Phys. Rev. Lett. 127, 042501 (2021)

J. Rzadkiewicz et al., Phys. Rev. C 108, L031302 (2023)
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Background analysis

e Overestimated due to complex gamma

background?

S. Guo et al., Nature 594, E1 (2021)

C. J. Chiara et al., Nature 594, E3 (2021)
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New experiments with Isomer Beam
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1 Experiment in 2023 Preliminary
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Clear observation of NEEC?

Conclusive observations of NEEC

e (lean environments?

e Control of the NEEC process?

Electron is one of the key factors in NEEC
e Shaping electron wave functions to manipulate the NEEC process?
— electron vortex beams

Scenarios with control of the occurrence of the NEEC process
Well-defined 1nitial and final states
Clear signals
Characteristic signals of NEEC
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NEEC with electron vortex beams

Shaping electron wave functions to manipulate nuclei?
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Wu, Gargiulo, Carbone, Keitel, Palffy, Phys. Rev. Lett. 128, 162501 (2022)
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NEEC with electron vortex beams
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Zhao, Palfty, Keitel, Wu, Phys. Rev. C 110, 014330 (2024)
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e 229mTh production

e NEEC characteristic signal
recombined 10n
x-ray photon (atomic transition)
gamma photon (30 ns delay)
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e NEEC can play important roles in isomer depletion and 1somer production
e Conclusive observations of NEEC are highly demanded
e Electron vortex beams can strongly affect the NEEC process

e Storage rings and EBITs may provide clean environments for NEEC

observations

e Characteristic signal of NEEC which can distinguish NEEC from other

nuclear excitation mechanisms should be helpful
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