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Outline of the talk 

 Opportunities with primary, secondary, and tertiary beams 

 Atomic physics at the GF @ LHC and GF @ SPS

 Nuclear photophysics with fixed targets

 Applied physics examples

 Conclusions
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duality
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Light Source ⬌ Giant Ion Trap 
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Spectroscopy of PSI
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PSI=HCI=Highly Charged Ions
Hydrogen-like Ions

Strong E-fields!

Pb81+ :   1016 V/cm

H-like

Li-like
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: direct excitation of heavy PSI with primary photons
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Li-like ions
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Projected 10-4 uncertainty in the PoP experiment:  

better than  current theory state-of-the-art

⬇

⬇︎⬇︎⬇︎Atomic Physics already in PoP!⬇︎︎
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Fundamental symmetry tests at the 
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Why ?

• New physics (e.g. Z’  bosons)

• Neutron skins

• Nuclear anapoles
pdg.lbl.gov/2020/reviews/rpp2020-rev-standard-model.pdf

https://pdg.lbl.gov/2020/reviews/rpp2020-rev-standard-model.pdf
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Parity Violation 
☞ level-mixing

☞ circular dichroism

S
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Unique to GF :

measure in isonuclear chains

(+isotopic chains)

⬇
control of systematics

for neutron-skins



Not only hydrogenic ions are interesting 

for parity violation!
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Level-crossing in He-like ions

Parity-violating mixing
∝ Z5

Enhancement 
near

level crossings

1s2s 1S0 - 1s2p 3P0

1s2s 1S0 - 1s2p 3P1



Optical Pumping of PSI

• Single-path polarization via optical pumping

• Both electronic and nuclear polarization

• Will polarization survive a round trip?

• If yes ☞ measure static and oscillating EDM

• Regardless ☞ nuclear-spin dependent parity violation
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More atomic  physics at the  
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• Laser cooling of PSI in the ring: enabling technology!

• Twisted light (gamma)

• PSI in strong external fields (also for parity violation)

• Tests of special relativity

• Scattering of gamma rays on ions (Thompson, Delbrück, …)

• … 
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Nuclear physics at the  
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• Physics opportunities with primary, secondary and tertiary beams 

with previously unattainable parameters

• Direct measurements of astrophysical S-factors at relevant energies 

• Spectroscopy of nuclear gamma transitions 

on par with laser spectroscopy of atoms

• Gamma polarimetry at the 10-5 to 10-6 rad level 

• Precision measurement of parity violation in hadronic and nuclear system 

at previously inaccessible asymmetry

• Production of high-intensity, monoenergetic and small-emittance

tertiary beams: neutrons, muons, neutrinos, etc.

• …
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Nuclear physics at the        : examples
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• Direct nuclear-transition spectroscopy of  stored nuclei (or PSI)

• Interplay of atomic and nuclear d.o.f.

• (𝛾, 𝜋) reactions to probe halo nuclei

• Photoproduction of pionic(kaonic) atoms,

e.g.,

V.V.Flambaum, Junlan Jin, D.B., arXiv:2010.06912 (2020)

https://arxiv.org/abs/2010.06912
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Nuclear physics at the        : examples
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• High-resolution spectroscopy of 𝛾-resonances

• Fano effect in 𝛾-resonances

• Giant resonances, pigmy resonances

• (γ, 𝛼) reactions: astrophysical S-factors

• Nuclear E1 polarizabilities, e.g., 208Pb(𝛾, 𝛾′)

• Parity-violating photophysics

• Lepton-pair photoproduction (e+,e- and µ +, µ-)



Fixed-target experimental configurations
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Parallel Spectroscopy
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Fixed-target experimental configurations
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Pump-Probe Spectroscopy
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Applied physics and enabling technologies
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• Production of medical isotopes and isomers

• Nuclear waste disposal

• Gamma-ray lasers ?

• Precision gamma polarimetry

• …
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Conclusion 
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