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"Nuclear Dynamics" in Low-Energy Nuclear Physics

Low-energy nuclear physics:
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Low-Energy Nuclear Physics: Binding Energies
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Low-Energy Nuclear Physics: Binding Energies
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Low-Energy Nuclear Physics: Binding Energies
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Low-Energy Nuclear Physics: Laser Spectroscopy
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Low-Energy Nuclear Physics: Laser Spectroscopy

karthein@mit.edu

LASER

Laser Spectroscopy

b

’ — Nuclear spin
Magnetic moment
— Nuclear magnetic field
Quadrupole moment
— Nuclear deformation

st [
o |
wm |

—> Isotope shift
— Nuclear size



mailto:karthein@mit.edu

Low-Energy Nuclear Physics: Laser Spectroscopy
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Fundamental Properties Across the "Quantum Ladder"

Journey to explore the position of fundamental

nuclear physics (mass, size, symmetries...)
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Fundamental Properties Across the "Quantum Ladder"

Standard Model:

~10~1% m - fundamental physics

What are the properties of SM particles/interactions?
Dark matter/energy? (Anti)matter asymmetry? /
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Fundamental Properties Across the "Quantum Ladder"

Neutrinos, u, d, W:

time
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~10~1% m - fundamental physics

Dark matter/energy? (Anti)matter asymmetry?

What are the properties of SM particles/interaction/?
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Fundamental Properties Across the "Quantum Ladder"
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Fundamental Properties Across the "Quantum Ladder"

~10~"' m - nuclear structure
How do nuclei form and why? /
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Fundamental Properties Across the "Quantum Ladder"
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Fundamental Properties Across the "Quantum Ladder"
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Fundamental Properties Across the "Quantum Ladder"
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Karthein et al. in prep (2023).
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Fundamental Properties Across the "Quantum Ladder"

e- Electric Dipole Moment:
— Enhancement through high
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Fundamental Properties Across the "Quantum Ladder"

Short-range nuclear interaction: e o

— Enhancement through large e-
overlap
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Fundamental Properties Across the "Quantum Ladder"

Short-range nuclear interaction: e
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Fundamental Properties Across the "Quantum Ladder"

Nuclear Energy: e
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Fundamental Properties Across the "Quantum Ladder"
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Fundamental Properties Across the "Quantum Ladder"
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Fundamental Properties Across the "Quantum Ladder"

>10° m - stars and supernovae
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Fundamental Properties Across the "Quantum Ladder"

B Mass known (£~3000)
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Fundamental Properties Across the "Quantum Ladder"

B Mass known (£~3000)
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~10~1% m - fundamental physics

What are the properties of SM particles/interactions?
Dark matter/energy? (Anti)matter asymmetry? /

karthein@mit.edu Cao et al. Phys. Rev. C 102, 024311 (2020).
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Fundamental Properties Across the "Quantum Ladder"
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The Challenges in Nuclear Physics

1. Yield of Isotopes of Interest
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The Challenges in Nuclear Physics

U.S. Department of Energy's new ~$1B
1. Yield of Isotopes of Interest Facility for Rare Isotope Beams (FRIB)
at Michigan State University
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- Next-Gen RIB Facilities
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The Challenges in Nuclear Physics

1. Yield of Isotopes of Interest
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- Next-Gen RIB Facilities

karthein@mit.edu Karthein et al. FRIB-PAC1-#21023 32
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The Challenges in Nuclear Physics

1. Yield of Isotopes of Interest 2. Long-Lived Contamination
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- Next-Gen RIB Facilities - Next-Gen Techniques
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The Challenges in Nuclear Physics

Exciting future for low-energy nuclear physics ahead of us!
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- Next-Gen RIB Facilities - Next-Gen Techniques

karthein@mit.edu Eliseev et al. PRL 110, 082501 (2013). Campbell et al. Prog. Part. Nucl. Phys. 86, 127 (2016).
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Quantum Sensing Through Symbiosis

Penning Ions Trap

= magnetic + electrostatic fields

karthein@mit.edu

Karthein et al. in prep (2023).

Laser Spectroscopy
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Safranova et al. Rev. Mod. Phys. 90, 025008 (2018).
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Quantum Sensing Through Symbiosis

Penning Ions Trap Laser Spectroscopy
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Quantum Sensing Through Symbiosis
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Karthein et al. in prep (2023).
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Quantum Sensing Through Symbiosis
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— FRIB!
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Take-Home Messages

1. Next-Gen Precision Tools Are Ready for Application
at Next-Gen Facilities (1.E., FRIB)
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Take-Home Messages

1. Next-Gen Precision Tools Are Ready for Application
at Next-Gen Facilities (1.E., FRIB)

2. Combining these techniques allows for unique leverage

to access unstudied parity-violating nuclear properties
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