Are Ordinary Nuclear Matter Metastable?
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Noble Gases on Earth and in the Solar System
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Laser Trapping and Probing of the Exotic He-6 Atoms

°He
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Effective Model & Quantum Monte Carlo Calculation
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Coupling parameters fit to NN scattering data

Problem: binding energy of most light nuclei too small
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Coupling parameters fit to energy levels of light nuclei
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GFMC Calculations of Energy Levels
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Halo Nuclei °®He and 8He

Isotope Half-life Spin  Isospin  Core + Valence
He-6 807ms 0 1 o + 2N

He-8 119ms 0 2 o + 4n

Borromean Rings
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Atomic Isotope Shift

Isotope Shift  dv = Ovyg + OV

Mass shift: Field shift:
due to nucleus recoll due to nucleus size
Q A-A A BVeg

1S(23S, - 3°P,) = 43196.202(16) + 1.008(<r>>,, , - <r’>,. ) MHz
Drake, Nucl. Phys. (2004)

100 kHz error in frequency > 1% error in radius



Atomic Energy Levels of Helium

He energy level diagram

100 ns - 1.6 MHz
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115, ¥ A helium glow discharge



Approach & Collaboration
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6He - Production at ATLAS

12C(7Li,°He)13N - Reaction
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ATLAS Facility

°He (t,,, = 0.8 s) Trap: Setup and Data
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Laser Setup - 389 nm (778 nm)
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A Proving Ground for Nuclear Structure Theories

°He
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Next Goal: 8He

8He Yield Current Status

& ATLAS, Argonne < 1 x 104 s » Proposal to GANIL approved with
% GANIL, France ~ 5 x 10> s'1

“highest priority”;

» Improved trap efficiency by a factor of
30;

* Preparation of lab space and safety
14 5] documents at GANIL is underway.
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Beta-Neutrino Correlation in the Decay of °He
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B-Decay Study with Laser Trapped °He

* Simple atom, nucleus, decay mode Simulated time-of-flight signal

 Sensitive to tensor current i

\ a =+1/3 |New Physics

MCP Detector = a = -1/3 |Standard Model
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®He yield: Assume a ®He rate of 1 x 10*s1,
* ATLAS: 1 x 10° st with 50 pnA "Li 15 minutes,
e High-current facility: 1 x 101° st with 5 pA H 2 x 10° coincidence events,

e Reactor facility: 1 x 1019 51, °Be(n, o)®He da=+0.008.
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Frequency-Modulation Saturation Spectroscopy of He*

He discharge cell, 1 meter long
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Limits on the Abundance of Anomalously Heavy Helium
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