From atoms to neutrons and back

Alexandros Gezerlis

Z, TECHNISCHE
@)=\ UNIVERSITAT
~ DARMSTADT

Hirschegg, Austria
Quark Gluon Plasma meets Cold Atoms - Episode llI
27 August 2012



Thanks to my collaborators

» Joe Carlson (LANL)

* Michael Forbes (INT)

« Stefano Gandolfi (LANL)
« Kai Hebeler (OSU)
 Thomas Lesinski (INT)

* Achim Schwenk (Darmstadt)



Motivation: Fields

Neutron stars Cold atoms
* MeV scale e peV scale
« O(10*) neutrons « O(10°) atoms
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e Very similar E/Ers and A/Er
* Intermediate to strong coupling

Reminder: Erc =3/5NEp, Ep = 12k%/2m , p = gkp /67




Motivation: Methods

Quantum Monte Carlo  Density Functional Theory

« Microscopic * More phenomenological
« Computationally demanding  Easier (orbitals -
(3N particle coordinates + spins) density - energy density)
* Limited to small N e Can do larger N
V(T — o0) = lim e_(H_ET)Tva B — /d-gr {E€]p(r)] + p(r)Vexe(r) }
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Research Strategies

i) Use QMC as a benchmark with which to compare DFT results
i) Constrain DFT with QMC, then use DFT to make predictions



Hamiltonian: unity in diversity
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Neutron matter Cold atoms
'S, scattering phase shift modified P&schl-Teller potential
=-18.5fm, r =2.7 fm a = tunable, r_=tunable/infinitesimal



Equations of state
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* Results identical
at low density

« Range important
at intermediate density
(dashed line: linear
dependence on range)

» Other channels start
to matter at larger density
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Equations of state: comparison
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The DFT connection

Microscopic constraints for Skyrme functionals

 Large spread in
predictions

» Dependable
calculations are useful
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B. A. Brown, Phys. Rev. Lett. 85, 5296 (2000).
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The neutron polaron

New constraint: extreme case of one impurity
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Unbilased lattice results

All curves point to 0.372(5)

* No fermion-sign problem

0.40

» Different kinetic

0.38 i dispersions all consistent

0.36

- e Lattices up to 24° & 27°
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y » Agrees with Zwierlein
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16E2/(3N)8/3

Newer QMC In a trap
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Both SLDA (blue line)
and latest QMC (cyan
dots) are consistent
with Son-Wingate /
Rupak-Schaefer
effective theory
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Conclusions

» Cold-atom experiments can constrain
nuclear theory

* Neutron matter calculations impact both
neutron-star phenomenology and heavy
nuclel fits

 Phenomenology (DFT) and ab initio
(QMC) are mutually beneficial
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