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Abstract: Low-density neutron matter is relevant to the study of neutron-rich nuclel and neutron star crusts. Unpolarized neutron matter has been
studied extensively over a number of decades, while experimental guidance has recently started to emerge from the field of ultracold atomic gases.
We study population-imbalanced neutron matter (possibly relevant to magnetars and to density functionals of nuclel) applying a Quantum Monte
Carlo method that has proven successful in the field of cold atoms. We report on the first ab initio simulations of superfluid low-density polarized
neutron matter. For systems with small imbalances, we find a linear dependence of the energy on the polarization, the proportionality coefficient
changing with the density. We aso present results for the momentum and pair distributions of the two fermionic components.
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Neutron star inner crust

Low-density neutron matter in ion lattice
» Pairing significant: singlet in matter, possibly friplet in nuclei
» Nuclear toy problem of physical relevance




Neutron star inner crust

Low-density neutron matter in ion lattice
» Pairing significant: singlet in matter, possibly triplet in nuclei
» Nuclear toy problem of physical relevance

Properties

» Scattering length (@)
» Effective range (7. )
« Density (P) or (kg )

“Observables”

* Energy (E/Erc)
» Pairing gap ( &/ £F)




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely. and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer; M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

« Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 6§98, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

« Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely. and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Asirophys. J. 688, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2008).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nuci. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Asirophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 638, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

« Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

« Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 98, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

« Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Asirophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2008).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2008).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 638, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearsan, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Asfrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N.. Chamel, S. Goriely, and J. M. Pearson, Nuci. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 688, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel. S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N.. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearsan, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 6§88, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2008).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel. S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 638, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Asirophys. J. 688, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 688, 1020 {2009).

« Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely. and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 688, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2008).

« Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearsan, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Asirophys. J. 638, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 638, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2008).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nuci. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligibie contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Laitimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Lett. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfluid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilerz, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints fo Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel. S. Goriely. and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




Mo Signal
WA




Mo Signal
WA




Mo Signal
KU ISR

i
{
|




[ Mo Signal
| V-




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliana, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely. and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigliano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 638, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

« Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

» Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




The meaning of it all

« Negligible contribution to specific heat consistent
with cooling of transients:

E. F. Brown and A. Cumming. Astrophys. J. 698, 1020 (2009).

» Young neutron star cooling curves depend
on the magnitude of the gap:

D. Page, J. M. Lattimer, M. Prakash, A. W. Steiner, Astrophys. J. 707, 1131 (2009).

» Superfiuid-phonon heat conduction mechanism viable:
D. Aguilera, V. Cirigiiano, J. Pons, S. Reddy, R. Sharma, Phys. Rev. Leit. 102,
091101 (2009).

» Constraints to Skyrme-HFB calculations of neutron-rich nuclei:
N. Chamel, S. Goriely, and J. M. Pearson, Nucl. Phys. A 812, 27 (2008).

D60016




'S, neutron matter pairing gap




'S, neutron matter pairing gap

No experiment - no consensus

k_[fm |




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap

No experiment - no consensus

ke [fm |




'S neutron matter pairing gap

No experiment — no consensus

k_ [fm ]




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap

No experiment —. no consensus

k_[fm |




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap

No experiment — no consensus

k. [fm ]
I WM




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




'S, neutron matter pairing gap




Cold atoms to the rescue

Theoretical many-body problem formulated by
George Bertsch more than 10 years ago:

“What is the ground-state energy of a gas 3 K22

of spin-1/2 particles with infinite scattering £ = (Ere Ero=_-N—F

length, zero range interaction?”




Cold atoms to the rescue

Theoretical many-body problem formulated by
George Bertsch more than 10 years ago:

“What is the ground-state energy of a gas 3 R

of spin-1/2 particles with infinite scattering  © = fre Ere =N
length, zero range interaction?”

Now within direct experimental reach!




Hamiltonian: unity in diversity

Neutron matter Cold atoms

., channel of AV18 — later AV4 modified Pdschi-Teller potentig],
- Rt - T 3 =tunable r =tunable/infinitesimal
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What do we know for sure?

Weak Coupling
10 4

E
L —_ _ _k
Equation of state: P L o FFOt o1

B A 1
Pairing gap: Er = 1)1

=1 2In2)(kpa)’

ABCs

Strong Coupling
Mean-field BCS is easy but unreliable:

= A k"J
Alk) = Z(kﬂx [k } (

9 \/ ¢(k)2
Ab initio GFMC is difficult but accurate:

s Oy = || £(riz) Al 6(ri5)
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« Qualitative agreement on equation of state:
benchmarking

 Emerging consensus (?) regarding the
pairing gap

» Energy versus polarization is linear:
benchmarking




The Present Future

» Extreme polarizations: the polaron problem
« Highly asymmetric nuclear matter

« Static response of neutron matter
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