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Our mission

Simulation of neutron matter using cold Fermi gas

bcc crystal lattice of nuclei Dripped neutrons from nuclei

\ Inner Crust / Mantle
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Neutron star

inner crust region [Newton, et al., arXiv:1112.2018]



Cold atom system

Laser cooling

1,2,3-components Fermi system
°Li using internal degree of freedom

Electron spin:1/2

F=3/2

\ 4

Optical dipole trap

Nuclear spin :1 F=1/2

N~10%
T~100nK

Magnetic field



Cold atom system




Cold atom vs. Neutron matter

T colrermimom | Newwonmamer
—oo~oo(Feshbach resonance) —18.5 + 0.3fm
4.7nm 2.75 + 0.11fm

v v
—oo(BEC limit)~ + oo(BCS limit) 0.28~0.04
Optical lattice, lon crystal Nuclei crystal




Laboratory
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S-wave interacting Fermi gas P-wave interacting Fermi gas

SLi-’Li mixed system 6Li system




Project 1 : EOS of interacting two-component Fermi gas

Grand potential (EOS) :Q = P(T,pn,a™ 1)V

s-wave interactions under dilute limit : kgr, = 0

T/TF Inner crust
A >
‘. Fermi liquid
W
Thermal molecule T )
T O
| BCS limit

Molecular BEC "
BCS superfluid
T | S |

> —1/kga

Unitarity limit



Project 1 : EOS of interacting two-component Fermi gas

Energy vs. Temperature at the unitarity limit
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Project 1 : EOS of interacting two-component Fermi gas
Energy: E = f(p, (nn, np,nA,---))

Strangeness nuclei

Neutron matter

[

Po 2P0 p : density
Cold Fermi atoms : : Neutron matter :
E(T 1 Correction E/T 1 ) geutron stars :
— p—_ ) - 5 > — _) - T ) r = )
Ex\Tr’' kpa E\Ts' kpa ' 'Fe] =™ > flp,(ny,))

Ty (( =0.127(4) @ 0| = 0,T = 0)

[ Forbes, et al., arXiv:1205.4815 ]
[ Werner and Castin, Phys. Rev. A 86, 013626 (2012) ]



Project 1 : present status

Kickoff simposium@2012/10/26,27

6Li- 7Li simultaneous MOT ,optical trap(yesterday!)

Hh_;h—fes:@tion imaging

6Li only with a small scattering length
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Project 2 : p-wave superfluidity

p-wave (I=1)
Superfluid phase diagram in neutron stars t Lr
[ crust 1 Il'iqui‘d co:je [ mp= 0 |ml|=1
o8 2 OPEG-1 Interaction vs. temperature
Neutron s-wave superfluid
T. F ] T
w | ] (b)
10° /e superconducting S
2 —
[ : po+iplp+ip
10 T
PIR 2¢ep Mo
[ T. Takatsuka and R. Tamagaki, Progress of [V. Gurarie, et. al., Phys. Rev. Lett. 94,

Theoretical Physics Supplement 112, 27 (1993) ] 230403 (2005) ]



Project 2 : present status

PHYSICAL REVIEW A 88, 012710 (2013)

Experimental determination of p-wave scattering parameters in ultracold °Li atoms

Takuya Nakasuji,! Jun Yoshida,! and Takashi Mukaiyama'-?
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M. Lysebo™* and L. Veseth, PRA 79,
062704 (2009)
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Project 3 : Three-body university - Efimov physics

Equal mass with s-wave interactions Halo sate
( 5He, 11|.i, 17B’ 193’ 22c )
Energy
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‘-.. ! 0”’ "’0
{ | oy SR i

Efimoy state o
(trimer) e’

» Mass imbalanced Efimov state using °Li-’Li system
» Efimov state with p-wave scattering length



Other projects

» Fermi superfluid in a periodic potential
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Summary
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