
Kenji  Maeda1, Tetsuo Hatsuda2,  and  Gordon Baym3	

	  	  	  	  	  	  	  	  	  	  	  1.	  Colorado	  School	  of	  Mines,	  USA	  
	  	  	  	  	  	  	  	  	  	  	  2.	  University	  of	  Tokyo,	  Japan	  	  	  
	  	  	  	  	  	  	  	  	  	  	  3.	  University	  of	  Illinois,	  USA	  

arXiv:	  1205.1086	  (to	  be	  published	  in	  PRA)	

         Fundamental Science and Applications of Ultra-cold Polar Molecules"

21st	  February,	  2012	   1	



I.  Antiferro  Smectic-C  State 

II.  Phase  Diagram  
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MoDvaDon	  	

Two-‐component	  	  
dipolar	  Fermi	  gas	

Neutron	  maJer	  
（neutron-‐meson	  system）	

Ultracold	  atoms/molecules	  
（magneDc	  dipolar	  fermions）	

161Dy,	  163Dy	  atoms	

Theory	  
（1970s）	

Experiments	  

Correspondence	

 	  InvesDgaDon	  of	  ground	  states	  	  
using	  knowledge	  obtained	  in	  nuclear	  physics	  	  

 	  “SimulaDon”	  of	  meson	  condensaDon	  	  	  
in	  ultracold	  atomic/molecular	  gases	  
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Favored	 Disfavored	

“anti-magnets”	
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Favored	 Disfavored	

“anti-magnets”	
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(a)	  Neutron	  system	

(b)	  Fermionic	  dipolar	  system	

n↑	  n↓	  

f2	  f1	  

	  	  	  	  	  	  	  	  rho-‐meson	  
(neutral	  vector	  boson)	

	  	  	  	  	  	  	  	  	  	  	  photon	  
(neutral	  vector	  boson)	

	  	  	  	  	  	  neutron	  
(spin-‐up	  &	  -‐down)	

	  	  	  	  	  	  fermionic	  dipolar	  
(two	  of	  pseudospin	  states)	
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	  	  	  Let	  us	  consider	  two-‐component	  fermionic	  atoms	  	  
with	  a	  magneEc	  dipole	  interacEon.	  	
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Physical	  parameters	  (dimensionless)	  

	  	  dipole-‐dipole	  interacDon	  strength	  :	  	  

	  	  contact	  interacDon	  strength	  :	  	  

−	

with	

InvesDgaDon	  of	  phase	  structure	  in	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  plane	



x	

z	
y	 l =	  1	 l =	  2	 l =	  3	
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Extended	  	  
AlternaDng	  	  
Layered	  	  
Spin	

T.	  Kunihiro	  (1978)	

with	  the	  single	  parDcle	  basis	

localized	  in	  z	  direcDon	
uniform	  in	  x-y	  plane	

staggered	  in	  z	  direcDon	
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AnD-‐Ferro	  	  
SmecDc-‐C	  (AFSC)	  state	  	  

KM,	  T.	  Hatsuda,	  G.	  Baym,	  arXiv:1205.1086	

Liquid	  	  
Crystal	

z	 z	

SmecDc-‐A	  phase	 SmecDc-‐C	  phase	
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Local	  number	  density	

Local	  magneDzaDon	

= 8	

Dimensionless	  parameter;	  	



I.  Antiferro  Smectic-C  State 

II.  Phase  Diagram  
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1.	  Fermi	  Gas	  State	  

2.	  Polarized	  FerronemaDc	  State	  

3.	  AFSC	  State	

KineDc	  
Energy	  

B.M.	  Fregoso,	  E.	  Fradkin,	  PRL	  103,	  205301	  (2009)	

KM,	  T.	  Hatsuda,	  G.	  Baym,	  arXiv:1205.1086	

Contact	  
Repulsion	  

Dipole-‐dipole	  
interacDon	  

Low	
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Very	  
High	

Repulsive	

Repulsive	  	  
	  	  	  	  	  	  or	  	  
AJracDve	  
	  (in	  total)	

None	

LiJle	

None	

AJracDve	  
	  (in	  total)	
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	  In	  the	  following,	  we	  will	  represent	  energy	  densiDes	  in	  units	  of	  	  
the	  energy	  density	  of	  the	  two-‐component	  free	  Fermi	  gas.	  	  	  

1.	  Fermi	  gas	  state	  

2-‐component	  	  
Fermi	  gas	  energy	 Contact	  Repulsion	＋	

No	  contribuDon	  from	  dipole-‐dipole	  interacDon.	
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2-‐comp.	  Fermi	  gas	  energy	  
with	  spheroidal	  deformaDon	  

No	  contribuDon	  from	  contact	  repulsion.	

Dipole-‐dipole	  	  
interacDon	

with	  Deforma;on	  func;on	

x	
y	

z	
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one-‐comp.	  Fermi	  sphere	  

aJracDve	

repulsive	
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Kine;c	  Energy	  
	  	  	  Zero-‐point	  moDon	  in	  z-‐axis	  
	  	  	  Fermi	  gas	  energy	  in	  xy	  plane.	  

Dipole-‐dipole	  pot.	

Contact	  repulsion	

liJle	  contribuDon	  (Pauli	  exclusion	  principle)	

VariaDon	  parameters;	

Compete	
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Coupled	  channel	  RPA	  analysis	  of	  the	  spin-‐triplet	  (S	  =	  1)	  excita;on	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  with	  the	  angular	  momentum	  L	  =	  0	  and	  L	  =	  2	  states	  	  

Fermi	  gas	  state	  becomes	  unstable	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  against	  	  spaDally	  varying	  magneDzaDon	  along	  the	  line	  :	  	

T.	  Sogo,	  M.	  Urban,	  P.	  Shuck,	  T.	  Miyakawa	  ,	  PRA	  85,	  031601(R)	  (2012)	  
Yi	  Li	  and	  Congjun	  Wu,	  PRB	  85,	  205126	  (2012)	
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Summary	

  rho-meson in neutron matter corresponds 

  to photon in fermionic dipolars. 

 AFSC state (localized, staggered state in one-dimension)

 is favored at strong coupling or high density regime. 

  Phase diagram of  two-comp. dipolar Fermi gas is updated. 
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 Concept of the AFSC state in nuclear physics  
may be tested by table-top experiments in ultra-cold dipolars. 	


