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Bosons

Bosons
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n(E) = 1 n=1 Boson
e(E-n)/keT _p n = —1 Fermion
p2

E= 5 + Vir(x) + 2gn(x)
Vi) = 5 me(p? + 2°2)
N — <kBT> Cn( H/kBT)

2\ —3/2
n(x) = ( niZ:T> ¢l (e[u— Vir (x)—2gn(x)]/ ks T)

Danny Baillie Dipolar quantum gases



Dipolar gases
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Cold dipolar gas milestones

e BEC Cr 2005, 2008 fm/ip SRR — &L
o Dipolar Fermi KRb 2008 STRb | 1 0.0064

o Dipolar Bose KRb 2010 jzgr 6 0.15

o BEC Dy 2011 16453); ‘" (1’38

o Fermi Dy 2012 KR 20

o BEC Er 2012
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Dipolar energy

LY

E= 'im + Vir(x) + 2gn(x) + ®p(x)

2
dp(x) = /dx’ Uga(x — x")n(x")
CGaa

o
!

(1 — 3cos? 0)

Uaalr) = Arr3d
) = Caa (cos® O — 1/3)

Uaa(k
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Exchange interaction
Hartree-Fock approximation

Direct/Hartree Exchange/Fock
—
@H)DT DK )b (%)) = n(x)n(x) +nl(dT (X)), n=+1

Including exchange interaction

2
E = 2+ Via(x) + 2gn(x) + ®p(x) + 1®e(x,p)
m 1 easy
W P) = SEmmeT - 7
dp(x) = /dx’Udd(x —x")n(x') harder
e(x,p) = /dp’Udd(p —p)W(x,p) very hard
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Magnetostriction
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What is magnetostriction?

l Position Momentum

( ) ) (k)
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Magnetostriction
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Aikawa, Baier, Frisch, Mark, Ravensbergen, and Ferlaino, “Observation of Fermi
surface deformation in a dipolar gas”, Science 345, 1484 (2014)

Baillie and Blakie, “"Magnetostriction and exchange effects in trapped dipolar Bose
and Fermi gases”, Phys. Rev. A 86, 023605 (2012)

AR = /) =1+ {1 - sin® L+ cos(y — )]}

3c0¢ng1/6
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http://dx.doi.org/10.1126/science.1255259
http://dx.doi.org/10.1103/PhysRevA.86.023605

What about bosons?

' Position Momentum

Fermions @
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Stability
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Dipolar instability

0 ms 0.1 ms 0.2 ms 0.3 ms 04 ms 0.5 ms

Lahaye, Metz, Frohlich, Koch, Meister, Griesmaier, Pfau, Saito, Kawaguchi, and Ueda,
“d-wave collapse and explosion of a dipolar Bose-Einstein condensate”, Phys. Rev.
Lett. 101, 080401 (2008)
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http://dx.doi.org/10.1103/PhysRevLett.101.080401
http://dx.doi.org/10.1103/PhysRevLett.101.080401

Dipolar quantum gases
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Effect of exchange interaction on stability

dn(x) _ nu(x)
o 1+ [2g — Caa/3 — Caa&y(x)]nu(x)’

where we have defined

”/L(X)E/(;7:()3WM(X’ k),

_ dk W, (x,k) 9D (x, k)
&n(x) nu/“(2ﬂ)3 n,(x) CaaOn(x)’

0de(x, k) W, (x, k")

”u(x)

dk’ -~ /
8n(x) = [1 — Cddgn(x)nu(x)] / WUdd(k —k )

i [ s D= )W (e k) )

an(x)
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Baillie, Bisset, and Blakie, “Stability of a trapped dipolar quantum gas”, Phys. Rev.
A 91, 013613 (2015)
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http://dx.doi.org/10.1103/PhysRevA.91.013613
http://dx.doi.org/10.1103/PhysRevA.91.013613

e Position grids Cosine-Hankel (p, z): 200 x 200
e Momentum grids Spherical (p,, pp): 300 x 30
@ Almost 2.9GB to store 4D grid
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Matlab on Pan

@ Licence

o Parallel options:
e Built-in for FFT, eigenvalues, matrix multiply, sort
Different assumptions as different tasks
parfor
Distributed Computing Server
openMP in mex
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