Driving Dipolar Fermions into the Quantum Hall Regime
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Larmors T heorem quasi-2d system

> Analogy between charged particles in a magnetic
field and neutral particles in a rotating frame
> Basic motivation for rapidly rotating systems

. Vid/n ++(j ”

Fc ~ v x (2 - X
VS. _ . . N
O weff. — 20 > spin-1/2 fermions with magnetic dipole moment
Q c > strong confinement in z direction
Q > In-plane harmonic confinement w <K w,

dipolar relaxation relaxation In-trap

radial quantum number

/ angular momentum (h)

. . . _ relaxation process
> Dipolar interaction between two magnetic P + E/fw=2n+|m|+1 E /hw

dipoles with w = uggS/h = uggo /2 . . A ’ , }
> Relaxation process with spin-orbit coupling + + 2]’) Y *\v ~ y;
m

2

#### target state W o

Cyd

Vig(r, @) = — [a,-zajz — (007 +3e”% 0, 0, + h.c.)}

r3 J Y 1 4+
m
/ | | | | | | > — >
in-plane 3 -2 -1 0 +1 42 3 0 N -1
polar coordinates anti-symmetrizer harmonic oscillator
++m++ ++M~>++ states
N—1 i i
_1 2
++ Dt ++ Wosc = <Zl,22, <. 1ZN’~A H’O' m> =N H(Z/ - ZJ) € 2ol — ViqHE
" B
complex coordinates normalization > The target state of our scheme is
tra nsfer Scheme of the particles zx = (xx + 1vk)/ o equivalent to the integer quantum
Hall state
(1, 2, 3, 1, 0 3, analytical model
+ % + effective confinement decreases
o
S s e "
+ + 2h % 2h + 4n w— (w—Q)—=0

'Fermi surface’ tilts
>

W
B total angular momentum
Z
A @ N(N—1)/2
number of cycles = - ~ N/2
increase per cycle
-x @

~__ adiabatic for S
diabatic for L

Q2

> combination of adiabatic spin-flips — _

@ with diabatic transfer
adiabatic for L & S

Simple analytical model in the Imit N > 1

exact solution for N = 10

E /fw N

full simulation

1 3 > (2N)3/2/3, L =0
E _ = —
(N, L)/hw 3\/(2/\/) + (3L) {L' .
total angular momentum
/ = transferred particles AN, L) = Z—Ii _ 3L
L/h V(@) + (3L)7
8 | 8 particles — > numerical simulation with full LN, Q) = (2N)3/2 Q/w
6 L 6 particles — interactions 3 /1 (Qw)?
4 partic > angular momentum increases
4 In steps of 2h _ D
9 _ L/h
| AK\/ Zeeman shift _ N
0 2 5 0 5 4 hw A= uggB T Instability for 2 = w!
adiabatic transfer (rate v — 0) full time-dependent simulation Q/w L/h

v

L/h | _ Legendre transform
6 I number of transferred particles rgpldly rotating systems: -« > Qur approach:
at the end of the simulation fixed €2 fixed L

> only two relevant parameters: Cyqq and 7y 4 _
= oo reference
H=> [Enm+A(t)ds1]cc + % > Vikclcle, 2 X | - -
RN \ i = 2, ((gﬁ D. Peter, A. Griesmaier, T. Pfau, H. P. Blchler
(2 + || + 1) i = (n,m.0) 0 T Phys. Rev. Lett. 110, 145303 (2013)




