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Course outline

* LO: AMO renaissance and scattering theory overview
» L1: S-wave Feshbach resonant superfluidit




Lecture 2: p-wave Feshbach resonant
superfluidity

* motivation and experiments

* review of p-wave scattering theory
* two-channel model

* phases and transitions

e vortices and Majorana modes
 experimental prospects




Finite anqular momentum superfluidity
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* anisotropic gap with gapless excitations
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 conventional (thermal and quantum) and topological
phase transitions with detuning

* non-Abelian vortex excitations = topological QC?



P-wave Feshbach resonant scattering
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Experimental hopes for p-wave superfluidity
_Regal, et al. 03
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Experimental hopes for p-wave superfluidity
Regal, et al. 03
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P-wave resonant superfluidity
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dimensionless coupling: v ~ (
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spin
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Mean-field theory (v ~ ¢*/* < 1)
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* superfluid ground state:

molecular BEC |B) + Cooper pairing IBCSg) = Ik (ux + vkaT_kaL)|O)
(closed) (open)

* excitation spectrum: H.,=Y EMolac+Y BBl e
k

E(a) \/Ek + A El(:;) — 612( + Ua€k with gap: A, = 2g|§ : E|

. E, Ny, ,Ng, K determined by :

dE(B)
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@ energy minimization (gap equation)

@ atom number equation — 2ny +n, =n



N " |sotropic resonance at T=0 (Wa = wo)

Wo

(202 u’ +v° 2 2 Lo 92
E = (uv*+v?) [wo — 2+ a1 In {ag (u + v) }|+a1 +ag | (u?+v%)" + = (u? —0v?)
\ utv 2

YT ~ :
« BCS (wo > 2¢p):  °P BEC: (B*-B)*+ |5 BP
o prep+0(y)
Er ik 1 - w=> (Anderson — Morel A; phase)
g ———— = —e>1
L, 2 ) u=v~eWom2n)ver — ko ik, (m=1)
 BEC (w < 2¢p) :
1
o p Swo+ O(y) = u= v nnlwo/2) = ket iky (m=1)
e transition : @ A “@ node
FM interactions maximize gap

gapful o gapless . (A-M ‘61 .
km-|—?,ky wO(“':O) km—l-?,ky 2€p wo




Dipolar-interaction FR splitting "< a3
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P-wave superfluid phases
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T:O phase diagrams also see Cheng, Yip ‘05
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Anisotropic p-wave superfluidity ¢ 55 e ®
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Gapless «== gapped superfluid transitions

@ changes sign
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p.* i p, superfluid in 2D

- Pfaffian (Moore-Read) state from FQH [Pz +iPypcg) = 11 [“p T "’paT—paL] 0)
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» topological classification in terms of u, and v,
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p.* i p, superfluid in 2D

- Pfaffian (Moore-Read) state from FQH Pz + 1Py geg) = H [up + vpaf_pa;] 0)
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topological classification in terms of u, and v,

gapped (N=1, BCS) = gapped (N=0, BEC) superfluid transition at u=0
Read and Green, PRB 61, 10267 (2000)

« vortex excitations with non-Abelian statistics Ivanov, PRL (2001)

one fermion (2 states —either
empty or occupied fermion)
(—> s per two vortices

(-
CD\) 5 1
22 states per n vortices

» suggested to be used as qubits for quantum computers
Kitaev, Ann. Phys. 303, 2 (2003)




Summary of p-wave superfluidity

e mapped out T, w, xB, 0 phase diagram for p-wave Feshbach
resonant Fermi gas -

O p,andp, +ip, superfluids ——

moderate ¢

O thermal, quantum and topological
SF => SF transitions
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 quantitatively accurate description
for small y=I'/e; (low n)

e realization of topological states, majorana zero modes, and
non-Abelian statistics of Pfaffian (Moore-Read) state

e p-wave Feshbach molecules observed in K#

e ...BUT

o short (msec) molecular lifetime (see Levinson, et al, PRL 2007)
o what about Li%?

o need better quantitative understanding of stability



