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Many-body physics with cold atoms
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Ultracold atoms: l "’
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Clean realizations of many-body Hamiltonians.
High experimental control & accessibility.

2D pancakes —



Many-body physics with cold atoms

200 300

magnetic field [G]

Interactions between |1> and [2> atoms encoded
In the s-wave scattering length a=a(B)

Forsmalla: o = 4ma’



BCS-BEC Crossover

superfluidity: vortices
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BCS-BEC Crossover

Feshbach resonance physics described by two-channel model
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Yukawa-type model: Fermion propagator
Boson propagator
Effective potential
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Key observables:  Phase diagram P(u,T,a) =
Equation of state '
Momentum distribution



Functional Renormalization Group
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FRG setup 9kl = 2S‘l’r( ) Ok Rk)
Fk + Ry

Effective potential: Taylor expansion or resolution on a grid

Ak
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Boson propagator: scale-dependent derivative expansion

Y ok(P) = Zkipo + Vikpg + Axp’

Fermion propagator: iterative, frequency and momentum-resolved®
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*IB, S. Diehl, J. M Pawlowski, C. Wetterich, PRA 87, 023606 (2013)



Functional Renormalization Group
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Functional Renormalization Group

Critical temperature & superfluid gap of the Unitary Fermi Gas
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1B, J. M. Pawlowski, C. Wetterich, PRA 89, 053630 (2014)



Dimensional BCS-BEC Crossover
op =h=(p1 — p2)/2




Dimensional BCS-BEC Crossover
op =h=(p1 — p2)/2

Phase structure of spin-imbalanced unitary Fermi gases
IB, J. Braun, T. K. Herbst, J. M. Pawlowski, D. Roscher,
C. Wetterich - arXiv:1409.5070

see talk by Dietrich Roscher today

Sarma phase in relativistic and non-relativistic systems
IB, T. K. Herbst, J. M. Pawlowski, N. Strodthoff,
L. von Smekal, C. Wetterich - arXiv:1409.5232

see talk by Tina K. Herbst today



Dimensional BCS-BEC Crossover
op =h=(p1 — p2)/2

Observation of pair condensation in a strongly interacting
two-dimensional Fermi gas

M. G. Ries, A. N. Wenz, G. Zuern, L Bayha, IB, D. Kedar, P. A.
Murthy, M. Neidig, T. Lompe, S. Jochim - arXiv:1409.5373

Dimensional BCS-BEC crossover in ultracold Fermi gases
IB, PHD thesis (2014)

1B, J. M. Pawlowski, C. Wetterich (in preparation, 2014)



Dimensional BCS-BEC Crossover

Equation of state at T=0

3 Crossover parameter 3D:
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Dimensional BCS-BEC Crossover

Equation of state at T=0

3 Crossover parameter 3D:
(kpa) ™" ~ (Vtmba) "
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Dimensional BCS-BEC Crossover

Phase diagram

normal phase

superfluid phase
DO T S S S R R S i
1 2 3 (v/Himba)




Dimensional BCS-BEC Crossover

BKT scaling is resolved from FRG aMm
for all log(kFa):

0.05 0.10 0.15 0.20
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2D experiment

Imaging
beam

trapping

=36n
beams —
l momentum distribution

camera

Jochim group @ PI Heidelberg

in-situ profiles and momentum distribution after TOF expansion
trap aspect ratio wx/wz=1/300 => effectively 2D



2D experiment

Superfluid/condensation transition from enhanced occupation
of low-momentum states
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2D experiment

2D scattering length a from magnetic field B

T T A
— ¢, _./Z
#2D 0.905 eXp( \/;339(8))

Boltzmann fit gives T and
Density n from in-situ image
=> Full thermodynamic characterization n(u,T,a) !




2D experiment

BKT verified from ,infinite” correlation length and
algebraic decay of correlations below Tc



2D experiment

012} Bauer, Parish, Enss
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Understanding of the phase diagram
within reach! log(kra)




Equation of state determination

Equation of state n(u,T,a)
from in-situ images P(p, T) = P — Vie(%), T)

local density approximation

normal
phase

probe beam

X g
atom cloud .



Equation of state determination

Equation of state n(u,T,a)
from in-situ images P(p, T) = P — Vie(%), T)

yroximation

Thank you for your attention!

* _pressure
.

probe beam

.
atom cloud .
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