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Controling few particles HEIDELBERG

IBM: Our vision:
Control of single atoms Control also all correlations between atoms
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Browne, M. W. "Researchers Spell ‘IBM,
atom by atom." New York Times, New York
(1990).
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Outline HEIDELBERG

How do we prepare our samples?

How can we manipulate our sample?

An antiferromagnet without a lattice
Two atoms in a double well

Assemble many body systems from individual building blocks?
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Getting few fermions ... HEIDELBERG

« 2-component mixture in reservoir T=250nK

* Ssuperimpose microtrap
scattering - thermalisation
expected degeneracy: T/Tg=0.1

» switch off reservoir

Optical
dipole trap

p=0.99999
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F. Serwane et al., Science 332, 336 (2011)
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Getting few fermions ... HEIDELBERG

« 2-component mixture in reservoir T=250nK

* Ssuperimpose microtrap
scattering - thermalisation
expected degeneracy: T/Tg=0.1

» switch off reservoir

- -

0= 0.99999 Fidelity

~95%

+ magnetic field gradient - 2 atoms in the ground state

PHYSIKALISCHES ’ ' *
INSTITUT A%

F. Serwane et al., Science 332, 336 (2011)
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Our experimental setup HEIDELBERG

AOD

Resolution
Objective

Quasi-1D trap:

Tunable interaction
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F. Serwane et al., Science 332, 336 (2011)
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Fermionization of distinguishable fermions  {ggipeisErRG

u _2 h? d? 1 N 25
1D = . Zmdx ma) x g (x; —
i i<j

T. Busch et al., Found. Phys.
28, 549 (1998)

Relative wavefunction:

g,— +0 g,>0

fermions

relatwe distance r=z,- z2

Identical /\] /\I

fermions

Quasi-1D trap:

v/ \/

Aspect ratio

Zirn et al., PRL 108, 075303 (2012)
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Fermionization of distinguishable fermions  {ggipeisErRG

u _2 h? d? 1 N 25
1D = . Zmdx ma)x g (x; —

[ i<j
T. Busch et al., Found. Phys.
28, 549 (1998)
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Deuretzbacher et al., PRA 90, 013611 (2014)
Volosniev et al., Nature Comm 5, 5300 (2014)
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Heisenberg Antiferromagnetic spin chain  gepepere

Non-interacting

g=0 > g=+o00

Ferromagnet

P
: ala

Antiferromagnet

Murmann, Deuretzbacher et al., PRL 115, 215301 (2015)
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Heisenberg Antiferromagnetic spin chain  gepepere

Non-interacting Fermionization
g=0 g=+
Ferromagnet

~1/g1p [ayhwy]

Murmann, Deuretzbacher et al., PRL 115, 215301 (2015)
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Heisenberg Antiferromagnetic spin chain  gepepere

Antiferromagnet

>

Ramp on interaction strength

Spill of one atom

Non-interacting system
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Heisenberg Antiferromagnetic spin chain  gepepere

- Experimental preparation of an AFM Heisenberg spin chain
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The Fermi-Hubbard model HEIDELBERG | 0F

Hrpg = —J Z(QZTQJT T aLaN) +U Z”J’T”N
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Our experimental setup HEIDELBERG

“ - - Resolution
Objective |

Tunable interaction
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Magnetic field [G]

S. Murmann, A. Bergschneider et al., PRL 114, 080402 (2015) PHYSIKALISCHES m
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Building block of the Hubbard model Heipersera

N
1

Atom number @
in right well

o
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O 10 20 30 40 50 60 70
Hold time (ms)

S. Murmann, A. Bergschneider et al., PRL 114, 080402 (2015)
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Building block of the Hubbard model Heipersera
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Preparation of the ground state  Heiperserc

A KO
ILL)

S. Murmann, A. Bergschneider et al., PRL 114, 080402 (2015)
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Preparation of the ground state  Hempergerc | @ 0
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S. Murmann, A. Bergschneider et al., PRL 114, 080402 (2015)




. . .. UNIVERSITAT
Measurmg Occupatlon statistics HEIDELBERG
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S. Murmann, A. Bergschneider et al., PRL 114, 080402 (2015)
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Summary HEIDELBERG

Prepare atom number:

+ Tunable interaction '/”wu/:’“;-;w?w'\'
\@ Tailor potential

F. Serwane et al., 9 FIdE'Ity 95%
Science 332, 336 (2011)

Realizing an Antiferromagnetic Preparation of ground state
Heisenberg spin chain of fundamental building block
of Hubbard model

S. Murmann, A. Bergschneider et al., PRL 114, 080402 (2015)
S. Murmann, F. Deuretzbacher et al., PRL 115, 215301 (2015)
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Outlook: Increasing the system sizeé  Heipeisera

preparation of ground state
in a finite lattice
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Outlook Il HEIDELBERG

Can we couple many individual spin chains ?
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Outlook Il HEIDELBERG
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The team HEIDELBERG
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