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Single impurities immersed in ultracold gases ...
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Electron-atom and ion-atom interaction
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Electron-atom and ion-atom interaction
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Cold ion-atom interaction — State of the art
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Cold Langevin collisions in hybrid traps

* micromotion in Paul traps
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Cold ion-atom interaction — State of the art
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Rydberg impurities ... from electrons to ions
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Low-energy ions from single Rydberg atoms

Making a single slow ion from l 420 nm
an ultracold gas
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Low-energy ions from single Rydberg atoms

Making a single slow ion from l 420 nm

an ultracold gas
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Probing the ion motion via Rydberg blockade
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Probing the ion motion via Rydberg blockade
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Probing the ion motion via Rydberg blockade
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Rydberg impurities ... from electrons to ions
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lonic transport through a BEC field compensation cage

Field plates

MCP

Ton lens

Delay in the time-of-flight to
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field compensation cage

lonic transport through a BEC
Field plates

MCP

Ton lens

Diffusive transport and ion
mobility
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Rydberg impurities ... from electrons to ions
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A new quantum gas microscope
our pulsed ion microscope

Benefits of ion microscope to observe and control single atoms

* imaging of ground state atoms,
Rydbergs & (ultracold) ionic impurities

e High time resolution (<100 nsec)

* High spatial resolution (<200nm)

* probing of dynamic processes

e 3D-imaging (large depth of field)

* Very good E-Field control: free cold ions

See also

Nat. Phys. 4, 949 (2008, Ott)

Phys. Rev. Lett. 107, 103001 (2011, Raithel)

New J. Phys. 19, 043020 (2017, Fortagh/Glnther)
arxiv:2008.08512 (2020)

C. Veit et al. Phys. Rev. X 11, 011036 (2021)
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Pulsed ion microscope

E-field control

3 electro-static lenses
quadrupole deflector elements
delay-line detector + MPC

M = x100 to x1500

+——
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lon optics Magnification
» E-field control + 3 electro-static lenses - tuning of M via lens voltages
» delay-line detector
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Field of view
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» 3D imaging via
TOF information

+ 2D-diffraction
pattern

» expected
achievable
resolution <1pm

3D imaging —

pulsed operation mode
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Summary and outlook
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Scattering halo of a single Langevin collision
under the microscope
(30 ys TOF)

5. Physikalisches Institut, Universitat Stuttgart



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

