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Collective effects Alterations in cooperative behaviour: Magnetic interactions
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Dense samples probe light Magnetic interactions also impact light

(N atoms in box with size < wavelength) - . . .
Enhanced decay rate and intensity > @ propggatlon. Dy Is the ideal
. candidate.
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Directionality in photon emission ? sample  lens « We want to study the competition
Light-induced correlations between atomic dipoles between these two processes.

Experimental setup

Why dysprosium: S (e
_arge ground state magnetic moment (u = 10 pg) (421nm) &8
_ong range, anisotropic magnetic dipole-dipole interaction '
Different linewidths enable widely different parameter regimes
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Initial cooling and imaging at 421 nm: 3D MOT at 626 nm:
) « Commercial ECDL: 60 mW at 842 nm <+ Commercial 5 W fiber lasers at 1550 nm
1064 nm| _ « Two home built Tapered Amplifier (TA) and 1050 nm

croellig iEnen e and Second Harmonic Generation - Sum Frequency Generation (SFG) in

L peatoes R e YT (SHG) stages generate 220 mW at Periodically Poled Lithium Niobate (PPLN)
: : . .

Jvalue ) 626 nm 136 kHz 72 yW/cm? 3.2 uK 421 nm each generates 2.2 W at 626 nm

Science cell extension Microtrapping & Imaging

Science Cell
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* Precise control of the atomic samples properties
required — high optical access
Self-built epoxy bonding based UHV cell
Conical adapter system of different opening angles
to bond Macor < Titanium
Fused silica windows coated for 421nm, 626nm
and 1064nm

Microscopic optical dipole trap for creating dense Dy

samples [

* For average atomic distances < A an ﬁ% ; m
average density of \
Naye > 1- 1012 /cm?3 is required
Multi-color (1064 nm for trapping,

626 nm and 421 nm for probing)

High numerical aperture (NA = 0.53)
Working range ~ 32 mm

Horizontal and vertical beam waist
wy=924+02um /w,=7.0%0.2um

Implementation ~ _ Resolution 256 Ip/mm or 1.95 um _
 Pressure of y's ] Andor iXon Ultra 888

‘ <1%1071% mbar ‘ _
el Te| 26 Fluorescence Imaging

Atomic transport and & : -ew hundred atoms expected in the trap J | % Differential out-pumping of science cell using
dipole trap lifetime ) P ! ~luorescence collection suited for low NexTorr ion pump
measurements (W (4 photon counts — EMCCD - Subsequent trapping in microscopic ODT

ongoing... Self-designe_d flgorescence collection + % : E through power redistribution
telephoto objective | Helmholtz coils for tuning contact interactions
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im' m Optical transport from MOT chamber to science
"‘ f cell utilizing an air-bearing translation stage
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