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Last GBAR steps
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H with vy <1 m/s ?

Ground state quantum harmonic oscillator p=+vMiw a.— a Av = h_a)

m =1.67 16" kg ,4v,< 0.8 m/s ) W< 3 MHz

Cooling challenges
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Frontiers of NIST D. Wineland
Quantum world Innsbruck R. Blatt
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Two Cooling Steps

First Sstep Capture and sympathetic Doppler cooling by laser cooled Be* ions
in the linear capture trap  (Paul trap, r, = 3.5 mm, Q = 13 MHz)

+310°
> 10 000 laser cooled B&ns

100 neV, T ~ mK

Second step

Transfer and ground state cooling
of a Be*/H* ion pair in the precision trap
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Capture efficiency Firststep

Be* laser cooled ions
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Sympathetic cooling time First step

a
au

» Hotter H+ ions and larger ion clouds - numerical challenge

e Numerical simulation 500 Be* and 20 O+

t=0s

E= 2 meV 313 nm laser

t=8ms

Work plan : Experimental tests with matter ions H,* or H*



Second step

Precision trap — motional couplings

4 X.y Two coupled oscillators in an external potential\
I V4 «z trapping DC potentials
U > « X,y trapping RF effective potentials
L e’ « Coulomb interaction coupling
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Precision trap — motional couplings  Second step
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Doppler cooling Iin precision trap
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Raman side band cooling
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Raman side band cooling Second step

Stimulated Raman transition No spontaneous emissior coherent process
Rabi oscillation
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Experimental progress



Capture trap design Jean-Philippe Karr

Hot H* RF 250V at 13.3 MHz,E 3.5 mm
oo DC's 2..10V

313 nm cooling laser
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Transfer to precision trap

Design: Sebastian Wolf, Mainz

Photodetachment

A =1.64 um ﬁ&%{
A\\\\\‘\

Cooling A =313 nm

Mainz implantation trap



Vacuum vesse|  wihcryopumping
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Work plan
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Achieve the design| | Setup the cooling lasers
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Test with H* and H matter ions
from the REMPI source
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I
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numerically & experimentally to Paris,
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Tests with a 5/ H* REMPI source

303 nm pulsed laser

H.,* ions

Ec =50 eV ,-_. '

i OE ~ 10 meV 100 %
A % S e efficiency

.. .‘..
/A —
—

!.

EEmama

]
i

e

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' H,* ions
P=10° mb P=108 mb P=10""mb | Ec=0eV
lon creation lon optics Injection into the quadrupole guide SE ~ 200 meV

_ H* Gbar
Synergies  H_+ metrology project
HCI highly charged ion$°Ar13*, P. Indelicato, C. Szab




Conclusion

v Capture of >10 eV H* and Doppler cooling in a linear Paul trap

v" Transfer to precision trap OK

v Doppler and ground state cooling in precision trap OK
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Can we improve the motional couplings ?
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Possible solution

Double well structure with
very small electrodes f)



