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Outline Results
Miniaturized structures where laser-cooled ions are trapped at sub-millimetre distances from the electrodesare | L+ - . Gentre (pre-oleaning) @ = 0.93(3) |
particularly susceptible to uncontrolled fluctuations of the trap electric fields. These couple to the ion motion and induce kS AL S S - . A (post-cleaning): a = 0.57(3) The d ]
, VR . . o . . E | | e diagram shows a
anomalous heating” which limits the achievable fidelity of multi-ion quantum gates which rely on the motion as a data bus. e |-~ ° B (postcleaning): a=0.82(7) reductign in heating
, o o Z rate of ~50% in the
A likely cause of this ‘anomalous heating’ in ion traps are layers of adsorbates on the surface. o4 cleaned area (A)
We demonstrate that pulsed-laser cleaning of the trap significantly reduces the heating rate (by ~50%). A compared to
This was the first reported in-situ reduction of heating rate by removal of the source. g 1071 uncleaned area (B).
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. 300 i These results are supported by a study of Art bombardment cleaning of trap
at NIST (arXiv:1112.5419) which reported two orders of magnitude reduction.
The laser used is a 355nm tripled Nd:YAG. Image of the cleaning spot on the trap (left) and ]Ic_asehr cleaning is experimentally a?}vantaﬁe.ous a?]d ”P(ﬂ)e erX|]|c:>|e ho(\j/vever, >0
- 2-5ns pulses at 0,2Hz repetition rate the ablation plume caused when the laser is first urther experiments to optimise the technique should be performed.
- up to 350mJ/cm<2 in a 300um diameter spot applied (right).
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Background scatter from the cooling beam is a problem for ion de- - The data on the right
tection in microstructured ion traps and experiments where ions 12000 show background
are trapped close to surfaces. We present and compare alternative ! counts with and o — ]
repumping schemes in “°Ca* to demonstrate background free ion 10000k without the inter- g e
detection. 2 ference filter (a) as well 2 Fil a |
Background is then only limited by the detector dark counts. S 8000k as a comparison of the 5 Fill o | |
e : signal/background g
o so0ok ratios for the four :
The schemes s | schemes (b). 3
Scheme | (fig. A): Standard Doppler cooling and repumping 000 With moderate ?
scheme using 866nm laser. This allows the use of D5/ state as as : saturation of the T =
one of the qubit states or as a shelf for qubit readout. However if 20001 cooling transition Y Melgeeg oo
qubit readout is not the goal better schemes exist (see below). TSRO ] (vertical dotted line), ST
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Scheme [l (fig. A): 850nm and 854nm lasers are used as 9 0f29000counts/s with 24l I My
repumpers. This gives hlghethoton count and cooling rates and L L B B A NE t/s of = | ) ftersin 4| 17 £
allows easier interpretation of some experiments (e.g. heating Fill Ry on >t/t COCLjJT > OI' it s | 8 ftersout o }
rate measurements by Doppler recooling see bottom right) due %, >Cd ereh aserFlll? sl o 15
to lack of 2-photon coherent effects such as dark resonances. 0%_ d>Ing scheme . ‘q:)4: ) o <
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Scheme FlI (fig. B): Background-free detection is achieved adding S ) S 2 ° 120 3
an interference filter in the detection system to block 397nm 5 3 jE ...... S T ST S S ——— S | o
light and detect only 393nm fluorescence. Only photons coming @ . S T T s 0 25
from the ion are detected. 5 1 Outlook 397nm laser power [UW]
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Scheme FllI (fig. B):The 866nm laser is used in addition to drive i $ ) | | | |
population into the D3/ state. This significantly increases the i o . We are performing experiments towards a pulsed method which will
count rate but coherent effects make the choice of parameters y allow background-free detection without involving the Ds/2 shelf state.
Important. -
’ O e 50 100 B0 o Goal: Background-free qubit readout.
detuning of 397nm laser [MHZz]
A cross-shaped microfabricated ion-trap
The trap Heating rate
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Microfabricated multi-zone traps are a way | | ' The heating rate was | e ooty Y ]
to make ion trap quantum computing scalable N SERRRAN measured using a Doppler- | .
by giving control over several ions. - NN recool method (Wesenberg et 1300} .
N al. PRA 76, 2007). < ot o 0 gm0 L 8
The trap shown here has four arms each of - The result is consistent with S SR P A
which is an indeﬁendent linear Paul trap. They . the Microtrap used in Ulm S 1100} ’
are connected through a central junction. - (Schulz et al. N. J. Phys. 10, s | e e e
~— 2008), but above average for  ° | 05— fited Lorentzian
The trap was designed in the European c b= its ion- to-surface distance 900 ] -
Microtrap collaboration, manufactured by O i (135 um). §
Micreon and assembled in our group. - | '
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f carrier (IPKXOF1-8180AB) with a central hole using special electrodes and sf o :22;(73(1);!;:2
— N\ —— 17— offsets on the DC electrodes. Electroplated gold surface has =
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However, the Innsbruck group 2 | o v . ¢
W W achieved a lower heating rate oL ¢
7 with similar gold surface 3 ¢
The trapping region of the cross-trap with the (Harlander et. al., Nature, 2r
bottom wafer (left) and the top wafer (right) . . 471:200, 2011). il
A simplified model of the trap Electrode filtering in our trap N
(left) allows potential . can be improved by in-vacuum 0 100 200 300 400 500
top wafer (gold on alumina) calculations and will be the basis filters. ’
spacer (alumina) 1125 um for transport simulation.
bottom wafer (gold on alumina) | We find agreement with the Outlook
Sandwich assembly: The trap layers are 05 L experiment at the ~10% level. L : :
held together by heat curing Epoxy \ 02 Trapping in other arms, ion shuttling.
c/mm 04 04 y / mm Design improvements for junctions, compare NIST paper by
R. B Blakestad et al. Phys .Rev. A, 84 (2011).
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