A Cryogenic Linear Paul Trap For Quantum Simulation
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Simulating Quantum Spin Models Increasing the Number of lons Cryostat and Trap Construction
Trapped’tYl ions provide an excellent platform for simulating quantum magnetis Our ability to coherently drive chains of more than 20 ions is currently limited by
With current technology, such a guantum simulator can be used to study -naahy collisions with residual background gas. For a chathislength the time between
phenomena like guantum phase transitions, frustrated guansysiems ground state collisions is comparable to the time to recapture and stabilize the ion crystal. 4 K Stage 40 K Shield (Al)
magnetic spin phases, or excited state dynamics [1]. . ..
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Counterpropagating laser beams at 355 nm allow for coupling of spin and motion Via R, ; Q\Q P02 40 e s 100
stimulated Raman transitions. Coupling to both red and blue sidebands simultanequsly lop, . w 5’ 9 ;
generates a sphdependent force via Carrier /nd@)( (i) 4
the Mglmer-Sgrenserprocess [2] .
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By generating a quartic axial potential from our _
: 5 segment trap, we can tune the ion spacing, Source ot Load Cryostat designed to
normal mode structure, and coupling matrix. - maximize cooling power at |~y Cryocooler
W SUNMEIEE 4.2 K while minimizing
" P . , | ; Blackbody < 1mW vibrations on sample stage
Y =U] (I d — - 40 KShield -
Beatnote frequency C Ca T
. (AT Blackbodyc < 1mWwW He exchange gas chamber @
R o For example, we can minimize the variation in ME 2 AY provides the thermal link 9
H = a J ‘ﬂl)‘ﬁj) nearest neighbor coupling across the ion chain. Wiring < 1mwW vetween cold head and =
W+ M\éo m eff | Trap Voltages : : vacuum chamber 4K stage. 2
| 50 Oven ~1W t Vibrations < 100 nm @
: | (Transient) o
2 KK o ; RFDrive ~ 500mW N Careful optimization will 2
J. = >VVin (Dk) - bl s j o ‘Jo <o 'on Spacing ] — 100mW be necessary to manage RF
i om d 7 - 2 - — | ASEIS & and oven heat loads Vacuum Spa
K k J N A Cooling | ~ 700mW,
7.0 7.2 7.4 7.6 7.8 8.0 Power

[1] See K. Kim et al., NI8 105003 (2011) and references therein O T0
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