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ØQuantum Computers

ØDiVincenzo’s criteria

ØTrapped Ion platform
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Computer

ØSolves problems that are “computable”
• What is the shortest path? ✔
• What is the answer to the ultimate question of life, the universe, 

and everything? 
ØChurch-Turing → computable
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Quantum Computer

ØPhysically different model of computation
• Bounded-error quantum polynomial time

ØAppears to violate “extended Church-Turing thesis”
• BQP > P ??

Ø Quantum Algorithms
• Fourier Transform 𝑂 2! → 𝑂 𝑛"

• Search 𝑂 𝑛 → 𝑂 √𝑛
• Linear Equations 𝑂 𝑛 → 𝑂 log(𝑛)
• Variational Eigensolver
• Quantum Simulation
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Bits vs. Qubits
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Bits vs. Qubits
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<latexit sha1_base64="qbsuSULaD9f5y4jTDzjGVBR7idU="></latexit>

| i = cos(✓) |0i+ ei� sin(✓) |1i<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i
<latexit sha1_base64="XPwWW2NFkad5N7oyKRyuzVbTcbI=">AAACDnicbVDLSgMxFL1TX7W+Rl26CRbBVZkRUZdFNy4r2Ae0Q8mkaRuaSYYk0zIM/Qc/wK1+gjtx6y/4Bf6GaTsLbT0QOJxzD/fmhDFn2njel1NYW9/Y3Cpul3Z29/YP3MOjhpaJIrROJJeqFWJNORO0bpjhtBUriqOQ02Y4upv5zTFVmknxaNKYBhEeCNZnBBsrdV23M6Im6/TkRGCl5GTadctexZsDrRI/J2XIUeu63zZNkogKQzjWuu17sQkyrAwjnE5LnUTTGJMRHtC2pQJHVAfZ/PIpOrNKD/Wlsk8YNFd/JzIcaZ1GoZ2MsBnqZW8m/uvFw1QzopfWm/5NkDERJ4YKstjeTzgyEs26QT2mKDE8tQQTxewHEBlihYmxDZZsM/5yD6ukcVHxryqXD5fl6m3eURFO4BTOwYdrqMI91KAOBMbwDC/w6jw5b86787EYLTh55hj+wPn8AfCsnSM=</latexit>

|#i

<latexit sha1_base64="ze7Fjs/Zq1kWA1gTKuPZi3mvei0=">AAACCnicbVBLSgNBEO2Jvxh/UZduBoPgKsxIUJdBNy4jmA9kxtDTqSRNerqb7h5lGHIDD+BWj+BO3HoJT+A17CSz0MQHBY/3qqiqF0lGtfG8L6ewsrq2vlHcLG1t7+zulfcPWlokikCTCCZUJ8IaGOXQNNQw6EgFOI4YtKPx9dRvP4DSVPA7k0oIYzzkdEAJNla6D8ZgsiCRWCnxOOmVK17Vm8FdJn5OKihHo1f+DvqCJDFwQxjWuut70oQZVoYSBpNSkGiQmIzxELqWchyDDrPZ1RP3xCp9dyCULW7cmfp7IsOx1mkc2c4Ym5Fe9Kbiv54cpZoSvbDeDC7DjHKZGOBkvn2QMNcId5qL26cKiGGpJZgoah9wyQgrTIxNr2ST8RdzWCats6p/Xq3d1ir1qzyjIjpCx+gU+egC1dENaqAmIkihZ/SCXp0n5815dz7mrQUnnzlEf+B8/gDPAJwL</latexit>

|"i



Qubits

ØSuperposition

ØEntanglement

ØInterference

6/9/22 Trapped Ion Quantum Computing 7

<latexit sha1_base64="qbsuSULaD9f5y4jTDzjGVBR7idU="></latexit>

| i = cos(✓) |0i+ ei� sin(✓) |1i

001, 010, 100
<latexit sha1_base64="gyT1UWYUCX64mdqvxuerAeW867U=">AAACVHicbZHNSgMxFIUzU6u1/o26dBMsggspEynqsujGZQX7A+1QMmmmDc1khiQjDEPfzOcQ3LpxoY/gwrQd2tp6IfBx7rlc7okfc6a0675bdmGruL1T2i3v7R8cHjnHJy0VJZLQJol4JDs+VpQzQZuaaU47saQ49Dlt++OHab/9QqVikXjWaUy9EA8FCxjB2kh9p9UbU525rju5gjmiBaKFilYMCC3VJa54jaHvVNyqOyu4CSiHCsir0Xc+e4OIJCEVmnCsVBe5sfYyLDUjnE7KvUTRGJMxHtKuQYFDqrxsdv8EXhhlAINImic0nKmrExkOlUpD3zhDrEdqvTcV/+3Fo1QxotbW6+DOy5iIE00FmW8PEg51BKcJwwGTlGieGsBEMnMAJCMsMdHmH8omGbSewya0rqvoplp7qlXq93lGJXAGzsElQOAW1MEjaIAmIOAVfIAv8G29WT92wS7OrbaVz5yCP2Uf/gIdI7Fr</latexit>

|000i , |001i , |010i , |100i , |011i , |101i , |110i , |111i

<latexit sha1_base64="VoXX4ZiJYtcULO9OswPqhbJE7G0="></latexit>

|0i ! 1p
2
(|1i+ |0i) ! |1i

𝑛"

2!



ØQuantum Computers

ØDiVincenzo’s criteria

ØTrapped Ion platform
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DiVincenzo's criteria

1. Scalable and well-characterized qubit
2. Initialization
3. Long coherence times
4. Universal set of gates
5. Measurement

D. P. DiVincenzo, Fortschr. Phys. 48, 771 (2000).
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<latexit sha1_base64="aFuTkjKEkPywmtIKZSBWIAJ7biw=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARXJVEirosunFZwT6gCWUynbRDJ5NhZiKEmN/wA9zqJ7gTt+79An/DaZqFth4YOPece7lzTyAYVdpxvqzKyura+kZ1s7a1vbO7Z+8fdFWcSEw6OGax7AdIEUY56WiqGekLSVAUMNILpjczv/dApKIxv9epIH6ExpyGFCNtpKF95E2JzjyhaA49HcOidPKhXXcaTgG4TNyS1EGJ9tD+9kYxTiLCNWZIqYHrCO1nSGqKGclrXqKIQHiKxmRgKEcRUX5W/D+Hp0YZwTCW5nENC/X3RIYipdIoMJ0R0hO16M3Efz0xSRXFamG9Dq/8jHKRaMLxfHuYMGiunyUER1QSrFlqCMKSmgMgniCJsDY51kwy7mIOy6R73nAvGs27Zr11XWZUBc fgBJwBF1yCFrgFbdABGDyCZ/ACXq0n6816tz7mrRWrnDkEf2B9/gCr358P</latexit>

| i ! |0i



Scalable and well-characterized

Ø2 dimensional Hilbert space
• Closed
• Gapped  Δ𝐸
• Control

ØScalable
• Can you make lots?
• Are they identical?
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<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i
Δ𝐸



Initialization (State Preparation)

ØPrepare the system in a well 
known initial state
• Optical pumping
• Measurement and feedback
• annealing 

ØIntroduces Error
ØRequires controlled dissipation
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<latexit sha1_base64="z418jHJ6khSMt/MJuuTZmGFFNyw=">AAACG3icbVDLSsNAFJ3UV62vqEsRBovgqiRS1GXRjcsK9gFNKJPppB06eTBzI4SQld/hB7jVT3Anbl34Bf6G0zQLbT0wcOace7jc48WCK7CsL6Oysrq2vlHdrG1t7+zumfsHXRUlkrIOjUQk+x5RTPCQdYCDYP1YMhJ4gvW86c3M7z0wqXgU3kMaMzcg45D7nBLQ0tA8dqYMMidWPMcORLj4WpbljCJQ+dCsWw2rAF4mdknqqER7aH7rIE0CFgIVRKmBbcXgZkQCp4LlNSdRLCZ0SsZsoGlIAqbcrDgjx6daGWE/kvqFgAv1dyIjgVJp4OnJgMBELXoz8V8vnqSKU7WwHvwrN+NhnAAL6Xy7nwisS5gVhUdcMgoi1YRQyfUBmE6IJBR0nTXdjL3YwzLpnjfsi0bzrllvXZcdVdEROkFnyEaXqIVuURt1EEWP6Bm9oFfjyXgz3o2P+WjFKDOH6A+Mzx/gYqHL</latexit>

| i ! |000 . . .i

<latexit sha1_base64="GeFlJvHA3HcHSM4QBzuLy3HMB7s=">AAACMnicbZDLSsNAFIYn9VbrLerSzWARKmJJpKjLohuXFewFmlIm09N26GQSZiZCCXkRn8MHcKtvoDtx4caHcJpW0NYDA/98/zkczu9HnCntOK9Wbml5ZXUtv17Y2Nza3rF39xoqjCWFOg15KFs+UcCZgLpmmkMrkkACn0PTH11P/OY9SMVCcafHEXQCMhCszyjRBnXtijcCnXiRYin2dIhL7qkH5sdDcZxZTopP8A/KiJt27aJTdrLCi8KdiSKaVa1rf3q9kMYBCE05UartOpHuJERqRjmkBS9WEBE6IgNoGylIAKqTZNel+MiQHu6H0jyhcUZ/TyQkUGoc+KYzIHqo5r0J/NeLhmPFqJpbr/uXnYSJKNYg6HR7P+bYZDPJD/eYBKr52AhCJTMHYDokklBtUi6YZNz5HBZF46zsnpcrt5Vi9WqWUR4doENUQi66QFV0g2qojih6QE/oGb1Yj9ab9W59TFtz1mxmH/0p6+sbdW2qyg==</latexit>

| i ! (1� ✏) |0i+ ✏ |1i



Coherence Time

Ø”storage time” of quantum information
ØDecoherence mechanisms:
• Phase decoherence

• Measurement

• Decay
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<latexit sha1_base64="1pGUnGkoSdYf+gZgDZ18KmNqgos="></latexit>

|1i+ ei� |0i ! |1i+ ei(�+✏) |0i

<latexit sha1_base64="1I9VPftLhMpmtMTDIbf7Wd2bT0A="></latexit>

↵ |1i+ � |0i ! P (|1i) = |↵|2 and P (|0i) = |�|2

<latexit sha1_base64="V2H+R/MAtQJL84lT4iLBUnzw11M=">AAACKHicbVBLSgNBFOyJvxh/UZduGoMgCmFGgroMunEZwXwgE0JP5yVp0vOh+40wDLmD5/AAbvUI7iRbN17DTjKCJhY0VFe9x6PKi6TQaNsTK7eyura+kd8sbG3v7O4V9w8aOowVhzoPZahaHtMgRQB1FCihFSlgvieh6Y1up37zEZQWYfCASQQdnw0C0RecoZG6xTOXyWjIqDsCTJ0xPaeuB5j97TF1Mfzh3WLJLtsz0GXiZKREMtS6xS+3F/LYhwC5ZFq3HTvCTsoUCi5hXHBjDRHjIzaAtqEB80F30lmmMT0xSo/2Q2VegHSm/t5Ima914ntm0mc41IveVPzXi4aJFlwvnMf+dScVQRQjBHx+vR9LatJPW6M9oYCjTAxhXAkTgPIhU4yj6bZgmnEWe1gmjYuyc1mu3FdK1Zusozw5IsfklDjkilTJHamROuHkibyQV/JmPVvv1oc1mY/mrGznkPyB9fkNibOmLQ==</latexit>

↵ |1i+ � |0i ! |0i



Gates

ØSingle qubit gates
• Turn on resonant interaction 

between      and     for a 
single qubit

• Drives 
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<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i
<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="RGpTmiZD5FO1K2Uo/91Dga2Id3A=">AAACJHicbZDLSsNAFIYn9VbrLerSzWBRKkJJpKgboeimOyvYCzShTKbTduhkEmcmQgh5A5/DB3Crj+BOXLhx62s4abPQ6g8D3/znHA7n90JGpbKsD6OwsLi0vFJcLa2tb2xumds7bRlEApMWDlgguh6ShFFOWooqRrqhIMj3GOl4k6us3rknQtKA36o4JK6PRpwOKUZKW33zsAEvoHPtkxGCzp2KK04QJnaaWCk8hhlbqf4e9c2yVbWmgn/BzqEMcjX75pczCHDkE64wQ1L2bCtUboKEopiRtOREkoQIT9CI9DRy5BPpJtN7UnignQEcBkI/ruDU/TmRIF/K2Pd0p4/UWM7XMvPfWjiOJcVybr0anrsJ5WGkCMez7cOIQRXALDE4oIJgxWINCAuqD4B4jATCSuda0snY8zn8hfZJ1T6t1m5q5fplnlER7IF9UAE2OAN10ABN0AIYPIAn8AxejEfj1Xgz3metBSOf2QW/ZHx+Azzro+A=</latexit>

H = ⌦(|1ih0|+ |0ih1|)
<latexit sha1_base64="NaJVnemnrP2R7GD9OwjzzjOk3aA=">AAACEXicbZDLSsNAFIYn9VbrLdqlm8EiuCqJiLosunFZwV6gCWUynbRDJ5MwcyKE0KfwAdzqI7gTtz6BT+BrOE2z0NYfBj7+cw5nzh8kgmtwnC+rsra+sblV3a7t7O7tH9iHR10dp4qyDo1FrPoB0UxwyTrAQbB+ohiJAsF6wfR2Xu89MqV5LB8gS5gfkbHkIacEjDW0696UQe7MsAcxLtidDe2G03QK4VVwS2igUu2h/e2NYppGTAIVROuB6yTg50QBp4LNal6qWULolIzZwKAkEdN+Xnx+hk+NM8JhrMyTgAv390ROIq2zKDCdEYGJXq7NzX9rySTTnOql9RBe+zmXSQpM0sX2MBXYXD+PB4+4YhREZoBQxc0BmE6IIhRMiDWTjLucwyp0z5vuZfPi/qLRuikzqqJjdILOkIuuUAvdoTbqIIoy9Ixe0Kv1ZL1Z79bHorVilTN19EfW5w/JCp16</latexit>

|0i ! |1i
<latexit sha1_base64="rpK5M62qNriVdhksO6D3jHM/mg8=">AAACEXicbZDLSsNAFIYn9VbrLdqlm8EiuCqJiLosunFZwV6gCWUynbRDJ5MwcyKE0KfwAdzqI7gTtz6BT+BrOE2z0NYfBj7+cw5nzh8kgmtwnC+rsra+sblV3a7t7O7tH9iHR10dp4qyDo1FrPoB0UxwyTrAQbB+ohiJAsF6wfR2Xu89MqV5LB8gS5gfkbHkIacEjDW0696UQe7OsAcxLtiZDe2G03QK4VVwS2igUu2h/e2NYppGTAIVROuB6yTg50QBp4LNal6qWULolIzZwKAkEdN+Xnx+hk+NM8JhrMyTgAv390ROIq2zKDCdEYGJXq7NzX9rySTTnOql9RBe+zmXSQpM0sX2MBXYXD+PB4+4YhREZoBQxc0BmE6IIhRMiDWTjLucwyp0z5vuZfPi/qLRuikzqqJjdILOkIuuUAvdoTbqIIoy9Ixe0Kv1ZL1Z79bHorVilTN19EfW5w/JFp16</latexit>

|1i ! |0i
<latexit sha1_base64="FtRlzP5p+Ae7UHSXFYd11DcxW+o=">AAACP3icbVDLSgNBEJyNrxhfUY9eBoMgCGFXgnqMevEYwTwgG8LspJMMmX0w0yuEZb/H7/ADvCp+QW7i1ZuTZA8xsWCgpqqapsuLpNBo259Wbm19Y3Mrv13Y2d3bPygeHjV0GCsOdR7KULU8pkGKAOooUEIrUsB8T0LTG91P/eYzKC3C4AnHEXR8NghEX3CGRuoWb10moyGj7ggwcVJ6QV0PMPvbKXUxpIsReynipN1iyS7bM9BV4mSkRDLUusWJ2wt57EOAXDKt244dYSdhCgWXkBbcWEPE+IgNoG1owHzQnWR2akrPjNKj/VCZFyCdqYsTCfO1HvueSfoMh3rZm4r/etFwrAXXS+uxf9NJRBDFCAGfb+/HkppSpmXSnlDAUY4NYVwJcwDlQ6YYR1N5wTTjLPewShqXZeeqXHmslKp3WUd5ckJOyTlxyDWpkgdSI3XCyQt5I+/kw3q1JtaX9T2P5qxs5pj8gfXzCwhSruE=</latexit>

↵ |1i+ � |0i ! ↵ |0i+ � |1i
<latexit sha1_base64="uN/2mZUW5IEI1tF95F1iynbXDV8=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4qjNS1I1QdOPOCvYBnbFk0kwbmmRCkhGGoX/gB7jVT3Anbv0Jv8DfMG1noa0HLhzOuZd77wklo9q47pdTWFpeWV0rrpc2Nre2d8q7ey0dJwqTJo5ZrDoh0oRRQZqGGkY6UhHEQ0ba4eh64rcfidI0FvcmlSTgaCBoRDEyVnow8BL6kp74t5wMUK9ccavuFHCReDmpgByNXvnb78c44UQYzJDWXc+VJsiQMhQzMi75iSYS4REakK6lAnGig2x69RgeWaUPo1jZEgZO1d8TGeJapzy0nRyZoZ73JuK/nhymmmI9t95EF0FGhUwMEXi2PUoYNDGc5AL7VBFsWGoJworaByAeIoWwsemVbDLefA6LpHVa9c6qtbtapX6VZ1QEB+AQHAMPnIM6uAEN0AQYKPAMXsCr8+S8Oe/Ox6y14OQz++APnM8fghOaoQ==</latexit>

t = ⇡/⌦

<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i
Δ𝐸 = ℏΩ



Gates

ØTwo qubit gates
• Requires some spin 

dependent interaction

• Together with a single 
qubit gate you can 
“flip” one qubit 
dependent on another

6/9/22 Trapped Ion Quantum Computing 14

ΔE

<latexit sha1_base64="3d6Ltpj9wJGrbcIg8TholAMH0VI=">AAACH3icbZDJSgNBEIZ74hbjFvXopTUIESHMSFAvQtBLjhHMApkQejqVpEnPQneNMAw5+xw+gFd9BG/iNU/ga9hZDhr9oeDjryqK+r1ICo22PbEyK6tr6xvZzdzW9s7uXn7/oKHDWHGo81CGquUxDVIEUEeBElqRAuZ7Epre6G7abz6C0iIMHjCJoOOzQSD6gjM0Vjd/XKU31O2BREaL1B0Bpo4zpudztO3xWTdfsEv2TPQvOAsokIVq3fyX2wt57EOAXDKt244dYSdlCgWXMM65sYaI8REbQNtgwHzQnXT2ypieGqdH+6EyFSCduT83UuZrnfiemfQZDvVyb2r+24uGiRZcL53H/nUnFUEUIwR8fr0fS4ohnYZFe0IBR5kYYFwJ8wDlQ6YYRxNpziTjLOfwFxoXJeeyVL4vFyq3i4yy5IickCJxyBWpkCqpkTrh5Im8kFfyZj1b79aH9TkfzViLnUPyS9bkGwsioQ8=</latexit>

H = �(|11i+ |00i)

<latexit sha1_base64="WOHo1Nl9sGCRtf/Bk5wPmRdIntE=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idTJIhs7PLTK+wLLn6AV71E7yJV//DL/A3nCR70MSChqKqm+6uIJbCoOt+OYW19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa6E1DDpVC8iQIl78Sa0zCQvB1Mbmd++5FrIyL1gGnM/ZCOlBgKRtFKnd6EY+a603654lbdOcgq8XJSgRyNfvm7N4hYEnKFTFJjup4bo59RjYJJPi31EsNjyiZ0xLuWKhpy42fze6fkzCoDMoy0LYVkrv6eyGhoTBoGtjOkODbL3kz814vHqRHMLK3H4bWfCRUnyBVbbB8mkmBEZomQgdCcoUwtoUwL+wBhY6opQ5tbySbjLeewSloXVe+yWruvVeo3eUZFOIFTOAcPrqAOd9CAJjCQ8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QP3FZjD</latexit>

|00i

<latexit sha1_base64="9t6jecSFrL8MKo+3XlFEBWUArlk=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idTJIhs7PLTK+wLLn6AV71E7yJV//DL/A3nCR70MSChqKqm+6uIJbCoOt+OYW19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa6E1DDpVC8iQIl78Sa0zCQvB1Mbmd++5FrIyL1gGnM/ZCOlBgKRtFKnd6EY+Z603654lbdOcgq8XJSgRyNfvm7N4hYEnKFTFJjup4bo59RjYJJPi31EsNjyiZ0xLuWKhpy42fze6fkzCoDMoy0LYVkrv6eyGhoTBoGtjOkODbL3kz814vHqRHMLK3H4bWfCRUnyBVbbB8mkmBEZomQgdCcoUwtoUwL+wBhY6opQ5tbySbjLeewSloXVe+yWruvVeo3eUZFOIFTOAcPrqAOd9CAJjCQ8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QP4r5jE</latexit>

|01i
<latexit sha1_base64="VST5cC5k+isoKyY2eOulQ7PLEFc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idTJIhs7PLTK+wLLn6AV71E7yJV//DL/A3nCR70MSChqKqm+6uIJbCoOt+OYW19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa6E1DDpVC8iQIl78Sa0zCQvB1Mbmd++5FrIyL1gGnM/ZCOlBgKRtFKnd6EY+a503654lbdOcgq8XJSgRyNfvm7N4hYEnKFTFJjup4bo59RjYJJPi31EsNjyiZ0xLuWKhpy42fze6fkzCoDMoy0LYVkrv6eyGhoTBoGtjOkODbL3kz814vHqRHMLK3H4bWfCRUnyBVbbB8mkmBEZomQgdCcoUwtoUwL+wBhY6opQ5tbySbjLeewSloXVe+yWruvVeo3eUZFOIFTOAcPrqAOd9CAJjCQ8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QP4sJjE</latexit>

|10i

<latexit sha1_base64="cVI5vcRiephx4Fgi2llDhmHhfSU=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idTJIhs7PLTK+wLLn6AV71E7yJV//DL/A3nCR70MSChqKqm+6uIJbCoOt+OYW19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa6E1DDpVC8iQIl78Sa0zCQvB1Mbmd++5FrIyL1gGnM/ZCOlBgKRtFKnd6EY+Z503654lbdOcgq8XJSgRyNfvm7N4hYEnKFTFJjup4bo59RjYJJPi31EsNjyiZ0xLuWKhpy42fze6fkzCoDMoy0LYVkrv6eyGhoTBoGtjOkODbL3kz814vHqRHMLK3H4bWfCRUnyBVbbB8mkmBEZomQgdCcoUwtoUwL+wBhY6opQ5tbySbjLeewSloXVe+yWruvVeo3eUZFOIFTOAcPrqAOd9CAJjCQ8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QP6SpjF</latexit>

|11i

ΔE

𝛿

𝛿

Not allowed



Gates

ØMany different one-
and two-qubit gates

Ø“Universal set” needed 
to be able to do any 
computation

ØOne such set:
• One-qubit rotations, 

phase
• Two-qubit CNOT
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Measurement

Ø“Project” qubit into either basis with probability P

ØPerform on each qubit individually
ØEach measurement: 1 bit of information about 𝜃
ØPerform N identical computations, uncertainty on 𝜃 goes 

like 𝑁

6/9/22 Trapped Ion Quantum Computing 16

<latexit sha1_base64="O4Ta7R8sl+PDhN1vK4Ko4xlwCFY="></latexit>

cos(✓) |1i+ sin(✓) |0i ! P (|1i) = |cos(✓)|2 and P (|0i) = |sin(✓)|2



Metrics of a Quantum Computer

ØFidelities of:
• State Preparation
• Measurement
• One-qubit gates
• Two-qubit gates

ØDepth of circuit = (Coherence Time)/(Gate Time)

Ø“Clock speed”: circuit time vs. 𝑁 measurement time

6/9/22 Trapped Ion Quantum Computing 17



ØQuantum Computers

ØDiVincenzo’s criteria

ØTrapped Ion platform

6/9/22 Trapped Ion Quantum Computing 18

Outline



Not a sales pitch
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Not a sales pitch
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Not a sales pitch
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Trapped Ions

ØSingly charged atoms 
confined with electric 
fields

ØLaser-cooling
ØFluorescence readout
ØAddressed via lasers

6/9/22 Trapped Ion Quantum Computing 22



Ion Qubits

ØSingly charged atoms 
with a single valence 
electron
• Ca+, Sr+, Yb+, etc.

ØEvery atom identical
• Electron spin
• Electron orbital
• Nuclear spin

6/9/22 Trapped Ion Quantum Computing 23

<latexit sha1_base64="kmuxZmNcg86aWn1xsDGrphfCOtk=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIp6rKoC5cV7APaUCbTSTt0MgkzN2II3foBbvUT3Ilb/8Mv8Dectllo64ELh3Pu5d57/FhwjY7zZRVWVtfWN4qbpa3tnd298v5BS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vp767QemNI/kPaYx80IylDzglKCROj1kj5jdTPrlilN1ZrCXiZuTCuRo9MvfvUFEk5BJpIJo3XWdGL2MKORUsEmpl2gWEzomQ9Y1VJKQaS+b3TuxT4wysINImZJoz9TfExkJtU5D33SGBEd60ZuK/3rxKNWc6oX1GFx6GZdxgkzS+fYgETZG9jQRe8AVoyhSQwhV3Dxg0xFRhKLJrWSScRdzWCats6p7Xq3d1Sr1qzyjIhzBMZyCCxdQh1toQBMoCHiGF3i1nqw36936mLcWrHzmEP7A+vwBmVyZKA==</latexit>

D

<latexit sha1_base64="QTApLrZMtN9S6rXQ05V06ff/eN8=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KokUdVl047KifUAbymR60w6dTMLMjRhCt36AW/0Ed+LW//AL/A2nbRbaeuDC4Zx7ufcePxZco+N8WYWV1bX1jeJmaWt7Z3evvH/Q0lGiGDRZJCLV8akGwSU0kaOATqyAhr6Atj++nvrtB1CaR/Ie0xi8kA4lDzijaKROD+ERs7tJv1xxqs4M9jJxc1IhORr98ndvELEkBIlMUK27rhOjl1GFnAmYlHqJhpiyMR1C11BJQ9BeNrt3Yp8YZWAHkTIl0Z6pvycyGmqdhr7pDCmO9KI3Ff/14lGqOdML6zG49DIu4wRBsvn2IBE2RvY0EXvAFTAUqSGUKW4esNmIKsrQ5FYyybiLOSyT1lnVPa/WbmuV+lWeUZEckWNySlxyQerkhjRIkzAiyDN5Ia/Wk/VmvVsf89aClc8ckj+wPn8AsWKZNw==</latexit>

S
<latexit sha1_base64="QTApLrZMtN9S6rXQ05V06ff/eN8=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KokUdVl047KifUAbymR60w6dTMLMjRhCt36AW/0Ed+LW//AL/A2nbRbaeuDC4Zx7ufcePxZco+N8WYWV1bX1jeJmaWt7Z3evvH/Q0lGiGDRZJCLV8akGwSU0kaOATqyAhr6Atj++nvrtB1CaR/Ie0xi8kA4lDzijaKROD+ERs7tJv1xxqs4M9jJxc1IhORr98ndvELEkBIlMUK27rhOjl1GFnAmYlHqJhpiyMR1C11BJQ9BeNrt3Yp8YZWAHkTIl0Z6pvycyGmqdhr7pDCmO9KI3Ff/14lGqOdML6zG49DIu4wRBsvn2IBE2RvY0EXvAFTAUqSGUKW4esNmIKsrQ5FYyybiLOSyT1lnVPa/WbmuV+lWeUZEckWNySlxyQerkhjRIkzAiyDN5Ia/Wk/VmvVsf89aClc8ckj+wPn8AsWKZNw==</latexit>

S
<latexit sha1_base64="EwO6XRErxg+ramDSppbAq7CplFU=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgxbgbgnoRgl48RjAPSJYwO5lNxszMLjOzwrLk5gd41U/wJl79Eb/A33DyOGi0oKGo6qa7K4g508Z1P53c0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4nfuuBKs0ieWfSmPoCDyQLGcHGSk1xeeKdVnrFklt2p0B/iTcnJZij3it+dfsRSQSVhnCsdcdzY+NnWBlGOB0XuommMSYjPKAdSyUWVPvZ9NoxOrJKH4WRsiUNmqo/JzIstE5FYDsFNkO96E3Ef714mGpG9MJ6E174GZNxYqgks+1hwpGJ0CQP1GeKEsNTSzBRzD6AyBArTIxNrWCT8RZz+EualbJ3Vq7eVku1q3lGeTiAQzgGD86hBjdQhwYQuIcneIYX59F5dd6c91lrzpnP7MMvOB/fKNWXIA==</latexit>

m = �1/2

<latexit sha1_base64="RFIk8yw4iq8UC4h1MKjL9TIhOg4=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoMgCHE3BPUiBL14jGAekCxhdjKbjJmZXWZmhWXJzQ/wqp/gTbz6I36Bv+HkcdBoQUNR1U13VxBzpo3rfjq5peWV1bX8emFjc2t7p7i719RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1P/NYDVZpF8s6kMfUFHkgWMoKNlZri8sQ7rfSKJbfsToH+Em9OSjBHvVf86vYjkggqDeFY647nxsbPsDKMcDoudBNNY0xGeEA7lkosqPaz6bVjdGSVPgojZUsaNFV/TmRYaJ2KwHYKbIZ60ZuI/3rxMNWM6IX1JrzwMybjxFBJZtvDhCMToUkeqM8UJYanlmCimH0AkSFWmBibWsEm4y3m8Jc0K2XvrFy9rZZqV/OM8nAAh3AMHpxDDW6gDg0gcA9P8AwvzqPz6rw577PWnDOf2YdfcD6+ASWdlx4=</latexit>

m = +1/2

<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i



State Preparation

ØOptical pumping
ØDissipation via laser 

coupling to excited 
state

ØBest fidelity: 0.9992
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<latexit sha1_base64="QTApLrZMtN9S6rXQ05V06ff/eN8=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KokUdVl047KifUAbymR60w6dTMLMjRhCt36AW/0Ed+LW//AL/A2nbRbaeuDC4Zx7ufcePxZco+N8WYWV1bX1jeJmaWt7Z3evvH/Q0lGiGDRZJCLV8akGwSU0kaOATqyAhr6Atj++nvrtB1CaR/Ie0xi8kA4lDzijaKROD+ERs7tJv1xxqs4M9jJxc1IhORr98ndvELEkBIlMUK27rhOjl1GFnAmYlHqJhpiyMR1C11BJQ9BeNrt3Yp8YZWAHkTIl0Z6pvycyGmqdhr7pDCmO9KI3Ff/14lGqOdML6zG49DIu4wRBsvn2IBE2RvY0EXvAFTAUqSGUKW4esNmIKsrQ5FYyybiLOSyT1lnVPa/WbmuV+lWeUZEckWNySlxyQerkhjRIkzAiyDN5Ia/Wk/VmvVsf89aClc8ckj+wPn8AsWKZNw==</latexit>

S
<latexit sha1_base64="EwO6XRErxg+ramDSppbAq7CplFU=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgxbgbgnoRgl48RjAPSJYwO5lNxszMLjOzwrLk5gd41U/wJl79Eb/A33DyOGi0oKGo6qa7K4g508Z1P53c0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK4nfuuBKs0ieWfSmPoCDyQLGcHGSk1xeeKdVnrFklt2p0B/iTcnJZij3it+dfsRSQSVhnCsdcdzY+NnWBlGOB0XuommMSYjPKAdSyUWVPvZ9NoxOrJKH4WRsiUNmqo/JzIstE5FYDsFNkO96E3Ef714mGpG9MJ6E174GZNxYqgks+1hwpGJ0CQP1GeKEsNTSzBRzD6AyBArTIxNrWCT8RZz+EualbJ3Vq7eVku1q3lGeTiAQzgGD86hBjdQhwYQuIcneIYX59F5dd6c91lrzpnP7MMvOB/fKNWXIA==</latexit>

m = �1/2

<latexit sha1_base64="RFIk8yw4iq8UC4h1MKjL9TIhOg4=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoMgCHE3BPUiBL14jGAekCxhdjKbjJmZXWZmhWXJzQ/wqp/gTbz6I36Bv+HkcdBoQUNR1U13VxBzpo3rfjq5peWV1bX8emFjc2t7p7i719RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1P/NYDVZpF8s6kMfUFHkgWMoKNlZri8sQ7rfSKJbfsToH+Em9OSjBHvVf86vYjkggqDeFY647nxsbPsDKMcDoudBNNY0xGeEA7lkosqPaz6bVjdGSVPgojZUsaNFV/TmRYaJ2KwHYKbIZ60ZuI/3rxMNWM6IX1JrzwMybjxFBJZtvDhCMToUkeqM8UJYanlmCimH0AkSFWmBibWsEm4y3m8Jc0K2XvrFy9rZZqV/OM8nAAh3AMHpxDDW6gDg0gcA9P8AwvzqPz6rw577PWnDOf2YdfcD6+ASWdlx4=</latexit>

m = +1/2

<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i

<latexit sha1_base64="NyW0aEBUY1skMPlGEb0dPrRItng=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhs7PLTK8Yllz9AK/6Cd7Eq//hF/gbTpI9aGJBQ1HVTXdXkEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cC1EbG6x3HC/YgOlAgFo2ildhf5I2b1Sa9ccavuDGSZeDmpQI56r/zd7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+6yXDsRHMLKzH8MrPhEpS5IrNt4epJBiTaSKkLzRnKMeWUKaFfYCwIdWUoc2tZJPxFnNYJs2zqndRPb87r9Su84yKcATHcAoeXEINbqEODWAg4Rle4NV5ct6cd+dj3lpw8plD+APn8weslJk0</latexit>

P

spontaneous
decay



Coherence Time

ØIons can be stored for months
ØIsolation of qubit spins from 

environment enables long 
coherence time:
• Electron spin : seconds
• Nuclear spin : hours
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Wang, P., Luan, CY., Qiao, M. et al. Single ion qubit with 
estimated coherence time exceeding one hour. Nat 
Commun 12, 233 (2021).



Single-qubit gates

ØResonant laser pulse 
(optical qubit)

ØResonant microwave 
(hyperfine qubit)

ØRaman laser pulse 
(hyperfine qubit)

ØBest fidelity: 0.999999
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<latexit sha1_base64="kmuxZmNcg86aWn1xsDGrphfCOtk=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIp6rKoC5cV7APaUCbTSTt0MgkzN2II3foBbvUT3Ilb/8Mv8Dectllo64ELh3Pu5d57/FhwjY7zZRVWVtfWN4qbpa3tnd298v5BS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vp767QemNI/kPaYx80IylDzglKCROj1kj5jdTPrlilN1ZrCXiZuTCuRo9MvfvUFEk5BJpIJo3XWdGL2MKORUsEmpl2gWEzomQ9Y1VJKQaS+b3TuxT4wysINImZJoz9TfExkJtU5D33SGBEd60ZuK/3rxKNWc6oX1GFx6GZdxgkzS+fYgETZG9jQRe8AVoyhSQwhV3Dxg0xFRhKLJrWSScRdzWCats6p7Xq3d1Sr1qzyjIhzBMZyCCxdQh1toQBMoCHiGF3i1nqw36936mLcWrHzmEP7A+vwBmVyZKA==</latexit>

D

<latexit sha1_base64="QTApLrZMtN9S6rXQ05V06ff/eN8=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KokUdVl047KifUAbymR60w6dTMLMjRhCt36AW/0Ed+LW//AL/A2nbRbaeuDC4Zx7ufcePxZco+N8WYWV1bX1jeJmaWt7Z3evvH/Q0lGiGDRZJCLV8akGwSU0kaOATqyAhr6Atj++nvrtB1CaR/Ie0xi8kA4lDzijaKROD+ERs7tJv1xxqs4M9jJxc1IhORr98ndvELEkBIlMUK27rhOjl1GFnAmYlHqJhpiyMR1C11BJQ9BeNrt3Yp8YZWAHkTIl0Z6pvycyGmqdhr7pDCmO9KI3Ff/14lGqOdML6zG49DIu4wRBsvn2IBE2RvY0EXvAFTAUqSGUKW4esNmIKsrQ5FYyybiLOSyT1lnVPa/WbmuV+lWeUZEckWNySlxyQerkhjRIkzAiyDN5Ia/Wk/VmvVsf89aClc8ckj+wPn8AsWKZNw==</latexit>

S

<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i

optical
pulse

<latexit sha1_base64="QTApLrZMtN9S6rXQ05V06ff/eN8=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KokUdVl047KifUAbymR60w6dTMLMjRhCt36AW/0Ed+LW//AL/A2nbRbaeuDC4Zx7ufcePxZco+N8WYWV1bX1jeJmaWt7Z3evvH/Q0lGiGDRZJCLV8akGwSU0kaOATqyAhr6Atj++nvrtB1CaR/Ie0xi8kA4lDzijaKROD+ERs7tJv1xxqs4M9jJxc1IhORr98ndvELEkBIlMUK27rhOjl1GFnAmYlHqJhpiyMR1C11BJQ9BeNrt3Yp8YZWAHkTIl0Z6pvycyGmqdhr7pDCmO9KI3Ff/14lGqOdML6zG49DIu4wRBsvn2IBE2RvY0EXvAFTAUqSGUKW4esNmIKsrQ5FYyybiLOSyT1lnVPa/WbmuV+lWeUZEckWNySlxyQerkhjRIkzAiyDN5Ia/Wk/VmvVsf89aClc8ckj+wPn8AsWKZNw==</latexit>

S
<latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i

<latexit sha1_base64="NyW0aEBUY1skMPlGEb0dPrRItng=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhs7PLTK8Yllz9AK/6Cd7Eq//hF/gbTpI9aGJBQ1HVTXdXkEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cC1EbG6x3HC/YgOlAgFo2ildhf5I2b1Sa9ccavuDGSZeDmpQI56r/zd7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+6yXDsRHMLKzH8MrPhEpS5IrNt4epJBiTaSKkLzRnKMeWUKaFfYCwIdWUoc2tZJPxFnNYJs2zqndRPb87r9Su84yKcATHcAoeXEINbqEODWAg4Rle4NV5ct6cd+dj3lpw8plD+APn8weslJk0</latexit>

P

T. P. Harty, D. T. C. Allcock, C. J. Ballance, L. Guidoni, H. A. Janacek, 
N. M. Linke, D. N. Stacey, and D. M. Lucas
Phys. Rev. Lett. 113, 220501

Raman
pulse

microwave
pulse



Two-qubit gates

ØResolved motional 
sidebands generate spin-
dependent force
• Cirac-Zoller gate
• Mølmer–Sørensen gate

ØBest fidelity: 0.997
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Srinivas, R., Burd, S.C., Knaack, H.M. et al. High-
fidelity laser-free universal control of trapped ion 
qubits. Nature 597, 209–213 (2021)

<latexit sha1_base64="u2cEw6LpE1BF3h8cP77ahfLMFmw=">AAACI3icbVDLSsNAFL2pr1pfUZduBkvBVUmkqBuh6MZlBfuAtpTJdNoOnUzCzEQIIV/gd/gBbvUT3IkbF679DadpBG09MMy559zL5R4v5Expx/mwCiura+sbxc3S1vbO7p69f9BSQSQJbZKAB7LjYUU5E7Spmea0E0qKfY/Ttje9nvnteyoVC8SdjkPa9/FYsBEjWBtpYFd6U6oTN80+cemmqKcDlFXOj+ikA7vsVJ0MaJm4OSlDjsbA/uoNAxL5VGjCsVJd1wl1P8FSM8JpWupFioaYTPGYdg0V2Keqn2TnpKhilCEaBdI8oVGm/p5IsK9U7Hum08d6oha9mfivF05ixYhaWK9HF/2EiTDSVJD59lHEkYlhFhgaMkmJ5rEhmEhmDkBkgiUm2sRaMsm4izksk9Zp1T2r1m5r5fpVnlERjuAYTsCFc6jDDTSgCQQe4Ame4cV6tF6tN+t93lqw8plD+APr8xsuNKUV</latexit>

|1i |n = 1i ! |0i |n = 0i
<latexit sha1_base64="h3lNp4+UMLDRLlXz7YhSwoQwlGk=">AAACFHicbVDLSsNAFJ34rPUVFdy4GSyCq5JIUTdC0Y3LCvYBbSmT6U07dDIJMxMhxPyGH+BWP8GduHXvF/gbTtMstPXAMIdz7uXee7yIM6Ud58taWl5ZXVsvbZQ3t7Z3du29/ZYKY0mhSUMeyo5HFHAmoKmZ5tCJJJDA49D2JjdTv/0AUrFQ3Oskgn5ARoL5jBJtpIF92JuATt0s/8SVk+GeDnFnYFecqpMDLxK3IBVUoDGwv3vDkMYBCE05UarrOpHup0RqRjlk5V6sICJ0QkbQNVSQAFQ/zffP8IlRhtgPpXlC41z93ZGSQKkk8ExlQPRYzXtT8V8vGieKUTU3XvuX/ZSJKNYg6Gy6H3Ns7p4mhIdMAtU8MYRQycwBmI6JJFSbHMsmGXc+h0XSOqu659XaXa1Svy4yKqEjdIxOkYsuUB3dogZqIooe0TN6Qa/Wk/VmvVsfs9Ilq+g5QH9gff4A8Maemw==</latexit>

|1i |n = 0i ! X
<latexit sha1_base64="5ecfqpJ07E+jC16k53FP5bWFGUc=">AAACFHicbVDLSsNAFJ34rPUVFdy4GSyCq5JIUTdC0Y3LCvYBbSmT6U07dDIJMxMhxPyGH+BWP8GduHXvF/gbTtMstPXAMIdz7uXee7yIM6Ud58taWl5ZXVsvbZQ3t7Z3du29/ZYKY0mhSUMeyo5HFHAmoKmZ5tCJJJDA49D2JjdTv/0AUrFQ3Oskgn5ARoL5jBJtpIF92JuATp0s/8SVm+GeDnFnYFecqpMDLxK3IBVUoDGwv3vDkMYBCE05UarrOpHup0RqRjlk5V6sICJ0QkbQNVSQAFQ/zffP8IlRhtgPpXlC41z93ZGSQKkk8ExlQPRYzXtT8V8vGieKUTU3XvuX/ZSJKNYg6Gy6H3Ns7p4mhIdMAtU8MYRQycwBmI6JJFSbHMsmGXc+h0XSOqu659XaXa1Svy4yKqEjdIxOkYsuUB3dogZqIooe0TN6Qa/Wk/VmvVsfs9Ilq+g5QH9gff4A8L2emw==</latexit>

|0i |n = 1i ! X



Measurement

ØMap qubit states onto 
“dark” and “bright” states
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<latexit sha1_base64="kmuxZmNcg86aWn1xsDGrphfCOtk=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIp6rKoC5cV7APaUCbTSTt0MgkzN2II3foBbvUT3Ilb/8Mv8Dectllo64ELh3Pu5d57/FhwjY7zZRVWVtfWN4qbpa3tnd298v5BS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vp767QemNI/kPaYx80IylDzglKCROj1kj5jdTPrlilN1ZrCXiZuTCuRo9MvfvUFEk5BJpIJo3XWdGL2MKORUsEmpl2gWEzomQ9Y1VJKQaS+b3TuxT4wysINImZJoz9TfExkJtU5D33SGBEd60ZuK/3rxKNWc6oX1GFx6GZdxgkzS+fYgETZG9jQRe8AVoyhSQwhV3Dxg0xFRhKLJrWSScRdzWCats6p7Xq3d1Sr1qzyjIhzBMZyCCxdQh1toQBMoCHiGF3i1nqw36936mLcWrHzmEP7A+vwBmVyZKA==</latexit>

D

<latexit sha1_base64="QTApLrZMtN9S6rXQ05V06ff/eN8=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KokUdVl047KifUAbymR60w6dTMLMjRhCt36AW/0Ed+LW//AL/A2nbRbaeuDC4Zx7ufcePxZco+N8WYWV1bX1jeJmaWt7Z3evvH/Q0lGiGDRZJCLV8akGwSU0kaOATqyAhr6Atj++nvrtB1CaR/Ie0xi8kA4lDzijaKROD+ERs7tJv1xxqs4M9jJxc1IhORr98ndvELEkBIlMUK27rhOjl1GFnAmYlHqJhpiyMR1C11BJQ9BeNrt3Yp8YZWAHkTIl0Z6pvycyGmqdhr7pDCmO9KI3Ff/14lGqOdML6zG49DIu4wRBsvn2IBE2RvY0EXvAFTAUqSGUKW4esNmIKsrQ5FYyybiLOSyT1lnVPa/WbmuV+lWeUZEckWNySlxyQerkhjRIkzAiyDN5Ia/Wk/VmvVsf89aClc8ckj+wPn8AsWKZNw==</latexit>

S <latexit sha1_base64="PBsM53bvGNa73LBRKgOP1uj/7ls=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTMdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4LlmIk=</latexit>

|0i

<latexit sha1_base64="lWaKTPO62LzDxfzvdW0G9LcRjd0=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoxmUF+4A2lMn0ph0ymYSZiRBCl36AW/0Ed+LWD/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3wduZ3H1EqFosHnSXoRWQsWMAo0UbqDkLUuTsdVmtO3ZnDXiVuQWpQoDWsfg9GMU0jFJpyolTfdRLt5URqRjlOK4NUYUJoSMbYN1SQCJWXz8+d2mdGGdlBLE0Jbc/V3xM5iZTKIt90RkRP1LI3E//1kkmmGFVL63Vw7eVMJKlGQRfbg5TbOrZngdgjJpFqnhlCqGTmAZtOiCRUm9gqJhl3OYdV0rmou5f1xn2j1rwpMirDCZzCObhwBU24gxa0gUIIz/ACr9aT9Wa9Wx+L1pJVzBzDH1ifP4R/mIo=</latexit>

|1i

<latexit sha1_base64="NyW0aEBUY1skMPlGEb0dPrRItng=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhs7PLTK8Yllz9AK/6Cd7Eq//hF/gbTpI9aGJBQ1HVTXdXkEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cC1EbG6x3HC/YgOlAgFo2ildhf5I2b1Sa9ccavuDGSZeDmpQI56r/zd7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+6yXDsRHMLKzH8MrPhEpS5IrNt4epJBiTaSKkLzRnKMeWUKaFfYCwIdWUoc2tZJPxFnNYJs2zqndRPb87r9Su84yKcATHcAoeXEINbqEODWAg4Rle4NV5ct6cd+dj3lpw8plD+APn8weslJk0</latexit>

P

Spontaneous decay
(observed fluorescence)

laser
excitation



Other Advantages

ØIons can be moved around to change connectivity
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Kielpinski, D., Monroe, C. & Wineland, D. Architecture for a 
large-scale ion-trap quantum computer. Nature 417, 709–711 
(2002)



Small sales pitch (Graulab)

ØLocal trapped ion setup at 
ODU

ØWorking with
• Ba+ (qubits)
• Lu+ (qubits, atomic clocks)
• LuOH+ (fundamental physics)
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1S0

3P0

3P1

3D1

3D2

1D2

for
bid

de
n

848 nm (M1)

350 nm

         622 nm      
646 nm      
“readout”

Search for nuclear CP violation
Using quantum logic 

spectroscopy of molecular ions

Investigating Lu+ as a novel 
divalent trapped ion qubit



ØQuantum Computers

ØDiVincenzo’s criteria

ØTrapped Ion platform
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Summary


