
Quantum Optical
Technologies
laboratory

Physics Faculty
Lomonosov MSU

Ãîëîãðàôè÷åñêèå ëîâóøêè äëÿ
îäèíî÷íûõ íåéòðàëüíûõ àòîìîâ

È.Á.Áîáðîâ, Ñ.Ð.Ñàìîéëåíêî, À.È.Ðàçæèãàåâ, Ñ.Ñ.Ñòðàóïå,
Ñ.Ï.Êóëèê

Ëàáîðàòîðèÿ êâàíòîâûõ îïòè÷åñêèõ òåõíîëîãèé, êàôåäðà êâàíòîâîé ýëåêòðîíèêè,
ôèçè÷åñêèé ôàêóëüòåò ÌÃÓ èìåíè Ì.Â.Ëîìîíîñîâà

18 äåêàáðÿ 2017 ã.



Ïëàí äîêëàäà

Ìîòèâàöèÿ: êâàíòîâûå ðåãèñòðû

Ìèêðîäèïîëüíûå ëîâóøêè äëÿ îäèíî÷íûõ àòîìîâ

Ãîëîãðàôè÷åñêèå ìèêðîëîâóøêè

Ñ.Ñ.Ñòðàóïå Ãîëîãðàôè÷åñêèå ëîâóøêè 1 / 24



Ïëàí äîêëàäà

Ìîòèâàöèÿ: êâàíòîâûå ðåãèñòðû

Ìèêðîäèïîëüíûå ëîâóøêè äëÿ îäèíî÷íûõ àòîìîâ

Ãîëîãðàôè÷åñêèå ìèêðîëîâóøêè

Ñ.Ñ.Ñòðàóïå Ãîëîãðàôè÷åñêèå ëîâóøêè 2 / 24



Êâàíòîâûå âû÷èñëåíèÿ: êðèòåðèè ÄèÂèí÷åíöî

I A scalable physical system with well characterized qubits

I The ability to initialize the state of the qubits to a simple
�ducial state, such as |000 . . .〉

I Long relevant decoherence times, much longer than the gate
operation time

I A ¾universal¿ set of quantum gates

I A qubit-speci�c measurement capability
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Ïðåèìóùåñòâà è íåäîñòàòêè àòîìíûõ êóáèòîâ

Pros:

I Áîëüøèå âðåìåíà êîãåðåíòíîñòè:
T1 > 5 c [Kuhr et al. PRA 72, 023 (2005)]
T2 > 200 ìñ [J. Yang et al. PRL 117, 123201 (2016)]

I Áûñòðûå è êà÷åñòâåííûå îäíîêóáèòíûå âåíòèëè
(τπ/2 ' 40 íñ ∼ 10−6T ∗

2 [Jones et al. PRA, 75 (2007)])

I Õîðîøèå ïåðñïåêòèâû ìàñøòàáèðóåìîñòè (ñì. äàëåå)

Cons:

I Íèçêîå êà÷åñòâî äâóõêóáèòíûõ âåíòèëåé (F ∼ 0.85)
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Îïòè÷åñêàÿ äèïîëüíàÿ ëîâóøêà

Ïîòåíöèàë: U(r) = 3πc2
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Ãëóáèíà ïîòåíöèàëà ∼ 1 ìÊ
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Õàðàêòåðíûå ìàñøòàáû

I Äèîäíûé ëàçåð, äëèíà âîëíû 980 íì/830 íì, ìîùíîñòü
30 ìÂò/2 ìÂò

I Ôîêóñèðîâêà àñôåðè÷åñêîé ëèíçîé ñ f = 3.1 ìì

I Ãëóáèíà ïîòåíöèàëà ∼ 1 ìÊ ⇒ ëàçåðíîå îõëàæäåíèå

=980 нм, w =1.25 ммin 
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Ñõåìà óñòàíîâêè
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Ìàãíèòî-îïòè÷åñêàÿ ëîâóøêà
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Ôëóîðåñöåíöèÿ àòîìîâ â äèïîëüíîé ëîâóøêå
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N. Schlosser, G. Reymond, and P. Grangier. Phys. Rev. Lett. 89, 023005
(2002)
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Ñòîëêíîâèòåëüíàÿ áëîêàäà � ìîäåëü1

dN
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= R − γN − βN(N − 1)
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Êîððåëÿöèè èíòåíñèâíîñòè

g (2)(τ) =
〈n1(t)n2(t + τ)〉
〈n1(t)〉〈n2(t)〉
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Âðåìÿ æèçíè è òåìïåðàòóðà
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Ãîëîãðàôè÷åñêèé îïòè÷åñêèé ïèíöåò
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Ãåíåðàöèÿ ãîëîãðàìì

Àëãîðèòì Ãåð÷áåðãà-Ñàêñòîíà
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Ñîïðÿæåíèå âîëíîâûõ âåêòîðîâ

Ïîëå îãðàíè÷åíî èç-çà êîíå÷íîé àïåðòóðû ëèíç

SLM
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Ñîïðÿæåíèå âîëíîâûõ âåêòîðîâ

Ñîïðÿãàþùèé òåëåñêîï óâåëè÷èâàåò ïîëå äî ∼ 200× 200 ìêì

SLM
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Ïðîèçâîëüíûå äâóìåðíûå ìàññèâû ëîâóøåê
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Óñòàíîâêà ñ ñèñòåìîé âèçóàëèçàöèè è àäðåñàöèè
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Ìàññèâû èç îäèíî÷íûõ àòîìîâ

Ñíèìêè îõëàæäàåìîé äî −20◦C CCD êàìåðîé

5m

Ýêñïîçèöèÿ 25 ñ
Ìîùíîñòü 11 ìÂò

5 m

Ýêñïîçèöèÿ 30 ñ
Ìîùíîñòü 33 ìÂò

5 m

Ýêñïîçèöèÿ 30 ñ
Ìîùíîñòü 23 ìÂò
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Àäðåñàöèÿ ñ ïîìîùüþ çåðêàëà

Ðàñòðîâîå ñêàíèðîâàíèå ïîäâèæíûì çåðêàëîì, äåòåêòèðîâàíèå
ëàâèííûì ôîòîäèîäîì � áîëüøå ñèãíàë/øóì, ìåíüøå
ýêñïîçèöèÿ

Ýêñïîçèöèÿ ïî
òðèããåðó ⇒

åäèíñòâåííûé àòîì
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Áëèæàéøèå ïëàíû

I Óìåíüøèòü äèñïåðñèþ ãëóáèíû ëîâóøåê. Íàïðèìåð,
ìîæíî èñïîëüçîâàòü èçìåðåííóþ èíòåíñèâíîñòü íà íîâîì
øàãå àëãîðèòìà ÃÑ.

I Óâåëè÷èòü ïîëíóþ ìîùíîñòü ëîâóøêè, åñòü çàïàñ â 2-3
ðàçà.

I Ðåàëèçîâàòü äèíàìè÷åñêîå ïåðåìåùåíèå ëîâóøåê. Îöåíèòü
íàãðåâ è ïîòåðè àòîìîâ ïðè ïåðåìåùåíèè.

I Ðåàëèçîâàòü ñèñòåìó àêòèâíîãî òðåêêèíãà ïîëîæåíèÿ
àäðåñóþùåãî çåðêàëà. Ïðîäåìîíñòðèðîâàòü àäðåñíûå
èçìåðåíèÿ è îäíîêóáèòíûå îïåðàöèè, îöåíèòü êðîññ-òîëê.
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Ïóòü ê êâàíòîâîìó ðåãèñòðó

I Îäíîðîäíî çàïîëíåííûå ðåøåòêè � ïåðåìåùåíèå àòîìîâ
(òåñòèðóåòñÿ ïîëíîñòüþ ãîëîãðàôè÷åñêèé âàðèàíò)

I Îäíîêóáèòíûå îïåðàöèè ñ àäðåñàöèåé � îïòè÷åñêèå
ðàìàíîâñêèå ïåðåõîäû (ëàçåðíàÿ ñèñòåìà óæå ãîòîâà)

I Äâóõêóáèòíûå îïåðàöèè � ðèäáåðãîâñêèå âåíòèëè,
äâóõôîòîííîå èëè òðåõôîòîííîå âîçáóæäåíèå
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Âûâîäû

I Ðàçðàáîòàíà ãîëîãðàôè÷åñêàÿ ëîâóøêà äëÿ îäèíî÷íûõ
àòîìîâ 87Rb.

I Ïðîäåìîíñòðèðîâàíà âîçìîæíîñòü ñîçäàíèÿ ìàññèâîâ
ëîâóøåê â ïðîèçâîëüíîé ïðîñòðàíñòâåííîé êîíôèãóðàöèè.

I Âîçìîæíûå ðàçìåðû ìàññèâîâ � áîëåå 400 ëîâóøåê

I Ïðîäåìîíñòðèðîâàí óñòîé÷èâûé çàõâàò äî 15 îäèíî÷íûõ
àòîìîâ.

I Ïðîäåìîíñòðèðîâàíà âîçìîæíîñòü áûñòðîé
èíäèâèäóàëüíîé àäðåñàöèè àòîìîâ â ìàññèâå
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