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https://www.jst.go.jp/moonshot/program/goal6/index.html
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How to build practical guantum computers?

-2

Nakamura et al., Nature 398, 786 (1999).

Microscopic a|0) + 5[1)
+ atoms Macroscopic (Mesoscopic)
. Iolnst solid-state devices
- electrons
amenable to integration
QO_C;d coherence high controllability
uniform coherence?
integration? qubit to qubit variation
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Superconductivity

& Dissipationless (R=0 @ dc)
& Perfect diamagnetism

& Phase coherent
& BCS theory (1957)

Superconductivity Transition Temperatures and

LR} .
Critical Fields
Li| Be Superconductivity parameters for elements B C ||N| O]|F|Ne
. |l0.026 Transition temperature in Kelvin
o Critical magnetic field in gauss (10 tesla)
Na| Mg Al Si* | P* || S* || Cl||Ar
SN [ 11400 7 5 -
105
K| Ca| S| Tt V || C* | Mn || Fe Co || Ni|Cufl Zn Ga || Ge* ||As*||Se*| Br||Kr
. ||039] 538 .. - 0875|1091 || 5 |05 7
100 || 1420 .. 53 51
Rb| S | Y*| Zr |INb | Mo || Tc | Ru | Rh | Pd|Ag| Cd In (S ?) Sb*||Te*| I ||Xe
~ ||0.5346(]19.50 § 0.90 (| 7.77] 0.51 |[0.0003| . || ... | 0.536|3.4035 3 ;\22 35 4|
47 (J1980) 95 (|1410| 70 ([ 0.049( .| .| 30 293 R
309
Cs*| Ba* (t]:’a) Hf | Ta | W | Re | Os Ir | Pt ||Au| He Tl Pb ||Bi*| Po || At||Ra
15 3 6%% 012 |H48300.012) 14 J0.635| 014 | | ... (|4.153] 239 ||[7.193)| 8 || . |[ .| -
; . |1830 J 107|198 ) 65 19 SO 1 5 S | R RO IO |
1100
Fr| Ra | Ac n 5
also, NbN, TiN, NbTiN, ---

http://hyperphysics.phy-astr.gsu.edu/hbase/
Tables/supcon.html

6

Resistivity

/

7 1.1 K for Al

Temperature

v

https://www.mirai-kougaku.jp/
laboratory/pages/180507.php
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Harmonic oscillator
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Quantum harmonic oscillator

€ To bein quantum regime,

1. @>1

dissipation must be negligible

ms) superconductorat 7 < 7

2 kBT < hwo

typically, L~nH, C~pF, 0,/2n~GHz

m T'<~01K

== dilution refrigerator
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Dilution refrigerator

Principles of dilution refrigeration, Oxford Instruments
© NEC Corporation 2022 \Orchestrating a brighter world NEC




Superconducting qubits

quantum harmonic oscillator  Josephson junction transmon

is a nonlinear inductor

e C

@, exp(ib;)

@, exp(i6s)

superconductor superconductor

L

insulator /
/ oo Josephson
] junction
I
0 0 cosine potential
I =1.sin(6 —

\ / T N _
1A hwo_/ Y = B dlos-0a) N — e
g \ huwg / T t ~
5|\t | 5

. ()
_ D
LJ T 27wl COS€91—02) ]
wo /27 ~ 5 GHz effective two-level system

hwo [k ~ 250 mK
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Nakamura et al., Nature 398, 786 (1999).
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qubit state is controlled by the pulse width.
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Scalable qubits

[EFavEa—T4>7)
IS A Fx i

Quantum version of Moore’s law

12
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Long decoherence time

W. D. Oliver et al.,
MRS Bulletin 38, 816 (2013).
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Requirements for quantum bit

e Scalable qub”:s D. P. DiVincenzo (1997)

* Initialization
R. Barends et al.,
e preparation of |0) state Nature 508, 500 (2014).

. i Fidelity
Universal quantum gate 99.92% for 1-qubit gate

* one-qubit gate and two-qubit gate  99.4% for 2-qubit gate

* Readout: projective measurement

» a|0) + 8[1) = 0 with probability |a|>  ~99% for readout
1 with probability |5

* Long decoherence time

* much longer than gate operation time
~ 10* — 10° times

: threshold for applicability of quantum error correction NEC

14
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Google IBM 127 qubit chip

https://twitter.com/jaygambetta
Arute et al, Nature 574, 505 (2019). /status/1460697552379076612

USTC 66 qubits

Zhu et al., Science Bulletin, 67, 240 (2022).
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https://www.jst.go.jp/moonshot/koubo/202002/pdf/pd_wgb.pdf
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M. H. Devoret et al., Science 339, 1169 (2013).
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Article

Exponential suppression of bit or phase
errors with cyclic error correction

€& Sycamore processor (54 qubits) D —&R % {8
& LUIFTICEE~_Treadout errorh ¥4 Z o= a1
& ancilla qubitBlTE (CEEENMIreset €L X (p/pth) 2
® OV AHILITT—AH. codedistance dlZxd L TIEEBEHKWICH DT 5 2 & A HER
& surface code TCRMEZ YD 7-IC1F, A4 DT T —%#IFRLE Y ~30% D S E2I2RELDH S,
Google Quantum Al, Nature 595, 383 (2021).
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RESEARCH Open Access

®|

Engineering cryogenic setups for 100-qubit &=
scale superconducting circuit systems

S.Krinner”"®, S. Storz', P. Kurpiers', P. Magnard', J. Heinsoo', R. Keller!, J. Liitolf', C. Eichler" and A. Wallraff’

& FARHAEIZ R transmonEFE Y PEBRIEREEZ SBEICEW HFISEKOLY 7 v 7B WT,
[El#f — 7 )LECHRIC £ B passive heat loadE EF v MEE/5EH L IZ & Bactive heat loadf@ A (22 Ly
T, REDH Y EFHZITW, b0EFE Y PETOFHEATHELN L —HT 5 T & = HERD

® bty Ty TOEMAIKRICEYIOEFE Y FMEEIFAIgEE BHNDE, BICWC DO DHEZITH Z
EIC& Y, HI0EFEY FETIEWITS DB,

EPJ Quantum Technology volume 6, 2 (2019).

20 \Orchestrating a brighter world N E.



RN Ry TR O 728 OB $E A

K7 T7AN—=FEHLICBEEETFE Y bl REBFERAHEE (IBM)

Fv FBae—L v MES

https://zephyrnet.com/ja/ibms-goldeneye-behind-
the-scenes-at-the-worlds-largest-dilution-
refrigerator/?amp=1

A. Gold et al., arXiv:2102.13293.

F. Lecocq et al.,

Nature 591, 575 (2021). JAWSE|FEIZ L A EE~ A 7 O KA
BETF v TS

A. Sirois et al.,
IEEE Trans. Quantum Eng. 1, 6002807 (2020).
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D. Rosenberg et al., IEEE Microw. Mag. 21, 72 (2020).
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