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cold atom

atom control

trapped ions

nuclear spins (NMR)

superconductors

silicon & other
+ SiGe & GaAs

electrons control

topological

cavity vacancies

photons

flying electrons

" %o

%o °

Rydberg-Rydberg and ground-Rydberg (simul), ground-ground (gates)
nuclear spins

hybrid atoms-ions

fermionic quantum computing

atom ensembles / superatoms

magnetic (Zeeman) (10s MHz) —e dual ions for computing and cooling
hyperfine (GHz)
fine (10s THz)
optical (100s THz)

Penning traps : electrode controls
Paul traps : electrodes control
qCCD : microwave gates

Rydberg states
zero-m
charge transmon coaxmon i
flux fluxonium bosonic qubits =
GKP codes
quantum dots dual rail

carbon nanospheres
carbon nanotubes

ar spin

hole spins

electron spins

orbital spins

donor electron and nucle

——=@ majorana fermions

spin on helium or neon

NV centers
other cavities: T/W/G/C centers, SiC, SiV, SnV, transition metals, ...

unique photons cluster states? MBQC
§ continuous variables non gaussian states FBQC
coherent Ising machines boson sampling / GBS
-
o o eoe ‘oo’
— ’ f%o T" J—
L] —
L] L]
' %0
oe %o f%o ’,,A
’ o Y ~
%o L «
“w o ~ e
| —
Y

%0

qubit type: collective quantum object

qubit type:individual quantum object



“ electrons controlled spin and microwave cavities m

trapped ions cold atoms annealing
Q done Diwave
SILMANIARO

@ Inﬂeqtlon
/\ computlhg

L |
eleQtron
FOXconn

GJ\, st CRYSTAL

NEGT €4 QUDORA
o
AUriQ Hraco

cold atoms

about 1 um space

superconducting silicon vacancies
rigetti | - u%{:l @
amazon Google e Quodly
o QUANTUM aXOﬂQ
qlefi, QU e m3ing
= @ i . di
ORC | I M D i, @diraq photomc Y
|EeroQ ° @ Quantum
. NAREZ | cqualilabs ©12 = SQUTEC
Ah\’Oh‘ ATLANTIC xEE=
Om ArcHer P uiirsu
FU]ITSU Q@eLNB @NT‘I‘
Peak Groove
Quantum Quantum
Z-Axis Quantum
o o

trapped ions

about 1 um space

qubit size between atoms between atoms
best two qubits 99.84% (56 q,
gates fidelities 89.5% (QuErs] Quantinuum)
best readout
fidelity 97% 99.99%
best gate time =1ns 0.1to 4 ps
best T, »>1s 0,25-10mn
qubits < 1mK <1lmK
temperature  4Kforvacuum pump 4K cryostat
operational 1,600
qubits (Inflegtion) 35 (Quantinuurn)
" up to 10,000s 1000s, with
scalability per QPU multiple traps
€ .

superconducting

(100u)?

99.68% (IBM
Heron r2)

99.4%

20 ns to 300 ns
100-400us

15mK
dilution cryostat

156 (IBM)
72 (China)

<1,000 per chip

R
X
8

siGe

silicon

(100nm)?2

>99% (SiGe)

99% (SiGe)
=5 s
20-120us
100mK-1K

dilution cryostat
12 (Intel) in SiGe

potentially
millions

topological

B Microsoft
@UOHERENT

&QUANTUM

NO<IA

" o0
6, o
0
NV centers

<(100nm)?
99.2%

98%

10-700 ns
2.4ms

4K to RT

5 (Quantum
Brilliance)-10

unknown

photons

W PsiQuantum
QUAM:ELA

XANADU .

DunLTd
Ve e ;u m W

' GBosoi
QCi photonics®).

(O) auanrusnce

... aegiq

Bardeer\ﬂ

Ay

photons
nanophotonics
waveguides lengths, MZ1,
PBS, ete
99% (but
probabilistic)
89% (efficiency)

<lns
23 g time of flight

1.8K-4K for photons
gen. & det.

216 modes GBS
(Xanadu)

100s-1M in
multiple circuits
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https://arxiv.org/abs/2304.14360
https://arxiv.org/abs/2304.14360
https://arxiv.org/pdf/1904.04178.pdf
https://arxiv.org/pdf/2009.00568.pdf
https://www.infineon.com/cms/en/product/promopages/trapped-ions/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.130505
https://iopscience.iop.org/article/10.1088/1361-6528/abb333/pdf
https://iopscience.iop.org/article/10.1088/1361-6528/abb333/pdf
https://aip.scitation.org/doi/pdf/10.1063/5.0007444
https://aip.scitation.org/doi/pdf/10.1063/5.0007444
https://aip.scitation.org/doi/pdf/10.1063/5.0007444

nombre de qubits physiques

1
100.00%

Cold atoms

Donor spin
Photons o 29
silicon =z 4 ,g
Superconducting gL
Trapped i
rapped ions P
d
P e I TI LI
ea
@ ® ®
L2 P zone NISQ
® @ sans QEM
[ ] ®
[ s 1]
° oe vy ® e
[ 1 ] [
®
® ® °
L] L ]
e
L ] @
L ® o
L 2
L
10.00% 1.00% 0.10% 0.01%
taux d'erreur des portes a deux qubits
§ , ,o
%o e o o ecoe
%o - %0 - -
9 ~ %0 ° 13 —

>100 qubits en régime
NISQ, exploitant de la
mitigation d’erreurs
(Quantum Error Mitigation)



challenges

solutions

caveats

superconducting

noise and crosstalk 2 with

# of qubits.

electronics energetic cost.
scaling cabling, circulators.

scaling cryostats.

materials improvement.
3D chipset stacking.
cryo-CMOS or SFQ.

* microwave signals

multiplexing.

more powerful
cryostats, JJ circulators.
scale-out with photons.

photonic interconnect
overhead and statistics.
energetic cost of
microwave multiplexing
and control drive.

SFQ backaction on qubits.

.

.

neutral atoms

atom controls beyond
1,000 qubits.

harder to implement
gate-based QC and
QND.

movable atoms for
2-qubit gates and
readout.

multiple elements.
more powerful lasers.
atoms/photon
conversion for
interconnect.

gate control precision.

losing the atom while
computing.

potential applicability
limited to mid-scale
simulations.

y — %0

trapped ions

slow gate speed.
scaling >50 qubits.
ion heating.
control signals
variability.

QCCD and microwave
qubit drive.

ions shuttling.
multiple elements.
Rydberg states ions.
QPU photonic
interconnect.

photonic

interconnect viability.

photonic
interconnect
statistics and impact
on speedups.

silicon spins

controlled
electrostatic potential.
error correction.
qubits entanglement.
fab cycle time.

material and interfaces
improvement.
integrated
cryoelectronics.

more powerful
cryostats.

more efficient fabs
(GF).

understanding noise
sources.

scalability potential is
capital intensive.
2-qubit gates fidelities
improving slowly.

photons

+ creating entangled
photons cluster states.

= photon losses in circuits.

= photon detectors
efficiency.

+ bright & deterministic
photon sources.

= deterministic sources
of cluster states.

+ MBQC / FBQC models.

= hybrid integrated
nanophotonics.

= photon routing.

= photon statistics.

= small cluster states.

= nanophotonic circuit
losses.

= probabilities
everywhere.
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