iledeFrance
Demain s'invente ici
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Quantum Computing axis
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@ Quantum computing axis : the board

Patrice Bertet Service de Physique de I’Etat Condensé
CEA/CNRS

lordanis Kerenidis Institut de Recherche en Informatique Fondamentale
CNRS/Université Paris-Diderot

Michel Brune Laboratoire Kastler-Brossel
CNRS/Ecole Normale Supérieure/Université Pierre-et-Marie-Curie

Centre de Nanosciences et de Nanotechnologie
Loic Lanco CNRS

Equipe SECRET
Jean-Pierre Tillich INRIA

24 groups , half experimental half theoretical
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e iledeFrance
Demain s'invente ici

A guantum Turing machine
based on a universal set of gates

? ?

TH=EE=HT

- qubit: 2-level-system |w> = a| O> +b |1> resetable to |O>

- A few single qubit gates U1|l,u> : | set
universal se

- a 2-qubit entangling gate U, |050,0£1, 052,053>00 01,10,11

- qubit readout with high fidelity

SIRTEQ Kick-off meeting 20 october 2017- I0OGS



Présentateur
Commentaires de présentation
Participants: 
M. Leduc, J.M. Raimond, E. Giacobino, T. Kontos, A. Leverrier, I. Kerenidis, F. Pereira, H. Perrin, P. Bertet, E. Diamanti, I Favero,  P Grangier, Y Hodroj


n
1

n qubits =) N = 2" basis states ‘OlOOOl...l} =| p)

Universal reversible single- and two-qubit gates arranged sequentially.

keSS T T T - --=-=-"--"=-=-""="-="-=-"=-=-=-=-"=-"=-="7====%= [
: % '
: |
' [0) s ” .
: |
| | |
| o) — (X)—o O |
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O |
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|
i M |
' [0) S—y)—o |
|

qubits
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o n . .
Quantum computing major obstacle: decoherence

registre W) =,0,0,...,0)+|1,0,..,0)+..+ a,,  [11,..,1)
Relaxation (spontaneous emission) Pure dephasing
qubit j environnement low-frequency noise
Aq(t)
- == == ) ==
) |ha)01 =) | E =E= ho (1)
t
|1>_ a ()>J_ +pel?® 1>j low-frequency noise
J
1 ip(t) | @ T2t
Tl o 1_‘1 F(p <e > €
_ I
T,'=I,=T, +=+
2
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») x :
Quantum Error Correction

Use redundancy (despite non-cloning)
Example: relaxation (bit-flip) correction (/0.)]1,)) =(|000),|111))

bit flip detection correction
ornot  (uy.uz)) (v1|v2)

W) =2al0)+hl,) m— e T e

el
i

Works if error/gate < certain threshold.

Y

d

For « surface code », threshold < 1%
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> x . :
Quantum computing : algorithms

What could be done with a quantum computer ?
e Search and optimization problems (Grover, ...)
e Factorization of large numbers (Shor)

* Find the energy spectrum of molecules

Big industrial investments ongoing

Faster, more po
more versatile con
Iind cut more about topalagics
guantum compuling
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- x . :
Quantum computing : outstanding challenges

Fault-tolerant quantum computation

B

Complexity

Algorithms on multiple logical qubits
Operations on single logical qubits
Logical memory with longer lifetime than physical qubits
QND measurements for error correction and control

Algorithms on multiple physical qubits
R. Schoelkopf & M. Devoret,

Operations on single physical qubits Nature (2013)

e
>

Time

Experimental

* Improve coherence time of existing qubits

e Find best physical platform

* Improve the accuracy of gates and qubit readout

Theoretical (see talk by E. Kashefi)

e Improve/Find new Quantum Error Correcting codes (less overhead needed)

e Explore Quantum Error Correction under more realistic noise models

* Explore « small-scale » implementations with realistic numbers of qubits, of gates,
and of qubit control accuracy

* Find new algorithms

' IQUPS workshop on Quantum Computing at CEA Saclay, 13/14 December 2017@
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lledeFrance Physical platforms within SIRTEQ

Demain s’invente ici

Superconducting Semiconducting quantum dots
circuits in @ microcavity

Rydberg atoms coupled

. ; Photonic quantum states
to microwave cavity
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>
Highlights (1) : Grover’s algorithm with superconducting qubits

A. Dewes et al., PRL (2011)
A. Dewes et al., PRB (2011)

Quantronics group, SPEC, CEA Saclay

/
readout o
resonator H

J..'

frequency
control

- QO plreplaregl Ql plreplareld .10 plreplareq .11 plreplareql
Two-transmon 67 %
processor
+ quantum speedup
in Grover search
algorithm 0.0

0.5

00 01 10 11 00 01 10 11 00 01 10 11 00 01 10 11

In one run of the experiment, the success rate is larger than the largest possible
classical success rate of 50% : QUANTUM SPEEDUP
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Highlights (2) : Shor’s algorithm with trapped ions

T. Monz et al., Science 2016 (R. Blatt’s group)

A
ancilla | =Ll c
register 4 [
— =
en:_ndld Vo }: T
register ¥ E
— m
(H
0 {H H
q,}=0
q?;::l:l
"7'1:5?:J B Shor: 15 base 2 Shor: 15 base 7 Shor: 15 base 8 Shor: 15 base 11 Shor: 15 base 13
Ag/=1 — 42 550 =097 550 =0.96 550 =097 550 =080 550 =0.97
B p——n P —p B
D \
0;--|EJ—T—|EI-I§E1D;~ poHEHA ) (i ——eoH=EHAHA "
q5/=0 = &
q,/=0 = E =08
l:"1::=|:I - - ib'g
qg/=1 & | = | %%
{2, 7.8 13/ mod 15 {2,7, 2 12} mod 15 {2, 7.8 13} mod 15 EE 0.6
5%
]
E ¥ 4 ¥ J % 0.4
3 ] Iy | =
x B A 7 0.2
2! mod 15 71 mod 15 &1 mod 15 111 mod 15 131 mod 15

008 -
01234567 01234587 01234567 01234567 012345867
QFT output state

Correct factoring of 15 with 99% probability
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Conclusion

* Despite recent advances, remain major experimental and theoretical
challenges to tackle before interesting problems can be treated
by quantum processors, with or without Quantum Error Correction

e SIRTEQ will provide strong incentive to join experimental and theoretical
efforts, which are key to future breakthroughs
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