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Correccion de erros na computacion cuantica

« As computacions cuanticas requiren millons de operacions loxicas.

« A correccion de erros intrinsecos € posible, mais
« So para unha moderada fraccion dos cubits (<1% ?).
« De producirse aleatoria e independentemente, sen correlacions.

We are here
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Correccion de erros na computacion cuantica

Quantum error

correction - Enabled At scale
# Physical qubits | 10 = 100 100 - 1000 10% - 10¢
# Logical qubits - 1 10 - 1000+
Logical error 102 10?%-10* 10°¢-10"
We are here
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Beyond Logical qubit  1long-lived Tileable module Engineering Error-corrected
classical prototype logical qubit (logical gate) scale up quantum computer
v
M1 (2019) M2 (2023) M3 (2025+) M4 M5 Mé

Google Quantum Al Team. “Suppressing quantum errors by scaling a surface code logical qubit”.
https://blog.research.google/2023/02/suppressing-quantum-errors-by-scaling.html
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Efecto das radiacions ionizantes

A radiacién ionizante produce un gran numero de
erros correlacionados e duraderos

 joniza o medio, xerando fonons de alta enerxia
e electrons-ocos no medio [10 ns, 1 mm].

« Os fonons desprazanse e o 57% da sUa enerxia
convertese en quasiparticulas [300 ns, 3-6 mm]

* ... que termalizan radiando fonons de baixa
enerxia, rompendo pares de Cooper [1 ms, cm]

« Reduce os tempos de relaxacion T1 < 1 us
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Fig. 1 Nonequilibrium phonon, quasiparticle, and electron excita-
tions. a Schematic representation of the phonon (p) and quasi-
particle (q) excitations after the radiation event, with only a few
high-energy phonons. The vertical axis represents the state energy.
b After relaxation, the phonon energy has down-converted to
quasiparticle excitations in the superconductor and low-energy
(subgap) phonons. About 57% of the initial energy remains in the
quasiparticles. ¢ With a normal metal structure, most of the energy
has been channeled away from the superconductor and towards the
normal metal electrons (e), which is designed not to affect the qubit.

John M. Martinis. “Saving superconducting quantum processors from decay and correlated errors generated by gamma and cosmic rays”.
Quantum Information 7: 90, xuno 2021 (https://doi.org/10.1038/s41534-021-00431-0). Open Access.
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Primary cosmic rays

Radiacion ionizante
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Radiacion gamma ambiental
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Radiacion cosmica (muons)
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Fluxo: ~ 1 muon por cm? e minuto

A XUNTA

%

i DE GALICIA

" B SANGRc 00050 E
‘d(@@ I 0%0&*‘ O _
5(**)O o (o} *+o+ & ]
o i
4° © 4 .
) o
bﬁ o _
o
‘:.) o
o <o ]
o i
| JJIOIJlll Ll Ll
10 100 1000
Py [GeV/c]

jliom™%s7h)

10

08

06

04

0.2

Enerxia depositada no substrato: ~ 4 MeV/cm
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Deteccidn de radiacidon cosmica en Qmio

A radiacién ionizante produce un gran numero de erros correlacionados
« identificase pola abundancia de erros, asumindo a orixe cosmica.

e« nunca se detectou en coincidencia a radiacion cosmica e os seus
efectos no procesador durante unha computacion.

‘ Detector de cosmicos de alta eficiencia e resolucion para
o marcado do paso da radiacion cosmica en Qmio
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« 50 (75) barras escintilantes de 1 (i,5) m de lonxitude
« 100 (150) fotodetectores + sistema de alto voltaxe
« Electronica: TDC (ADC) + FPGA + PC
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Funcionamento do detector
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Eficiencia xeométrica: > 85%
Eficiencia instrinseca: > 99%
Resolucion temporal: < 100 ps

Resolucion espacial (6): < 1 cm T
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Resolucion en posicion
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Resolucion en posicion

Distancia ao Distancia entre | Resolucién no procesador | Resolucién no procesador
procesador (cm) planos (cm) para Oionga= 0,5 ¢cm (0, ¢cm) | para Oiongo=1cm (T, cm)
RO R
30 35 1,05 1,92
30 1,15 2,08
40 1,15 2,08
40 35 1,26 2,24 A
30 1,40 2,46
40 1,34 2,36 D2
>0 35 1,47 2,56 < LT ——
30 1,65 2,84 v
e [ \\ 1 —--\
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Moving forwards...

... The repetition code results demonstrate that low logical
error rates are posible in a superconducting system, but
finding and mitigating highly correlated errors such as

cosmic ray impacts will be an important area of research
moving forwards.

TeamGoogle Quantum Al.

Suppressing quantum errors by scaling a surface code logical qubit.
Nature 614, 676-681 (2023).

https://doi.org/10.1038/541586-022-05434-1
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... many interesting experiments.

The energy pulses from cosmic and gamma rays are clearly
an important issue for superconducting qubits, since
qubit errors and correlations in time and space will Kill
error correction by many orders of magnitude... There
are many interesting experiments to do soon to
demonstrate that an effective solution is possible.

J. Martinis, “Saving superconducting quantum processors from decay and
correlated errors generated by gamma and cosmic rays”

Quantum Information (2021) 7:90;
https://doi.org/10.1038/s41534-021-00431-0
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Figure 3.9: Actinium radioactive series [26]. It represents the successive decays
-, ; from the parent nucleus 2357 until the stable nucleus 297Pb is reached (black ‘:"
E square). The easiest nuclei to detect by gamma spectroscopy, because of their

outstanding photopeaks, are filled in grey (considering a small-sized germanium

detector).

Figure 3.10: Thorium radioactive series [26]. It represents the successive decays
from the parent nucleus 232Th until the stable nucleus ?°*Pb is reached (black
square). The easiest nuclei to detect by gamma spectroscopy, because of their out-
- Cofinanciado por standing photopeaks, are highlighted in grey (considering a small-sized germanium
detector).

Figure 3.8: Uranium radioactive series [26]. It represents the successive de-
cays from the parent nucleus 23U until the stable nucleus 2°°Pb is reached (black
square). The easiest nuclei to detect by gamma spectroscopy, because of their out-
standing photopeaks, are highlighted in grey (considering a small-sized germanium
detector).
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Distancia | Angulo cenital / | Lonxitude Distancia | Angulo cenital / | Lonxitude

(cm) % de césmicos (cm) (cm) % de césmicos (cm)
45° /81,8 % 60 45° /81,8 % 100

30 55°/91% 86 >0 55°/91% 143
65°/96,6 % 129 65°/96,6 % 215

45°/81,8% 80 45° /81,8 % 120

40 55°/91% 114 60 55°/91% 171
65°/96,6 % 172 65° /96,6 % 257

Tdboa 1: Cdlculo da lonxitude total (diametro no caso de detector circular) que permite cubrir un determinado
dngulo cenital de 45°, 55° e 65° para os raios césmicos que cruzan o procesador, en funcion da distancia do plano

/)

detector. Incluese o porcentaxe da distribucion entrante da radiacién césmica cuberto dentro de ese dngulo cenital.
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Distanciaao | Angular cenital | Angular cenital Porcentaxe da Porcentaxe da
procesador | maximo parao maximo para o distribucion distribucion
(cm) plano 1 (graos) | plano 2 (graos) | entrante (plano 1) | entrante (plano 2)

30 59,0 68,2 93,66 % 97,73 %

40 51,3 61,9 88,06 % 95,23 %

50 45,0 56,3 81,83 % 91,94 %

60 39,8 51,3 75,53 % 88,06 %

70 35,5 47,0 69,54 % 83,97 %

80 32,0 43,2 64,16 % 79,77 %

Tdboa 2: Cobertura angular (angulo cenital mdximo detectable) e porcentaxe da distribucidn de radiacién césmicos
incidente no dispositivo cudntico detectable en funcion da distancia entre os planos de deteccion e o procesador. A
informacion avaliase para cada plano por separado por mor do seu diferente tamafio nesta proposta.
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A iniciativa do Polo de Tecnoloxias Cuanticas de Galicia conta con financiamento de:

Fondos REACT EU

AXENCIA
GALEGA DE
INNOVACION

(& Xacobeo 2122 / / CESGA

Cantro de Supercamputacian de Galicia

UNION EUROPEA

Despregamento dunha infraestrutura baseada en tecnoloxias cuédnticas da informacién que permita impulsar a 1+D+i en Galicia.
Apoiar a transicidn cara a unha economia dixital.

Operacion financiada pola Unién Europea, a través do FONDO EUROPEO DE DESENVOLVEMENTO REXIONAL (FEDER), como parte da resposta da Union &
pandemia da COVID-19.

PROGRAMA OPERATIVO
FEDER GALICIA Unha maneira de facer Europa
2014-2020



