Introduction and Overview (Preskills Notes)

Controlled-NOT (CNOT)  Truth Table

C ‘ C C|T|COT
(Control) ol| O o)
flip T iff C=1 o|L 1
110 1
JAA\ - =
T N COT | 1|1]| o
(Target)

Quantum Circuit for joint measurement

C Measurement in
{10, 11>} basis
yields C®T
T A

Measurement
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Circuit maps logical basis states as

CNOT meas. CNOT
C|T C| T C|T C|T
O |0 OO0 6|0 010
1|1 » 1[0 » 110 » 111
O|1 0|1 Ol1 o |1
110 1141 111 110

r N\
T=0 iffsame

T =+ ¢ iff different

Full circuit to obtain Error Syndrome
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% iff qubit flip, binary address = (ao@z,xeagj
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Circuit maps logical basis states as
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CNOT m?ras' CNOT
C|T C | T C|T C|T
O |0 O|0 c |0 ofo0
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T=0 iff same
T + ¢ iff different

Full circuit to obtain Error Syndrome
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% iif qubit flip, binary address = (10@2}x$2j

o= o>
uantum Phase Error
Q LD = =11
Encodin
g o v 2

- _ |
> 0> " % (lo)i-l0)[10)‘&11‘))(163-1-11))

115 317 = 0 (105= 1) (Ioy =) 109- 125 )

J\,;._[lo)ﬂ'z)\ = o'

Relabel r

3. (o>=145) = 12D
Measure N 't ol
inbasis ¢ 071> Yol X'02

Error Syndrome
% Iff phase error, binary address = (Y'@ 2') X‘@l’)

% Analogous to bit-flip code, just in
different basis
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0> o>

uantum Phase Error
Q 11 = =117

Encoding . : '
I y 2
0>~ [0> iy (lo)i—l13)(!0)'6‘115)(163-1-/1))

115 > 137 25'/2 (105>~ 117')(10’)-10‘)[10’)-11)\
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£ Uo> e = [or

Relabel t

4 (o>=145) = 12D
Measure N L
opons  flo, (0] > Yo, xX'e2

Error Syndrome

% Iff phase error, binary address = (Y'@ 2') X‘@l’)

% Analogous to bit-flip code, just in
different basis

Shor’s 9-bit code

% Combines flip/phase error correction

% Corrects one flip or phase error

General principle of error correction

% Encode p logical qubits in n physical qubits.

% Valid Logical States form 2P—dimensional
subspace &, (code space) in n-qubit
(2"-dimensional) Hilbert space &,

% Errors displace system into orthogonal
(distinguishable) subspaces.
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Geometric illustration

Shor’s 9-bit code

% Combines flip/phase error correction

% Corrects one flip or phase error
&

code space

General principle of error correction What about non-Unitary errors?
. . . . . >
* Encode p logical qubits in n physical qubits. 16 = 165 I
e. g., decay
% Valid Logical States form 2P-dimensional 15— L0
. . [0
subspace &, (code space) in n-qubit
(2"-dimensional) Hilbert space £ Problem: Errors not displaced into
orthogonal subspaces
% Errors displace system into orthogonal Solution:  ”Quantum jump codes”,
(distinguishable) subspaces. monitors the environment

Other kinds of errors?




Introduction and Overview (Preskills Notes) 2-05-2024

Catnip for Theoretical Physicists & Computer Scientists
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Catnip for Theoretical Physicists & Computer Scientists

Showing 1-50 of 4,633 results for all: Quantum Error Correction
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Quantum Hardware

Physical Implementation is
Extremely demanding !

Requirements
1. Storage: Quantum memory.

2. Gates: We put computation U, together
from 1 and 2-qubit operations.

3. Readout: Method to measure qubits.

4. Isolation: No coupling to environment
to avoid decoherence & errors

5. Precision: Gates, readouts must be
highly accurate
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Inherent Contradictions

2.Gates vs 4. Isolation
* *
coupling between no coupling to
qubits environment

To build a Quantum Computer:

Choose, find or invent a system
with acceptable tradeoffs.

6. Error Correction must not create
more errors than it corrects.

—-

7. Thresholds for Error Correction
and Fault Tolerance
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Inherent Contradictions

2. Gates VS 4. lIsolation

+ +
coupling between no coupling to
qubits environment

To build a Quantum Computer:

Choose, find or invent a system
with acceptable tradeoffs.

6. Error Correction must not create
more errors than it corrects.

— -

7. Thresholds for Error Correction
and Fault Tolerance
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lon Trap Quantum Computing

First to demonstrate a Quantum Gate

% Qubit is encoded in the electronic
ground state of an atomic ion

le>

Raman
coupling

Qe 11
19> _L _

10>

% Early design with a few ions in large trap
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lon Trap Quantum Computing

First to demonstrate a Quantum Gate

% Qubit is encoded in the electronic
ground state of an atomic ion

le>

Raman
coupling

Q22 >
19> _é -

10>

% Early design with a few ions in large trap
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Requirements
1. Storage: 10s-100s coherence time

Use collective vibrations as
“gquantum bus”

2. Gates:

le>
3. Readout: Fluorescence /
“bright” —— IQ\Q
“dark” 1%0

Cirac & Zoller: 5 laser pulses

CNOT gate between any
2 ions in linear array

Wineland: 3 laser pulses enough for CNOT

Use this example serves
as conceptual template
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lon Trap Quantum Computing

First to demonstrate a Quantum Gate

% Qubit is encoded in the electronic
ground state of an atomic ion

le>

Raman
coupling

Q22 >
19> _é -

10>

% Early design with a few ions in large trap
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% Scaling up in Linear lon Traps

% Limitations
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