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What is IRB?
(Interleaved Randomized
Benchmarking)
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Single-qubit Pauli-X error
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What is IRB? £S Qiskit
(Interleaved Randomized Benchmarking)
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alpha = 0.9726 = 0.001746
EPC = 0.02054 = 0.001309
EPG_cx = 0.01182 = 8.5076e-04

Fit Y2 = 0.1689
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What is IRB?

€S Qiskit

(Interleaved Randomized Benchmarking)
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alpha = 0.9986 + 1.1172e-04
alpha_c = 0.9991 = 1.3941e-04
EPC = 4.5514e-04 + 6.9703e-05

Fit x2 = 0.07659
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‘Delay’ Interleaved Randomized Benchmarking & Qiskit

0. Interleave Arbitrary duration of Delay

1. Delay IRB vs Theoretical Coherence Limit Error(CLE)

2. Spectator qubit’s effect on other qubit’s gate operation



Identity vs Delay £ Qiskit
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‘Delay’ Interleaved Randomized Benchmarking & Qiskit

0. Interleave Arbitrary duration of Delay

1. Spectator qubit’s effect on other qubit’s gate operation

2. Delay IRB vs Theoretical Coherence Limit Error(CLE)



Spectator qubit Effect & Qiskit

3QIRB : 2QIRB
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Spectator qubit Effect & Qiskit

3QIRB : 2QIRB
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‘Delay’ IRB vs CLE &S Qiskit

Coherence Limit Error (Theoretical)

nairobi_q45=RBUtils.coherence_limit_error(2,
backend.properties() gate_length('cx',(4,5))L

1sk| backend.properties().tl1(4),backend.properties().t1(5)],
E;;=[backend.properties().t1(4),backend.properties().t1(5)])
print(f'{qubit} CLE is {nairobi_q45} on {date}')

nairobi_q45 CLE is ©.0027267824762555294 on 2022-05-30 11:11:13.53!

Delay IRB (Experimental)
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1qubit CLE vs Delay error vs Gate error & Qiskit

v Delay error>
CLE

v Delay error>
Gate(X) error

IBM Quantum / © 2021 IBM Corporation

Delay

X.,Delay Correlation Delay,CLE Correlation
00010 00010
guadalupe_q0
@ belem_q0.3
e nairobi 0,145
0.0008 A popog { @ toronto ql.8
00006 1 Delay>X Delay<X 0.0006 1
-
W
00004 00004 1
CLE<Delay
d's
00002 1 guadalupe_q0 0.0002 1 ° = @
- telem_q0.3 °
® nairobi 0,145
® fwronto ql.8
00000 v T v T 00000 T T T Y
00000 00002 00004 00006 00008 00010 0.0000 00002 00004 00006 ¢ 0008 00010

X Delay

11



2qubit CLE vs 2gDelay error vs CX Gate error

CX.2qDelay Correlation

CX,CLE Correlation

€S Qiskit

v’ 2qubit delay error 03 0030 .
® belem q0.1 ql.2
CLE guadalupe q0,1 q3.5
0025 2qDelay>CX 2qDelay<CX 0025 1 belem q3.4
® nairobi_all
a ® toronto 98,11 ql.4, 96,7.q16.19
v’ 2qubit delay> - 9811 q14.q
L ° ° ® santiago q3.4
0020 1 @ 00201 e 4
CX Gate error “ tolkata_q23.2
0
v J CLE<CX
& 015 g 0015
&
o
010 1 ® Dbelem q0,1 ql.2 0010
b/ guadalupe _q0,1 q3.5
belem 3.4 o E)
b/ : ©
00 ° ® nairobi_all 0.005 -
® toronto_g8.11 ql.4. 96,7.q16,19 @ °
® santiago q3.4 o® .. o
® |olkata 23,24
0000 v v - T 0000 T .
000 001 002 003 004 005 000 001 02 004

x

IBM Quantum / © 2021 IBM Corporation

005

12



Cause of high Delay error

X.,Delay Correlation

€S Qiskit

Delay,CLE Correlation
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Cause of high 2q Delay error & Qiskit

CX.2qDelay Correlation CX.CLE Correlation
.
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Error source £ Qiskit

Coherence limit error = CLE(qubit decoherence)

Delay error (IRB) = CLE+ ZZ error( cross talk)
CX gate (IRB) = CLE+ ZZ'(suppressed ZZ error within the gate calibration)+gate calibration error
6% CX,2qDelay Correlation
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‘Delay’ Interleaved Randomized Benchmarking & Qiskit

Delay support in Interleaved Randomized
Benchmarking #776

¥ Merged

chriseclectic merged 12 commits into Qiskit:main from bicycle315:delay IRB (0] on 28 Apr

duration=backend.properties().gate_length('cx',(1,3))/backend.configuration().dt
delay _qc = QuantumCircuit(2)
delay_qc.delay(round(duration), [©], unit="dt")
delay qc.delay(round(duration), [1], unit="dt")
int_exp2 = InterleavedRB(
interleaved_element=delay qc, qubits=[1,3], lengths=lengths, num_samples=num_
int_exp2.set_transpile_options(scheduling_method='asap')
# Run
int_expdata2 = int_exp2.run(backend, shots=1000).block_for_results()
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Belem_qg39g4 : CXGate error<

2q Delay error
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This was the extreme case for me observing
interleaving 2q Delay makes the channel more
noisy than interleaving CXgate.

intuitively, doing nothing looks more stable
but the result was not.

Even if we do nothing, there could be a
significant unwanted interaction among
qubits which induce qubit crosstalk error.



