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‘Delay’ Interleaved Randomized Benchmarking 
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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
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‘Delay’ Interleaved Randomized Benchmarking 
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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
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Spectator qubit Effect
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Coherence Limit Error (Theoretical)
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Delay IRB (Experimental)
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‘Delay’ IRB vs CLE 

Gate = Incoherent(qubit)+coherent (gate)

Delay = Incoherent(qubit)+coherent (gate)
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1qubit CLE vs Delay error vs Gate error 
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2qubit CLE vs 2qDelay error vs CX Gate error 
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 2qubit delay error > 

CLE

 2qubit delay> 

CX Gate error



Cause of high Delay error 

 Delay error> 

CLE

 Delay error> 

Gate(X) error

 Cause :

Phase error 

(Z error)
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Cause of high 2q Delay error
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 2qubit delay error > 

CLE

 2qubit delay> 

CX Gate error

 Cause :

Phase error 

(ZI, IZ error) +

ZZ interaction



Error source
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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

 CX error < 2q Delay  

ZZ’ +gate calibration< ZZ

 CX error > 2q Delay

ZZ’+gate calibration> ZZ
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‘Delay’ Interleaved Randomized Benchmarking 
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Belem_q3q4 : CXGate error< 
2q Delay error

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.


