Jiakai Wang,' Raymond A. Mencia,% 3 Vladimir E. Manucharyan,? 3 and Maxim G. Vavilov?
'Department of Physics, University of Wisconsin-Madison, Madison, Wl 563562, USA

?Institute of Physics, Ecole Polytechnique Federale de Lausanne, 1015 Lausanne, Switzerland
SDepartment of Physics, University of Maryland, College Park, MD 20742, USA

6N Detecting leakage in integer fluxonium qubits
\J,

Department of Physics

UNIVERSITY OF WISCONSIN-MADISON

Choosing how to drive & SNR Effect on computational subspace

_ _ Setup Non-conventional drive frequency and time Error analysis
1. Integer fluxonium has a leakage issue, we o ,
may want to detect leakage instead of using Frequency tunable resonator Tobreduce dephasing in computational Dephasing:
|eaka e redUCtiOn UnitS " . . . . . SU Space N (Plot from Nesterov et al. Phys. Rev. A 101, 052321 (2020))
9 Capacitive coupling in the dispersive regime 2Re<a> ) o 1. Coherent phase-smearing:
: 2 K = 2X 'y
2. Le_akag_e detection enab!es new wX Without decay, 10~3 error rate
configurations of computational subspace \ ) Im(@) S| -
6 T0) 0 = No(t)=N(1) - c A — 1 — 1\ 2
we!  we = 1Ant tAnt _— = (Ant
(eAnt) = iATt o= 5 (AT)
i Pext=0 o 0 '
6 0 wéx 27/ . 6.8013
) aid - R2€<d> | 15 £ 0005~ | % 68012 Canri T2
! e | Z 0.004 A - 6.8011 -
5 NEANIR Im(a) = 5 5 0.004 3
9 wgl) wgo) w 0 <\@/ tﬁ 0 - | | | |
O . . — 0O 100 200 300 0 10 20 30 40 50 60 >-8010 0 10 20 30 40 50 60
5 Requirements for leakage detection 5 A0 t (n9 s ,
NR 0
~ () 0 T/x  2m/X 2. Measurement rate / readout dephasing / loss of
o] XL 7é X1; ‘Xl o X2| ~ Option-1, Simple criterion in terms of field in information to output field:
resonator: , , Very small
- . . out __ m
Leveraging fluxonium selection rule Qo/p =0 T VKb 2k (xa — xb)?
g Re|pqp] = :
A N A~ 4A_|_a2_|_2_|_4A_|_ 2_|_2
1,(r) = M) = M1(r) = V& [ lag"(t) - ag*(0)dt, AR R e
1 A\ |2 X Amplitude damping:
=gy (LT o (r) — N () y ke
J Wi — Wi — Wy 2 |7) SNR(1) = —= - o Observed more bit-flip when decay is on, but less than
. . . g ’ S [6Ma(T) + 6 My (7)) KT /2 phase-smearing
Qubit configuration (i g ) 12 3 | | | -~
I it 0 = 2) Option-2 using Q-function to simulate
J ’ - 1) distribution of instantaneous readout signal
C 10-3 -
. . 0- 0)
e-f integer fluxonium 21 8- 10-4 -
6_
1. e-f subspace is very low-frequency 50 -10 00 10 20 4- "
(amplitude of consecutive single well ) 30 ¢/(2m) °1 2- 107 -
_ a) 3. if 1 0 .
tunneling) o ;l‘\i 5] o 200 1070 4 —— Poit (MC)
2. Far smaller charge matrix element | i t (ns) , — 1-7(MQ
. . ¥ 10- S --- SNR 10775 — 1 SE
3. Long coherence time when capacitive loss s | €7%1 —— SNR-weighted — 7 (SE)
is the dominant source of error S 00- | | | .
= ; _6 - 0 100 200 300
1.0 i
2.0 : : : — : -8 1
6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0
e N\ w, (GHZ2)
f) " -10 -
Pp < [ € .
e) -10 -8 -6 -4 -2 0 2
Re[a]
t = Ons t =70ns t = 140ns t = 210ns t = 280ns t = 347/ns e Fluxonium readout is meSSy! Can we use
10 - 10 - 10 - 10 - 10 - T o
D o [0 X another type of circuit element”
R é ) .- ) & ) / « Experimentally measure the coherence
£ @© © / time
9) 10- 1p- 10- 10- 10 . What else is possible with IFQ fluxonium?
\- / -10 0 10 -10 0 10 -10 0 10 -10 0 10 -10 0 10




