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Python code to drive instruments and acquire data

Edit Selection View Go Run Terminal Help £ search
ColdLibra X  main.py

C: > Users > cold > Documents > ProveQucodes > NoQibo > @ ColdLibraryv3.py > ... C: > Users 2 cold > Documents > ProveQucodes > NoQibo > main.py > ...
1 limpor‘t nidagmx - Run Cell | Run | Debug Cell
import matplotlib.pyplot as
import numpy as np from ColdLibraryv3 import *
import pyvisa import matplotlib.pyplot as plt
import ctypes import
from time import sleep from tkinter.filedialog import asksaveasfilename as filesave

from picosdk.ps5@8@a import ps5@@@a as ps from tkinter.filedialog import askopenfilename as fileload Deve lo ped python
from picosdk.device import import datetime
import gcodes.instrument drivers.rohde schwarz.SGS100A as import

import smdevice.sm_api as modules = { SOftwa I’e WhiCh calls

from picosdk.functions import adc2mV, assert_pico_ok, mV2adc
"Keysight" : "GPIB@::1@::INSTR",

°
"Keysight_black": "GPIB@::12::INSTR", t t t l
def setget(inst,command,*value): ”Rs:§;§1aaa"?c'<"rcplpa: :192.168.2.1@3: : inste: rou I n e S O re mO e y

if len(value)==8: "RS_SMA1@@B" : "TCPIP@::192.168.2.102::inst@::IN o
value = inst.query(command+'?") "SignalHound" : "20044268", control
print(f'{command}: ' ,value) "picoscope”: "GQ885€@99",

else: "VWNA" : "GPIB@::17::INSTR" . .
e wrive(comanast {usluelelr ’ Instrumentations
value =

return value VNASpectroscopy (start,stop,N):

Tuning(start,stop,N):
ss VNA():

s NIDAQ(): Rabi(period, start,stop,N):
with K335( modules['Keysight']) as ks, RS(modules['RS_SMA1@@B']) as rs, RS(modules['RS_SGS100A']) as 1

s K335():
def _ init_ (self, address="GPIB@::1@::INSTR"): -freq(7.4394e9)

rm = pyvisa.ResourceManager() -power(21)

self.inst = rm.open_resource(address) -phase_ref("EXT")

.output('ON")
__enter__(self):
return self

__exit_ (self, exc_type, exc_val, exc_tb): -waveform(‘PULS")
self.inst.close() .burst_state(1)
.burst_cycles(2)
waveform(self, *type): -burst_period(14e-6)
return setget(self.inst, 'FUNC',*type) -trigger_src('EXT')
.trigger_slope('NEG")
output(self, *state): .load('INF')
return setget(self.inst, 'OUTP',*state) .low(®)
.high(@.6)
amp (self, *amp):
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The main measurements

* Qubit spectroscopy > xX.ag
* Rabi > T pulse
* Coherence > T4
* Ramsey > T,
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The TIl qubit in Al cavity

Technology
TI I Innovation
Institute

Qubit and cavity from
Abu Dhabi

Q = (1.78 + 0.9) - 105

Al alloy
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1 tone spectroscopy

Parameters are defined as

: 2
Bare cavity frequency v =y X12 Yii = 9ij
— A0l T T Ij — A
v,=7.268 GHz 1o 2 A;j
0
—-20 -IGEJ A01=wq'wr
_5 -30 O
—40 ©
g0 S
= 50 C
g ~15 .g From 1-tone spectroscopy
o 00 9 extract xo1
—-20 E
—70 2 1 X
12
80 = o= ((+=7) = ~10.240.1 MHz
—=90
=30

7.2650 7.2675 7.2700 7.2725 7.2750 7.2775 7 2800 7.2825
Frequencyyna [GHZz]

Qublt in ground state
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Transmission coefficient

=221

_24 4

—26

—28
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2 tone spectroscopy

<
«

I
Number of photonsincavity4 32 1 0

’ “ 2y/21
fa = 7.227 GHz 1
Pyxa= -30 dBm ’
634 636 638 640 642  6.44

founit [GHZ]

Xo1 _  10.240.2 MHz

2T

X _ 3.41+0.08 MHz From 2-tone spectroscopy
2m extract 2y

X12 _ _13.6+0.3MHz

2T

From the first peak extract the
qubit frequency:

®|0)

2T =E(

wg + Xo1) = 6.4194 GHz

Wq
— = 6.4296 GHz
21T
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Coupling and anharmonicity

From detuning and y extract

the coupling
g?.

Dor _ . _ pp——_ Jo1
- = Vg —Vr=—839MHz , X A m— 5 = 92.5+1 MHz

.. . A1z

Similarly, estimate the A, o —1260+40 MHz
m
Now one can extract anharmonicity and capacity
Aog1 — Ay = Wp1 — W1y = 21T, Anharmonicity = a =421+84 MHz

— ha = o= C = 46x5fF
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Readout
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Time [ps]
For every fixed pump frequency
and power, one finds a 1 pulse
Fit function from Rabi oscillations

P,=A cos(Qpt)e~t/M

Chevron plot (Rabi measurements
for different detunings)
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>
n-pulse
-~
D SEEREEEE >
t Readout
e CRREEET R >

Fixing the 1 pulse, extract T4
from decay measurements

Relaxation

1.0~

0.8 -

0.6 1

0.2 -

0.0 -

Fit function

Pp=A(—-e /M)

data
fit

T,=8.68+0.72 ps

10 15 20 25

Time [us]
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Ramsey (coherence)

> **] 0.7
n/2-pulse n/2-pulse 04 0.
"'>|—|'<"‘ o ')"|—I"<"' N 0.3 o 0.5
B > > Z:
t Readout . N
e = A=200 KHz
t I
Py = (1/2 —sin2mA t))e 272 0l L A=600KHz + me
1 1 N 1 T, =2.30+0.11 us |
I, 217 Ty Ty =2.65+0.15 us | |
0 1 2 ¢ s 3 4 5 0 1 2 lus] 3 4 5
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Al qubit in Al cavity

Qubit fabricated at
CNR -IFN (Rome) IFN

Pure Al cavity INFN

fa b r i c ate d at L N L Istituto Nazionale di Fisica Nucleare

Laboratori Nazionali di Legnaro

JJ Area:
216.4 x147.8 nm?2
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f(GHz) 1e-5+7.4646 f(GHz) le-5+7.4640

fo 7.465 GHz

Qo (3.7 +0.4)
X 10°

1pm EHT = 500 kV Signal A=InlLens StageatT= 00° 5Dec2024
WD = 2.8 mm lMag= 10.00KX 17.51:30
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1 tone spectroscopy

. —20 A
Bare cavity frequency
v,=7.252 GHz - —20
-30
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Power . [dBm]
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2 tone spectroscopy (with varying pump power)
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2 tone spectroscopy
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27
—32.5 +
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21T 2T q XOl ]
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_ 4 w
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Detuning and coupling

Estimating the detuning one finds then the coupling

A01_
2n Va4 VT
2
Yo
01 = &
Ao1

Yo1

~

2T
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