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OPEN QUANT. SYSTEMS: DECOHERENCE, MEASUREMENT, & THE BATH

Monitored Unmonitored Fm >> Fenv
Channels: Channels: N - 1 (0.85 possible)
Measurement Decoherence
1ﬂobserver > 1_‘m
—
—

 Measurement <-> Quantum Dynamics
s * Unravel individual trajectories

» Define bath, predict trajectories
* Measure trajectories, study baths

I: Single Spin Y2, Single Observable

lI: Single Spin Y2, Adaptive Observable
Ill: Single Spin 1, Scrambler (Black Hole)
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TRANSMON QUBIT
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MEASUREMENT : COUPLE TO E-M FIELD OF CAVITY
(Jaynes-Cummings)
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APPROACHING THE QUANTUM LIMITED WITH PARAMETRIC
AMPLIFIERS

150 pm



Time=0

RECONSTRUCTING THE QUBIT STATE

) J
‘ l BAYES RULE
‘v » Update guess based on new information

) m * Update qubit state based on V(t)

* Widely used in economics, math, engineering, law,...






TRAJECTORIES, TRAJECTORIES, TRAJECTORIES,...
LETTER

doi:10.1038/nature 19762

Quantum dynamics of simultaneously measured
non-commuting observables

Shay Hacohen-Gourgy"?*, Leigh S. Martin">*  Emmanuel Flurin'?, Vinay V. Ramasesh'?, K. Birgitta Whaley™>* &
Irfan Siddigi"?

Defining
the optimal
path
through
quantum

space
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CAN WE TEACH A MACHINE QUANTUM MECHANICS ?
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Heralding Prep Evolution Tomo  Readout

Qubit Black Box

Preparation Evolution Measurement Superconducting circuits provide 106
instances per minute
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Experiment

H = %O’m with (=27 x 1 MHz
I' = /0. with v =21 x 0.6 MHz

[H,T] #0 non-QND measurement

n = 36%

a 10 preparation angles
b 6 tomography angles
1" 20 evolution times

1.5 millions repetitions
at a rate of 0.5 ms



RNN RESULTS: RABI OSCILLATIONS

Recurent Neural Network

e Long-Short Term Memory

64 Neurons per layer

e 30,000 weight parameters

* 0.8 ms of training per trace w
ith a K80 GPU
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OPEN QUANT. SYSTEMS: DECOHERENCE, MEASUREMENT, & THE BATH

Monitored Unmonitored Fm >> Fenv
Channels: Channels: M - 1 (0.85 possible)
Measurement Decoherence i
1_‘observer > 1_qm
—
—

 Measurement <-> Quantum Dynamics
B « Unravel individual trajectories

» Define bath, predict trajectories
* Measure trajectories, study baths

I:  Single Spin Y2, Single Observable
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DRESSED TRANSMON QUBIT
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SIMULTANEOUS COOLING AND HEATING...
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side-band cooling  afge?? + ac e %
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« Bath stabilizes o
* Measures oj




OPTICAL PHASE NOT TYPICALLY ACCESSIBLE
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VALIDATING RECEIVER PERFORMANCE

 As measurement induces disturbance, dynamics of the transmitter contains
information about the receiver

A @ Photon number Q Phase information
iInformation

— Observe quantum trajectories of the system




ADAPTIVE PHASE MEASUREMENT

Transmitter: atomic
spontaneous emission
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estimate phase
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EXPERIMENTAL SETUP - ADAPTIVE DETECTION

Transmitter Receiver
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Transmon
gubit coupled
to 3D cavity

Loop delay: 360 ns

i = "m2 Gl W e

Experimental sequence
* Transmitter prepares photon with chosen phase

* Receiver adapts measurement as photon arrives
» Perform qubit state tomography

Room-temperature
FPGA for feedback




EXPERIMENTAL ADAPTIVEDYNE BACK-ACTION

Comparison of back-action

(histogram of dp, 50 ns time step)
Adaptivedyne Heterodyne

time [us] time [ps]






OPEN QUANT. SYSTEMS: DECOHERENCE, MEASUREMENT, & THE BATH

Monitored Unmonitored Fm >> Fenv
Channels: Channels: N - 1 (0.85 possible)
Measurement Decoherence
1ﬂobserver > 1_‘m
—
—

 Measurement <-> Quantum Dynamics
s * Unravel individual trajectories

» Define bath, predict trajectories
* Measure trajectories, study baths

I:  Single Spin Y2, Single Observable

lI: Single Spin Y2, Adaptive Observable
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CREATING A CONFIGURABLE BATH
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Infinite transmission line
(eg. Caldeira-Leggett model)

CSUM i,y =1i,i+])
Scrambling Gate
(eg. Sachdev-Ye-Kitaev model)



General Relativity vs Unitarity



General Relativity vs Unitarity

Decoding possible with quantum
memory entangled with BH
Hayden & Preskill (2007) .

Equivalent to teleportation through the
wormbhole
Gao, Jafferis, Wall (2007) _



MOTIVATION: STUDYING SCRAMBLING VIA OTOC
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Gassical chaos: \

Trajectories diverge exponentially

S
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time

g Y,
/Quantum scrambling: \

Spread of correlations induces OTOC decay

LTI

OToczwyhﬁuﬁquﬂ>

N. Yunger Halpern et al., Phys. Rev. A 95, 012210 (2017)
B. Yoshida & N. Yao, Arxiv: 1803.10772
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QUTRIT TELEPORTATION CIRCUIT

Condition on

00) + |11) + |22)

V3

Wout> — Wm>

Qutrit EPR pair: Scrambling unitary:
N(|00) +[11) +[22)) Ui, j)y=2i+],i+])




SCRAMBLING UNITARY: A CLOSER LOOK
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SCRAMBLING UNITARY: A CLOSER LOOK

4 ) Quitrit 2 1

U state

2 |2i+ ], i+ jKi, |

Qutrit 1
state
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SCRAMBLING UNITARY: A CLOSER LOOK
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U state
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8 TRANSMON-RING QUANTUM PROCESSOR

A — T Readout: 99% (Average assignment fidelity)
‘ . i :?QS, 1l a Single-qubit gates:  99.9% (20 ns, RB)
Control lines T ti’ |0 oo Two-quibit gate: 94.7% (150 ns, CR-Gate, RB)
J ) Sy T, T,Ramsey | T,Echo | Frequency
Hi i (us) (us) (us) (GHz)
Sl ' Transmon qubits
._f - Q2 51 (+3) 60 (+6) 60 (£3) 5.334
ra Q3 38 (+7) 48 (+1) 70 (+1) 5.494
Q4 38 (+5) 25 (5) 74 (£7) 5.397
o f{ Q5 50 (1) 58 (£5) 72 (£1) 5.634
Q6 44 (+4) 42 (+9) 70.5 (+2) 5.454
fiiil Readout Q7 40 37 43 5.813
.‘,_ =‘1 resonators REME
w/ Purcell filter Q8

[ oLt s SR e ]
[« B = iews

il ._\—ﬂr Average 44 pus A7 ps 69 ps

(“ﬂlﬂf\lc:fq o ras :ﬁﬂﬂ?ﬂre_



EPR PAIR GENERATION
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SCRAMBLING IN PROCESS TOMOGRAPHY

Single Qutrit Two Qutrit
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PERSPECTIVES

QUANTUM TRAJECTORIES ARE A DIAGNOSTIC TOOL
- Parameter Estimation (A. Jordan, A. Korotkov, J. Dressel)
- Improve two qubit gate fidelities ?

TRAJECTORIES OF MANY BODY ENTANGLED STATES; TOMOGRAPHY ?

MACHINE LEARNING ?

REAL-TIME FEEDBACK, ADAPTIVE MEASUREMENTS

QUANTUM PROCESSORS CAN SIMULATE DIFFERENT BATHS
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