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Tensor networks
(tensors.net)

+    quantum information  / quantum computing

Creativity
(Gemini)
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Google Quantum AI

Full time researcher

Beyond-classical computations

(quantum advantage)

USTC

Analysis of quantum algorithms for optimization

Decoding for quantum error correction experiments

Noisy near term experiments of quantum simulation

…
Tensor networks for quantum computing

Nat. Reviews Physics 2025
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○ Be perceptive to identify them, although it is easier in retrospect

● Progress goes in cycles

○ Every time you “open a door” you might get a good run of results in some direction

○ Especially in such a young and interdisciplinary field: a lot has to be explored, and different ideas or angles might open a lot of room for 

exploration

○ Following a career path might be fueled by one of these cycles, but not necessarily

● Collaborating is key

○ You learn, network, get unstuck, don’t reinvent the wheel, work on relevant problems, …

○ With very few examples, good collaborative researchers are much more prolific

○ Sharing rather than jumping on opportunity to collaborate 

○ At the personal level, usually generous researchers get further, both technically and career-wise 

Lessons (that I constantly forget)



Quantum computing and
(some of) our work



Our mission is to build 
quantum computing for otherwise 

unsolvable problems

Google Quantum AI
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0.04|00000> + 0.12|00001> + 0.02|00010> + …
↓
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A computational model beyond Turing machines quantu
m 
comput
ers

Quantum 
computers

Classical 
computers

Microchips, abacus, person+pencil (textbook calculations), … Superconducting qubits, trapped ions, photons, neutral atoms, …

state
operation (not)

state
operation (cnot)

state
operation (...)

bits qubits

with application in chemistry, materials science, cryptography, optimization, 
machine learning, …



Superconducting qubits are printed on a 2D substrate
and cooled down to close to near absolute 

zero temperature
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● Logical qubit better than 
any physical qubit

● 10x reduction compared 
to 2023

Quantum error correction - progress

2023 2025+

d=3

d=5

d=7
2024

Nature, 2023



Number of 
physical qubits

53 10 2  10 3 10 4 10 5 10 6 

Logical error rate [ 10-6 ] [ 10-6  ] [ 10-8] [ 10-9]

M3 (2025+) 
1 long-lived 
logical qubit

Tileable module
(logical gate) 

Engineering 
scale up

Error-corrected (EC) 
quantum computer

M6M5M4
Logical qubit 

prototype
✔

M2 (2023) 
Beyond classical 

benchmark
✔

M1 (2019) 

 [ 10-2 ]

Applications

System

Long term roadmap & near term machines

Noisy Less noisy Partially error 
corrected

Fully error 
corrected



Can we show beyond-classical 
capabilities before we have a full-scale,  

error-corrected quantum computer?
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Random circuit sampling - progress

53 qubits 56 60

70 67

56

Non memory constrained

Severely memory constrained

Reduction in component error rates

↓

Access to larger computational volumes
(number of qubits, computational depth)

↓
Vastly more complex computations

103



Can we show beyond-classical 
capabilities with application before we 

have a full-scale,  error-corrected 
quantum computer?



Formation of robust 
bound states of interacting 
microwave photons

(Morvan et al., Nature 2022)

Noise-resilient edge 
modes on a chain of 
superconducting qubits

(Mi et al., Science 2022)

Quantum advantage 
in learning from experiments

(Huang et al., 
Science 2022)

Non-Abelian braiding of graph 
vertices in a superconducting 
processor 

(Andersen et al., 
Nature 2023)

Measurement-induced 
entanglement and teleportation on a 
noisy quantum processor  

(Hoke et al., Nature 2023)

Unbiasing fermionic quantum 
Monte Carlo 
with a quantum computer

(Huggins et al., 
Nature 2022)

Dynamics of magnetization 
at infinite temperature in a 
Heisenberg spin chain

(Rosenberg et al., 
Science 2024)

Constructive interference at the 
edge of quantum ergodic dynamics

(Abanin et al., arXiv 2025)

Purification-based quantum 
error mitigation of pair-
correlated electron simulations

(O’Brien et al., 
Nature Physics 2023)

Traversable wormhole 
dynamics on a quantum 
processor 

(Jafferis et al., 
Nature 2023)

Information scrambling in 
computationally complex 
quantum systems

(Mi et al., Science 2021)

Quantum approximate optimization of 
non-planar graph problems on a 
planar superconducting processor

(Harrigan et al., 
Nature Physics 2021)

Extensive work towards application
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Incremental progress towards beyond-classical application
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Where is the team?

● Santa Barbara

All experimentalists, a lot of theorists/numerics, some software engineers, and 

other roles.

● Venice, Los Angeles

Theory/numerics, software engineers, and other roles.

● Bay area (San Francisco and Mountain View)

Theory/numerics, software engineers, and other roles.

● Seattle

Mostly software engineers.

● Other locations

A very small number of people work from other locations.
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● Near-term quantum applications / quantum simulation

● Computational methods and simulation

● Quantum error correction

● Open source packages (cirq, qualtran, …)

● Real time decoding (heavily optimized code and hardware)

● Quantum computer software infrastructure

● …

Backgrounds

● Experimental condensed matter physics / material science

● Theoretical and computational condensed matter / chemistry

● Quantum optics

● Mathematics

● Statistical mechanics

● Theoretical computer science (complexity theory)

● Software engineering

● Finance (high-frecuency trading)

● Aerospace

● Semiconductor industry

● Machine learning / AI

● …
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● Student researcher program:

○ Flexible appointment: full time/part time and short term/long term

○ Research interviews assessing candidate’s research experience, domain knowledge, and problem-solving and 

communication skills

● Internship program:

○ 12-14 weeks

○ Students in the final stages of their degree

○ Interviews similar to those of the SR program

○ Intended for full-time positions, if available and there is interest

● PhD fellowships:

○ 2 years of funding and opportunities to collaborate with the team

○ Candidates nominated by their school

○ Candidates submit a proposal

● Informal collaborations or other appointments
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And they show it.

Wants to work with X person for a good reason
Is aware of who is working on what, has read the team’s 
papers, knows the author lists and the work of the 
authors they are interested in.

Shows themselves through their work
Network as a byproduct of having solid work or solid 
knowledge and insights, and they want to share them 
or learn something.

Is persistent with their work
If applications don’t work out, they show the 
community that what they are doing might be 
worth it. 

Puts their foot on the door
Getting started in the field, 
providing a minor improvement for 
someone’s result, doing an 
internship at a different place, fixing 
a bug on an open source project, … 
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Our roadmap will need more talented people

google.careers.comBenjamin Villalonga (bcorrea@google.com)

http://google.careers.com

