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1 Introduction

Quantum computing is an emerging computational paradigm that encodes and processes information
according to the laws of quantum mechanics. Phenomena such as superposition, interference, and
entanglement allow quantum algorithms to manipulate information in ways that differ fundamentally
from classical computation. For certain problems, this enables dramatic speedups over the best
known classical methods, most famously Shor’s algorithm for integer factorization, while also offering
a natural path toward simulating complex quantum systems in physics, chemistry, and materials
science.

Superconducting circuits are a leading platform for quantum computing. Often described as
“artificial atoms,” superconducting qubits are integrated circuits whose discrete energy levels encode
quantum information. At MIT, the Engineering Quantum Systems Group (EQuS) researches super-
conducting quantum systems across the stack, from new fabrication techniques and qubit designs to
many-qubit experiments that explore quantum error correction and emergent quantum phenomena.

Designing and executing a superconducting-qubit experiment employs a diverse skill set that
draws from various scientific and engineering disciplines. The work can be roughly grouped into five
categories: analytical and numerical modeling of quantum systems, chip design, chip fabrication,
cryogenic and microwave engineering, and qubit calibration and measurement. Although AI can
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Figure 1: Experimental setup. (a) A packaged 5 5 mm chip. A printed circuit board routes
signal lines from the chip in the center to connectors at the edge of the package, where cables
connect. (b) An open dilution refrigerator. The chip package is mounted on the bottom flange.
Cables connect to the package and route up through the top of the dilution refrigerator, over to a
separate, room-temperature electronics rack. During operation, nested thermal shields and an outer
vacuum can enclose the assembly.

accelerate nearly every stage, its most compelling role may be in qubit measurement, where it par-
ticipates directly in the experiment|1-4|. Here, we describe how EQuS researchers enabled a general-
purpose agent powered by GPT-5.6 Sol, on Ultra reasoning level, to conduct superconducting-qubit
measurements end to end—controlling live laboratory hardware, interpreting the resulting data, and
adapting subsequent measurements through the group’s existing orchestration software.

Superconducting-qubit experiments are unusual among experimental fields in that, once a chip
is fabricated, packaged, and cooled, the experiment is controlled almost entirely via software. The
chip sits under vacuum inside a dilution refrigerator—a specialized cryogenic device that cools the
chip to millikelvin temperatures. Computer programs coordinate sequences of pulses generated by
room-temperature instruments. These pulses travel through cables into the refrigerator, interact
with the quantum circuits on the chip, and return as signals that are amplified, digitized, and
analyzed.

Each measurement is a miniature experiment that characterizes a property of the quantum
system or calibrates an interaction. Measurements form an interdependent sequence: each step
yields physical parameters—such as resonance frequencies, pulse amplitudes, and decay times—
that often define the next step. Calibrating a novel multi-qubit experiment can require months
and thousands of preliminary measurements before the target experiment can be performed. Only
a handful of these measurements make it into the publication. Certain stretches of this workflow
can be automated, when the analysis is unambiguous and behavior is predictable. But this is
often not the case when dealing with new chip designs and exploring novel physical phenomena.
The challenge is compounded by the fact that superconducting processors are imperfect physical
systems that cannot be totally isolated from the environment. Parameters drift over time, and chips



occasionally exhibit stochastic behavior, requiring adaptable and intelligent calibration.

Qubit calibration therefore presents an exciting challenge for agentic Al systems. Current Al
models already possess extensive knowledge of the physics theory, software engineering skills, and
specific experimental infrastructure used in these experiments. The question is whether agents can
bring that knowledge to bear through the flexible, empirical style of reasoning needed to work with
real-world experimental systems. EQuS researchers have seen promising early results with agentic
calibration. Here, we present the workflow and results from a relatively simple superconducting-
qubit chip, where an agent successfully performed a set of standard measurements on a never-before-
calibrated chip.

2 How superconducting qubits work

The simplest superconducting qubit is a circuit comprising a capacitor and a Josephson junction, a
superconducting circuit element that functions as a nonlinear inductor [5]. Together, these elements
form a weakly nonlinear oscillator, which, in the quantum regime, has a series of energy levels
with disparate transition energies—usually referred to by their resonant frequency. The two lowest
levels are typically used as the computational states—“0” and “1,” analogous to bits in a classical
computer—but the higher states remain relevant. Higher levels can facilitate operations between
qubits or cause unwanted errors.

We measure the qubit state by coupling it to a resonator, another circuit element that has
a single resonant mode. The interaction between the qubit and the resonator is designed such
that the resonant frequency of the resonator shifts depending on the state of the qubit. Thus, we
can read out the qubit state by probing the resonator transition. These elements form the basic
building blocks of a superconducting-qubit chip; much more complexity is added to perform novel,

many-qubit experiments.
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Figure 2: (a) On-chip qubit and coupled readout resonator. (b) Qubit energy spectrum—the
lowest two levels are used as the computational basis. Energy transitions are typically referred to
in units of frequency ! (E = h!, where £ is the reduced Planck constant.) A “ket” jXi denotes a
quantum state. (c) Qubit-state-dependent resonator response. Sweeping the probe frequency across
a resonant mode produces a Lorentzian response—a “dip” centered on the resonance frequency. The
readout resonator resonant frequency shifts depending on the state of the qubit, enabling us to infer
the qubit state.




3 Measurement workflow

To understand how a measurement is actually performed, consider the resonator spectroscopy mea-
surement. This is typically the first measurement performed on a new chip, with the objective of
finding the resonator frequency. The control electronics generate a pulse and send it to the res-
onator. The returning voltage signal is then digitized: a single point is represented as a complex
number that encodes the amplitude and phase of the signal. This process is repeated many times
so that the averaged result has a higher signal-to-noise ratio. Then, the frequency of this pulse is
stepped, with the aim to sweep through the resonator frequency. The resulting raw data is an array
of complex numbers. In a successful resonator spectroscopy measurement, the signal amplitude has
a Lorentzian profile, with a dip at the resonant frequency (see Figure 2c). Another key parameter is
the power of the pulse. Past a certain power, the pulse is strong enough to also excite the coupled
qubit, and the resonator will shift in response. Sweeping the pulse power reveals this transition.
The goal of this measurement is to extract the resonator frequency and the optimal pulse power,
which are then persisted to calibration settings. Subsequent measurements use these values to define
the qubit readout pulse. This workflow is driven by EQuS’s in-house orchestration software that
coordinates the various room-temperature instruments. Measurements take anywhere from a few
seconds to tens of minutes, depending on the length of the pulse sequence, number of averages, and
sweep lengths. Not every measurement has a predefined analysis model or target parameter; some
are exploratory or diagnostic.
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Figure 3: Measurement workflow. EQuS’s in-house orchestration software drives the process,
while an agent can assume the user’s role.

4 Agentic calibration results

EQuS researchers instructed an agent to follow the same measurement workflow as human re-
searchers, using the orchestration software through a Jupyter notebook. The agent ran through
the Codex app with no specialized harness beyond a simple EQuS in-house Jupyter MCP. It had
access to live measurement parameters, programs, plots, raw data, logs, and the measurement
database. The agent could also analyze and plot data in the notebook and maintain laboratory
notes in Markdown files. The main challenge was identifying the context agents needed to work
effectively. After several months of iteration, the researchers converged on a combination of the
experimental setup details, chip designs, and measurement-specific skills, as well as access to the
orchestration software’s source code. The skill for a particular measurement includes information
about the template code for execution and analysis, the crucial calibrations that must be completed
before the measurement can be performed, tips to choose good measurement and analysis param-
eters, common physical reasons that the measurement might fail, characteristics of a successful or
failed measurement/analysis, and example plots of both successful and failed measurements.



The chip measured here consists of six uncoupled qubits, four with xed frequencies and two
with tunable frequencies, each with a coupled readout resonator. The qubits are nominally designed
identically, but fabrication imperfections and environmental interactions cause each one to behave
di erently. This chip had never been measured before, so the agent had to discover the parameters,

given the design targets. The agent successfully discovered all six resonators and appropriate initial
powers for readout pulses.

Figure 4. Resonator calibration, performed by an agent

After completing resonator spectroscopy, EQuUS researchers instructed the agent to perform the
remaining target measurements on the xed-frequency qubits. This standard set includes prerequi-
site calibrations and measurements of circuit parameters, transition energies, and coherence times,
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which quantify how long a qubit preserves its state. The figure below shows the final results for the
first qubit, obtained fully autonomously by the agent. Across the 40 target measurements for the
four fixed-frequency qubits, researchers intervened to improve only four.
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Figure 5: Completed calibration of qubit 1. (a) Qubit spectroscopy measurement to find the
transition energy from the ground state to the first excited state of the qubit. (b) Qubit spectroscopy
measurement to find the transition energy to the second excited state. (c¢) A Rabi measurement
calibrates the pulse power needed to perform an X gate (or “ pulse”) that takes the qubit from the
jOi to the jli state. (d) Optimizing the readout pulse parameters. (e, f, g) Coherence measurements
that quantify how long the qubit can keep its state before it decays. (h) Precisely measuring the
qubit-state-dependent resonator shift (). (i) Measuring the residual population in the excited state
to calculate the effective temperature of the qubit.

The agent had more issues with the frequency-tunable qubit. Tunable qubits are controlled
by an applied current, conventionally expressed as magnetic flux. The qubit frequency varies ap-
proximately sinusoidally with flux (see Figure 6a). The tunable qubit measurements had a poorer
signal-to-noise ratio farther from the maximum frequency, for reasons to do with the chip design.
These measurements illustrate how noisy measurements can challenge the agent.

The qubit spectroscopy measurement is intended to find the qubit frequency. A pulse is sent
to the qubit, followed by a readout pulse to the resonator. The frequency of the qubit pulse is
swept. When it overlaps with the qubit frequency and excites the qubit, the resonator shifts in
response, which is reflected in the signal received back from the readout pulse. Repeating this
sweep at successive flux values traces the qubit resonance as a moving peak or dip. Although the
agent initially located the qubit spectrum, it required significant instruction from the researcher to
converge on a satisfactory result. The qubit signal here is faint over much of the flux range, and it
takes an experienced eye to visually identify it. The agent resorted to performing additional analysis
on individual traces, which seemed to moderately improve its performance.



Measurement (from a different device) of a clean
tunable qubit spectroscopy measurement. This scan
is a narrow sweep about the predicted qubit
spectrum, in order to save time. This is given as an
example of an ideal, final measurement in the
corresponding skill.

D

After several measurements showing only noise and
iterating on the measurement parameters, the agent
finds the qubit spectrum about the maximum. The
agent then seeks to refine the measurement.

E

Overall several more measurements, varying the
parameters, the agent stops here, observes that the
fit is poor, and concludes that the feature visibility is
too low to achieve a good fit.

The user prods the agent to sweep the flux over a
wider range, and suggests parameters to try for
cleaner features. Eventually, the agent performs this
measurement, and concludes that the visibility and fit

The agent takes this finer scan. It is (unprompted)
analyzing each individual flux linecut to observe if a
peak is present, or just noise. The agent (incorrectly)
concludes that this measurement is acceptable.

are improved.
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The user requests a finer final scan, and points out that, in the previous scan, the qubit spectrum likely fell out of the
range at the greater flux regions. The agent then investigates these regions with wider scans, finds clear features, and
updates the predicted spectrum.

The agent performs a fine scan, properly tracing the
qubit spectrum. This scan and fit is accepted by the
user.

Figure 6: Selected tunable qubit spectroscopy measurements, performed by the agent.

The final measurement, accepted by the researcher (Figure 6g), contains unexpected features:
an unknown mode crossing near 4.8 GHz, where the second qubit transition also appears, and an
unexplained asymmetry that is likely physical in origin. These features exemplify the ambiguity
inherent in experiments. FExperience is needed to judge whether such effects will matter to the
experimental goal and whether their causes can even be identified—a potential pitfall for agentic
calibration.

The researcher then instructed the agent to perform the rest of the calibration measurements at
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