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“Now the quantum postulate implies that any observation of atomic phe-

nomena will involve an interaction with the agency of observation not to
»

be neglected.” (2]
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1 evals = np.asarray(transmon.eigenvals(evals_count=TARGET.truncated_dim))
evals = evals - evals[0]

7 £01 = float(evals[1] - evals[0])
8 £12 = float(evals[2] - evals[1])
] alpha = float(£12 - £01)

11 nmat = get_n_matrix_in_eigenbasis(transmon,
evals_count=TARGET.truncated_dim)
12 n01 = float (abs(nmat[0, 1]))

14 fr = TARGET.fr_ghz
15 g = TARGET.g_ghz

17 delta = £01 - fr

19 # Transmon dispersive shift.
20 # Sign depends on convention. This form is common for weakly anharmontic
transmon.

chi = g#*2 * alpha / (delta * (delta + alpha))

params = {
"EJ_GHz": float(EJ),
"EC_GHz": float(EC),
"EJ_over_EC": float(EJ / EC),
“£f01_GHz": f£01,
SE12-GH=": 112,
"anharmonicity GHz": alpha,
30 “"fr_ GHz": fr,
31 "g_GHz": g,
32 "detuning Delta_GHz": float(delta),
33 "chi_GHz": float(chi),
3 "chi_MHz": float(chi * 1000.0),
35 "n01": nO1,
36 "energy_levels_GHz": [float(x) for x in evals],

a7 }

-1

x

RO NN NN

39 with open(OUT / "transmon_params.json", "w", encoding="utf-8") as f:
10 json.dump(params, f, indent=2)

12 return transmon, params, nmat

Listing 1: Transmon Z#H8/10 i B4t

A2 QuTiP EHEAE

qt, op = make_qutip_objects()

3 chi = ghz_to_rad_per_us(params["chi_GHz"])
1 kappa = mhz_to_rad_per_us(READOUT.kappa_mhz)

6 gammal = 2.0 * np.pi * READOUT.gammal khz * le-3
T gamma phi = 2.0 * np.pi * READOUT.gamma _phi_khz * 1e-3

9 eps0 = mhz_to_rad_per_us(READOUT.drive_mhz)

11 tlist = np.linspace(0.0, READOUT.t_final us, READOUT.n_steps)
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1

= S o =

x =~ O

a = op["a"]

adag = op["adag"]
n = op["n"]

sz = op["sz"]

sm = op["sm"]

# Rotating-frame dispersive Hamiltontian.
HO = chi * n *+ sz

# Smooth readout pulse envelope.
def eps_t(t, s*kwargs):
rise_time = 0.04
fall time = 0.04
fall start = READOUT.t_final us - 0.10

rise = 1.0 - np.exp(-t / rise_time)

if t <= fall _start:
fall = 1.0
else:
fall = np.exp(-(t - fall_start) / fall_time)

return eps0 * rise * fall

# Drive Hamiltonian. With a real eps_t this drives one resonator
gquadrature.

H_drive = 1j *= (adag - a)

H=[
HO,
[H_drive, eps_t],

# Collapse operators.
# Cavity leakage ts the physical channel through which the measurement
# record emerges.
c_ops = [
np.sqrt(kappa) * a,
np.sqrt(gammal) #* sm,
np.sqrt(gamma_phi / 2.0) * sz,

]
# Expectation values to store.
e_ops = [
a,
adag * a,
sz,
]
result = qt.mesolve(
H,
initial_state,
tlist,

c_ops=c_ops,

e_ops=e_ops,

options={
"store_states": True,
"nsteps": 20000,
"progress_bar": "",

12



71 ¥
72 )

74 return tlist, result

Listing 2: {0 st 38 kP RTemumiE

A3 BRERBESRSEHEHIR

rng = np.random.default_rng(READOUT.random_seed)

3 t = df["t_us"].to_numpy()
! kappa = mhz_to_rad_per_us(READOUT.kappa_mhz)

6 alpha_g = df ["alpha g re"].to_numpy() + 1j * df["alpha g im"].to_numpy()
7 alpha_e = df["alpha_e_re"].to_numpy() + 1j *= df["alpha e_im"].to_numpy()

9 # Integrated complex pointer records.
10 zg = np.trapz(alpha_g, t)
11 ze = np.trapz(alpha_ e, t)

13 # Optimal homodyne phase.
14 delta z = ze - 2g

if abs(delta_z) < le-12:
phi = 0.0

else:
phi = np.angle(delta_z)

= x =3

def project(z):
return np.real(np.exp(-1j #= phi) * z)

# Simplified input-output scaling.
scale = 2.0 * np.sqrt(READOUT.eta * kappa)

-1

xg = scale * project(zg)
xe = scale * project(ze)

x

RN NN NN NN

30 # With phi = arg(ze-zg), ze should be larger than zg.
31 center_separation = abs(xe - xg)

33 T = READOUT.t_final us
34 sigma = np.sqrt(T)

36 samples_g = rng.normal(xg, sigma, READOUT.n_shots)
37 samples_e = rng.normal(xe, sigma, READOUT.n_shots)

30 threshold = 0.5 * (xg + xe)

if xg < xe:

12 err_g = np.mean(samples_g > threshold)
13 err_e = np.mean(samples_e < threshold)
14 else:

15 err_g = np.mean(samples_g < threshold)
16 err_e = np.mean(samples_e > threshold)

18 assignment_fidelity = 1.0 - 0.5 * (err_g + err_e)
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Listing 3: i ¢t i [ 19:5) s i

A4 BXEEEN

1 coh0 = df["rho_ge_abs"] [0]
2 fig, axes = plt.subplots(2, 2, figsize=(7.2, 5.2), sharex=True)
axes = axes.ravel()

> axes[0] .plot(t, df["n_g"], color=BLUE, lw=2, label=r"$n_g$")
6 axes[0] .plot(t, df["n_e"], color=0RANGE, lw=2, label=r"$n_e$")
7 axes[0] .set_ylabel("cavity photons")

8 axes[0] .set_title("intracavity response")

axes[0] .legend (frameon=False)

axes[1] .plot(t, df ["pointer_separation"], color=GREEN, lw=2)

2 idx_max = int(np.argmax(df["pointer_separation"]))

axes[1] .scatter([t[idx_max]], [df["pointer_separation"][idx_max]], s=22,
color=GREEN)

14 axes[1] .set_ylabel(r"$|\alpha_e-\alpha_g|$")

15 axes[1] .set_title("pointer separation")

16

17 axes[2] .semilogy(t, np.maximum(df["rho_ge_abs"] / cohO, le-16),
color="#8c3£70", lw=2)

axes[2] .set_ylabel (x"$|\rho_{ge}|/|\rho_{ge} (0) |$")

axes[2] .set_xlabel(r"time ($\mu$s)")

axes[2] .set_title("coherence loss")

o o

axes[3] .plot(t, df["p_g_superposition"], color=BLUE, lw=2, label=r"$P(g)$")
axes[3] .plot(t, df["p_e_superposition"], color=ORANGE, lw=2,
label=r"$P(e)$")

axes[3] .set_ylabel ("population™)

axes[3] .set_xlabel(r"time ($\mu$s)")

axes[3] .set_title("reduced qubit populations")

axes[3] .legend (frameon=False)

-1

x

for ax in axes:
ax.grid(True, alpha=0.45)
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