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Oxygen-depleted YBa2Cu3O7−δ exhibits a substantial drop of the normal-state resistivity and10

an increase of the superconducting critical temperature when illuminated with visible light. The11

photo-induced states are metastable, slowly decaying at high temperatures and essentially persistent12

at low temperatures. In this work, we exploit this effect to modify the response of half-wavelength13

YBa2Cu3O7−δ resonators and simultaneously use the high-sensitivity of the resonant circuit to14

investigate the persistent photodoping of this material. Under illumination, the bolometric effect and15

photodoping are clearly distinguished by the different time scales associated with each mechanism.16

Using a 60 µm-wide laser spot, we were able to locally and reversibly modify the properties of the17

resonator and demonstrate the position-dependent sensitivity of the device. This enables the direct18

imaging of standing waves at both the fundamental resonance and the second harmonic.19

I. INTRODUCTION20

When considering the interaction of electromagnetic21

waves with conventional superconductors, one encounters22

a large diversity of physical mechanisms and phenomena,23

including high reflectivity [1], inverse Faraday effect24

[2], light-induced superconductivity [3–5], quasiparticle25

poisoning [6], bolometric (thermal) effect [7, 8],26

room temperature transient superconductivity [9],27

photovoltaic effect [10] and many more. Cuprate28

superconductors behave the same way under short29

illumination pulses and for low photon doses. However,30

some cuprates, such as oxygen-depleted YBa2Cu3O7−δ31

(YBCO), exhibit a striking enhancement of their32

superconducting properties at much longer illumination33

times [11]. More concretely, the superconducting34

transition temperature increases considerably, and the35

photo-induced change remains after the light has been36

switched off as long as the sample is kept below certain37

temperature (T ∗ ∼ 250 K). Besides this property, coined38

persistent photoinduced superconductivity (PPS), there39

is also an increase of conductivity in the normal state,40

known as persistent photoinduced conductivity (PPC).41

For temperatures exceeding T ∗, the system relaxes very42

slowly to its initial conditions. As for the underlying43

mechanism, after much debate, there seems to be some44

consensus on the fact PPS and PPC are associated45

with the presence of oxygen vacancies in the basal CuO46

chains. Recently, it has been proposed that PPS results47

from photo-induced oxygen ordering within the CuO48

chains, leading to a decrease in the electronic scattering49

rate, whereas PPC can be naturally explained by the50
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excitation of electron-hole pairs followed by electron51

trapping in the oxygen vacancies and the promotion of52

holes to the conduction band (photodoping) [12]. This53

level of control has enabled practical implementations,54

such as writing Josephson junctions using a scanning55

near-field microscope [13], demonstrating the method’s56

potential for device engineering.57

A particularly suitable technique to investigate the58

photoresponse of YBCO superconducting systems is59

through planar transmission line resonators. These60

circuits can achieve quality factors as high as Q ≈ 106 in61

low critical temperature superconductors [14, 15] and on62

the order of 103 − 104 in cuprate superconductors [16–63

18], offering unparalleled sensitivity to minute changes64

induced by external stimuli or environmental variations65

[19]. The demonstration of bolometric changes under66

laser light on superconducting thin films has spurred67

the use of localized photoresponse as a probe of68

superconducting resonators by scanning a laser spot69

across the transmission line. In this technique, an70

amplitude-modulated laser beam is focused onto the71

surface of the superconductor, and the absorption72

of this light results in a modulation of the local73

temperature. Since the superconducting penetration74

depth is dependent on temperature, the local penetration75

depth and thus the local stored magnetic field energy76

will be modulated [20]. In other words, the effect of77

illumination is attributed to the photoinduced change78

of the kinetic inductance due to laser heating. This79

approach has permitted imaging the local microwave80

current density in a superconductor [20, 21] and enables81

tuning the resonant frequency of the resonator with82

negligible change of the quality factor [22].83

The investigations described above were conducted84

on optimally doped YBCO thin-film resonators, where85

the low density of oxygen vacancies renders persistent86

photo-induced effects negligible, making thermal heating87
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the dominant mechanism. In this study, we explore88

the long-term photo-response of oxygen-depleted YBCO89

half-wavelength resonators, focusing on the effects of90

photodoping. This mechanism initially counteracts the91

bolometric effect and eventually becomes dominant,92

exhibiting persistent and metastable behavior. By locally93

illuminating a spot of comparable size as the width of94

the resonator’s track, at the center of the resonator95

(where the radio-frequency field is strongest), we are96

able to enhance the resonator’s characteristics. This97

improvement has been previously demonstrated through98

the introduction of non-uniform columnar defects created99

by heavy-ion irradiation [23]. Our approach is reversible100

and enables repeated and multiple comparisons using101

the same device. This method is applied to map the102

standing waves at both the fundamental resonance and103

the second harmonic and complements the bolometric104

method described in Ref. [8, 24–26].105

II. EXPERIMENTAL106

Epitaxial YBa2Cu3O7–δ films of thickness 100 nm were107

grown on top of (La0.3Sr0.7)(Al0.65Ta0.35)O3 (LSAT)108

single crystal substrates by pulsed laser deposition.109

LSAT is a convenient choice due to its low dielectric110

constant, structural stability, low losses, isotropic111

microwave response, and it has no twinning [16, 26].112

Substrates were heated up to 810 ◦C, with an oxygen113

partial pressure of 0.3 mbar and a target-to-substrate114

distance of 52.5 mm. Ablation of the target material115

was achieved by using a high fluence laser operating116

at 2 Jcm−2 and a frequency of 5 Hz. During the117

cooling process to room temperature, the samples were118

maintained in an oxygen atmosphere of 1 bar. This way,119

an optimally doped film δ ≈ 0.1 with superconducting120

critical temperature Tc ≈ 90 K was obtained. A second121

film was deoxygenated through an ex situ post-annealing122

process at 400 ◦C for 4 hours in a 99.5% N2 atmosphere,123

leading to a lower oxygen concentration δ ≈ 0.7 with124

superconducting critical temperature Tc ≈ 60 K [27].125

Prior to sample patterning, the Tc of the films was126

confirmed using a SQUID magnetometer. Both films127

were patterned by photolithography and wet etching into128

8 mm-long 50 Ω λ/2 resonators with a 20 µm-wide129

coupling finger-like capacitor, as illustrated in Figure130

1(a). The coupling capacitors have been deliberately131

designed within the weak coupling regime to ensure a132

quality factor high enough to detect minor changes in133

the resonance frequency [17]. Generally, the resonance134

frequency of such a device is given by135

f0 =
1

2l
√
C ′L′

, (1)

where l is the length of the resonator, C ′ is the136

capacitance per unit length and L′ is the inductance per137

unit length. The latter can be decomposed into two138

parts L′ = L′
g + L′

k, with L′
g a constant geometrical139

part and L′
k a contribution from the kinetic energy of140

the superconducting electrons. In the framework of the141

Gorter–Casimir model, the kinetic inductance is given by142

L′
k(T ) =

L′
k,0

1− (T/Tc)
a , (2)

where L′
k,0 is the kinetic inductance at zero temperature143

and a is a fitting parameter that generally ranges from144

1.5 to 2 for high-Tc superconductors [28]. The 8 mm-long145

resonator was designed such that its resonance frequency146

is close to 5 GHz, with design values C ′ = 214.1 pFm−1
147

and L′
g = 634 nHm−1. The transmission scattering148

matrix element S21(f) in the vicinity of the resonant149

frequency is measured through a vector-network analyzer150

(Rohde & Schwarz ZNL20). A representative example of151

S21(f) is shown in Figure 1(c). The asymmetric shape152

reveals an impedance mismatch [29] which can be fitted153

using the equation,154

S21(f) =

1−
Q
∣∣∣Q̂−1

e

∣∣∣ eiϕ
1 + 2iQ f−f0

f0

+Af +B, (3)

with Q and Qe the internal and external quality factors,155

ϕ a phase factor accounting for impedance mismatch,156

f0 the resonant frequency, A and B constants modeling157

a locally linear background [30]. For the particular158

example of Figure 1(c), the fitted resonance frequency159

is f0 = 5.153 GHz ±2.5 kHz and the quality factor160

values are Q = 2128 ± 4 and Qe = 8.284 106 ± 16 103,161

confirming that the resonator is strongly under coupled162

and that losses are dominated by internal losses. Figure163

1(b) shows the evolution of f0 with temperature for164

both investigated YBCO resonators. The observed sharp165

decrease of f0 as temperature increases is due to the166

divergence of the kinetic inductance when approaching167

the superconducting transition. It is precisely this strong168

temperature dependence that has motivated the use of169

these devices as sensitive bolometers. In addition, the170

resonance frequency is also dependent on the magnetic171

field and magnetic history, as shown in Annex A [18].172

Figure 1(d) shows the magnetic field landscape obtained173

by magneto-optical Faraday rotation technique [31] of the174

optimally oxygenated resonator at T = 3.2 K and under175

an out-of-plane magnetic field µ0Ha = 0.6 mT after zero176

field cooling. This technique enables probing the degree177

of uniformity in the superconducting properties, as well178

as identifying the entry points of magnetic flux.179

The experimental setup used to investigate the180

photoresponse of the planar resonator is shown181

schematically in Figure 1(a). The sample is mounted182

inside a closed-cycle optical cryostat, allowing for183

simultaneous RF measurements, optical imaging, and184

optical excitation. Two illumination modes are185

employed. In the widefield illumination mode, a white186

LED provides broadband light that passes through an187

infrared blocking filter and a 550 nm bandpass filter188
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FIG. 1. (a) Schematic representation of the experimental
setup that features a double illumination composed of a
wide field red-filtered LED used to image the resonator
concurrently with a 532 nm laser that is focused on a
desired zone of the sample. When photoexciting the entire
sample, the 650 nm long-pass (LP) filter and mirror are
replaced by a 550 nm bandpass filter, and the laser is not
used. (b) Resonance frequency for the optimally oxygenated
YBCO resonator and the deoxygenated one. The resonance
frequency drops at temperatures close to Tc due to the
diverging kinetic inductance. (c) Selected spectrum measured
at 15 K on the deoxygenated sample. By fitting the
transmission coefficient S21(f) with Eq.(3), it is possible to
obtain the resonance frequency for all explored temperatures.
At temperatures close to Tc, the uncertainty on the resonance
frequency rapidly increases because of the decrease in the
intrinsic quality factor. (d) Magneto-optical image of the zero
field cooled optimally oxygenated resonator at T = 3.2 K
and applied an out-of-plane field µ0Ha = 0.6 mT. Black
color corresponds to local magnetic field with out-of-plane
component opposite to the applied field. The inset shows a
zoom of the coupling capacitor region, evidenced by the bright
spot at the center.

with a 100 nm bandwidth. This filtered light uniformly189

illuminates the sample. The resulting images are190

captured using a CCD camera.191

In the localized photoexcitation mode, a 532 nm192

laser beam is steered by a dual mirror scanner and193

then passes through a carousel of neutral density filters194

used to modulate its power. The beam is subsequently195

reflected toward the sample by a 650 nm long-pass filter196

that features a mirror coating on the side facing the197

laser. This element reflects the laser beam while also198

transmitting about 1% of the LED light and filtering its199

spectrum, thereby combining both light paths without200

interfering with the laser. The reflected laser beam is201

then focused onto the sample through a 10× microscope202

objective, producing a spot approximately 60 µm in203

diameter. Even though the photoexcitation efficiency204

is the stronger in the red part of the visible spectrum205

[32], the photon dose per unit time coming from the laser206

is about 106 times larger than from the red broadband207

illumination, ensuring that all photoexcitation effects208

detected are caused by the laser. Images are recorded209

with the laser beam blanked, using the CCD camera210

with exposure time adjusted to capture the faint red211

illumination (see Annex C).212

III. RESULTS AND DISCUSSION213

1. Uniform photon irradiation214

The critical temperature for both samples can be215

extracted from the temperature dependence of f0 shown216

in Figure 1(b) by fitting with Eq.(1) and (2). This217

yields, respectively for the optimally oxygenated and218

deoxygenated samples, a similar geometrical inductance219

for both devices of 636.8 ± 0.5 nHm−1 and 633.9 ± 1.3220

nHm−1, in good agreement with the theoretical value221

(634 nHm−1) calculated using elliptical integrals for222

coplanar waveguide (CPW) structures, and a critical223

temperature Tc = 90 ± 0.1 K and Tc = 58.1 ± 0.1224

K. The zero temperature kinetic inductance of the225

optimally oxygenated sample L′
k,0 = 18.1 ± 0.5 nHm−1

226

is significantly lower than for the deoxygenated sample227

L′
k,0 = 49.9±1.4 nHm−1, manifesting that the latter has228

a larger sheet resistance and lower superconducting gap.229

After characterizing the properties of the deoxygenated230

sample, the transmission S21(f) was recorded over time231

every 10 seconds, and the green-filtered LED lamp was232

switched on for two minutes after the start of the233

experiment, irradiating the sample with 3.6 mW of 550234

nm light. Figure 2(a) shows the time evolution of f0235

at fixed temperature T = 30 K ≈ Tc/2. The dose236

applied over the entire illumination time is estimated to237

D = 5 ·1021 photons/cm2. As soon as the illumination is238

switched on, a sharp drop of f0 is observed (see inset of239

Figure 2(a)), as a result of the heating caused by the light240

absorption. The thermally-induced drop takes place on241

a short timescale of the order of hundreds of milliseconds242

(see Annex B), and is followed by a recovery with a243

characteristic time scale of the order of hours, resulting244

from the photoinduced superconductivity. In this regime,245

f0(t) follows a stretched exponential functionality in246

accordance with previous reports [32, 33], such that247

the global response of the resonance frequency can be248

modeled using249

f0(t) =f0,T − δfthermal

+ δfPE

(
1− exp

(
−
(
t− t0
τ

)β
))

,
(4)
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where f0,T is the dark resonance frequency at250

temperature T , δfthermal is the drop in resonance251

frequency due to light-induced heating, δfPE is the252

saturation increment of the resonance frequency due to253

photoexcitation, t0 = 2 min is the time at which the254

illumination starts, and β is a dispersion parameter.255

The fit of the experimental data, shown in Figure 2(a),256

yields f0,30K = 5.103 GHz, δfthermal = 3.77 ± 0.02257

MHz, δfPE = 14.04 ± 0.1 MHz, τ = 53 ± 1.1 hours258

and β = 0.497 ± 0.002. From the thermally-induced259

frequency drop, one can infer the temperature load using260

the previously acquired slope of f0(T ) (Figure 1(b))261

yielding a global temperature rise in the superconducting262

film of about 0.65 K. Furthermore, incorporating the263

saturation frequency fsat = f0 + δfPE , and the264

obtained geometrical inductance, into Eq.(1), the kinetic265

inductance at saturation can be estimated as 62.1 nHm−1
266

compared to the initial value of 65.75 nHm−1 at 30K. The267

fact that reaching 95% of the asymptotic state requires268

continuously photoexciting the sample for approximately269

9τ , which in the case of the LED source is about 20 days,270

makes it highly time consuming to reach the saturation271

frequency. Repeating the experiment with a higher-272

power laser source permits reducing the time required273

to reach saturation without changing the asymptotic274

value, as the PPS is only a function of the absorbed275

dose. It is worth pointing out that, unlike most previous276

investigations of the PPC and PPS based on R(T )277

measurements, in which the change in Tc or the normal278

state resistivity is reported, in this work we directly probe279

the changes in superconducting properties while at sub-280

critical temperatures.281282

Persistent photoinduced superconductivity manifests283

itself as an increase of the superconducting critical284

temperature. This effect should become visible as the285

f0(T ) curve shifts towards higher temperatures. In286

addition, there is also an increase of conductivity in287

the normal state (persistent photoinduced conductivity),288

which in turns reduces the zero-temperature kinetic289

inductance (L′
k,0 = 1

w
ρℏ

π∆(0) ). A manifestation of290

both these effects is shown in Figure 2(b), in which291

the temperature dependence of the resonance frequency292

f0(T ) is measured after 42-hour-long illumination and293

compared with the response before illumination. The294

increase in resonance frequency δf0 resulting from the295

photoexcitation is shown in Figure 2(c).296

2. Focused photon irradiation297

Once we have characterized the influence of298

uniform photon irradiation on the deoxygenated299

YBCO resonator, we proceed to implement focused300

photon irradiation as a local probe, permitting to map301

the sensitivity of the device under local excitations.302

To that end, we focus a laser beam into a 60 µm-303

diameter spot, which is raster scanned throughout the304

resonator’s surface while tracking the changes in f0.305

As a consequence of the large difference in timescales306

of the bolometric effect and the photoexcitation, they307

can be discriminated using the protocol illustrated in308

Figure 3(a). For each laser position, the resonance309

frequency f
(i)
0,dark is recorded with the laser blanked.310

Then, the laser beam is unblanked, and another311

resonance frequency measurement f0,light is acquired.312

Eventually, after 60 seconds of irradiation, the laser313

is blanked again, and the resonance frequency f
(f)
0,dark314

is probed one last time. The result of the three-point315

measurements is shown in Figure 3(b), and the inset316

emphasizes the slight shift towards higher frequencies317

of the resonance peak after the photoexcitation. The318

negative frequency shift, purely due to heating, is319

given by δfthermal = f0,light − f
(i)
0,dark, whereas the320

photoexcitation-induced shift to higher frequency is321

given by δfPE = f
(f)
0,dark − f

(i)
0,dark. As shown in Figure322

2(a), the time required for the PE to compensate the323

bolometric effect is of the order of hours, and hence, the324

PE shift is expected to be orders of magnitude smaller325

than the one obtained from bolometric effects. On top326

of the purely electrically probed change, the reflectivity327

of the sample surface, measured locally using the CCD328

camera, increases over the same timescale, as discussed329

in Annex C.330

The resulting thermal and photoexcitation maps on331

the deoxygenated sample, probed at the fundamental332

frequency for a scanning grid of 40 × 50 pixels over a333

2230 × 2790 µm2 area centered on the resonator, are334

shown in Figure 3(c,d). A clearly different response335

is observed through these two methods. Indeed, the336

thermal response exhibits a more pronounced frequency337

change in the ground plane, in particular around the mid-338

point of the resonator, than along the central track and339

the gap of the resonator. In addition, the excitation and340

detection lines, capacitively coupled to the resonator,341

are visible. In contrast to that, the photoexcitation342

map reveals essentially the central track of the resonator,343

with the ground plane and excitation/detection feedlines344

remaining largely insensitive. A similar trend is obtained345

at the second harmonic f1 = 2f0 (l = λ, where λ is the346

wavelength associated with the resonance frequency), as347

shown in Figure 3(e,f).348

These findings suggest that the thermal response349

is much broader than the laser spot size due to the350

heat diffusion in the sample and substrate, whereas351

the photoexcitation induced directly by the irradiation352

remains localized. Indeed, numerical modeling reveals353

that the local temperature at the center of the laser354

spot increases by approximately 5 K and the thermal355

spread, characterized by the full width at half-maximum,356

reaches around 120 µm in diameter. Notably, the initially357

sharp Gaussian heat source broadens significantly in the358

thermal response, leading to an increase in temperature359

of more than 0.5 K across a region 500 µm in diameter,360

covering roughly one-third of the resonator’s surface.361

The spatial temperature distribution and more details362



5

4.8

5.0

f 0
 
( G

 H
 z )

Before PE

After PE

10 20 30 40 50
T ( K )

2

4

δ
 f 0

 
( M

 H
z )

0 2 4
D o s e ( 1 0 p h . / c m ) 

2 1 2

0 10 20 30 40
Time (h)

5.100

5.102

5.104

5.106

5.108

f 0
 
( G

 H
 z)

0 5 10
Time (min)

5.100

5.102

5.104

10 15 20

5.15

5.16

𝛿𝑓0

LED
off

LED on

a

c

b

FIG. 2. (a) Evolution of the resonance frequency of the deoxygenated YBCO resonator with time. When a green LED
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about the numerical calculations are provided in the363

Annex D.364

365

3. Phenomenological Model366

A simple model can account for the observed367

contrasting behavior between bolometric and368

photoexcitation maps. Indeed, the convolution of369

physically grounded kernels, i.e. kernels able to describe370

the mechanisms at play, can faithfully capture the371

obtained maps. A graphical representation of the372

phenomenological model described below is presented in373

Annex E.374

The first step consists of identifying the absorption375

function Mabs. For the resonance frequency to be376

impacted by the irradiation, the laser beam must be377

absorbed by the sample. Note that the laser irradiation378

is more absorbed by the superconducting YBCO sample379

(86%) [34] than by the LSAT substrate (20%) [35].380

Therefore, when the laser beam is parked in the gap of the381

CPW geometry, the sample is substantially less heated,382

and the change in frequency is attenuated. In contrast,383

when it sits in the ground plane, the frequency change is384

accentuated. This is modeled by taking the convolution385

of the sample geometry S(x, y) with the Gaussian profile386

from the laser L(x, y). The end result is a qualitative387

approximation of the quantity of light absorbed at each388

pixel scanned by the laser, Mabs(x, y) = S(x, y)∗L(x, y).389

Second, we convolve the theoretical current density390

of the sample J(x, y) with a kernel representing either391

the bolometric (GR(x, y)) or the photoexcitation effect392

(Gr(x, y)). Here, the argument justifying the use of the393

current density lies in the fact that measurements are394

sensitive to changes in L′
k, which in turn is correlated395

to the current density (L′
k ∝ I2) [36, 37]. Previous396

studies have similarly shown that shifts in the resonant397

frequency can be traced back to the surface magnetic field398

and, by extension, to the surface current density, thereby399

confirming that the measured frequency shifts provide400

insight into the underlying current distribution [24]. To401

that end, the current density along the resonator’s track402

line is approximated by a sine-like profile with one403

anti-node for the fundamental mode, and two for the404

second harmonic. We assume that the current density405

at resonance is negligible in the rest of the ground406

plane, which is consistent with simulations. In the407

case of photoexcitation, since the physical mechanism408

implies direct absorption of photons without diffusion,409
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the convolution uses a Gaussian profile Gr(x, y) of the410

same size as the laser spot. In contrast to that,411

for the bolometric response, the kernel corresponds412

to a function GR(x, y) reproducing the temperature413

spread resulting from the finite element simulation.414

Ultimately, the element-wise products, denoted by ⊙,415

given byMabs(x, y)⊙[J(x, y) ∗Gr(x, y)] andMabs(x, y)⊙416

[J(x, y) ∗GR(x, y)] express the requirement that, for any417

frequency modification to occur, two conditions must be418

met simultaneously at each point (x, y): (1) light must be419

absorbed (as indicated by Mabs), and (2) the resonator420

must be sensitive at that location (as described by the421

convolution J ∗ G). The results of these models are422

presented in the insets of Figure 3(c-f) and qualitatively423

reproduce the measured maps. The predicted bolometric424

response even captures the observed broadening of the425

thermally induced frequency shift region over the whole426

resonator at 2f0, resulting from the fact that the current427

density is delocalized due to the presence of two anti-428

nodes in the standing wave. A comparison of the429

profiles obtained from the experimental data and the430

phenomenological model can be found in Annex E.431

It is worth mentioning that the bolometric response432

has been extensively investigated as a method to map433

current distribution in superconducting waveguides and434

resonators [24, 25]. In this case, in order to achieve435

high spatial resolution, the laser beam is focused into436

a ∼ 1.5 µm diameter spot, and the laser intensity is437
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modulated at a frequency of about 0.1 MHz to limit438

the lateral thermal spread to a few µm [24, 26] (see439

Annex B). This approach is applicable as long as the440

thermal cycling does not lead to irreversible processes.441

The present work deals precisely with the metastable442

process of persistent photoconductivity, and therefore,443

a lock-in technique based on laser modulation is not a444

viable option.445

As we pointed out above, the photoexcitation is not446

only able to reveal the standing wave of the fundamental447

frequency, but also clearly depicts the double anti-node448

of the current density in the resonator at the second449

harmonic. Further compelling evidence demonstrating450

the correlation between the photoexcitation map and the451

actual current density in the resonator can be obtained452

through simulations (Sonnet software) of the sample’s453

response at both, the fundamental frequency and the454

second harmonic. The resonance frequencies obtained455

for fundamental and second harmonics are 5.05 and456

10.02 GHz, without considering the kinetic inductance.457

The resulting current density maps are shown in Figure458

3(g,h). The extracted current density profiles along the459

resonator are shown in Figure 3(i,j) as a continuous460

line for both the fundamental and the harmonic, and461

they are compared with the experimentally determined462

δfPE data (solid circles). The good agreement between463

the numerically determined current density and the464

experimentally measured photoexcitation sensitivity, for465

both fundamental and second harmonic resonances,466

validates the interpretation discussed above.467

IV. CONCLUSION468

In this work, we demonstrated the potential to469

locally modify the properties of oxygen-depleted YBCO470

resonators through photodoping. Several key findings471

merit emphasis. First, unlike traditional bolometric472

excitation, which is fast, volatile, and highly diffusive,473

the photodoping process is slow, stable, and non-474

diffusive. Despite this, it enabled us to map the current475

density within the resonators, as evidenced by imaging476

standing waves at the fundamental and second harmonic477

frequencies. Second, our approach can identify and478

highlight regions that are more susceptible to changes479

in the resonator’s response. Third, the photodoped480

areas can be detected via changes in reflectivity using481

a photodoping-inactive wavelength or low photon doses.482

While this technique is presented as a proof of concept,483

with clear opportunities for refinement, particularly in484

reducing the laser spot size and increasing scanning485

speed, it demonstrates great promise for direct and486

erasable laser-based scribing of resonators with tailored487

precision. Additionally, the proposed technique can be488

applied to other cuprates exhibiting photoexcitation,489

such as oxygen-deficient GdBa2Cu3Ox [38] and likely490

Bi2Sr2Ca2Cu3O10+x [39], and could be extended to study491

persistent photoconductivity in strontium titanate [40] or492

lanthanum aluminate [41].493
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