SUPPLEMENTARY METHODS
Participants
Adult inpatients (18–65 years) with schizophrenia were recruited within 72 hours of admission to an acute general psychiatric unit in Geneva, Switzerland. Diagnosis adhered to DSM-5 criteria, and inclusion required an acute psychotic episode, defined by the presence of delusions, hallucinations, and/or disorganization, alongside a Clinical Global Impression score of 4 or higher. Detailed inclusion and exclusion criteria are available in Supplementary Table S1. Of the initially available 101 patients with schizophrenia, 4 were later removed from the analysis because of comorbid substance use disorder, dependence syndrome according to the ICD-10 diagnostic criteria, 2 patients initially recorded were excluded because the diagnosis of schizophrenia was not confirmed, and 4 subjects were ruled out due to insufficient EEG recording quality. 
Sample size calculation was performed using G*Power (1), for a two-tailed comparison of independent samples (patients vs controls, responders vs non responders), with a known effect size for the difference between groups (patients vs controls) of g=-0.987 for ITC and  g=0.7, and with indirect evidence that difference between responders and non-responders could reach effect sizes as high as d=0.9 in our cohort (2). We applied a conservative effect size d=0.7 for a significance level of 0.05 and a power of 80%, leading to the estimate that 34 subjects per group were needed. 
We compared the three study groups (Responders, Non-Responders, and Controls) across key demographic and clinical variables, including age, sex, handedness, education level (subject and parents), age of onset, illness duration, duration of untreated psychosis (DUP), and number of hospitalizations. Clinical symptoms were assessed using PANSS scores (Total, Positive, Negative, Disorganized, Excited, Depressed), as well as the day of the EEG relative to the admission.
Patients were twice evaluated clinically: upon EEG recording and again after six weeks. During this period, all patients received standard psychosocial treatment, including medical and nursing care, as well as social assistance when necessary. Clinical assessments were conducted by a senior psychiatrist through semi-structured interviews, clinical record reviews, and information gathered from caregivers and other relevant individuals. Psychopathology was assessed using the Positive and Negative Syndrome Scale (3). Disease severity was evaluated by both the total PANSS score and its five symptom dimensions: positive (P1, P3, P5, G9), negative (N1, N2, N3, N4, N6, G7), excited (P4, P7, G8), disorganized (P2, N5, G11), and depressed (G2, G3, G6), following the framework by Wallwork (4).
All patients (except for one refusing any treatment) received antipsychotic medication from one of five categories: first-generation, -pines (serotonin and dopamine antagonists with prevalent antiserotoninergic activity), -dones (serotonin and dopamine antagonists with prevalent antidopaminergic activity), dopamine partial agonists (third generation antipsychotics, TGA), or amisulpride (5). Adherence to treatment was confirmed by verifying the regular administration of long-acting injectable medication or through drug monitoring at the second evaluation, ensuring plasmatic concentrations were within the therapeutic interval. Response to antipsychotic treatment was defined as a 50% reduction in the total Positive and Negative Syndrome Scale (PANSS) (3) score between the two evaluations, after subtraction of the minimum score of 30 points. The percentage change in the PANSS total score from the baseline to the follow-up evaluation was assessed as well, after subtraction of the minimum score of 30 points.
Responders and non-responders were specifically compared regarding their antipsychotic medication regimens including, antipsychotic category, specific agents, presence of polypharmacy, risperidone equivalent doses at the moment of the EEG recording and in the final treatment plan.
A healthy control group was included, matched to patients by age, sex, handedness, and parental education level. Parental education was chosen over patient education to better account for the cognitive trajectory in schizophrenia (6). Education levels were defined based on the Swiss education system legislation [https://www.edk.ch/en/education-system-ch]. The study was approved by the Ethics Committee of the Geneva Canton (ID 2023–0535). Informed consent was obtained from all participants, in accordance with national regulations on observational research in acute settings.
ASSR procedure
The task was administrated through a computer screen and in-ear earphones using E-prime software v3.0. While a white fixation cross was displayed on a black background, modulated and flat sounds were played. Modulated sound consisted of a 1000 Hz pure tone sound modulated in amplitude from minus infinite to 0 dB with a 40 Hz sinusoidal envelope, and flat sounds consisted of a 1000 Hz pure tone. A total of 100 modulated and 10 flat sounds were played in pseudo random order (1 flat out of 11 sounds). Intertrial interval lengths were randomly picked between 0.5 and 2 sec and stimulus duration was 1.5s.
EEG acquisition and preprocessing
Continuous EEG was recorded using an ANT Neuro waveguard™ net with 128 channels, while the EEG net was installed and connected to the amplifiers, participants were seated in a calm room next to the experimenter. The hardware signal was referenced to Cz-corresponding electrode,recorded at a sampling rate of 500 Hz. and stored in BrainVision format. Off-line preprocessing was conducted in MATLAB R2023a (The MathWorks, Natick, MA) using EEGLAB version 2024.1 (7). Data were imported via the bva-io plugin, resampled to 500 Hz when necessary, and channel coordinates were assigned using a layout file that matched the manufacturer’s specifications.
A 1 Hz high-pass FIR filter (pop_eegfiltnew) was then applied (8), followed by detection and removal of flat channels using the clean_rawdata plugin, which incorporates Artifact Subspace Reconstruction (ASR) for automated attenuation of transient high-variance artifacts (9, 10). ASR identifies artefactual subspaces using a sliding-window principal component analysis and reconstructs a clean EEG by removing components whose variance exceeds an adaptively estimated threshold.
Power-line noise at 50 Hz and its harmonics was attenuated using ZapLine, a method that combines spectral and spatial filtering to suppress line contamination while preserving neural activity at the same frequency (11, 12).
Additional bad channels were detected in three successive runs of pop_rejchan, based on kurtosis, joint probability, and spectral criteria (normalized threshold = 5 SD), and were subsequently interpolated using spherical splines (13). These statistical measures rely on deviations in higher-order statistics and probability distributions to identify artefactual channels (14). 8 ±4.2 channels were interpolated in controls, and 9±4.4 in patients
To recover the implicit reference signal, an empty Z7 channel was appended to the dataset, a 129-channel locations (chanlocs) file was loaded, and the data were re-referenced to the common average. This procedure yielded a reconstructed reference channel corresponding to the negative mean of the original 128 electrodes, which was retained for subsequent analyses.
Residual high-amplitude transients were then attenuated using GEDAI (Generalized Eigenvalue De-Artifacting Instrument; (15), an unsupervised denoising algorithm that compares the empirical EEG covariance matrix against a theoretical reference covariance derived from an anatomical leadfield model. Components whose spatial topographies deviate from the leadfield-defined brain subspace are flagged as artefactual and removed via generalized eigenvalue decomposition, with the rejection threshold automatically selected to maximize subspace similarity between the cleaned data and the reference. Continuous data were then segmented into −1 to +2 s epochs relative to the 40 Hz auditory steady-state response (ASSR) stimulus onset (16); no baseline correction was applied, so the prestimulus window was retained unaltered.
Epochs exhibiting abnormal statistical properties were identified using pop_jointprob and pop_rejkurt (local and global thresholds: 5 SD) and rejected using pop_rejepoch (14).
Independent component analysis (ICA) was then performed using the Picard algorithm (17), an L-BFGS-preconditioned variant of Infomax that achieves substantially faster convergence while yielding equivalent decompositions. Independent components were classified with ICLabel, which assigns posterior probabilities across seven source categories (18). We applied a rejection strategy only removing the Muscle and Eye components with posterior probability ≥ 0.9.  On average 3.5±2.4 components were discarded from the reconstructed signal of controls, and 3.6±4.5 from patients.
Stimulus triggers corresponding to the 40 Hz ASSR click train were identified and normalized to a single canonical label. Data were epoched from −1000 to +2000 ms relative to stimulus onset, providing sufficient temporal padding for wavelet convolution at low frequencies. No additional artifact rejection was applied at this stage, as epochs had been pre-cleaned through ICA-based artifact removal and rejection of epochs exceeding muscle/eye artifact thresholds (90 µV) in a prior processing step. Subjects with less than 60 epochs retained were ruled out of the study. On average 78.6±8.3 epochs were kept for each controls, and 77.5±8.7 for patients. 
EEG analysis
All EEG analyses were performed in Python using MNE-Python v1.7. on epoched data that had undergone the described preprocessing. A region of interest (ROI) comprising 26 fronto-central electrodes (Z4–Z9, L4–L9, R4–R9, LL5–LL8, RR5–RR8; ANT WaveGuard nomenclature) was selected for all time–frequency analyses.
A channel adjacency matrix was constructed for the 26-electrode ROI based on the three-dimensional electrode positions from the ANT WaveGuard montage (custom .xyz file). Positions were transformed from the manufacturer's coordinate system to MNE-compatible head coordinates and projected onto the scalp surface. Neighborhood relationships between electrodes were then derived automatically from their spatial positions (mne.channels.find_ch_adjacency, yielding the adjacency structure required for cluster formation in the permutation tests.
Event related spectral perturbation (ERSP) and intertrial phase coherence (ITC)
Spectral power (event-related spectral perturbation, ERSP) and inter-trial phase coherence (ITPC) were computed over frequencies from 1 to 60 Hz in 1-Hz steps. Morlet wavelet decomposition was used for both ERSP and ITPC, with a number of cycles set to f/2 with a minimum of 3 cycles. No temporal decimation was applied. Event-related spectral perturbation (ERSP) was derived from trial-averaged Morlet power, converted to decibels (dB) relative to a pre-stimulus baseline (−500 to −100 ms), using the log-ratio method (10 × log₁₀[power/baseline]). Inter-trial phase coherence (ITC) was computed from the same Morlet decomposition as the magnitude of the average complex phase across trials, yielding values bounded between 0 and 1; no baseline correction was applied. Analyses focused on two frequency bands: gamma (38–42 Hz) and theta (4–8 Hz), within an early (0–250 ms) and a late (250–1250 ms) post-stimulus time window. 
Temporal specificity of the post-onset theta response
The temporal extent of a Morlet wavelet scales with cycle count (SD = n_cycles/2πf), so the apparent duration of a transient is partly imposed by the kernel rather than the data. To control for this, the TFR was recomputed under four n_cycles schemes — fixed 3, 5, 7, and the pipeline default max(f/2, 3) — on a theta-focused frequency axis (4–12 Hz, 0.5 Hz steps) chosen so that no wavelet exceeded the epoch. Full kernel length was computed analytically as ⌈10·SD·sfreq⌉+1 (MNE truncates at 5 SD per side) and evaluated at the worst case (lowest frequency, highest cycle count). The kernel-imposed smearing width (±2 SD at 6 Hz) was overlaid on each theta time course, with a pre-specified decision rule: a decay tracking that band across schemes indicates smearing, whereas a decay outlasting it at the lowest cycle count indicates genuine signal duration.
A second analysis compared causal and non-causal envelope estimates to test for backward leakage of post-onset energy into the baseline. ROI channels were band-pass filtered at 4–8 Hz (FIR, firwin, Hamming window, 2 Hz transition bands, filter length fixed at 2 s) with zero-phase (non-causal) and minimum-phase (causal) implementations, Hilbert-transformed to obtain the analytic envelope, and averaged across trials and channels. Filtering and envelope extraction were performed on the continuous recording before epoching, so that the FIR kernel (1000 taps) was always far shorter than the signal; this avoids the ramp-up distortion that occurs when a narrow-band theta filter of comparable length to the epoch is applied to short segments. Rather than decibel baseline correction, envelopes were normalised by division by their pre-stimulus mean (−0.5 to −0.1 s), so that energy leaking into the baseline would not be normalised away. Backward leakage was quantified as percent deviation from baseline over −0.2 to 0 s, and the response over 0.05–0.35 s. Because causal filtering imposes a frequency-dependent group delay, the delay was estimated empirically by cross-correlating the two envelopes over 0–1.2 s (maximum lag 0.6 s), and the causal response window was shifted accordingly before comparison; peak amplitude and latency were extracted from each normalised envelope over 0–1 s.
Analysis of the auditory N1-P2 complex
Continuous BrainVision recordings were re-epoched from the preprocessed dataset for the purpose of the ERP analysis. Epochs were extracted from −1.0 to 1.998 s relative to stimulus onset without baseline correction at the epoching stage, band-pass filtered from 0.1 to 20 Hz, and subsequently baseline-corrected using the −500 to −100 ms pre-stimulus interval. The 20 Hz low-pass was applied to suppress the 40 Hz steady-state response. Single-subject evoked responses were obtained by averaging all retained epochs across time, at the level of the selected electrodes.
N1 and P2 were measured from the subject-level averaged waveforms in two a-priori electrode regions with fixed time windows, visually selected based on grand-average topographies and waveforms across time, before any group comparison. ERPs were measured over 25 fronto-central electrodes (Z2–Z6, L2–L6, LL2–LL6, R2–R6, RR2–RR6 in the 90–150 ms window for N1, and Z3–Z7, L3–L7, LL3–LL7, R3–R7, RR3–RR7 in the 180–260 ms window for P2. For each participant and component, the waveform was averaged across the selected electrodes, and two amplitude measures were extracted from that averaged waveform: the mean amplitude across the window, and the peak amplitude, defined as the most negative value within the window for the N1 and the most positive for the P2, together with its latency. The N1–P2 peak-to-peak amplitude was computed as the difference between the two peak values. All amplitudes are expressed in microvolts and latencies in milliseconds.
Partitioning of theta activity into evoked and induced components
Theta power was decomposed into evoked and induced components to determine the extent to which the observed theta effects reflected phase-locked activity. Total power was computed as the mean across trials of single-trial time–frequency power, evoked power as the time–frequency power of the trial-averaged waveform, and induced power as the difference between the two. Time–frequency decomposition used Morlet wavelets over the same frequency range as the principal analyses, and all estimates were baseline-corrected by subtraction of the mean power in the pre-stimulus baseline window (-500 to -100 ms).
The decomposition was performed separately for the early and late time windows, within a single region of interest per window defined as the union of all electrodes belonging to a significant patients-versus-controls theta cluster in that window, whether identified through ERSP or ITPC. 
Evoked power was computed within participants and only then aggregated, rather than from a cohort grand-average waveform, because across-participant latency variability produces substantial temporal cancellation in the grand average. Cohort and group proportions were computed as energy-weighted ratios, that is, as the sum of evoked power divided by the sum of total power across participants. Confidence intervals for these proportions were obtained by bootstrap resampling of participants with 5000 iterations. 
Statistical analysis
Initial assessment of demographic, clinical and EEG variables
Continuous variables were summarized as mean ± standard deviation when normally distributed and as median [Q1–Q3] otherwise. Normality was defined based on a distributional analysis considering skewness, kurtosis and the Shapiro-Wilks test, with α = 0.05.  Group comparisons of continuous variables used Welch's t-test when both groups were normally distributed and the Mann–Whitney U test otherwise. Categorical variables were compared with Fisher's exact test for 2×2 tables and the χ² test for larger tables. Effect sizes were reported as Cohen's d for continuous comparisons (positive values indicating a higher value in the first-named group), the rank-biserial correlation for Mann–Whitney comparisons, and Cramér's V for categorical comparisons. To avoid the test-selection bias, the non-parametric approach was chosen for the family of tests (i.e. demographic, clinical, medication related) when the majority of its variables was not normally distributed.
Main analysis: cluster based permutation testing for group comparisons and symptoms correlations
Concerning the primary and secondary outcome of the study, five group comparisons were performed: patients vs. controls, responders vs. controls, non-responders vs. controls (all two-tailed), responders vs. non-responders (two-tailed) and patients completing the study vs patients not completing the study, this latest analysis aimed to assess the attrition bias. Between-group differences were tested using spatial cluster-based permutation tests (19), as implemented in MNE-Python, separately for each combination of metric (ERSP, ITPC), frequency band (theta 4-8 Hz, gamma 38–42 Hz), and time window (early, late. Clustering was performed over the spatial (electrode) dimension only, using the montage-derived adjacency structure to define neighboring electrodes. At each electrode, the group difference was quantified with an independent-samples Welch t-statistic (unequal variances), computed with a small variance regularization to stabilize estimates at electrodes with very low variance. Electrodes were aggregated into candidate clusters when their t-statistic exceeded a two-tailed parametric threshold corresponding to p = 0.05 (evaluated at n₁ + n₂ − 2 degrees of freedom), and each cluster was assigned a mass statistic equal to the sum of its constituent t-values. The null distribution of the maximum cluster mass was obtained from 10,000 permutations of the group labels (two-tailed), and clusters were considered significant at p < 0.05 relative to this permutation distribution. All tests used a fixed random seed to ensure reproducibility. As a descriptive measure of effect magnitude, Cohen's d was computed at each electrode from the pooled standard deviation of the two groups, independently of the permutation test, and summarized within each cluster as the mean and peak (largest-magnitude) d across the cluster's electrodes.
The correlation between continuous clinical variables (i.e. percentage change in total PANSS score from baseline to follow-up [(total₂ − total₁) / total₁ × 100], the baseline PANSS total score and subscales for positive, negative, disorganized, excited and depressed symptoms) and EEG metrics was analyzed with a spatial cluster-based permutation tests for Spearman rank correlations, mirroring the test adopted for group comparisons. Spearman correlations were computed at each electrode, converted to t-statistics, and spatially contiguous electrodes exceeding the cluster-forming threshold (two-tailed, p < 0.05) were grouped into clusters. Rank correlation coefficients were converted to t-statistics [t = ρ√(n−2)/(1−ρ²)] for cluster formation. Significance was determined by comparing observed cluster mass against a null distribution generated from 10,000 permutations of the outcome vector, with α = 0.05.
Correction for multiple comparisons
Each cluster-based permutation test inherently controlled the family-wise error rate across electrodes. Concerning group level comparisons, to additionally correct for testing multiple EEG parameter (ITC and ERSP) × time window combinations (4 comparisons), we applied the Benjamini–Hochberg false discovery rate (FDR) procedure (q < 0.10) separately for gamma and theta analysis, within 4 families: (1) patient effects (patients vs. controls, responders vs. controls, non-responders vs. Controls, 3 families) and (2) treatment response prediction (responders vs. non-responders, 1 family). 
 To control for multiple testing across severity correlation analyses, we applied the same Benjamini–Hochberg FDR correction (q < 0.10) used for group comparisons, separately to two frequency bands. Testing was conducted on the association between EEG measures and baseline PANSS total score across 4 effective tests (2 EEG parameters [ITC and ERSP] × 2 time windows) and separately on the associations of ERSP and ITC with the five PANSS subscales (positive, negative, disorganized, excited, depressed) across 20 effective tests (5 subscales × 2 parameters [ITC and ERSP] × 2 time windows).
Sensitivity analysis
To assess whether significant cluster-level effects were attributable to demographic or clinical confounders, we conducted one-way ANCOVAs on the mean value within each significant cluster. For each significant cluster identified by the permutation tests, we extracted the average metric value (ERSP or ITC) across cluster electrodes for each subject, then tested the group effect while adjusting for one covariate at a time. Covariates tested for all comparisons were sex, age, handedness, and parental education (mother, father). For the responders vs. non-responders comparison, additional clinical covariates were tested: age of onset, duration of illness, duration of untreated psychosis, number of hospitalizations, antipsychotic category, risperidone-equivalent dose at the moment of EEG recording and in the final treatment schedule, medication status before admission, day of the EEG compared to the admission. Participant education was excluded as a mediator rather than confounder (6). A finding was classified as confounded if the covariate significantly differed between groups (p<0.05), the group effect became non-significant (p ≥ 0.05) after adjustment and/or a change in effect size superior to 10% was detected (20, 21). 
The same kind of one-way ANCOVA testing was realized on significant results on continuous outcome (i.e. symptom dimensions operationalized as PANSS score and subscores), examining as confounders the same variables listed above. The cluster-mean baseline EEG value (averaged across the electrodes forming the significant cluster) and the symptom score were rank-transformed, and each covariate was entered individually as a nuisance regressor: the covariate was regressed out of both ranked variables by ordinary least squares, and the Spearman correlation between the resulting residuals was computed. 
Equivalence testing 
For the gamma-band contrasts, we complemented the cluster-based tests with equivalence tests, in the one-sided (non-inferiority) form corresponding to our directional hypothesis: the lower arm of the two one-sided tests procedure (Schuirmann, 1987; Lakens et al., 2018), which assesses whether the present estimates are compatible with the reduction reported meta-analytically. Bounds were set at the pooled effect sizes for the 40 Hz ASSR in schizophrenia (g = −0.702 for ERSP and g = −0.897 for ITC (22) and were therefore fixed independently of the present data. Tests were run at α = 0.05 on the cluster-mean values of the primary analysis, so that the equivalence tests address the same quantities as the two-tailed cluster-based comparisons they accompany; where no cluster formed, the average across all 26 region-of-interest electrodes was used instead, and the two spatial units are distinguished in the tables and figures. We report Cohen’s d with its 90% confidence interval, this being the interval whose position relative to the bound corresponds to the two one-sided tests at α = 0.05. Because the bound is a case–control effect size, the equivalence analysis was restricted to the comparisons involving controls and was not applied to the contrast between responders and non-responders. For the comparison of responders with controls, where the question was two-sided, we ran the full TOST procedure and report the smallest symmetric bound supported by the data. These tests address a single, externally specified prediction and were not included in the false discovery rate correction applied to the primary analyses; given the magnitude of the resulting test statistics, correction across them would not change any conclusion. Analyses were conducted using the TOSTER package (23).
Statistical analysis of N1 and P2
In line with what described above, patients and controls were compared at the group level with Welch's two-sample t-test (unequal variances, Satterthwaite-approximated degrees of freedom), applied identically to every parameters, and effect sizes were reported as Hedges' g with 95% confidence intervals derived from the large-sample standard error, and the correction for multiple testing was realized with the Benjamini–Hochberg false discovery rate, across 6 primary measures (mean and peak amplitude, and latency for N100 and P200.
To examine whether the amplitude of the auditory evoked response was related to early theta-band dynamics, N1 and P2 amplitudes were correlated with theta ERSP and ITC. The analysis was restricted to the early window, given that the N1–P2 complex is confined to the first 260 ms following stimulus onset and therefore cannot plausibly account for activity in the late window.
Theta measures were averaged over the 0–250 ms post-stimulus window within the electrodes belonging to the corresponding significant patients-versus-controls cluster identified by the cluster-based permutation analysis, with each metric restricted to the channels of its own cluster (ERSP values over the ERSP cluster, ITPC values over the ITPC cluster). N1 and P2 amplitudes were taken from their own predefined electrode regions and measurement windows. Only mean and peak amplitude measures were considered, while latencies were excluded by design.
Associations were quantified with Pearson correlation coefficients and 95% confidence intervals obtained by Fisher z-transformation.
To determine whether the group difference in early theta activity could be accounted for by the concurrent auditory evoked response, early theta ERSP and ITPC were each modelled by ordinary least squares, first with group alone and then with N1 and P2 mean amplitude added as covariates (type-II sums of squares, controls as reference). For both specifications the group coefficient with its 95% confidence interval and partial η², together with estimated marginal means at the sample mean of the covariates and the proportional change in the group coefficient after adjustment were reported. Homogeneity of regression slopes was verified by testing the group × covariate interactions. No age or sex adjustment was applied, consistent with the cluster-based permutation framework used for the main analysis.


SUPPLEMENTARY RESULTS
Gamma band equivalence testing against the meta-analytic bounds
Gamma-band values were higher in patients than in controls in all four contrasts, significantly so for ERSP in the late window (cluster p = 0.045, six electrodes, d = +0.43); the other three did not reach the cluster threshold (ERSP early p = 0.061, d = +0.47; ITC early p = 0.090, d = +0.45; ITC late p = 0.140, d = +0.36). Test statistics for the four patient versus control contrasts were t = 7.30 (p = 1.1 × 10⁻¹¹) and t = 6.87 (p = 1.1 × 10⁻¹⁰) for ITC in the early and late windows against a bound of −0.897, and t = 6.34 (p = 1.6 × 10⁻⁹) and t = 6.17 (p = 3.7 × 10⁻⁹) for ERSP against a bound of −0.702. The 90% confidence interval of every contrast excluded the corresponding meta-analytic bound. The same bounds were excluded when each subgroup was compared with controls separately, in all eight contrasts and with t between 3.87 and 6.99 (tables S5-6 and supplementary figure S1).
The conclusion does not depend on the precise value of d: recomputing the early-window ITC test across a range of assumed true effect sizes, the bound remained excluded down to d = −0.50 (t = 2.15, p = 0.017) and was no longer excluded at d = −0.70 (t = 1.05, p = 0.15), the claim failing below approximately d = −0.60 (table S7, figure S2).

Temporal specificity of the post-onset theta response
The post-onset theta decay was not determined by the analysis kernel. At the theta centre frequency (6 Hz), the Morlet temporal SD was 79.6 ms for 3 cycles (±2 SD = 318 ms), 132.6 ms for 5 cycles (±2 SD = 531 ms) and 185.7 ms for 7 cycles (±2 SD = 743 ms); the default max(f/2, 3) scheme is bounded at 3 cycles and therefore coincides with the fixed-3 case at theta. All four schemes were admissible with respect to epoch length (longest wavelets 598–1394 of 1501 samples). Across the sweep the theta time course was qualitatively unchanged, and the decay markedly outlasted the shaded ±2 SD smearing window in every scheme, including the shortest-kernel (3-cycle) case in which the kernel can account for only ~318 ms of spread. Had the decay been kernel-imposed, its duration would have expanded and contracted with the shaded band across the 3→5→7 sweep; it did not (figure S9).
Causal and non-causal envelope estimates converged on the same response figure S10). Under zero-phase filtering the pre-onset window (−0.2 to 0 s) deviated from baseline by 0.7%, indicating negligible backward smearing into the pre-stimulus period. Both implementations recovered a positive theta transient: +4.5% at 102 ms (zero-phase) and +6.7% at 448 ms (minimum-phase). The 346 ms peak separation agreed to within 16 ms with the group delay estimated independently by cross-correlation of the two envelopes (330 ms), and after shifting the response window by that delay the causal estimate (+4.4%) closely matched the non-causal peak amplitude. The causal branch thus recovers the same response, displaced by exactly the amount the filter's delay predicts — consistent with a genuinely post-stimulus, causally generated theta response.
N1-P2 complex analysis
N100 and P200 Mean, peak amplitude and latency in patients vs controls
N1 mean amplitude was less negative in patients compared to controls (t79.4 = 4.24, p < .001, g = 0.80), as was peak amplitude (t75.5 = 4.08, p < .001, g = 0.78). No group differences emerged in N1 peak latency.
P2 amplitude did not differ significantly between groups, in either its mean or peak measure. P2 peak latency was shorter in patients than in controls (t109.7 = −2.90, p = .004, g = −0.48). 
The N1–P2 peak-to-peak amplitude was smaller in patients (t74.5 = −3.53, p < .001, g = −0.68) compared to controls (Figure S15, table S23).

Correlation analysis between theta ERSP and ITC and N1-P2 parameters
In patients, the N1 mean amplitude correlated with both ITC (r=-0.51, p<.001) and ERSP (r = −0.30, p=.004), and also the N1 peak amplitude correlated with ITPC (r=−0.48; p<.001) and ERSP (r=-0.30, p=0.004). In controls the same associations were observed for the N1 mean amplitude (ITC: r = -0.47, p< .001; ERSP: r = −0.42, p =.004) and peak amplitude (ITPC: r=−0.50, p<.001). 
In patients, P2 mean amplitude correlated with both ITC (r=0.39, p<.001) and ERSP (r=0.41, p<.001), and also the P2 peak amplitude correlated with ITC (r = 0.36, p<.001) and ERSP (r=0.43, p<.001). In controls, the same associations were observed for the P2 mean amplitude (ITC: r=0.58, p<.001; ERSP: r=0.43, p=0.003) and peak amplitude (ITC: r=0.63, p<.001; ERSP: r=0.47, p=.001).
In patients, N1–P2 peak-to-peak amplitude measure correlated with both ITC (r=0.55, p<.001) and ERSP (r=0.47, p<.001), similar to controls (ITC: r=0.70, p<.001; ERSP: r=0.53, p<.001).
Correlations computed across the combined sample are only reported in table S24, showing similar values to the analysis conducted separately in patients and controls.

Early ERSP and ITC theta group difference adjusted for the N1-P2 complex
N1 and P2 were uncorrelated (r=−0.08), and group × covariate interactions were non-significant throughout (all F ≤1.23, p≥.270), satisfying homogeneity of regression slopes.
For early theta ITPC the unadjusted contrast was b =−0.091 (partial η²=0.174, p<.001). Adding N1 and P2 mean amplitude reduced the coefficient to b = −0.045 (partial η²=0.073, p =.002), corresponding to an attenuation of 50.7%. Both covariates contributed independently and substantially (N1: F(1,132) = 52.68, p<.001, partial η²=0.285; P2: F(1,132) = 44.69, p<.001, partial η²=0.253). Adjusted marginal means at sample-mean covariate were 0.270 in patients and 0.315 in controls.
The same pattern held for for early theta ERSP: the unadjusted group contrast was b = −0.582 dB (partial η²=0.148, p<.001), and the adjusted coefficient was b=−0.343 dB (partial η²=0.068, p=.002), corresponding to an attenuation of 41.0%. Both covariates contributed independently and substantially (N1: F(1,132)=19.12, p<.001, partial η²=0.127; P2: F(1,132)=30.15, p<.001, partial η²=0.186). Adjusted marginal means at sample-mean covariate values were 0.61 dB in patients and 0.95 dB in controls (table S25).
A sensitivity analysis introducing clinical covariates in the main model showed that they had no relevant influence on the level of significance and on effect sizes (table S26).
Partitioning of theta activity into evoked and induced components
In patients, evoked activity accounted for 63.2% (95% CI 53.3-75.2) of the stimulus related 4-8 Hz increase in the early window, and for 28.25% (95% CI -32–158.1) in the late window. Induced activity accounted for 36.8% of the 4-8 Hz increase in the early window and for 71.75% in the late window.
In controls, evoked activity accounted for 75.3% (95% CI 64.5-89.6) of the stimulus related 4-8 Hz increase in the early window, and for 24.2% (95% CI 14.4-41.6) in the late window.  Induced activity accounted for 24.7% of the 4-8 Hz increase in the early window and for 75.8% in the late window.
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