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Abstract

Antisemitism rose sharply after October 7, 2023 across multiple regions and platforms. We propose the Tesseract Framework—a hybrid model that (i) represents antisemitism as a four-dimensional
system (Institutional/Scriptural Priming IP, Intergenerational Stress IS, Community Response CR, Digital Amplification DA) and (ii) tests causal pathways via a temporal transmission cascade
(IP—IS—CR—DA—Incidents), supplemented by machine-learning surge forecasting.

This paper is a methodological proposal with a pre-analysis plan. All effect sizes and performance metrics reported herein are simulation-based, calibrated to published aggregates (ADL, CST,
EU-FRA, NCRI/CyberWell; Yehuda et al.). We specify constructs, measurement, identification strategies (SEM with lagged structure; IV for DA), and robustness checks, and we preregister
falsifiable predictions and decision rules. Upon data access (panel, incident, and digital-trace sources outlined), we will replace simulated quantities with empirical estimates and update the
preregistration.

Expected performance under realistic data-generating processes:
o Institutional Priming (binary dual-scriptural encoding) predicts +98% baseline incidents (target B = 0.62)
o Intergenerational Stress mediates ~26% of priming — response (indirect = 0.21, 95% CI [0.14, 0.28])
¢ Digital Amplification causes +72% velocity (IV estimate)
o ML forecast achieves RMSE = 11.4, AUC = 0.91 for surge detection
Five pre-registered predictions specified. Implications: Prioritize platform reforms (high leverage via synergies).

Keywords: antisemitism, epigenetics, causal modeling, digital hate, machine learning, interaction effects, pre-analysis plan, structural equation modeling
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1. Introduction

1.1 The October 7, 2023 Surge

On October 7, 2023, Hamas launched coordinated attacks on Israeli communities, killing approximately 1,200 people and abducting 251 hostages. Within 72 hours, antisemitic incidents began
surging globally—not just in regions proximate to Israeli military response, but across North America, Europe, Australia, and Latin America.

By December 2024, multiple monitoring organizations documented unprecedented increases:

United States: ~312% increase (ADL, 2024)

United Kingdom: ~147% increase (CST, 2024)

U.S. University Campuses: ~400% increase (AMCHA Initiative, 2024)
Global Average: ~200-300% increase (Kantor Center, 2024; EU-FRA, 2024)

This surge poses a theoretical puzzle: Why would violence in the Middle East trigger such disproportionate increases in discrimination against Jewish communities worldwide, most of whom have
no direct connection to the conflict? Standard models of discrimination—which emphasize economic competition, scapegoating during crises, or political polarization—cannot adequately explain
the speed, scale, and geographic distribution of this phenomenon.

1.2 The Hybrid Tesseract Framework

We propose that understanding contemporary antisemitism requires a fundamentally different analytical approach: one that accounts for the interaction of deep institutional encoding, biological
transmission across generations, community threat responses, and unprecedented technological amplification.

This paper introduces the Tesseract of Antisemitism—a hybrid framework that:
1. Uses four-dimensional geometry as a conceptual scaffold to represent antisemitism's persistence across orthogonal dimensions
2. Employs a temporal transmission cascade to identify causal pathways
3. Integrates machine learning for out-of-sample surge prediction

The four dimensions are:
o IP (Institutional/Scriptural Priming): Binary indicator of dual-religion scriptural encoding creating baseline cognitive schemas
o IS (Intergenerational Stress): Latent factor capturing biological and cultural trauma transmission
¢ CR (Community Response): Composite measure of behavioral adaptations to perceived threats

« DA (Digital Amplification): Quantified acceleration of content spread through algorithmic systems

Critical distinction: While the geometric tesseract provides a conceptual framework for understanding why antisemitism persists across contexts, the temporal cascade
(IP-IS—CR—DA—Incidents) provides the causal structure for empirical testing.

1.3 Paper Structure and Data Status

This paper presents:

1. A theoretical framework (Section 2)
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2. An empirical strategy with measurement protocols (Section 3)
3. Simulation results as proof-of-concept (Section 4)
4. A pre-analysis plan for empirical validation (Sections 5-6)

Critical transparency statement: All numerical results in Section 4 are derived from Monte Carlo simulations calibrated to published aggregates (ADL, 2024; CST, 2024; Yehuda et al., 2016;
NCRI, 2024; CyberWell, 2024). These are not estimates from an integrated empirical dataset. The empirical study will begin once data access agreements and IRB approvals are finalized (data
sources specified in Section 3.1).

Scope limitations: Uniqueness claims are structural and empirical, not normative; results do not rank suffering across groups. Epigenetic markers modulate stress responsivity; they do not
biologically determine antisemitic outcomes. "Causal" refers to model-identified effects under stated IV assumptions; field experiments are proposed in Section 6.

1.4 Research Questions

This framework addresses five core questions:
1. Does institutional scriptural priming predict baseline incident rates across countries? (H1)
2. Does intergenerational stress mediate the relationship between priming and community response? (H2)
3. Does digital amplification have a causal effect on incident velocity? (H3)

4. Do dimensions combine multiplicatively rather than additively? (H4: IPxDA, ISxCR interactions)
5. Can machine learning forecast surges out-of-sample with clinical utility? (H5: AUC > 0.80)

2. Theoretical Framework

2.1 The Geometric Tesseract as Conceptual Scaffold

‘We conceptualize antisemitism as a tesseract—a four-dimensional hypercube—to capture the idea that four orthogonal dimensions interact to produce the observed phenomenon. Just as a tesseract
cannot be fully understood by examining its three-dimensional projections, antisemitism cannot be comprehended through single-factor analysis.

The four orthogonal axes:

Dimension Conceptual Definition Temporal Stability Observable Proxies

IpP Institutional/Scriptural Priming High (centuries) Dual-religion encoding

Is Intergenerational Stress Medium (4 generations) FKBP5, HITT-Q, trauma-talk
CR Community Response Low (months-years) Emigration, safety, spending
DA Digital Amplification Very Low (days-weeks) Reach, velocity, AI %

Why geometry matters: The tesseract structure explains three empirical patterns that linear models cannot:

1. Persistence across contexts: Even when one dimension is zero (e.g., low DA in pre-digital eras), the phenomenon persists through other dimensions
2. Rapid amplification: When all four dimensions align (e.g., post-October 7), effects multiply super-additively
3. Projection illusions: Intervening in observable 3D projections (e.g., reducing visible incidents) does not alter the underlying 4D structure

Comparison with other discriminated groups: To test whether this four-dimensional structure is unique to antisemitism or applies to other forms of discrimination, we compare Jewish
communities to four control groups:

Group IP (Scriptural) IS (Epigenetic) CR (Cohesion) DA (Digital) 4D Structure?
Jewish v (dual-religion) Vv (Holocaust founder event) v (community threat response) v (algorithmic amplification) YES
African American Partial (~400 yrs, single religion) v (slavery, ongoing) v v NO (lacks dual-scriptural IP)
LGBTQ+ Partial (religious texts, not institutional) X (no biological lineage) V v NO (lacks IS founder event)
Muslim Partial (~4@ yrs post-9/11) X v v NO (lacks deep IP, lacks IS)
Asian American Episodic (WWII, COVID) X Partial N NO (lacks persistent IP)

Empirical prediction: If the tesseract structure is correct, Jewish communities should exhibit:
e Higher baseline incident rates (due to IP)
o Stronger intergenerational effects (due to IS)
o Greater surge responsiveness (due to IPxDA synergy)

These predictions will be tested in Section 4.5 (control group comparisons).
2.2 From Tesseract to Transmission Cascade: Temporal Cross-Section

While Section 2.1 describes the tesseract's four-dimensional structure, we require an empirical method to test this framework. We cannot directly observe four-dimensional space, but we can observe
how the tesseract operates sequentially in time.

We term this the Temporal Cross-Section Framework: The tesseract exists as a simultaneous four-dimensional structure, but its operation manifests as a temporal cascade of cause and effect.

The four-stage transmission cascade:
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Stage 1: Institutional Priming (IP)

|

Stage 2: Intergenerational Stress (IS)

1
Stage 3: Community Response (CR)

l
Stage 4: Digital Amplification (DA)

l
Incidents (Observable Surge)

Mapping between tesseract dimensions and cascade stages:

Tesseract Dimension Geometric Property Cascade Stage Causal Mechanism

IP Temporal depth (2000 yrs) Institutional Priming Dual-scriptural encoding sets baseline cognitive schemas
Is Biological inheritance Intergenerational Stress Epigenetic priming amplifies threat detection sensitivity
CR Community cohesion Community Response Perceived threats trigger behavioral adaptations

DA Digital acceleration Digital Amplification Algorithmic systems multiply transmission velocity

‘Why both frameworks are necessary:
o Tesseract (geometric): Explains WHY antisemitism is structurally different from other prejudices
e Cascade (temporal): Shows HOW the tesseract operates sequentially in observable reality
¢ Together: Provide both theoretical explanation and empirical testability

Critical insight: The cascade is not a replacement for the tesseract—it is how the tesseract operates in real time. Just as a 2D movie captures a 3D scene through a temporal sequence of frames,
the cascade captures the tesseract's four-dimensional structure through observable temporal stages.

2.3 Multiplicative Hypothesis

The core theoretical claim is that dimensions combine multiplicatively rather than additively:

Additive model:
Incidents = Bo + Bl'IP + BZ'IS + ﬁs'CR + ﬁa'DA +e

Multiplicative model:
Incidents = o + Pi-IP + B2-IS + B3-CR + Ba-DA + Bs:(IPXDA) + Bs:(ISXCR) + ¢

Theoretical justification:

1. IPxDA synergy: Historical encoding (IP) creates latent schemas that algorithmic systems (DA) reactivate and amplify. Effect of DA should be stronger in high-IP contexts.
2. ISxCR synergy: Inherited stress sensitivity (IS) magnifies behavioral responses (CR) to perceived threats. Effect of perceived threat should be stronger in high-IS individuals.

Empirical predictions:

¢ Bs (IPxDA) > 0: Digital amplification effects are 2-3x larger in dual-scriptural contexts
e B6 (ISXCR) > 0: Emigration intent triggered at lower threat thresholds for Holocaust descendants

Falsification: If interactions are not significantly positive (95% CI includes zero) after Bonferroni correction, multiplicative hypothesis is rejected.

3. Empirical Strategy
3.1 Data Sources and Access Plan
We will assemble a multi-source longitudinal dataset spanning 2019-2024 (6 years x 16-20 countries). Current status: All sources identified; data access agreements in progress.

Incident Data (Near-Term Access):

Source Coverage Records Accessibility Timeline
ADL Audit u.s. ~8,000/year Public aggregates Immediate
CST Reports U.K. ~4,000/year Public aggregates Immediate
Kantor Center Global (50+ countries) Country totals Annual reports Immediate
EU-FRA Survey EU-27 ~16,000 respondents Application required 3-6 months
AMCHA Initiative U.S. campuses (200+) ~1,500/year Public database Immediate

Target: 1.5M harmonized incident records across sources (person-years at individual level where available; country-years at aggregate level).

Digital Trace Data (Data-Sharing Agreements Required):

Source Coverage Records Process Timeline
NCRI Platform events ~500k posts/month Researcher agreement 3-6 months
CyberWell Labeled content ~200k posts/month Academic partnership 3-6 months
ISD Cross-platform tracking Event-level Collaboration proposal 6-12 months

Target: 3.2M posts (2022-2024) with reach metrics, Al-generation flags, and IHRA trope classifications.

Panel/Survey Data (IRB + Consent Required):



Source Sample Variables Process Timeline

EU-FRA Microdata N=16,000 Discrimination, safety, identity Data use agreement 3-6 months
WIC Survey N=5,000 Community attitudes Partnership 3-6 months
Proposed Panel N=4,000 (target) Bio+psych measures Full IRB protocol 12-18 months

Note: If bespoke panel proves infeasible, we will proceed with EU-FRA + WJC (combined N~20,000) and use published epigenetic estimates from Yehuda Lab for IS latent factor calibration.

Epigenetic Biomarker Literature (Secondary Analysis):

Source Sample Measures Access
Yehuda et al. (2016) N=32 (G2 Holocaust descendants) FKBP5 methylation Published data
Yehuda et al. (2018) N=86 (G2-G3) GR-1F promoter Published data
Lehrner et al. (2023) N=220 (G2-G4) Telomere length Published data

Limitations acknowledged: Small samples, Ashkenazi-biased, no direct G4 biomarker data. We will run sensitivity analyses using cultural-stress-only IS specification to demonstrate robustness.
3.2 Measurement Protocols
IP (Institutional Priming) - Binary Variable

Definition: IP = 1 if country-year exhibits dual-scriptural antisemitic encoding (Christian + Islamic foundational texts with antisemitic tropes historically institutionalized in state, legal, or
educational systems).

Coding Protocol:

1. Historical documentation: Verify presence in canonical texts (New Testament, Qur'an, hadith)

2. Institutional embedding: Document state-level legal codes, school curricula, or liturgical practices

3. Temporal persistence: Confirm encoding persists beyond single regime (>50 years)
Ambiguous cases: Countries with secular dominance but Christian heritage (e.g., France, Czech Republic) coded by three independent historians; disagreements resolved via majority rule.
Inter-rater reliability: k will be reported in supplementary materials (target k > 0.80).

Examples:

e IP = 1: Poland (dual encoding: Catholic + historical Islamic influence regions), Saudi Arabia (Islamic encoding + Christian minoritarian texts in education)
o IP = 0: Japan (no scriptural encoding), South Korea (Christian minority, no Islamic presence)

Supplementary material: Full coding codebook with 30+ country examples and edge case decisions.
IS (Intergenerational Stress) - Latent Factor

Measurement model (CFA):

v

IS (latent) — FKBPS methylation (A1, where available)
IS (latent) — HITT-Q trauma-talk scale (A2)

IS (latent) — Generational proximity to Holocaust (A3)

Two pre-specified variants:

1. Bio+Psych model: All three indicators (where biomarker data available)
2. Psych-only model: HITT-Q + generational proximity (sensitivity analysis for non-Ashkenazi samples)

Scoring:
¢ FKBPS5: % methylation in regulatory regions (from published studies or future collection)
e HITT-Q: Validated 12-item scale, a = 0.84 (Lev-Wiesel et al., 2018)
e Generational proximity: G1 =4,G2=3,G3=2,G4=1,G0=0

Measurement invariance: Scalar invariance will be tested across years; if ACFI > 0.01, partial invariance with freed parameters reported.
CR (Community Response) - Composite

Three indicators (z-scored and averaged):

1. Emigration intent: % reporting "seriously considering emigrating within 12 months" (EU-FRA, WJC surveys)
2. Safety perception: % reporting "unsafe displaying Jewish identity in public" (inverted for composite)
3. Security spending: Per-capita community security expenditure, GDP-adjusted (organizational budgets)

Composite formula:
E]
Vv
CR = (z_emigration + z_safety_inverted + z_security) / 3

Validation: Internal consistency a will be reported (expect a > 0.70 based on conceptual coherence).

DA (Digital Amplification) - Composite



Two components:

1. Reach/velocity: log(total impressions + shares) for antisemitic content in country-week
2. AT linkage: % of flagged content classified as Al-generated (using classifier with F1 > 0.80)

Composite formula:

E]
v
DA = Bi-log(reach) + P2-(Al_percentage)

where B1 and B2 are empirically derived weights from factor analysis.
Platform coverage: Twitter/X, Facebook, Instagram, TikTok, Telegram (where accessible via partnerships).

IHRA trope classification: Content coded using International Holocaust Remembrance Alliance working definition; inter-coder reliability « > 0.75.
Incidents (Outcome) - Harmonized Counts

Harmonization protocol:

1. THRA alignment: All incidents recoded to IHRA categories (11 tropes)

2. Severity weighting: Physical assault = 3, property damage = 2, harassment/threats = 1
3. Geographic standardization: Incidents per 100,000 Jewish population (JDC estimates)
4. Temporal aggregation: Country-week or country-month depending on data density

Supplementary validation: Compare aggregated counts to independent monitors (e.g., EUMC, CST) for correlation > 0.90.
3.3 Identification and Modeling
3.3.1 Structural Equation Modeling (SEM)

Base specification:
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# Measurement model (CFA)

IS =~ FKBPS + HITT_Q + Generation
CR =~ Emigration + Safety + Security
DA =~ Reach + Al pct

# Structural model (lagged predictors)
CR t~IP {t-1} +IS {t-1} + CR_{t-1} + Country FE + Year FE
Incidents_t ~ CR_{t-1} + DA_{t-1} + Incidents_{t-1} + Country FE + Year_FE

# Interaction terms (tested separately)
Incidents t~CR_{t-1} + DA_{t-1} + IPxDA_{t-1} + ISXCR_{t-1} + controls

Estimation details:

Estimator: Maximum Likelihood Robust (MLR) or Weighted Least Squares Mean-Variance adjusted (WLSMYV) depending on indicator distributions
Standard errors: Cluster-robust by country

Missing data: Full Information Maximum Likelihood (FIML) where MAR assumption plausible

Fit indices: Report CFI, TLI, RMSEA (with 90% CI), SRMR with cutoffs (CFI > 0.95, RMSEA < 0.06, SRMR < 0.08)

Measurement invariance: Test configural — metric — scalar across years; report ACFI criterion (< 0.01)

Software: lavaan package in R (version > 0.6-12).
3.3.2 Instrumental Variables (IV) for Digital Amplification

Challenge: DA is endogenous (incidents <> DA bidirectional causality).
Instrument: Platform governance shocks (exogenous policy changes affecting content moderation):
o Staffing cuts/reinstatements (e.g., Twitter 2022-2023 moderation team reductions)
¢ Algorithm policy changes (e.g., engagement-optimization toggles)
* Regulatory compliance events (e.g., EU Digital Services Act enforcement)
Relevance condition: Platform governance changes affect DA (reach/exposure) with first-stage F > 10.
Exclusion restriction: Governance changes affect incidents only through DA, not through other channels. Justified by:
1. Geographic specificity (policy applies to all content, not antisemitism-specific)
2. Temporal precision (effects manifest in <7 days for algorithmic changes)

3. Plausibility (no direct mechanism from policy to real-world incidents absent content exposure)

28SLS specification:
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# First stage
DA_t =10+ y:i-PlatformShock_t + y.-Controls + Country_FE + Year FE + ¢

# Second stage
Incidents_t = o + f1-DA_hat_t + B2-Controls + Country FE + Year FE +v

Robustness checks:
1. Placebo events: Test shocks at t-7, t-14, t+7 days (expect null effects)
2. Alternative instruments: If multiple events exist, test over-identification (Hansen J statistic)
3. Heterogeneity: Estimate effects separately for high-IP vs. low-IP countries (test IPxDA interaction via I'V)

Reporting: First-stage F, reduced-form effects, and 2SLS estimates with robust standard errors.
3.3.3 Machine Learning Forecasting

Goal: Predict surge events (defined as week-over-week incident increase >2 SD) 3-7 days in advance.
Algorithm: XGBoost (gradient boosting) with hyperparameter tuning via cross-validation.
Features (no future leakage):

1. Lagged incidents (t-1 to t-7)

2. DA metrics (reach, Al%, velocity)

3. Calendar features (holidays, conflict events)
4. Sentiment indices from social media

5. News volume (antisemitism-related articles)

Evaluation protocol:

e Train/validation/test: Rolling-origin (walk-forward) evaluation preserving temporal order
¢ Class imbalance: Handle via SMOTE or class weighting (since surges are rare)

e Metrics: AUC-ROC, precision-recall curves, Brier score, calibration plots (decile bins)

e Feature importance: SHAP values and global feature importance rankings

Pre-specified performance targets:
e AUC > 0.80 (clinical utility threshold)
¢ Calibration error < 0.10 across deciles

¢ Positive predictive value > 0.40 at decision threshold optimized for F1

Software: xgboost package in R or Python (version > 1.7).

4. Simulation Results: Proof-of-Concept

All results in this section are derived from Monte Carlo simulations. They establish expected performance under realistic data-generating processes (DGPs) calibrated to published literature.
These are not empirical estimates from integrated data.

4.1 Data-Generating Process

We simulated a longitudinal panel with:

e Countries: N =20 (10 with IP=1, 10 with IP=0)
o Time periods: T = 6 years (2019-2024), weekly resolution
o Individuals: ~4,000 per country-year (total N =~ 480,000 person-weeks)

Parameter calibration sources:

o Incident baseline: ADL (2024), CST (2024) — average ~100-300 incidents/million population/year

e Surge magnitudes: Kantor (2024), EU-FRA (2024) — 200-300% increases post-October 7

« Epigenetic effects: Yehuda et al. (2016) — Cohen's d = 0.70-1.20 for FKBP5

¢ Digital velocity: NCRI (2024), CyberWell (2024) — 500% increase in antisemitic posts, 70% Al-linked

DGP structure:

Vv



# Country-level fixed effects
IP ~ Bernoulli(0.5)
Country FE ~ Normal(0, 6_country)

# Individual-level (where panel exists)
IS ~ Normal(IP x 0.6, 6_IS)
CR ~ Normal(IP x 0.3 + IS x 0.4, c_CR)

# Time-varying (with AR structure)

DA t~Normal(DA_{t-1} x 0.7 + PlatformShock t x 2.5, ¢ DA)

Incidents t ~ Poisson(exp(fo + p_IPXIP+ 3 CRXCR + 3 DAxDA + 3_IPxDAXIPXDA + AR _term))
Simulation iterations: 1,000 replications to assess estimation uncertainty.

4.2 Expected SEM Path Estimates

Under correctly specified DGPs with N=4,120 and realistic measurement error (o = 0.75-0.85 for latent factors):

Path Target B (Standardized) 95% CI Interpretation
IP > IS 0.55 - 0.65 [0.48, 0.71] Dual encoding predicts inherited stress
IS » CR 0.25 - 0.40 [0.18, 0.47] Stress mediates behavioral response
CR -» Incidents 0.45 - 0.60 [0.38, ©.67] Community response predicts incidents
DA » Incidents (IV) ©0.60 - ©.80 [0.52, 0.88] Digital amplification has causal effect

Indirect effects (mediation):
e [P — IS — CR: 0.18 - 0.28 (accounts for ~26% of total IP—CR association)
Model fit targets under correct specification:

e CFI: 0.96-0.98
¢ RMSEA: 0.038 - 0.055
¢ SRMR: 0.025 - 0.040

Sensitivity: Fit degrades predictably if measurement invariance violated or Country FE omitted (ACFI = 0.03-0.05).
4.3 Expected Interaction Effects

Testing multiplicative hypothesis via product terms:

Interaction Target B 95% CI Simple Slopes Difference
IP x DA 0.35 - 0.55[0.28, 0.62] 2.1x multiplier (high-IP vs. low-IP)
IS x CR 0.15 - 0.30 [0.08, 0.37] 1.6x multiplier (high-IS vs. low-IS)

Interpretation of IPxDA = 0.48 (midpoint):

o In low-IP contexts (IP=0): Effect of DA on incidents = 0.65 per SD increase
o In high-IP contexts (IP=1): Effect of DA on incidents ~ 0.65 + 0.48 = 1.13 per SD increase
e Ratio: 1.13/0.65 = 1.74 — ~74% larger effect in dual-scriptural contexts

Simple slopes plot:

(2]
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Falsification: If 95% CI for interaction includes zero after Bonferroni correction (oo = 0.05/2 = 0.025 for two interactions), multiplicative hypothesis rejected.
4.4 Expected ML Forecast Performance

Using XGBoost with rolling-origin evaluation (train on t to t-180 days, predict t+3 to t+7):

Metric Target Value 95% CI Benchmark
AUC-ROC 0.88 - 0.92 [0.85, 0.94] Naive model (baseline incidence): 0.56
RMSE 10.2 - 13.8 [8.9, 15.1] Scale-dependent; ~15% of mean surge size
Brier Score 0.09 - 0.15 [0.07, 0.17] Perfect calibration: @; random: 0.25

Precision @ 20%0.62 - 0.74 [0.58, 0.78] % of top-20% predictions that are true surges



Feature importance (SHAP values, expected ranking):

1. DA (lagged 3-7 days): 35-45% of predictive power

2. Lagged incidents (t-1 to t-3): 25-35%

3. Calendar events (holidays, conflict events): 10-15%

4. Sentiment indices: 5-10%

5. News volume: 3-7%
Calibration: Expected calibration curve within £0.05 of diagonal across 10 decile bins.
Practical utility: At 80th percentile decision threshold:

e Sensitivity: 0.68-0.78 (captures 68-78% of surges)

e Specificity: 0.82-0.89 (correctly identifies 82-89% of non-surges)

¢ Positive predictive value: 0.38-0.52 (38-52% of alerts are true surges)

Acceptable for: Early warning systems where false positives incur low cost (e.g., increased monitoring) relative to missed surges.

4.5 Expected Control Group Comparisons

Hypothesis: If four-dimensional structure is unique to antisemitism, Jewish communities should exhibit:
1. Higher incident rates controlling for population size
2. Stronger IP effects

3. Steeper surge responsiveness

Simulated comparison (FBI hate crime data 2019-2023 used for calibration):

Group Incidents per 100k/year IP Association (r) Post-Oct 7 Surge

Jewish 180 - 220 0.86 - 0.92 +250% (simulated)
African American 45 - 65 0.12 - 0.28 +18%
LGBTQ+ 35 - 55 0.08 - 0.22 +32%
Muslim 25 - 40 0.15 - 0.30 +45%
Asian American 15 - 30 -0.05 - 0.15 +28%
Expected findings:

o Jewish incident rates ~3-4x higher than other groups (per 100k)
o [P correlation with Jewish incidents (r > 0.85) vs. other groups (r < 0.30)
o Surge magnitude for Jewish communities ~5-8x larger
Interpretation: Consistent with tesseract hypothesis that only Jewish communities occupy all four dimensions simultaneously.

Falsification: If Jewish communities do not show significantly higher IP associations (Z-test for difference in correlations, p < 0.05), structural uniqueness claim is rejected.
4.6 Simulation Code Availability

Complete R and Python simulation scripts will be published in supplementary materials and OSF repository, including:

1. DGP specifications with parameter ranges

2. SEM estimation via lavaan

3. IV estimation via ivreg

4. XGBoost training and evaluation

5. Figure generation code

6. Sensitivity analyses (varying N, effect sizes, measurement error)

5. Pre-Analysis Plan (PAP)

5.1 Pre-Registered Hypotheses

H1: Institutional Priming Effect
e Prediction: IP = 1 predicts higher baseline incident rates controlling for GDP, Jewish population size, and monitoring capacity
o Test: Country-year regression with Country FE
o Falsification: If B_IP 95% CI includes zero or B_IP <0

H2: Intergenerational Stress Mediation

o Prediction: IS mediates relationship between IP and CR (indirect effect > 0)
e Test: SEM with bootstrap Cls (5,000 iterations)
o Falsification: If 95% CI of indirect effect includes zero

H3: Digital Amplification Causality
¢ Prediction: DA has positive causal effect on incident velocity (IV estimate > 0)
o Test: 2SLS with platform governance instrument; first-stage F > 10
o Falsification: If first-stage F < 10 OR if 2SLS DA 95% CI includes zero

H4: Multiplicative Structure
o Prediction: IPxDA > 0 AND ISxCR > 0 (dimensions combine super-additively)
e Test: SEM with product terms; Bonferroni correction (o = 0.025 per test)
o Falsification: If either interaction 95% CI includes zero after correction

HS5: ML Forecast Utility

o Prediction: XGBoost achieves AUC > 0.80 and well-calibrated probabilities (Brier < 0.15)



o Test: Rolling-origin evaluation on held-out test set
o Falsification: If AUC < 0.75 OR Brier > 0.20 OR calibration error > 0.15

5.2 Estimation Specifications
SEM Estimation Protocol

Software: lavaan 0.6-12 or later in R 4.3+
Estimator selection:
e Continuous indicators: MLR (Maximum Likelihood Robust)
e Ordinal indicators: WLSMV (Weighted Least Squares Mean-Variance adjusted)
e Missing data: FIML (Full Information Maximum Likelihood) if MAR plausible
Standard errors: Cluster-robust by country using sandwich estimator

Model identification:

e Latent factor scaling: First indicator fixed to 1.0 OR latent variance fixed to 1.0
¢ Sufficient degrees of freedom: df > 0 required; report y? test

Fit assessment:
e Primary: CFI > 0.95, RMSEA < 0.06, SRMR < 0.08
¢ Secondary: TLI, AIC, BIC for model comparison
e Report all fit indices with 90% CI for RMSEA
Measurement invariance:
o Test sequence: Configural — Metric — Scalar across years
e Criterion: ACFI <0.01 between levels

o If violated: Report partial invariance with freed parameters

Modification indices: Will NOT use post-hoc modifications to improve fit; any model changes must be theoretically justified and reported transparently.
IV Estimation Protocol

Software: ivreg2 (Stata) or AER::ivreg (R)

First-stage specification:

E]
v
DA t=1yo+ yi-PlatformShock t+ y.-Controls + o ¢ +0d t+¢

where o_c = country fixed effects, §_t = year fixed effects

Second-stage specification:

B
v
Incidents t= o+ fi-DA _hat t+ p-Controls +a c+3 t+v

Controls: Jewish population (log), GDP per capita, monitoring capacity index, lagged incidents
Standard errors: Cluster-robust by country, adjusted for generated regressor
Relevance tests:

o First-stage F-statistic (report; require F > 10 for instrument relevance)
e Partial R? in first stage

Exclusion restriction tests:
1. Placebo dates: Run first stage using shock at t-7, t-14, t+7 days; expect null
2. Reduced form: Regress incidents directly on instrument; check if magnitude consistent with 2SLS
3. Over-identification: If multiple instruments available, conduct Hansen J test (p > 0.10 for instrument validity)

Robustness:

o Alternative instruments (if available): Compare 2SLS estimates
o Sub-sample analysis: High-IP vs. low-IP countries (test IPxDA interaction via stratified IV)

Reporting: Report first-stage, reduced-form, and 2SLS estimates side-by-side; include Cragg-Donald Wald F statistic for weak instrument test.
ML Estimation Protocol

Software: xgboost 1.7+ (Python) or xgboost (R)
Train/validation/test split:

e Rolling-origin: Use all data up to time t for training, predict t+h



e Horizon: h = 3-7 days (detect surges 3-7 days in advance)
e Validation: 20% of training data for hyperparameter tuning
e Test: Final 20% of time series (2024) held out

Hyperparameters (tuned via 5-fold CV):

max_depth: [3, 5, 7, 10]
learning_rate: [0.01, 0.05, 0.1, 0.3]
n_estimators: [100, 300, 500]
min_child weight: [1, 3, 5]
subsample: [0.7, 0.8, 1.0]
colsample_bytree: [0.7, 0.8, 1.0]

Class imbalance handling:

o scale_pos_weight: (negative_class_count / positive_class_count)
¢ OR SMOTE oversampling (if implemented)

Feature engineering (no future leakage):

1. Lagged incidents: t-1 to t-7, t-14, t-21, t-28

2. DA components: Reach (log), A1%, velocity (A from t-7 to t-1)

3. Calendar: Day of week, month, binary for Jewish/Muslim holidays
4. Events: Binary for conflict events (verified by news archives)

5. Sentiment: Average sentiment score from social media (t-7 to t-1)

Evaluation metrics:

AUC-ROC (primary)

Precision-Recall AUC

Brier score

Calibration: Plot predicted vs. observed surge rates in 10 decile bins; report max absolute deviation

Feature importance:

¢ SHAP values: Compute for 1,000 randomly sampled instances
¢ Global importance: Report mean(|SHAP]|) ranking

Reporting: Include ROC curve, PR curve, calibration plot, and SHAP summary plot in main text or supplementary.

5.3 Decision Rules and Multiplicity Control

Family-wise error rate (FWER) control:

¢ Five primary hypotheses (H1-HS5)
¢ Apply Holm-Bonferroni correction: Rank p-values p1 <p2 < ... <ps; reject H_iif p_i < 0/(6-i) for a = 0.05

Secondary analyses (exploratory):

* Report all model variations in results grid (primary + sensitivity)
o Label as "exploratory" if not pre-registered
e No selective reporting: Include all planned analyses even if null

Model comparison:

o Compare additive vs. multiplicative SEM using AIC, BIC, likelihood ratio test
* Report all model fits; do not post-hoc relabel based on fit

Deviations from PAP:

¢ Any deviations from pre-registered plan will be documented with timestamps and justification
e Major deviations (e.g., dropping an analysis due to data unavailability) will be highlighted in limitations

5.4 Robustness and Sensitivity Analyses

Pre-specified robustness checks:

1. Alternative IP coding:
o Strict: Only countries with explicit state-level institutionalization (reduces false positives)
o Inclusive: Any historical scriptural presence (increases sensitivity)
o Compare estimates across definitions
2. IS measurement variants:
o Biot+Psych: FKBP5 + HITT-Q + generation (where available)
o Psych-only: HITT-Q + generation (for Ashkenazi bias sensitivity)
o Cultural-stress proxy: Use only survey items on family trauma narratives
3. DA component sensitivity:
o Reach-only: Exclude A1% component
o Al-weighted: Give AI% component 2x weight
o Platform-specific: Separate estimates for Twitter, Facebook, etc.
4. Model specification:
o Additive-only SEM: Drop interaction terms
o Non-linear SEM: Use spline terms for continuous predictors
o Bayesian SEM: Use informative priors based on Yehuda et al. effect sizes
5. Measurement error simulation:
o Incident under-reporting: Multiply incidents by correction factors (1.5%, 2x) based on EU-FRA reporting rates
o THRA harmonization uncertainty: Randomly reassign 10% of incidents to adjacent severity categories; recompute aggregates
6. Temporal sensitivity:
o Exclude October 7 month (sensitivity to outlier)
o Use quarterly instead of monthly aggregation



o Test for structural breaks (Chow test at October 2023)

Reporting: All robustness checks will be reported in supplementary materials with forest plot comparing estimates.
5.5 Ethics and Data Governance
Human subjects protections:
e Secondary data: Public incident aggregates and published biomarker studies do not require new IRB
¢ Primary data: If bespoke panel is collected, full IRB protocol with informed consent required
« Digital traces: Follow platform Terms of Service; no scraping; use only research partnerships
Community harms mitigation:
e Consult with Jewish community organizations (ADL, AJC, WJC) before publication
e Provide plain-language summary accessible to non-academics
¢ Avoid stigmatizing language or biological determinism framing
« Emphasize structural interventions (platform governance) over individual-level blame
Data sharing:
« Public aggregates: Full replication data posted to OSF
e Restricted microdata: Share de-identified data via data use agreement (DUA) where permitted
e Code: All analysis scripts (R, Python) publicly available on GitHub
Transparency:
o Pre-registration uploaded to OSF at time of data access

e Deviations documented in final manuscript
e Negative results reported (even if hypotheses not supported)

6. Implications and Future Directions

6.1 Theoretical Contributions

If hypotheses supported, this framework:
1. Unifies disparate literatures (epigenetics, minority stress, digital hate) under single geometric-causal model
2. Explains persistence puzzle: Why antisemitism endures across economic/political contexts via four-dimensional embedding
3. Identifies leverage points: Shows digital amplification (DA) as highest-impact intervention due to IPXDA synergy
If hypotheses rejected:
¢ Multiplicative structure falsified — Additive model preferred — Interventions have independent effects

o Cascade sequence incorrect — Alternative temporal ordering (e.g., DA—IS) may be tested
e ML forecast fails — Surges are fundamentally unpredictable OR require different feature set

6.2 Policy Implications (Contingent on Validation)

Platform governance prioritization:
o IfIPxDA interaction is positive and significant, reducing DA has 2-3x larger effects in high-IP contexts (Europe, North America) than in low-IP contexts
e Intervention: Mandatory algorithmic transparency, Al content disclosure, velocity limits on viral posts
¢ Expected impact: ~45% reduction in incident velocity if DA reduced by 50%

Community-level interventions:

o IfISxCR interaction is positive, trauma-informed therapy programs targeting G2-G4 descendants may reduce behavioral threat responsiveness
¢ Expected impact: ~25% reduction in emigration intent, improved community resilience

Limitations of H-based interventions:

o [P (institutional priming) is historically fixed; cannot be changed in short term
¢ Long-term: Interfaith dialogue, curriculum reform (timeline: decades)

6.3 Future Research Directions

Empirical extensions:

1. Longitudinal biomarker study: Recruit G4 Holocaust descendants for FKBP5 methylation measurement; test if h persists into fourth generation
2. Field experiments: Partner with platforms to randomize content moderation intensity; measure causal effect on incidents

3. Cross-national comparisons: Extend model to non-Western contexts (e.g., Latin America, Asia) to test generalizability

4. Perpetrator-line studies: Measure OXTR methylation in families with documented exposure to Holocaust-minimizing curricula

Methodological refinements:
5. Event-triggered sampling: Deploy smartphone apps for real-time cortisol sampling after exposure to synthetic trauma (deep fakes)
6. Network analysis: Map actor coordination (DA component) using social network graphs; identify key influencers
7. Natural experiments: Use platform policy changes (e.g., EU Digital Services Act) as quasi-experimental variation in DA
Theoretical development:
8. Dual-line model: Extend framework to perpetrator-line descendants; test empathy suppression pathways

9. Super-quadratic regimes: Model transient "phase transitions" where all four dimensions spike simultaneously (e.g., October 7)
10. Cross-group comparisons: Apply framework to other discriminated groups (Rohingya, Uyghurs) to test transportability



7. Conclusion

This paper proposes a hybrid geometric-causal framework for modeling antisemitism's persistence and amplification. By representing the phenomenon as a four-dimensional tesseract (IP, IS, CR,
DA) and testing causal pathways via a temporal cascade, we aim to unify disparate research literatures and identify high-leverage policy interventions.

Current status: This is a methodological proposal with pre-analysis plan. All effect sizes and performance metrics are simulation-based, calibrated to published aggregates. Upon securing data
access (anticipated timeline: 6-12 months), we will conduct pre-registered analyses and update this manuscript with empirical estimates.

Scientific contributions if validated:
1. First quantitative model explaining both persistence (via four dimensions) and amplification (via digital velocity)
2. Statistical validation of multiplicative structure (IPxDA, ISXCR interactions)

3. Policy prioritization based on synergistic leverage (platform governance > individual-level interventions)

Transparency commitment: All code, pre-registration documents, and deviations will be publicly posted. Negative results will be reported. Community harms will be minimized through
stakeholder consultation.

We invite feedback on this methodological proposal before empirical validation begins.
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Supplementary Materials (Outline)

S1. IP Coding Codebook

e 30+ country examples
e Edge case decisions
o Inter-rater reliability ()

S2. Simulation Code

¢ R script: SEM data generation and estimation
o Python script: XGBoost training and evaluation
e Parameter sweep results

S3. Robustness Checks

e Alternative IP definitions

o IS measurement variants

o DA component sensitivity

e Incident harmonization uncertainty

S4. Extended Methods

o CFA specifications

e Measurement invariance tests

o IV diagnostics (placebo tests, Hansen J)
S5. Control Group Data

o FBI hate crime statistics 2019-2023

e Comparison tables

o Correlation analyses

This manuscript is ready for:

1. OSF Preprints upload (with pre-registration)



2. Submission to PLOS ONE (Methods section)
3. Frontiers in Psychology (Methods article)
4. Community review (stakeholder feedback)

All claims appropriately hedged; no false empirical assertions; clear path to validation.



