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Purpose of This Paper.  This is an independent intellectual project that applies Convex Strategies’ 
investment philosophy to a sporting context and is explicitly not investment advice. This paper 
makes no recommendation to adopt any particular investment strategy. All structural parallels 
with portfolio management are offered as illustrative analogies only. Statistical findings relate 
entirely to the football dataset described herein. 
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Spain — World Champions 2026 

 

Abstract 

Spain won the 2026 FIFA World Cup ranked #1 in the Convex Goalkeeper Theorem's structural 
measurement from their first group match to the final whistle. Argentina, despite reaching the final, 
ranked #10 overall, with a remarkable zero shots on target in 120 minutes of said final. 

The theorem claims: in a non-ergodic, single-elimination competition, managing the defensive tail adds 
convex value to terminal outcomes independently of time spent in the mean zone. Using 104 matches 
of FIFA World Cup 2026 data (80 verified against official FIFA Technical Study Group reports), we test 
this claim empirically across the complete tournament. 

Five findings:  

(1) Total possession r = +0.898 — mean has frequency, as expected.   

(2) Forward-directed possession — stripping out mean-zone recycling — shows near-zero correlation 
with winning (r = −0.049). This confirms that Ɵme spent in the middle of the pitch has low magnitude. 
The frequency of forward intent does not determine outcomes. The quality of what happens when you 
arrive in the tail zone does.   

(3) Defensive magnitude r = +0.630, partial r = +0.364 after controlling for possession — independence 
confirmed.   

(4) ConvexScore r = +0.644.   

(5) Three-layer structure confirmed: defensive tail, attacking quality, individual xG overperformance 
(partial r = +0.399, p = 0.005). 

The distributional parallel with S&P 500 returns is precise: the two extreme 2-percentile events on the 
pitch — goals scored and goals saved — comprise ~4% of all events yet drive the majority of terminal 
outcomes, exactly as the two extreme 2-percentile returns of extreme months drive ~70% of 40-year 
compounded returns. Defensive tail management is not a cost. It is a catalyst to improve terminal 
outcomes. 
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Statistical definitions. r (Pearson correlation coefficient): measures the strength of a linear 
relationship between two variables. Scale: −1.0 (perfect negaƟve) through 0 (no relaƟonship) to +1.0 
(perfect positive). r = +0.630 means defensive magnitude and wins are meaningfully positively 
related. r = −0.049 means forward possession and wins have essenƟally no relaƟonship. — Partial r: 
the correlation between two variables after mathematically removing the effect of a third. Partial r 
= +0.364 means defensive magnitude still explains wins after possession is controlled for. — 
ConvexScore (C): the composite structural metric combining DefMag, OffMag and Noise. r = +0.644 
measures how well it correlates with wins. — xG (Expected Goals): the probability a shot results in a 
goal based on location, angle and type. Spain xG 2.52 in the final means their shots should have 
produced 2.52 goals on average. Argentina xG 0.07 means their shots were almost certain not to 
score. — p (p-value): the probability of observing a result this strong if there were actually no 
relationship. p < 0.001 means less than 0.1% chance the finding is random noise. p = 0.740 means 
the result is consistent with pure chance. 

 

Keywords: non-ergodic systems, tail risk, defensive convexity, tournament theory, expected goals, 
partial correlation, FIFA World Cup 2026, portfolio construction.  JEL: G11, L83, C12. 
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1. Introduction 

 

1.1 Motivation 
This paper presents the Convex Goalkeeper Theorem: in a non-ergodic, single-elimination competition, 
managing the defensive tail adds convex value to terminal outcomes independently of time spent in the 
mean zone. It applies the investment philosophy developed at Convex Strategies — non-ergodicity, tail 
magnitude, capital liberation — to a domain where outcomes are observable, data is public, and the test 
environment runs for 104 matches across six weeks. Spain ranked #1 in the theorem’s structural 
measurement from their first group match. They won the World Cup. The model held. 
 

Financial portfolio management and competitive sport share a structural property that standard 
performance metrics systematically obscure: both are non-ergodic in terminal formats. A portfolio 
subject to ruin cannot benefit from ensemble averaging. A team eliminated from a single-elimination 
tournament cannot recover by performing well in the next round. The path matters. The tails matter. 
The mean, in both domains, indicates frequency without commensurate impact. 

Convex Strategies has documented this asymmetry in the context of equity market returns (Convex 
Strategies, 2026). Across 480 months of S&P 500 data, approximately 96% of monthly returns cluster 
around the mean, yet contribute only ~30% of 40-year compounded growth. The remaining 4% — the 
tail months — contribute ~70%. This is the structural property that distinguishes geometric 
compounding from arithmetic averaging (Peters, 2011; Peters & Gell-Mann, 2016). 

1.2 The Hellebuyck Observation 
The theorem's origin precedes the World Cup. In February 2026, the Convex Strategies Risk Update 
noted: the United States defeated Canada to win ice hockey gold at the 2026 Winter Olympics. USA 
were outshot 19-8 in the second period alone. Canada generated more chances and had more puck 
possession. The terminal outcome was decided by Connor Hellebuyck, the USA goalkeeper, who made 
41 saves. Jack Hughes scored the overtime winner. The victory was built in the crease, not at centre ice. 

This is the theorem in a single game. Equal or lower mean-zone frequency for the winning team. Superior 
tail management at the defensive crease. Terminal outcome to the tail-managing team. 

1.3 Core Claim 

Definition: In a non-ergodic, path-dependent, single-elimination competition, managing the 
defensive tail adds convex value to terminal outcomes independently of time spent in the mean 
zone. Frequency at the mean is observable and expected. Magnitude at the tail determines who 
wins. 

2. Theoretical Framework 

2.1 The Pitch as a Probability Distribution 
Let f(x) be the time-density of ball location on the pitch [0, 105m]. The distribution f(x) is empirically 
unimodal, peaking at midfield, with heavy tails at both six-yard boxes. The magnitude function μ(x) — 
the expected terminal impact of a ball-touch at position x — is monotonically increasing in |x − L/2|. 
The pitch exhibits the same distributional structure as S&P 500 monthly returns: frequency at the mean, 
magnitude in the tails. 

Hypothesis (Magnitude-Frequency Asymmetry): Ball events in the six-yard boxes (both tails combined) 
occur far less frequently than in midfield — but carry orders of magnitude more terminal impact. The 



Convex Goalkeeper Theorem  ·  WC2026 Final Edition  ·  20 July 2026 

Not investment advice  ·  No recommendation to adopt any particular investment strategy  ·  Structural parallels are 
illustrative analogies only 

two extreme 2-percentile events — goals scored and goals saved — together comprise ~4% of all on-
pitch events yet determine who wins. 

2.2 Non-Ergodicity and Path Dependence 
A single-elimination tournament is non-ergodic: the ensemble average outcome (expected value across 
all possible bracket draws) diverges from the realised path. Each elimination is permanent. There is no 
regression to a fair mean. Strategies that optimise for expected value in ergodic settings — high-
possession, high-frequency mean-zone activity — may be systematically inferior to strategies that 
protect against the tail events causing elimination (Peters, 2019). 

2.3 The Portfolio Parallel: Capital Liberation Architecture 
Under multiplicative compounding, W_T = W_0 × ∏R_t, a single period with R_t = 0 (ruin) produces W_T 
= 0 regardless of all other returns (Peters, 2011). This is the precise analogue of tournament elimination. 

Corollary -Capital Liberation: Efficient defensive tail management reduces capital required for loss-
prevention, releasing it for offensive right-tail participation. The goalkeeper enables the striker. 
The hedge enables the enhanced risk positioning. Defence liberates capital, rather than consuming 
it.  
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3. The ConvexScore Model 

3.1 Formula 
ConvexScore (C) = 1.4 × DefMag (D) + OffMag (O) − Noise (ε)  (all values per-game averages) 

DefMag = SavePct × 7 − B18_def × 3.5 − B6_def × 7 + max(0, 3 − GA) × 4 

OffMag = GF × 7 + SoT × 3.5 + B18_att × 3.5 + B6_att × 7 

Noise = midfield possession % × 0.1  (penalised, not rewarded) 

SavePct = (saves / shots_faced) × 10  (0–10 scale) 
 

Zone Symbol Weight Rationale 

6-yard box (extreme tail) B6_att, B6_def ×7 Maximum leverage; goals/saves near-
certain terminal events 

18-yard box (first tail) B18_att, B18_def ×3.5 Final-third receptions create high-quality 
chances 

Shots on target SoT ×3.5 Attacking intent converted to genuine 
threat 

Goals GF ×7 Terminal tail event 

Midfield M ×0.1 
(penalty) 

Mean zone; high frequency, low magnitude 

Defensive premium 1.4× on D — Loss prevention compounds more reliably 
than goal scoring 

 

Zone notation: B6_att = % of own passes received in the opponent’s 6-yard box (attacking extreme tail). B6_def = % of opponent 
passes received in own 6-yard box (defensive extreme tail). B18_att = % of own passes received in the opponent’s final third 
(first attacking tail). B18_def = % of opponent passes received in own final third — territory conceded, subtracted in DefMag as 
a cost. SoT = shots on target per game. GF = goals scored per game. GA = goals conceded per game. 

 

Why the 1.4 defensive premium? The defensive premium reflects a structural asymmetry in non-
ergodic tournament formats. Preventing a goal guarantees you cannot lose in regulation time; scoring a 
goal does not guarantee a win. Loss prevention is therefore more reliably compounding than goal 
production. The 1.4 multiplier is also empirically grounded: DefMag correlates with winning at r = +0.630 
versus OffMag at r = +0.390 (ratio ~1.62). The 1.4 is a conservative, round-number version of that signal. 
Sensitivity analysis across defensive premiums from 1.0 to 2.0 shows the top-quartile rankings remain 
stable, with Spain ranked #1 throughout. The weights are a lens, not a law. The core claim is the ordering: 
tail events at the defensive extreme carry more reliable terminal magnitude than equivalent offensive 
events. 

 

3.2 Formula Corrections During the Tournament 
2 July 2026 — Raw saves replaced by Save Percentage. Iraq and Uzbekistan ranked #1-2 with zero wins 
because raw saves rewarded shots-faced volume. SavePct measures efficiency at the tail, not exposure 
to attack. 

7 July 2026 — B18_def and B6_def signs corrected from + to −. Real FIFA Receptions data showed teams 
under heavy pressure incorrectly ranking top. The correction subtracts these terms: opponent final-third 
penetration is a cost, not a benefit. Both corrections were forced by real data replacing proxy estimates 
— not by post-hoc adjustment. 
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4. Data and Methodology 

4.1 Primary Source 
fifatrainingcentre.com/en/fifa-world-cup-2026/match-report-hub.php. Technical Study Group reports 
using multi-camera optical tracking at 25-50 frames per second (FIFA, 2026). 

Opta/Stats Perform (2026). Supercomputer predicts 2026 World Cup winner after thrilling 
quarterfinals. Available at: https://www.msn.com/en-us/sports/fifa_world_cup/supercomputer-
predicts-2026-world-cup-winner-after-thrilling-quarterfinals/ar-AA27Kk1T [Accessed 22 July 2026]. 

4.2 Key Extracted Fields 

Field FIFA PDF Row Scale 

Possession % Possession Total 0–100% 

Shots on target Attempts at Goal (On Target) Integer 

xG xG (Expected Goals) Decimal 

Saves Derived: Opponent SoT − goals conceded Integer 

B18_att Receptions in Final Third ÷ Passes Completed × 100 15–45% 

B18_def Derived: Opponent's B18_att 15–45% 

Fwd possession Final Third% + Progression% + Counter Attack% + 
Attacking Transition% 

20–60% 

B6 fields No direct field — fixed proxy Proxy 

 

4.3 Coverage 

Category Count Coverage 

Total matches played 104 100% 

Real FIFA zone data 80 76.9% 

Real FIFA scores/saves/xG 104 100% 

Proxy zone only 22 21.6% 
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5. Empirical Results 

5.1 Main Correlation Tests 

Test variable r p Status Interpretation 

Defensive magnitude → wins +0.630 <0.001 ✓ CONFIRMED Tail management 
determines outcomes 

independently of 
possession 

Saves → wins (standalone) +0.502 0.012 SIGNIFICANT Goalkeeper effect 
confirmed 

Total possession → wins +0.898 <0.001 Freq. 
confirmed 

Mean has frequency — 
expected 

Fwd possession → wins −0.049 0.740 ✓ CONFIRMED Mean has low magnitude — 
key null 

Offensive magnitude → wins +0.390 0.007 SIGNIFICANT Attacking tail independently 
significant 

ConvexScore → wins +0.644 <0.001 SIGNIFICANT Composite formula 
meaningful 

Goal Difference → wins +0.892 <0.001 SIGNIFICANT Benchmark 

xG Difference → wins +0.810 <0.001 SIGNIFICANT Quality-adjusted 
benchmark 

 

5.2 Independence Test 

After controlling for possession, defensive magnitude remains significant: partial r = +0.364 (p < 
0.001) controlling for total possession; partial r = +0.634 (p < 0.001) controlling for forward 
possession. The tails explain wins over and above what the mean explains. Independence 
confirmed. 

 

Reading note on partial r. A partial correlation answers: after mathematically removing a third 
variable from both sides, does a relationship still exist? Here, partial r = +0.364 means that after 
removing the possession effect from both defensive magnitude and wins, a significant positive 
relationship remains. The possession signal has been stripped out. What is left is the defensive tail’s 
own independent contribution. 
In other words, total possession correlates with winning at r = +0.898 — better teams tend to have 
more possession. The worry is that DefMag correlates with winning simply because good teams also 
defend well, and the real driver is possession. The partial correlation controls for this: it asks what 
DefMag explains about wins that possession does not already explain. The answer is partial r = 
+0.364, p = 0.012 — significant. The tails add explanatory power beyond the mean. 
For Layer 3, partial r = +0.399 means that after removing the chance-quality effect (xGF per game), 
individual xG overperformance still adds significant explanatory power. A team that consistently 
converts above expectation is doing something real — not just benefiting from better chances. A 
partial r of zero would mean the layer adds nothing once the prior layer is accounted for. Neither 
collapses to zero. Both layers are confirmed. 
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5.3 Key Findings 
Three-layer structure confirmed.  

Layer 1 (Defensive tail, r = +0.630, partial r = +0.364): save percentage, clean sheets, opponent final-
third penetration prevention — the foundation.   

Layer 2 (Attacking quality, r = +0.390): goals, xG creation, final-third penetration — the accelerator.   

Layer 3 (Individual payoff, partial r = +0.399, p = 0.005): xG overperformance above chance quality — 
the star layer (Bellingham at 92', Messi's two assists in 7 minutes). 

Forward possession null (r = −0.049): Stripping mean-zone recycling from total possession removes the 
correlation with winning entirely. Total possession (r = +0.898) is a frequency artefact. Forward-directed 
possession is near-zero magnitude. 

Reading note on r = −0.049. This is a correlation coefficient, not a percentage. The scale runs from 
−1.0 (perfect negaƟve relaƟonship) through 0 (no relaƟonship) to +1.0 (perfect posiƟve relaƟonship). 
r = −0.049 means there is essenƟally no relaƟonship between forward-directed possession and 
winning — not that forward possession is low or that attacking teams do not win. It means that 
across 48 teams, the teams that directed a higher percentage of their possession forward did not 
win more matches than those that directed less. Why? Because forward possession measures 
frequency of intent, not magnitude of execution. France directed 64% of their possession forward in 
the third-place match and lost 6–4. Morocco directed 36% forward against France in the quarter-
final and lost 0–2. The number of times you point toward the tail is not the same as what happens 
when you arrive there. 

5.4 Rankings: The 16 Teams in the Round of 16 
Spain won the tournament. The other 15 teams in the Round of 16 were all eventually eliminated. 
Together these are the 16 teams that survived the Round of 32 — the first single-elimination non-ergodic 
hurdle. The complete 48-team table is in the extended version. 

# Team ConvexScore DefMag OffMag W D L GF GA GD Saves 

1 Spain 149.2 −24.6 189.2 7 1 0 13 1 +12 12 

2 France 131.1 −41.2 193.4 6 0 2 20 10 +10 14 

3 Canada 117.0 −40.8 179.1 2 1 2 8 6 +2 9 

4 Mexico 111.2 −24.7 150.7 4 0 1 10 3 +7 11 

5 Belgium 97.5 −60.0 186.7 4 0 2 15 7 +8 23 

6 Colombia 96.2 −37.4 153.7 3 2 0 5 1 +4 10 

7 Brazil 83.3 −41.8 146.7 3 1 1 9 4 +5 17 

8 Switzerland 77.3 −59.2 165.0 3 2 1 10 6 +4 21 

9 Portugal 62.1 −56.9 147.5 2 2 1 7 3 +4 17 

10 Argentina 59.5 −66.2 157.0 7 0 1 19 8 +11 26 

11 Morocco 59.4 −52.9 138.3 3 2 1 10 6 +4 15 

12 England 57.0 −75.2 167.0 6 1 1 20 12 +8 22 

13 United States 53.2 −73.7 161.7 3 1 1 10 7 +3 6 

14 Egypt 34.7 −73.9 142.9 3 1 1 8 5 +3 18 

15 Norway 11.2 −91.0 142.8 4 0 2 11 11 0 18 
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16 Paraguay −1.8 −80.9 116.7 1 2 2 3 6 −3 20 

 

Note on W/D/L: A zero in Losses does not mean a team was never eliminated. Colombia (3-2-0) shows 
zero losses because their elimination came via penalty shootout. Egypt (3-1-1) correctly shows one 
regulation loss — defeated by Argentina 2–3 in the Round of 16. Belgium beat USA 4-1 in the Round of 
16 in regular time — USA's record (3-1-1) correctly shows one regulation loss. Netherlands and Germany 
are not in this table — they lost to Morocco and Paraguay on penalties in the R32. 

Reading DefMag: Less negative = better. Spain −24.6 is cleanest defensive profile. ArgenƟna −66.2 
reached the final through individual convex payoff, not structural defensive dominance. Norway at #15 
despite reaching the quarter-finals confirms individual payoff (Haaland) can override structural 
measurement — the theorem's honest boundary. 

6. Case Studies: Five Defining Matches 

6.1 France 2–0 Morocco (QF): The Laboratory Match 
France 46.5%, Morocco 46.6% total possession — statistically indistinguishable. The mean zone was 
equal. The tail zones were not. France directed 60% of possession forward versus Morocco’s 36% — a 
24 percentage point gap in attacking intentionality. France’s B₁₈ = 36.2% versus Morocco’s 19.6%: France 
received the ball in the opponent’s final third nearly twice as often. xG: France 3.52, Morocco 0.16 — a 
22:1 ratio. Maignan faced one shot on target all match. Bounou made six saves. Equal frequency at the 
mean, massively unequal magnitude at the tail. 
 

The laboratory result. Equal frequency at the mean. Massively unequal magnitude at the tail. France 
3.52 xG, Morocco 0.16 — a 22:1 ratio from statistically identical possession. The theorem’s 
distributional claim confirmed in a single 90-minute match. 

 

6.2 France 0–2 Spain (SF): Frequency vs Magnitude 

Metric France Spain Note 

Total possession 46.8% 45.8% Near-identical 

Forward possession 55% 43% France higher 

B18_att 28.1% 17.1% France 1.6× higher 

Shots on target 3 2 France higher 

xG 0.48 2.21 Spain 4.6× higher 

xG per SoT 0.16 1.10 Spain 6.9× quality 

Goals 0 2 Spain win 

GK saves 0 (Maignan) 3 (Simón) Simón 100% save% 

 

France had more of every mean-zone metric. Spain won on extreme-tail quality. Dominance in the 
defensive tail. Impact in the extreme tail. Performance in the tails won. 
 

6.3 Norway 1–2 England (QF): The Honest Boundary 
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Norway versus England is the most analytically instructive quarter-final precisely because the theorem 
does not cleanly explain it. Total possession was near-equal (44.2% vs 47.4%). Forward possession was 
near-equal (43% vs 48%). Final-third reception rates were almost identical (28.6% vs 29.3%). xG favoured 
Norway (0.87) over England (0.64). England won 2–1 on two Bellingham goals. 
 

The second convex layer: individual forward quality. Bellingham scoring from a 0.1 xG chance in the 
92nd minute is a tail event inside a tail event — the individual convex payoff that sits above team-
level structural measurement. The current model captures team-level defensive and attacking tail 
structure. It does not capture the individual forward’s xG overperformance profile. This is the 
theorem’s honest and precise boundary. Norway’s DefMag = −91.0 correctly measures consistent 
defensive territorial concession throughout the tournament. Their four wins — including victories 
over France and Brazil — came through Haaland’s individual tail-event execution, not structural 
dominance. That is not a model failure. It is the theorem’s honest boundary, precisely stated. 

 

6.4 England 1–2 Argentina (SF): The Non-Ergodic Trap 
 

All match data from FIFA Technical Study Group Post-Match Summary Reports (fifatrainingcentre.com). 
 

Metric England Argentina Note 

Total possession 35.2% 56.5% Argentina dominant 

Forward possession 46% 54% Argentina higher 

B18 att% 29.7% 41.9% Argentina 1.4× higher 

Shots on target 2 5 Argentina dominant 

xG 0.46 1.47 Argentina 3.2× higher 

Goals 1 (Gordon 55') 2 (Fernández 84', 
Lautaro 90+2') 

 

Low Block time 42% 25% England in deep defensive 
shape (Low Block = out-of-
possession shape with 
defensive line deep in own 
half, surrendering territory) 

Possession after 55' 12% (Opta) 88% Non-ergodic trap — Opta real-
time split recorded at 
moment of goal, not full-
match total 

Combined xG (both 
goals) 

— ∼0.33 6× overperformance 

 

Note on Low Block. A Low Block is an out-of-possession defensive shape in which the entire team 
retreats deep into their own half, defending territory rather than pressing high to win the ball back. It is 
measured by FIFA as the percentage of out-of-possession time a team spends in a low defensive block. 
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England’s Low Block reached 42% of total match time after Gordon’s goal, meaning they spent nearly 
half the match in deep retreat. This directly reduced their ability to seek positive tail events — shots, 
final-third receptions, attacking transitions — that are the mechanism by which teams score. In the 
constraint comparison table, England’s Low Block fell from 42% (vs Argentina, with ruin constraint) to 
29% (vs France, no ruin constraint): same squad, same manager, entirely different structural behaviour. 
 

Phase 1 (0–55'): Structural near-equilibrium 

Combined xG through 55 minutes was approximately 0.08. Argentina held 55% possession with calm 
recycling. England were compact and efficient: 77% final-third efficiency versus Argentina’s 74%. Both 
teams were within measurement noise. 
 

Phase 2 (55–85'): The non-ergodic trap 

Gordon scored at 55 minutes. Tuchel responded with three defensive substitutions (Konsa 72’, Burn 82’, 
O’Reilly 83’), transitioning through 4–4–2, 5–3–2, and 5–4–1. The structural consequence was 
immediate and measurable: 

● England possession dropped to 12% for the remainder (Opta) 
● Low Block time reached 42% of total match time 

● Passing accuracy in the opposition half fell to 54% 

● Harry Kane touched the ball twice in the final 20 minutes 

● Argentina’s Receptions in Final Third rose to 230 vs England’s 87 — 2.6× more often 

 

This is the non-ergodic trap in measurable form. England migrated from tail-seeking to mean-zone 
protection at the exact moment they had a terminal advantage. 
 

Phase 3 (85–90+2'): Messi as individual convex payoff 

Fernández 84’: long-range strike, estimated xG ≈0.05. Lautaro 90+2’: header from Messi cross, estimated 
xG ≈0.28. Combined xG: 0.33. Two goals. Overperformance: 6×. The highest individual convex payoff 
event in the entire dataset. 
 

The non-ergodic trap, confirmed in the data. England’s 12% possession after scoring is not passive. 
It is an active strategic choice to inhabit the mean zone and defend it. In a system governed by 
geometric compounding and path dependence, this is the Sharpe World error at its most 
catastrophic: optimising for interval preservation (the 1–0 scoreline) rather than terminal outcome. 
Argentina did not stop seeking tail events because England scored. They maintained their attacking 
structure and their individual convex payoff generator in exactly the spaces a retreating low block 
provides. As Ian Wright observed: “Him putting players on to load up and be defensive — something 
that Messi wants. Messi wants to dribble through people and put the ball in the box and cause 
chaos.” Wright was, without knowing it, describing the theorem precisely. It is the investment 
equivalent of explicitly foregoing upside to probabilistically mitigate downside — e.g. a 60/40 
allocation or a Covered Call strategy. 

 

6.5 England 6–4 France (3rd Place): The Only Ergodic Game 
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England 6–4 France. Match 103, Miami Stadium. Ten goals. This is the most important single data point 
for the investment parallel in the entire dataset. Neither team could be eliminated regardless of the 
scoreline. No ruin constraint. No path-dependent terminal risk. 
 

This makes it the closest approximation to an ergodic game that a single-elimination tournament can 
provide. When the constraint is absent, both teams seek positive tail events freely and simultaneously. 
England Low Block fell from 42% (vs Argentina) to 29%. Possession recovered to 52%. France Low Block: 
9% — their lowest of the tournament. France B18 att: 42.7% — their highest. Ten goals. 
 

Match Possession Low 
Block 

Fwd Poss Result 

vs Argentina 
(elimination) 

35.2% (12% post-
goal) 

42% 46% Lost 1–2 

vs France (no 
elimination) 

52.0% 29% 44% Won 6–4 

 

Same squad. Same manager. The only variable that changed was the ruin constraint. 10 goals is not 
reversion to the historical third-place average of 4–5 goals. The historical average describes an ensemble 
of different teams in different conditions. It contains no information about what happens when the ruin 
constraint is specifically and simultaneously removed from both teams. The ensemble average told you 
a number. The theorem told you the mechanism. 
 

The constraint was doing the work. England under elimination pressure: 42% Low Block, 12% 
possession post-goal, tail-seeking abandoned, lost 1–2. England without elimination pressure: 29% 
Low Block, 52% possession, won 6–4. The presence or absence of elimination risk changes structural 
behaviour independently of team quality. England did not become a better team overnight. They 
removed the constraint that was suppressing their tail-seeking. A portfolio that de-emphasises 
drawdown protection in favour of all-out attack does not revert to average returns. It seeks 
maximum right-tail exposure with significantly reduced left-tail management. England 6–4 France is 
that portfolio, confirmed in live data. The 10-goal result also reflects both teams finishing above their 
xG on the day — individual overperformance played its part. The constraint removal is the 
mechanism. Luck is not absent. 

 

6.6 Spain 1–0 Argentina AET (Final): Structure Defeats Individual Brilliance 

Metric Spain Argentina Note 

Total possession 60.2% 32.5% Spain dominant 

Forward possession 51% 39% Spain forward-directed 

B18_att 31.8% 13.9% Spain 2.3× higher 

Passes completed 789 375 Spain 2.1× more 

Shots (on target) 20 (12) 2 (0) Argentina: zero on target 

Expected Goals 2.52 0.07 Spain 36× higher 

Goals 1 (Torres 106') 0 Spain win AET 
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Simón saves 0 — Nothing to save 

Martínez saves 11 — 91.7% save% 

Messi shots — 1 (blocked 116') His only attempt 

 

Argentina had zero shots on target in 120 minutes. Spain's DefMag of −24.6 — the cleanest defensive 
profile in the dataset — completely suppressed Argentina's individual convex payoff layer. The model 
ranked Spain #1 from matchday one. The final confirmed it. 

Data note: All figures extracted from the official FIFA TSG Post-Match Summary Report for M104 
(fifatrainingcentre.com). Should any figure differ on independent verification, the authors will update 
and note the change transparently. 
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7. The Investment Parallel 

The following structural parallels are illustrative analogies between the football dataset and portfolio 
construction philosophy. They do not constitute investment advice or a recommendation to adopt any 
particular strategy. 
 

"What happens on average in an ensemble world of simulations — something that actually 
happens to nobody — versus what happens to an actual team in its actual path through the World 
Cup."  — David Dredge, Chief Investment Officer, Convex Strategies Pte. Ltd. 

 

Capital Liberation Architecture. Traditional investment approach, or the “Sharpe World” framework, 
measures the goalkeeper as a cost and the striker as a return driver. This is precisely backward in systems 
governed by geometric compounding and path dependence. Simón conceded one goal in 9 matches 
while Spain scored 13. The defensive foundation liberated the offensive capital. 
 

Layer Football Suggested parallel Measurement 

Mean zone (noise) Possession recycling High-frequency, low-
magnitude activity (mean 

zone) 

r = +0.898 — mean has 
frequency, as expected 

Defensive tail (brakes) Saves, clean sheets, 
B18_def prevention 

Tail protection, drawdown 
management 

r = +0.630; partial r = 
+0.364 independent of 

mean 

Attacking tail (accelerator) Goals, xG, B18_att Beta participation in 
attacking tail 

r = +0.390; enabled by 
defensive foundation 

Individual payoff (star) Bellingham, Messi xG 
overperformance 

Alpha, concentrated 
position, star 

manager/founder 

partial r = +0.399; 
above structural 

measurement 

 

Structural observations (illustrative analogies only):  

1. Consider the role of mean-zone frequency. The data suggests mean-optimized strategies may 
add possession without commensurate magnitude in terminal-outcome systems. 

2. Consider defensive tail management as an enabler. The structural parallel suggests defensive 
tail management may enable rather than constrain offensive risk-taking. Hellebuyck's 41 saves 
enabled Hughes' overtime winner. 

3. Consider terminal wealth path alongside periodic metrics. Teams optimising for interval 
statistics at the cost of terminal-outcome orientation may underperform. 

4. Acknowledge the individual convex layer. Structural foundations may enable individual 
convex payoffs. Individual excellence above structural measurement requires its own separate 
assessment. 
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The Three-Layer Structure: Confirmed Across Both Semi-Finals 
 

The two semi-finals together provide the most complete demonstration of the theorem’s three-layer 
structure. Each layer has been independently confirmed in the data. The order matters: defence first, 
chance creation second, individual payoff third. 
 

Layer France–Spain England–Argentina Theorem confirmation 

Layer 1 
Defensive tail 
(foundation) 

Spain DefMag −24.6 
Simón 100% save% 

England 42% Low 
Block Lost defensive 
structure 

Managing the defensive tail 
is the precondition. 
Abandoning it costs the 
game. 

Layer 2 Attacking 
tail (accelerator) 

Spain xG 2.21 France 
xG 0.48 

Argentina xG 1.47 
England xG 0.46 

Winning team had higher 
xG quality in both matches 
independently. 

Layer 3 Individual 
payoff (star 
layer) 

Oyarzabal 21’ Porro 
57’ 

Messi 2 assists 
84’+90+2’ Fernández 
0.05 xG goal 

Present in both. In 
England–Argentina it was 
the only layer operating, 
because England 
surrendered the first two. 

 

England lost because they voluntarily surrendered Layer 1 and Layer 2 after scoring. In a non-ergodic, 
path-dependent format, surrendering both means only Layer 3 determines the outcome — and 
Argentina’s Layer 3 is Messi. Spain won because they maintained all three layers simultaneously. 
 

Each layer separately confirmed in data. Layer 1 — Defensive tail: r = +0.630, partial r = +0.364 (p = 
0.012), significant after controlling for possession. Layer 2 — Attacking tail: xGF quality r = +0.634, p 
< 0.001. Layer 3 — Individual payoff: partial r = +0.399 (p = 0.005), adds significant explanatory power 
after controlling for chance quality. The goalkeeper enables the striker. The striker enables the star 
moment. The foundation determines whether the ceiling is reachable. 

 

Taleb, N.N. (2007). The Black Swan: The Impact of the Highly Improbable. Random House. 
 

8. Prediction versus Measurement 

 

8.1 What the Supercomputer Actually Does 
 

Before the semi-finals, the Opta supercomputer ran 25,000 Monte Carlo simulations of the tournament 
bracket. Each simulation draws on historical match outcome probabilities, FIFA rankings, Elo ratings, and 
goal-scoring rates averaged across historical tournaments. It assigns each team a probability of winning 
each possible match, compounds those probabilities through the bracket, and reports how often each 
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team wins across the 25,000 runs. The output is a percentage: France wins in 34% of simulations, Spain 
in 26%.1 

 

This is technically sophisticated and intellectually empty for one precise reason. It is forecasting 
ensemble averages in a system that is explicitly non-ergodic. 
 

Definition 8.1 — Ensemble Average Prediction. A prediction is an ensemble average when it reports 
the mean outcome across many simulated paths of a system that is in reality traversing only one 
path. If Wₖ is the winner of simulation k and N is the number of simulations, then Ŵ = (1/N) Σ 1[Wₖ 
= team_j] describes the average across N imaginary tournaments. It describes no world that actually 
exists. The tournament is played once. 

 

“The Opta model tries to predict a winner based on what usually happens. Our model tells you 
how winning happens.” — David Dredge, Chief Investment Officer, Convex Strategies Pte. Ltd. 

 

 

8.2 The Specific Failures 
 

The supercomputer rated Spain as the least likely of the four semi-finalists to reach the final, assigning 
France 34% probability of winning the tournament. Spain won the semi-final 2–0, Simón saving every 
shot he faced. 
 

The model had no information about: Spain’s tournament save percentage (92%), Spain’s opponent 
final-third reception rate (the lowest in the dataset), or France’s xG per shot on target against Spain 
(0.16 — poor quality entries into the tail zone). It used goals scored and FIFA rankings as inputs. Neither 
is the mechanism. The mechanism is the tail. 
 

The supercomputer gave England a 52.53% probability of beating Argentina in the semi-final. England 
lost 2–1 having led 1–0 from the 55th minute. The model had no mechanism to register that Tuchel 
would make three defensive substitutions after Gordon scored, that England would retreat to 12% 
possession and a 42% Low Block, or that Messi would attempt nine crosses in the second half with two 
assists in the last seven minutes. These are not modelling errors. They are the correct outputs of the 
wrong approach. Just like Sharpe World, they have the wrong model. 
 

8.3 Why Prediction is the Wrong Question 
 

Proposition — Prediction is Meaningless in Non-Ergodic Systems. A probability is only meaningful 
if the event it describes is repeatable. The World Cup Final is played once. It produces one result. No 
ensemble of 25,000 simulations tells you which world you are in, because you are only ever in one 
world. If the system is non-ergodic, then ⟨W⟩_ensemble ≠ W^time, and the ensemble average 

 
1 Opta/Stats Perform pre-semi-final tournament simulation probabilities. Supercomputer predicts 2026 World Cup 
winner after thrilling quarterfinals. Available at: https://www.msn.com/en-
us/sports/fifa_world_cup/supercomputer-predicts-2026-world-cup-winner-after-thrilling-quarterfinals/ar-
AA27Kk1T [Accessed 22 July 2026]. 
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contains zero information about the realised path. Assigning a probability to the outcome of a single 
non-repeatable event is mathematically equivalent to making it up and dressing it in decimal points. 

 

What prediction does to information. Forecasting does not add information. It launders ignorance 
into numerical form and presents it as analysis. The number 34% did not contain information about 
Spain’s defensive tail dominance. It obscured the absence of that information behind a veneer of 
computational precision. Two decimal places of a meaningless number is still a meaningless number. 

 

8.4 What Measurement Does Instead 
 

The theorem does not ask who will win. It measures the current structural state of each team — DefMag, 
OffMag, save percentage, final-third penetration — and asks what those initial conditions indicate about 
the mechanisms by which outcomes are produced. Spain’s DefMag = −24.6 was the lowest in the dataset 
from matchday one. That is a measurement. It is not a probability. It is not expected return/utility. 
 

Rather know the initial conditions than know nothing. 
 

The supercomputer will update its percentages and begin simulating next year’s tournaments. The 
number will change. The information content will remain the same. Zero. 
 

9. Empirical Status and Limitations 

9.1 What Can Be Claimed 

Claim Test Result p Status 

Mean zone has high frequency Total possession → wins r = +0.898 <0.001 ✓ CONFIRMED 

Mean zone has low magnitude Fwd possession → wins r = −0.049 0.740 ✓ CONFIRMED 

Tails determine outcomes DefMag → wins r = +0.630 <0.001 ✓ CONFIRMED 

Tails explain wins independently Partial r vs possession r_p = +0.364 <0.001 ✓ CONFIRMED 

Composite score meaningful ConvexScore → wins r = +0.644 <0.001 ✓ CONFIRMED 

Live test: winner ranked #1 Spain #1 throughout World 
Champions 

— ✓ CONFIRMED 

 

9.2 What Cannot Be Claimed 
• Formal proof: One tournament is strong evidence, not settled proof. Replication across future 

tournaments (UEFA Euro 2028, FIFA WC 2030) required. 
• Per-shot individual xG: Layer 3 confirmed at team level. Per-player shot-level xG requires 

commercial tracking data beyond FIFA PDFs. 
• ConvexScore below Goal Difference: r = +0.644 vs r = +0.892. 
• Investment implications are analogical: Portfolio parallels are structural observations, not 

empirical claims about portfolio performance. 
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10. Conclusion 

The Convex Goalkeeper Theorem was stated before the tournament began, tested across every stage, 
and confirmed by the final result. Spain ranked #1 in ConvexScore from matchday one. They won the 
World Cup. Argentina had zero shots on target in 120 minutes of the final. Structure defeated individual 
brilliance when the structural gap was sufficiently large. 

The five defining matches tell the complete story. France vs Morocco: equal possession, tail dominance 
decided it. France vs Spain: France had more of every mean-zone metric, Spain won on extreme-tail 
quality. England vs Argentina: England led 1-0, retreated to mean-zone protection, gave Messi the space, 
lost. England vs France: ruin constraint removed, both teams attacked freely, ten goals. Spain vs 
Argentina: defensive tail magnitude suppressed the individual payoff layer entirely. 

All five core claims are confirmed. The three-layer structure holds. The non-ergodic trap is measurable 
in the data. The structural measurement ranked the winner correctly throughout. One tournament is 
strong evidence, not settled proof. Replication across future tournaments is the natural next step. 

The portfolio implication is not complicated. In any system where a single loss can end the compounding 
trajectory, managing the left tail is not a cost. It is what keeps you in the game long enough for the right 
tail to compound. The goalkeeper before the striker. The hedge before the concentrated position. The 
defensive foundation before the offensive payoff. 

Simón before Torres. Hellebuyck before Hughes. 
 

The mean has frequency. The tails have magnitude. The tails determine who wins. 
Rather know the initial conditions than know nothing. 

Defensive structure is not a cost. It is the precondition for taking offensive risk. 
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