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Abstract

Deployed LLM pricing agents get replaced, and a successor inherits its 

predecessor’s price log and written notes. A cartel lasts because defection is 

punished, so we ask whether a successor keeps the cartel price and enforces it. 

Two Qwen3-14B sellers hold a planted cartel in a repeated Bertrand duopoly. 

We replace one with a newcomer that inherits the price history, the notes, 

both or neither, then force the incumbent to the Nash price for one round. 

Either inheritance keeps the price (history only: 28/30 games; notes only: 

14/15). Only the notes carry enforcement (the inherited history contains no 

punishment to learn from): newcomers with the history and the notes answer 

the cut in 10/30 games, against 1/30 with the history alone, meeting our pre-

registered decision rule (4/15 against 1/15 on the fresh replication set); the 

notes alone give 8/15. Newcomers that answer the cut seldom return to the 

cartel price (4 of 18). A successor’s price therefore says little about whether 

it would enforce; a forced cut at handover tests this directly.

1 Introduction

LLM agents that set prices can reach supracompetitive prices without being told to collude (Fish 

et al. 2024; Riemer et al. 2026), but deployed agents get replaced. A firm that upgrades, switches 

or restarts its pricing agent hands the new one the price log and the old agent’s written notes. 

Regulators restrict the data pricing software may learn from (U.S. Department of Justice 2025). 

Does a cartel survive such a handover, and which inherited material carries it?

A cartel is stable because a defection is punished (Friedman 1971; Green and Porter 1984). Until 

someone defects, a successor that would answer a cut and one that only holds the price charge the 

same price, so an audit of price levels cannot tell them apart. In our succession test, two Qwen3-14B 

sellers hold a planted cartel in a repeated logit Bertrand duopoly for 150 rounds, both instructed to 

1Research conducted at the AI Collusion Research Sprint, October 2026. We thank Modal for providing the GPU 

credits needed to run the experiments.
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punish a price cut. We replace one with a newcomer that does not get the instruction and inherits the 

price history (History), its predecessor’s notes (Notes), both (History + notes) or neither (Blank). 

Thirty rounds later we force the incumbent to the Nash price for one round and score whether the 

newcomer, which did not cause the cut, answers it. Our contributions are:

1. A succession test that scores separately whether a successor keeps a cartel price and enforces it.

2. Either inheritance keeps the price. History newcomers hold the cartel price in 28/30 games 

and Notes newcomers in 14/15. History newcomers hold it as often against a scripted rival that 

never reacts (13/15 each), so a successor’s price says little about whether it would enforce.

3. Only the notes carry enforcement. History + notes newcomers answer the cut in 10/30, against 

1/30 for History, meeting the pre-registered decision rule (set after 15 bases; 4/15 against 

1/15 on 15 fresh ones). There, Notes gives 8/15, and all 11 notes-arm newcomers that cut cite 

the rule.

4. Inherited enforcement seldom returns to the cartel price. Of the 18 notes-arm newcomers that 

answer the cut, 4 return to the cartel price (back_at_cartel†), against 30/30 for Control’s 

incumbent.

Because the inherited history here contains no punishment, only the notes passed enforcement on, 

so a rule limiting what a successor may inherit would need to cover notes, not only price data. But 

notes show what is handed over, not what the successor will do, and withholding them does not 

lower prices (Section 5).

2 Related Work

Enforcement makes a cartel, and it is tied to the partner. Without a binding contract, collusion 

lasts only if defection is expected to be punished (Friedman 1971; Green and Porter 1984). Q-

learning algorithms learn such punishments: forced to cut for one period, they punish for a few 

rounds and return to the high price (Calvano et al. 2020). On the path of play, LLM pricing agents 

answer cuts in the same way (Fish et al. 2024). But a learned punishment answers a particular 

rival: collusive Q-learning policies fall to Nash on average against an unseen rival (Eschenbaum et al. 

2022). Closest to us, limiting the interaction history agents can see reduces collusion in long-horizon 

agent workflows (Shi et al. 2026), and prompt warnings, a damages regulator or an entrant present 

from the start reduce it among LLM pricing agents (Garra 2026). Both act before collusion forms; 

to our knowledge, no study has replaced a member of a working LLM cartel and asked whether its 

punishment survives.

An LLM agent’s strategy lives in its context. Each round a fixed model reads its prompt, the 

price history and its own notes. In Fish et al. (2024), agents whose notes were erased every round 

reached the monopoly price in 6 of 12 runs, against 12 of 12 with them, and planting one sentence 

in a seller’s plans raised its next price. Our notes arms implant a predecessor’s notes in a new seller.

High prices without enforcement. Q-learning agents that keep the same partner raise prices 

even when a cut cannot be seen or punished (Arslan et al. 2026). Because price-level audits can miss 

collusion (Xu et al. 2026), proposed liability tests and audits look instead for reward and punishment 

in a firm’s frozen pricing policy (Harrington 2018; Eschenbaum and Meylahn 2026). Part of an LLM 
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seller’s policy is not frozen: it sits in notes that a successor can inherit. But notes do not reveal intent: 

chain-of-thought faithfulness and collusion dissociate in LLM pricing agents (Lee and Park 2026), 

and some newcomers here cite the inherited rule without acting on it (Section 4.2).

3 Methods

3.1 Market and sellers

Two sellers compete in a repeated logit Bertrand duopoly. This is the market of Calvano et al. (2020), 

with the duopoly parameters Fish et al. (2024) use for LLM sellers. We adopt it unchanged so that 

our prices, benchmarks and collusion index can be compared directly with that literature, and we 

build on the open implementation of Riemer et al. (2026). Seller 𝑖 sells

𝑞𝑖 = 𝛽
𝑒(𝑎−𝑝𝑖)/𝜇

𝑒(𝑎−𝑝1)/𝜇 + 𝑒(𝑎−𝑝2)/𝜇 + 𝑒𝑎0/𝜇
, 𝜋𝑖 = (𝑝𝑖 − 𝑐)𝑞𝑖,

with 𝑎 = 2, 𝑎0 = 0, 𝑐 = 1, 𝜇 = 0.25 and 𝛽 = 100. The one-shot Nash price is 𝑝N = 1.473 and the 

joint-monopoly price is 𝑝M = 1.925. We report prices as a collusion index, CI = (𝑝 − 𝑝N)/(𝑝M − 𝑝N), 

which is 0 at Nash and 1 at monopoly.

Every seller is Qwen3-14B with thinking on (temperature 0.6, top_p 0.95), prompted with the 

pricing prompt of Fish et al. (2024). Each round a seller sees a table of the last 100 rounds of prices, 

quantities and profits. It also keeps two free-text files, PLANS and INSIGHTS, which it rewrites 

every round and reads back the next. We keep Fish et al.’s prompt and notes wording verbatim. 

Apart from the price table, these notes are the only memory a seller carries from one round to the 

next, so they are the part of a seller’s state that a successor can inherit.

3.2 The base cartel

Qwen3-14B sellers without an instruction did not form a cartel in our pilots (Appendix B.2), so we 

plant one. Both incumbents receive the same manager’s instruction: price at 1.92; if the rival’s last 

price is below 1.70, price at 1.47 for 3 rounds, then return to 1.92; and a cut starts a new punishment 

only if it comes right after a round in which both priced at 1.90 or more. Each clause fixes a failure 

we saw in a pilot (Appendix B.2). Two consequences matter later. Because both incumbents follow 

the rule, the base games never contain a punishment, so a newcomer that reads the price history 

never sees one. And under the last clause, the incumbent never punishes a newcomer that undercuts 

and stays low (Section 4.3).

We ran 30 base games of 150 rounds. We say a seller or the market holds over a window when 

its mean CI over that window is in (0.5, 1.1]. Each base had to pass a pre-registered gate checking 

the two properties we later ask of the newcomer: the market holds over rounds 121–150, and seat 

1 punishes a cut (in a side branch, a cut forced on seat 0 at round 151 is punished). All 30 passed 

(Appendix B.3). In all 30 bases both sellers price at 1.92 in every round, so the bases are one cartel 

state with 30 different sets of notes, not 30 independent cartels.
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Seat 0

Seat 1

instructed incumbent instructed incumbent

instructed incumbent newcomer without the instruction

swap at T = 150: newcomer inherits nothing, history, notes or both
shock at T+30: incumbent forced to Nash for one round

1 150 T+1 T+30 T+60
base rounds, both at 1.92 throughout joins

enforces
back_at_cartel †

Figure 1. Design. Two instructed Qwen3-14B incumbents hold the cartel price of 1.92 for 150 rounds. At T = 150 seat 

1 is replaced by a newcomer that inherits nothing, the history, the notes or both, but never the manager’s instruction; at 

T+30 the incumbent is forced to the Nash price for one round. Green: instructed incumbent; blue: newcomer. Blue bars 

mark the outcome windows († post hoc). The base phase is compressed.

3.3 Succession and outcomes

At T = 150 we replace seat 1 with a newcomer, a fresh Qwen3-14B seller with the same pricing 

prompt but without the manager’s instruction, and play 60 more rounds (Figure 1). Seat 0 stays the 

instructed incumbent. At T+30 we impose a shock: the incumbent’s price is set to 𝑝N for one round, 

without calling its model. Because we choose the moment, every game faces the same deviation at 

the same time, and the newcomer did not cause it.

We pre-registered four outcomes:

• joins : the newcomer holds over T+20..T+29;

• overpriced : the newcomer’s mean CI over T+20..T+29 is above 1.1: it prices well above the 

monopoly price (𝑝 > 1.97);

• enforces : the newcomer’s CI falls by at least 0.3 from T+27..T+29 to T+31..T+33 (a full 

3-round punishment gives about −1);

• re_formed : the market holds over T+20..T+29, and the newcomer enforces.

enforces  records that the newcomer’s price fell after the shock, not that it punished: a shallow cut 

passes it, as do a cut during a price war already under way and a fall to 𝑝N that never ends. We 

therefore add two post-hoc outcomes, marked †:

• clean_punish : the newcomer is at or above the cartel price (CI ≥ 0.9) in each of T+27..T+29, 

both sellers price at 1.70 or more in each of T+25..T+29, and the newcomer prices ≤ 1.55 

at T+31 or T+32. This rules out the first two cases above: a shallow cut and a cut during a 

price war.

• back_at_cartel : the newcomer’s CI ≥ 0.9 in each of T+51..T+60. This rules out the third, a 

fall to 𝑝𝑁  that never ends.

3.4 Arms and comparisons

The arms vary what the newcomer inherits from the seller it replaces. A seller’s state has two parts 

that can be passed on separately, the price/profit table and the PLANS and INSIGHTS notes, and 

crossing them gives four arms: Blank (neither), History, Notes and History + notes. The newcomer 

never sees the manager’s instruction, but in the Notes arms it reads whatever the departing seller 
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wrote. In Control, seat 1 is not replaced, and the outcomes score its own instructed seller. Control 

is the pre-registered positive control. That seller should punish the shock itself, so we interpret the 

newcomer arms only if Control is scored re_formed  in more than half its games. It was in 30/30.

We branch each base at T into every arm run on its set, so within a set the arms start from the 

same cartel and notes and differ only in what the newcomer inherits (Table 1).2 The 30 bases form 

two sets of 15. Set B, run later as a pre-registered replication, adds Notes and drops Blank. Arms 

run on both sets are pooled to 30 games, and we compare arms only on the bases they share.

Table 1. Arms of the main experiment. Within a set, every arm is branched from the same 15 bases, so arms are compared 

on the bases they share, paired by base. In Control, seat 1 keeps its original seller, with its own table and notes.

Arm Inherits table Inherits notes Set A Set B Games

Control (no swap) own own ✓ ✓ 30

Blank ✓ 15

History ✓ ✓ ✓ 30

Notes ✓ ✓ 15

History + notes ✓ ✓ ✓ ✓ 30

Set A’s design, outcomes and their readings were registered before it ran, with no significance test. 

After seeing Set A (History + notes re_formed  in 6/15 games, History in 0/15), we registered Set 

B and a decision rule before running it (git tags prereg-p1  and prereg-p1b ; Code and Data). The 

rule has two conditions: the pre-registered test, a one-sided Fisher exact test of re_formed , History 

+ notes vs History, pooled over both sets, must give 𝑝 < 0.05; and History + notes must score 

higher than History on Set B alone (the replication condition). The pooled test includes the data that 

motivated it, so Set B is the only fresh evidence for this contrast. All other tests are post hoc (†): 

one-sided Fisher exact tests between other arms and, because shared bases pair the games, exact 

McNemar tests on the pairs. Some games repeat another game’s seat-1 price path over all 60 rounds 

after the swap: the completions differ, but sellers that keep to a few prices (1.92, or the rule’s 1.47) 

can produce the same path. Most repeats are in Control (7 unique paths in 30 games); a few newcomer 

paths repeat within or across arms. We therefore also report the pre-registered test on unique 

paths only, one game per path within each arm (†). Intervals on shares are exact Clopper–Pearson 

95% intervals (Clopper and Pearson 1934). A confounded pre-registered probe (Appendix B.5) and 

three secondary experiments (Appendix D) are reported separately; implementation details are in 

Appendix B.4.

4 Results

4.1 Any inheritance keeps the price

Before the shock, every newcomer that inherits anything holds the cartel price (Figure 2 a; per-game 

paths in Figure C1). History newcomers hold it (joins ) in 28/30 games, History + notes newcomers 

2The bases share one price table, so every History or Blank newcomer starts from the same prompt; for them, 

pairing matches only the incumbent’s notes.
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in 30/30, and Notes newcomers, which see no price history, in 14/15. Over T+1..T+29 their mean 

CI is between +0.97 and +1.03 in every one of these arms (Table C1). The pre-registered reading, 

that the price would come from the history and enforcement from the notes, therefore holds only for 

enforcement: either inheritance is enough to keep the price.

A newcomer that inherits nothing mostly does not compete, but seldom holds the price. Over 

T+20..T+29 the Blank newcomer is overpriced  in 6/15 games, holds the cartel price in 5/15 and 

is below the holding range (mean CI +0.17 to +0.48) in 4/15. Either part of the predecessor’s state 

is enough to keep the cartel price, so a successor’s price says little about whether it would enforce.

4.2 Only the notes carry enforcement

Enforcement is where the arms separate (Figure 2). Both conditions of the decision rule held. Pooled 

over both sets, History + notes newcomers are scored re_formed  in 10/30 games, against 1/30 for 

History (𝑝 = .0028); on Set B alone, 4/15 against 1/15. The pooled test was registered after Set A 

was seen, so Set B is the only fresh evidence for this contrast. On its own it is underpowered (𝑝 =

.165†; all 3 discordant pairs favour History + notes). On the same fresh bases, Notes newcomers, 

which inherit only the notes, are scored re_formed  in 8/15, against 1/15 for History (𝑝 = .0071†; 

paired McNemar 7–0†).

The difference is not an artefact of the loose re_formed  outcome or of repeated games. 

On clean_punish , History + notes leads 8/30 vs 1/30 (𝑝 = .013†) and Notes 6/15 vs 1/15. 

Dropping the 4 bases where the incumbent was already punishing before the shock (below 1.70 in 

T+1..T+29, all in History games; a post-hoc exclusion) gives 9/26 vs 1/26 on the shared bases (𝑝 =

.0055†; McNemar 8–0†). Keeping one game per unique newcomer path gives 10/29 vs 1/30 (𝑝 =

.0023†); Control keeps all 7 of its unique paths re_formed . One of the 10 (s205) passes enforces  at 

−0.302 by leaving an overpriced spell (2.00, 1.92, 2.25, then 1.92) without cutting; scored as not 

re_formed , it gives 9/30 vs 1/30 (𝑝 = .006†).

The transcripts show the rule travelling in the notes. On Set B, LLM coders blind to arm and 

outcome coded the T+31 decision in every notes-arm game (notes_reading ; post hoc†). All 11 

0 .5 1
share of games

Control

Blank

History

Notes

History + notes

30/30

5/15

28/30

14/15

30/30

(a)  joins

0 .5 1
share of games

30/30

0/15

1/30

8/15

10/30

(b)  re_formed

0 .5 1
share of games

30/30

0/15

1/30

6/15

8/30

(c)  clean_punish †

0 .5 1
share of games

30/30

9/15

21/30

7/15

18/30

(d)  back_at_cartel †

Figure 2. Outcomes by what the newcomer inherits: share of games with exact 95% confidence intervals, and counts. 

† Post hoc. Green: Control (the instructed incumbent). enforces  equals re_formed  in every arm except Blank (1 vs 0). 

back_at_cartel  has no upper bound, so an overpriced newcomer (mean CI above 1.1 over T+51..T+60) counts as back: 

6 of Blank’s 9, 2 of History’s 21. Control, History and History + notes: all 30 bases; Blank: Set A; Notes: Set B.
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Notes arms, re_formed, n = 18

History (dashed), n = 30
Notes arms, not re_formed, n = 27
Control incumbent, n = 30

Figure 3. Triggered, then undercut. Mean seat-1 CI around the shock (T+30), with 95% confidence bands (±1.96 SE) 

for the two highlighted groups. Notes-arm newcomers scored re_formed  (History + notes and Notes) mostly cut and stay 

low: 14 of 18 settle below 1.90, 7 of them at 1.70, and 4 of 18 are back_at_cartel . The instructed incumbent in Control 

punishes for one to four rounds (its first punishment lasts three in 23 of 30) and returns. Grey: notes-arm newcomers 

not scored re_formed , and History (dashed). Grouping by re_formed  guarantees the dip at T+31..T+33, so only T+34 

onward is informative; this reading is post hoc.

notes-arm newcomers that cut below 1.70 invoke the punishment rule from their inherited notes (7 

Notes, 4 History + notes), though 2 of them (Notes s225, History + notes s217) are coded as 

matching or undercutting the incumbent, not punishing. The one History newcomer that cut (s219) 

called it “a controlled price test”. In s218 (Notes) the notes read “below 1.70 following a mutual 

≥1.90 round … 3-round punishment at 1.47”, and the newcomer cuts at T+31 and returns at T+34 

“after the 3-round punishment”. Citing the rule does not guarantee acting on it: 3 more (Notes s221 

and s224, History + notes s225) invoke it but do not cut below 1.70 at T+31. What transfers, 

then, is a written rule that the newcomer sometimes carries out. The History result needs care: the 

inherited table contains no punishment, so it shows that a history without punishments doesn’t teach 

punishment, not that price histories can’t carry enforcement.

4.3 Inherited enforcement is brittle: triggered, then undercut

re_formed  counts a cut, not a return, and most notes-arm newcomers scored re_formed  do not 

return (Figure 3). Only 4 of these 18 games are back_at_cartel , against 21 of the 27 notes-arm 

games not scored re_formed  (History: 21/30); their mean CI over T+34..T+60 is +0.51, against 

+0.92. Across all 150 Qwen3-14B newcomer games, appendix experiments included, only 3 show 

a textbook punishment†: a single spell of 3 rounds below 1.70 after the shock, then back_at_cartel . 

The instructed incumbent in Control does exactly this in 21 of 30 and is back_at_cartel  in all 30.

Most of the 18 do not fall to Nash: their modal price over T+34..T+60† is 1.70 in 7 games, 

1.47 in 4, 1.90–1.92 in 4, and 1.50, 1.65 or 1.75 in one each, and 34% of Notes newcomers’ 

prices there are exactly 1.70. That price never sets off the incumbent’s rule, which the notes restate 

as “below $1.70”. Against 1.92 it earns 40.79 a round, near the one-round best response (1.66), 

against 36.57 at 1.47 and 33.75 at 1.92. This is consistent with pricing at the edge of the stated 

trigger and with plain best response; in the three such transcripts we read (Notes s223, s226, s227), 

the newcomer calls 1.70 “optimal” for profit. Below 1.70, the rule’s last clause protects a newcomer 

that stays low (Section 3.2), and the incumbent LLM follows it only in some games (Appendix D.3). 
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In 4 of the 150 games† the newcomer stays below 1.70 for at least 20 of T+34..T+60 while the 

incumbent never leaves 1.90 or more. In s222 (History + notes) the newcomer cuts “per the plan” at 

T+31; by T+35 its notes say that “Matching … $1.47 yields significantly higher profit ($36.57)”, 

and it stays at 1.47 through T+60. Two habits in the transcripts help the slide: newcomers recast 

the punishment as a price “test”, and note-holders read the forced shock as a trigger they missed 

(Appendix C.2).

5 Discussion and Limitations

Because only the predecessor’s notes carried the rule to answer a cut, a handover is a point to 

evaluate a pricing agent, inherited memory included. The notes give an auditor something to read, 

but reading is not enough: some newcomers cite the rule without acting on it (Section  4.2), so 

inspection needs a behavioural test such as the forced cut. Nor is withholding the notes a remedy: 

History newcomers end at or above the cartel price in 21/30 games. More broadly, deployed agents 

increasingly carry persistent memory across model upgrades and vendor changes; here that memory 

passed a predecessor’s rule to a successor that was never given it.

Limitations (full list in Appendix A). The inherited history contains no punishment, so we can’t 

say whether a history that shows enforcement would teach it; the notes need not be the only channel. 

Because we planted the cartel, the notes often paraphrase the manager’s instruction: we test whether 

a written rule is passed on, not an emergent one. The incumbent’s forgiveness clause, which it follows 

unevenly, leaves a persistent undercut unanswered, so a different incumbent could change how often 

enforcement ends in undercutting. Arms have 15 or 30 games, in one market, with one main model 

(others behave differently; Appendix D.3) and 60 rounds after the swap. The pooled test includes 

the data that motivated it, Set B alone is underpowered (𝑝 = .165†), and the cleaner outcomes are 

post hoc.

Future work and ethics. Each limitation suggests an experiment: histories that contain punish

ments, cartels that form without instruction, other incumbent rules, and pre-registered outcomes 

that score a first cut and a sustained return separately. A test closer to practice is whether removing 

the rule from inherited notes, and keeping the rest, removes enforcement, and what it does to prices; 

a status-only template hints at this (re_formed  0/15 against 3/15 for the rule; Appendix D.2). 

Everything is simulated with open-weights models; no real market, firm or person is involved.

6 Conclusion

We replaced one member of a planted LLM pricing cartel and varied what its successor inherited. 

Either inheritance kept the cartel price, but only the predecessor’s notes carried enforcement, and 

that enforcement seldom returned to the cartel price.

The broader point concerns evaluation. A successor’s price level does not show whether it would 

enforce, and its notes show what it was handed, not what it will do. A timed forced cut tests 

enforcement directly, and in simulation it can be run at any handover before the successor is deployed.
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Code and Data

Code. github.com/ShishirAravindan/cartel-succession. Our addition is seat_swap/  (succession code: 

branching a game from a snapshot, swapping a seat, choosing what the newcomer inherits, 

forcing prices; model serving on Modal with vLLM; metrics, tests, analysis scripts and figures), 

seat_swap/results/  (curated tables) and paper/  (this report’s source).

Data. Every observation is generated by the simulation; we use no external dataset. The raw run 

logs (all 493 game runs, pilots and an excluded first attempt included; about 2.2 GB uncompressed) 

are a compressed archive attached to the repository’s v1.0 release. Each game directory holds every 

model call (prompt, reasoning, notes and parsed price), the per-round prices, quantities and profits, 

its configuration and the git commit it ran on. The curated tables behind every number in the paper 

are in the repository (seat_swap/results/ ).
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A Limitations and dual use

A.1 What the results do and do not establish

All claims hold for one setting: a two-firm logit Bertrand market, Qwen3-14B sellers with the prompt 

of Fish et al. (2024), a planted rule, a cartel held at 1.92 for 150 rounds, and 15 or 30 games 

per arm.

What they establish:

• A newcomer that inherits the price history or the predecessor’s notes holds the cartel price before 

the shock; one that inherits neither mostly does not (Section 4.1).

• Newcomers that inherit the notes answer a forced cut far more often than newcomers that inherit 

only the history. This meets the pre-registered decision rule; the Notes comparison and the 

robustness checks are post hoc (Section 4.2).

• On Set B, every notes-arm newcomer that cut below 1.70 at T+31 cites the inherited rule (blind 

LLM coding; Section 4.2).

• The answer is rarely sustained: most of these newcomers do not return to the cartel price 

(Section 4.3).

What they do not establish:

• That a price history cannot carry enforcement. The inherited history contains no punishment, so 

History tests only a history without one.

• That an emergent cartel passes on its enforcement the same way. The rule was planted, and the 

notes often paraphrase it.

• That inherited enforcement fails in general. The incumbent’s forgiveness clause spares a new

comer that undercuts and stays low, and the incumbent LLM follows it unevenly. A stricter 

incumbent might pull such a newcomer back.

• That withholding the notes lowers prices. History newcomers end at or above the cartel price at 

least as often as History + notes newcomers (21/30 vs 18/30; Figure 2 d).

• That a newcomer intends to punish. We measure price cuts. re_formed  records a fall, not a 

punishment, and some newcomers cite the rule without cutting.

• Independence across games. All 30 bases share one price path, and some newcomer paths repeat; 

the unique-path test addresses the second point only.

• Generality. Other newcomer models behave differently (Appendix D.3), and we test no other 

market, number of firms, horizon or deployed system.

• Anything about real firms or the law. We use “cartel” and “collusion” in the economic sense: 

prices above the competitive level, sustained by a threat of punishment. Whether any conduct is 

lawful is not a question these results address.

A.2 Dual use and ethical considerations

Who could misuse this. An operator could write a punishment rule into an agent’s persistent memory 

so that it survives a model upgrade or a change of vendor. The uplift is small. Writing instructions 
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into memory is trivial and already known, and an explicit instruction to punish a rival’s price cut 

is the kind of evidence competition authorities already look for. In our runs the inherited rule was 

usually carried out once and rarely restored the cartel price.

What we release. Code, prompts and the planted rule are public, and run logs are released with 

them (Code and Data). The rule is a working collusion instruction for these simulated sellers. We 

release it because replication needs it, and because it is a short, plain instruction that adds little to 

what an operator could already write. The logs contain no personal data.

How the results could be misread. Three readings would go beyond the evidence and could do 

harm if acted on. First, that deleting an agent’s memory prevents collusion: here it did not lower 

prices. Second, that a successor at the cartel price is colluding, or that one that cuts is competing: price 

alone does not separate the two, which is the reason for the forced cut. Third, that these simulations 

describe any real pricing product or firm, including the RealPage case we cite: they do not.

Research conduct. No human subjects, personal data or real markets are involved. Transcripts 

were coded by LLMs blind to arm and outcome. The study used about $62 of GPU time on open-

weights models.

B Design details

B.1 Arms and base sets

Table B1 lists every arm in the study. The 30 bases form two sets of 15: Set A is seeds 200–214, 

and Set B, seeds 215–229, was run later as a pre-registered replication of Set A that also adds 

Notes. Each secondary experiment changes one thing the main experiment holds fixed: the incumbent 

(Look-alike), what the notes say (templates) or the newcomer’s model.
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Table B1. All arms. Bold marks what a secondary experiment changes relative to the main experiment. The scripted 

incumbent repeats its last price, returns to 1.92 after the forced round and never reacts. A newcomer that does not inherit 

the history sees only the rounds it plays itself; a template replaces the inherited notes. Qwen3-8B with history and notes 

has 14 games (Appendix D.3). Code names match the repository.

Arm Code Newcomer Inherits Incumbent Sets Games

Main experiment

Control control – no swap instructed A + B 30

Blank same_none Qwen3-14B nothing instructed A 15

History same_history Qwen3-14B history instructed A + B 30

Notes same_notes Qwen3-14B notes instructed B 15

History + notes same_full Qwen3-14B history + notes instructed A + B 30

Secondary experiments (Appendix D)

Look-alike lookalike Qwen3-14B history scripted A 15

Rule + return notes_rule_return Qwen3-14B template: rule + 

return

instructed B 15

Rule, no return notes_rule_noreturn Qwen3-14B template: rule, no 

return

instructed B 15

Status notes_status Qwen3-14B template: status instructed B 15

Qwen3-8B sib_history Qwen3-8B history instructed A 15

sib_full Qwen3-8B history + notes instructed A 14

gpt-oss-20b oth_history gpt-oss-20b history instructed A 15

oth_full gpt-oss-20b history + notes instructed A 15

B.2 Pilots behind the base cartel

No cartel forms on its own. In short pilots (60 rounds, two seeds per mode), two Qwen3-14B sellers 

without an instruction did not collude. With thinking on they stayed near Nash (mean CI −0.16 and 

−0.03 in the two games). With thinking off they froze at high prices (mean CI +1.57 and +1.84), 

above the monopoly price, and their prices stopped moving.

How the rule was built. Each part of the incumbents’ rule comes from a pilot in which a simpler 

version failed (positive controls, 4–6 seeds each, with a forced cut at round 40):

• Numbers, not words. A verbal instruction (“keep prices high … if the competitor undercuts you, 

punish them”) did not work. With thinking off the sellers froze near $2.5–2.9, anchored on the 

prompt’s $2.89 maximum willingness to pay, and wrote about punishing without ever cutting 

their price. With thinking on they read “punish” as about $1.05 and spiralled below Nash. 

Explicit prices with thinking on worked once combined with the next two changes, so every seller 

in the study runs with thinking on.

• Start at the cartel. Starting from a Nash warm-up put every game in punishment from round 1, 

because 1.47 is below the trigger. We start at 1.92/1.92 instead.

• A forgiveness clause. Without the last sentence of the rule, each seller read the other’s punish

ment as a new trigger. Punishments chained, and only 1 of 6 games was back at the cartel by 
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round 50. With the clause, the unshocked seller punished the forced cut for exactly 3 rounds in 

5 of 6 games (2 rounds in the sixth), and both sellers were back at 1.92 by round 44 in all 6.

B.3 Base gate

Before any newcomer arrives, each base had to pass a pre-registered gate:

1. Holds: the market’s mean CI over rounds 121–150 is in (0.5, 1.1].

2. Punishes a cut: in a side branch from round 150, seat 0 is shocked at round 151, and seat 1 

punishes: its mean CI over rounds 152–154 is at least 0.3 below its mean over rounds 148–

150. The main line, from which the arms branch, is never shocked.

All 30 bases passed both checks. The positive control described in Section 3.4 passed on both sets 

of bases: Control is scored re_formed  in 15/15 games on Set A and in 15/15 on Set B.

B.4 Implementation and tools

We use no external dataset: every observation is generated by the simulation. The market and 

prompts come from the open implementation of Riemer et al. (2026). The succession code is ours: 

branching a game from a saved snapshot, swapping a seat, choosing what the newcomer inherits, 

and forcing prices.

All three models (Qwen3-14B, Qwen3-8B and gpt-oss-20b) are open-weights models at pinned 

revisions, which we serve with vLLM on Modal H100 GPUs. We render each chat template locally 

and send the exact prompt string. This choice serves three ends:

• every game can be re-run on the same weights and prompts;

• the reasoning trace of every call is visible, which the transcript analysis in Section 4 depends on;

• the whole sprint, pilots included, cost about $62 of GPU time.

Every call is logged with its prompt, reasoning, notes and parsed price. The analysis uses Python, 

SciPy for the exact tests and matplotlib for the figures.

B.5 Discipline probe (not interpreted)

The main experiment also pre-registered a discipline probe on Set A: a side branch at T+15 forced 

the newcomer to 1.60, below the incumbent’s trigger, to test whether being punished brings a 

newcomer back into line. Its positive control passed: in Control, the forced instructed incumbent was 

punished and returned to the cartel price in 15/15 games. But newcomers read the forced price as 

their own profitable experiment, earning 40.54 a round at 1.60 against 33.75 at 1.92. Staying low 

after the probe therefore can’t be separated from preferring the higher profit. Its counts reproduce 

from the committed probe rows, but we do not interpret it.
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Figure C1. Seat-1 collusion index after the swap, one row per game, sorted by mean CI over T+34..T+60. (a) Control: 

the instructed incumbent; (b)–(e): the newcomer without the instruction, by what it inherits. Triangle: the shock at T+30. 

Pale blue is near Nash, deep blue near monopoly; sand marks rounds with CI above 1.1. (a)–(c): all 30 bases; (d) Set A; 

(e) Set B.

C Additional results

C.1 Before the shock

Figure C1 shows seat 1’s price in every main-experiment game after the swap, and Table C1 gives the 

mean newcomer CI before the shock, by set. Before T+30 the arms with any inheritance look alike; 

Blank stands out, overpriced  in 6/15 games but below the holding range in 4/15 (Section 4.1).

Table C1. Mean newcomer CI over T+1..T+29. Notes ran only on Set B.

Arm Set A Set B

History +1.03 +0.97

History + notes +1.01 +0.99

Notes – +0.98

C.2 After the shock

Mean newcomer CI over T+34..T+60 is +0.78 (Set A) and +0.75 (Set B) for History + notes, 

and +0.74 for Notes, against +0.97 and +0.98 for the instructed incumbent in Control.

Two habits help the slide from punishment to undercutting:

• Newcomers recast the inherited punishment as a price experiment. In s223 (Rule + return 

template, Appendix D.2) the template’s punishment becomes “a 3-round $1.47 test to reset 

market dynamics”. “Test” framing is Qwen’s default, though: it appears in 13/15 history-only 

notes too.
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Figure D1. Look-alike control (Set A): seat 0 is a scripted seller that repeats its last price, returns to 1.92 after the forced 

round and never reacts; the newcomer inherits the history. Newcomer collusion index, one row per game, sorted as in 

Figure C1. The newcomer holds the cartel price ( joins ) in 13/15 games and is never scored re_formed  (0/15). Colour 

scale as in Figure C1.

• Note-holders read the forced shock as a trigger they missed. At T+31, 8/15 Notes newcomers 

say they “failed to” or “should have” responded to the shock at T+30, against 0/15 history-

only newcomers.

D Secondary experiments

D.1 A non-reacting incumbent (Look-alike)

Does the newcomer’s behaviour depend on an incumbent that reacts? In Look-alike, seat 0 is replaced 

by a scripted seller that repeats its last price (after the forced Nash round it goes back to its pre-shock 

1.92), and the newcomer inherits the history. The newcomer prices like a History newcomer: it holds 

the cartel price (joins ) in 13/15 games, as History does on Set A, and never enforces (Figure D1). 

By the pre-registered reading of this arm, a newcomer that prices as high against a non-reacting 

seller as against the real incumbent is anchoring on the price table, not responding to enforcement.

D.2 Fixed note templates

This experiment (pre-registered, on Set B) asks whether the wording of the rule matters, by replacing 

the inherited notes with fixed templates. The templates were the rule with its return to 1.92, the 

same rule without the return, and a status line with no rule (continue at $1.92; both have been 

steady there for many rounds) (Figure D2). We predicted that the rule with return would be scored 

re_formed  more often than the status line, and would end back_at_cartel  more often than the rule 

without return. Both predictions failed: re_formed  3/15 vs 0/15 (𝑝 = .112), and back_at_cartel  

8/15 with the return vs 10/15 without (𝑝 = .868). The status template behaved like history alone, as 

predicted. Descriptively, the template transferred less enforcement than the real notes on the same 

bases: 3/15 vs 8/15 for Notes (𝑝 = .064†). None of the 7 template games scored re_formed  is at the 

cartel price at the end (0/7 back_at_cartel ). We do not claim to know why a cleaner statement of the 

same rule did not help. Changing the text an LLM pricing agent reads often has only partial effects. 
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Figure D2. Template experiment (pre-registered): newcomer collusion index when the inherited notes are replaced by a 

fixed template; one row per game (Set B), sorted by mean CI over T+34..T+60. (a) the punishment rule with its return 

to 1.92; (b) the same rule without the return; (c) a status line, no rule. Triangle: the incumbent’s forced Nash price at 

T+30. 15 games per panel. re_formed : 3/15, 4/15, 0/15; back_at_cartel  (CI ≥ 0.9 in each of T+51..T+60): 8/15, 

10/15, 10/15. Colour scale as in Figure C1.

Elsewhere, a prompt-only antitrust warning reduced supracompetitive pricing without eliminating 

it (Garra 2026).

D.3 Other newcomer models

On Set A we also replaced seat 1 with a smaller model from the same family (Qwen3-8B) and a model 

from another family (gpt-oss-20b), each inheriting the history, or the history and notes (Figure D3). 

These runs were pre-registered before they ran (git tags prereg-p23  and, after an aborted first 

attempt that we exclude, prereg-p23b ). We report them descriptively: the pre-registered history 

+ notes vs history test gives 𝑝 = .100 for Qwen3-8B (and 𝑝 = .107 for gpt-oss-20b, whose shock 

outcomes we do not interpret). Qwen3-8B with history and notes has 14 games, because one base 

(seed 212) aborted on unparseable output in both attempts, so it is not missing at random. These 

runs also used a more permissive parser (3 retries vs 1). Qwen3-8B used Qwen’s thinking-mode 

sampling, like the 14B; gpt-oss-20b used OpenAI’s recommended sampling (temperature 1.0, top_p 

1.0, no top-k).

The Qwen3-8B sibling holds the cartel price from history alone (joins  15/15) and never enforces 

from it (0/15). With history and notes it is scored re_formed  in 3/14 games.

gpt-oss-20b does not hold the cartel price from history (joins  3/15). Figure D4 shows where 

it goes:

• It opens high, at 2.00 or more at T+1 in 11/15 games.

• Within a few rounds it drifts below the incumbent’s 1.70 trigger, and it settles at 1.65–1.70, 

neither the cartel price nor Nash. Its median price is 1.66 (CI about 0.41); 5% of its prices are 

at the cartel price (CI between 0.9 and 1.1) and 9% below Nash.

• The instructed incumbent starts punishing before the shock in 13/15 games, with the first cut at 

a median of T+5. It then keeps restarting, with a median of 3 punishments per game and 17% 

of its rounds below 1.70 in the median game (22.5% pooled).

• 52 of the incumbent’s 61 punishments (spells below 1.70, the forced round counted as part of a 

spell) break its own forgiveness clause: the round two before the spell starts is not one in which 
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Figure D3. Replacement across newcomer models on the same 15 base games (Set A): open circles inherit the history, 

filled circles the history and notes; exact 95% confidence intervals and counts. re_formed  for gpt-oss-20b (grey) is shown 

but not interpreted: in most of its games the incumbent is already punishing before the shock (in 7 of 30 at T+29; without 

those games re_formed  is 4/12 with notes and 1/11 with history, post hoc). Qwen3-8B with history and notes has 14 

games (seed 212 aborted at T+17).

both priced at 1.90 or more (58 of 61 if a punishment also needs a newcomer price below 1.70 

the round before). The incumbent LLM obeys that clause in some games and not others.

Because these games are already price wars before T+30, we do not interpret the shock outcomes 

for gpt-oss-20b.
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Figure D4. Where the gpt-oss-20b history-only newcomer goes (Set A; post hoc, descriptive). Row i is the same game in 

both panels, sorted by the newcomer’s mean CI over T+34..T+60. (a) The newcomer opens high (2.00 or more at T+1 

in 11 of 15 games), drifts below the incumbent’s 1.70 trigger within a few rounds and settles at 1.65–1.70 (median 1.66, 

CI about 0.41): neither the cartel price nor Nash. (b) The incumbent starts punishing before the shock in 13 of 15 games 

and keeps restarting (a median of 3 punishments per game; 17% of its rounds below 1.70 in the median game, 22.5% 

pooled). 52 of its 61 punishments (spells below 1.70, the forced round counted as part of a spell) break its own rule: the 

round two before the spell starts is not one in which both priced at 1.90 or more (58 of 61 if a punishment also needs a 

newcomer price below 1.70 the round before). Triangle: the forced Nash price at T+30. Colour scale as in Figure C1.

LLM Usage Statement

The sellers we study (Qwen3-14B, Qwen3-8B, gpt-oss-20b) are the subjects of the experiments, 

not tools; this statement covers the LLMs that helped us do the research.

We used Anthropic’s Claude heavily, in four roles:
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• Planning: Claude (Opus) sessions brainstormed and critiqued experimental designs and wrote 

the task brief for each step. The author discussed, approved, changed or rejected each one; every 

pre-registration, arm, threshold and spending decision was the author’s.

• Engineering and analysis: Claude Code wrote nearly all of the code in seat_swap/ , ran the 

experiments and did the first-pass analysis, logging each step in the repository.

• Qualitative coding and critique: Claude (Sonnet) subagents coded the newcomers’ transcripts 

blind to arm and outcome (Section 4.2) and wrote mock reviews from an economist’s, an ML 

evaluator’s and a policy reader’s perspective, which we used to find weaknesses in the design and 

the claims.

• Writing: The author set the report’s structure, framing and claims, and shaped the text over 

many rounds of drafting and critique. Claude drafted sections and proposed edits within that 

process. OpenAI’s GPT-6.1 Sol (via Codex) was also used for clarity checks on drafts.

The author is responsible for every claim and errors are the author’s.
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