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Flocking

https://www.quantamagazine.org/cells-blaze-their-own-trails-to-
navigate-through-the-body-20220328/

https://www.youtube.com/watch?v=q6iXT4-Oc2Q Video by Nitesh Kamboj licensed by Pexels GmbH
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Ansatz for Effective Action

• Martin-Siggia-Rose-de Dominicis-Janssen → Ansatz for 
effective action

• Same couplings as in microscopic action

• Keep only nonlinearities relevant in 𝑑 = 4 − 𝜖

Γ𝑘 𝒈
⊥
, 𝒈⊥, 𝜌, 𝜌 = න 𝜌[𝜕𝑡𝜌 + 𝜵⊥ ∙ 𝒈⊥ − 𝐷|𝒈

⊥
|2 + 𝒈

⊥
∙ [𝛾𝜕𝑡𝒈⊥ + 𝜆1𝑔0𝜕𝑥𝒈⊥

+𝜆1𝒈⊥ ∙ 𝜵⊥𝒈⊥ + 𝜆2𝒈⊥𝜵⊥ ∙ 𝒈⊥ + 𝜆3𝜵⊥( 𝒈⊥
𝟐) + 𝛽 𝒈⊥

𝟐𝒈⊥ + 𝜅1𝜵𝜌

− 𝜇1 𝜵⊥
2 + 𝜕𝑥

2 𝒈⊥ − 𝜇2𝜵⊥ 𝜵⊥ ∙ 𝒈⊥ − 𝜇3𝑔0
2𝜕𝑥

2𝒈]}
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𝒒⊥, 𝑞𝑥 , 𝜔
1

Θ𝜖(|𝒒⊥| − 𝑘)
− 1
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𝑅𝑘 𝒒⊥, 𝑞𝑥 , 𝜔 = Γ𝑘
(2)

𝒒⊥, 𝑞𝑥 , 𝜔
1

Θ𝜖(|𝒒⊥| − 𝑘)
− 1

• 𝑞𝑥 and 𝜔 remain unregulated

→ 𝜔 and 𝒒⊥ Integrals can be performed analytically
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13 = 0, 𝜂𝑥 > 0→ New Fixed point

Nontrivial Scaling Relation
7 2𝑧 − 2 = 13 𝑧 − 𝜁

𝜒 =
13(1 − 𝑑)

40
, 𝑧 =

27 + 13𝑑

40
, 𝜁 =

41 − 𝑑

40

2 other vanishing loop corrections
→ 3 scaling relations fix exponents
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Gaussian

TT95

New FP

*Qualitative Flow: Flow lines are fictitious
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Summary
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• We used nonperturbative, functional 
RG to study a simplified TT model

• TT UC applies for 

11

3
≈ 3.67 < 𝑑 < 4

• Below 𝑑 = 11/3, a new UC emerges, 
whose scaling exponents agree 
remarkably well with simulation in 2D & 
3D

New 

FP
TT95

Gauss.
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