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The generating functional for general composites

Fundamental field: e.g. Quarks
Composite field: e.g. Pions
 - 2PPI approaches
 - Density functional theory

Mean field

Correlation 
functions

Two novelties: (1) different current, (2) different Regulator

The pair
 is PI
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● Explicit field transformations (also possible with 
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● Or a normalising flow for the full quantum theory

where a free theory is mapped on an interacting 
one Albergo et al. ‘21
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● Generalised functional Flows  

Pawlowski ‘05
● RG-scale dependent composite

● 1PI formulation of general transformations of the path integral Wegner ‘74

● At the level of the effective action, physics is stored in the pair, which is physics informed 
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  An expansion about the ground state 
FI, Pawlowski ‘23 : arXiv:2305.00816 

O(N) model:      vs. 

Field dependent wave 
function renormalisation 

and its derivatives

Take away message:
● Expansion about classical dispersion:

→ Optimised expansion (quicker convergence)
● Technical simplification with improved truncation

Expand about ground state using the flowing fields:
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● Application:                           (1st order deriv. exp.)

● Task: Solve two equations

1)    : determines

2)        : PDE, integrate

Parametrisation:

And accordingly:

Take away message:

● Reminder: standard 1st order derivative 
expansion is a system of 2 coupled PDEs

→ Technical simplification
● At the same time, the approximation is better

→ Includes more momentum dependences, 
due to optimised expansion

FI, Pawlowski ‘23 : arXiv:2305.00816    Poster by M. Alhajkhouder 
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Applications of the Physics-Informed RG 

Expansion about the 2PT function 
(Polchinski flow)

Salmhofer ‘07
FI, Pawlowski ‘22

Cotler, Rezchikov ‘22

Physical field basis

 

Lamprecht ‘07,
Isaule, Birse, Walet ‘18 ‘20
Baldazzi, Zinati, Falls ‘21

FI, Pawlowski ‘23

Computational simplifications

FI, Pawlowski ‘24
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● The potential does NOT flow

=> Entirety of physics in the field transformation

● Benchmark in d=0

(+) Comparison to exact solution
(- ) No estimate of ‘truncation artefacts’ 
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● Generalised flow equation for composite operators
→ Flowing fields

→ Existence

→ Reconstruction

● PIRG setup with flowing fields and target action

● Two types of applications

→ Physically motivated: Ground state expansion, dynamical hadronisation
→ Computationally motivated: Classical target action, Feed-down flows
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