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Question: How do we obtain all the coefficients ? String Theory
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●  3 coefficients for terms with 2
●  8 coefficients for terms with 4
●  60 coefficients for terms with 6

derivatives

Too many terms. Nothing is known 
about > 8 derivatives.
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A better approach:
Leverage symmetry to decrease number of possible terms.

Like diffeomorphisms, gauge-transformations and:

● SUSY

● Extended Generalized Lorentz Symmetry (today)

● ...

invariant under O(d)xO(d) O(d,d)⊂generalized frame
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Leading Symmetries and Action

generalized Lie derivative generalized Lorentz transformation

1) diffeomorphisms (gravity)
2) gauge tranformation

transformation of fermions

generalized flux with 

one unique invariant



Symmetries

● gen. diff
● gen. Lorentz

Invariants

 Generalized Cartan Geometry*

We need a Factory for Invariants...

*) also known as Poláček-Siegel construction, or for mathematicians: symplectic reduction of Courant algebroids

[Polacek, Siegel 13;
 Butter 21;
 Butter, FH, Pope, Zhang 23]



Symmetries

● gen. diff
● gen. Lorentz

Invariants

 Generalized Cartan Geometry*

We need a Factory for Invariants...

*) also known as Poláček-Siegel construction, or for mathematicians: symplectic reduction of Courant algebroids

Covariant derivative:

gen. spin and affine connection, related by

[Polacek, Siegel 13;
 Butter 21;
 Butter, FH, Pope, Zhang 23]



Symmetries

● gen. diff
● gen. Lorentz

Invariants

 Generalized Cartan Geometry*

We need a Factory for Invariants...

*) also known as Poláček-Siegel construction, or for mathematicians: symplectic reduction of Courant algebroids

Covariant derivative:

gen. spin and affine connection, related by

Curvature and torsion???:

[Polacek, Siegel 13;
 Butter 21;
 Butter, FH, Pope, Zhang 23]



Symmetries

● gen. diff
● gen. Lorentz

Invariants

 Generalized Cartan Geometry*

We need a Factory for Invariants...

*) also known as Poláček-Siegel construction, or for mathematicians: symplectic reduction of Courant algebroids

Covariant derivative:

gen. spin and affine connection, related by

Curvature and torsion???:

are not
covariant

[Polacek, Siegel 13;
 Butter 21;
 Butter, FH, Pope, Zhang 23]
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= Generalized Cartan Geometry

Cartan curvature

Cartan connection Generalized Cartan connection

Generalized Cartan curvature

-twisted Dorfman-bracket
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1)fix all connections by
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2) torsion constraints

in terms of the generalized frame (and its derivatives)

2)as few invariants as possible

We do the same in
General Relativity.
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Recursive embedding of      
●             is generated by 

● and         by 

How to relate them ???

● exponential growth of 
generators

● can be truncated at every 
order

left and right factors of



  

Torsion contraints and gauge fixing
● Poláček-Siegel construction results one quantity (product): 

The generalized Cartan curvature fundamental index of 

● Remember, it contains all curvatures and torsions of the gen. connections
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Torsion contraints and gauge fixing
● Poláček-Siegel construction results one quantity (product): 

The generalized Cartan curvature fundamental index of 

● Remember, it contains all curvatures and torsions of the gen. connections

● To fix them completely, we impose:

Torsion contraint Gauge fixing of chiral/anti-chiral sector
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● gauge fixing breaks: 

● after appropriate field redefinitions, we recover

1) deformed Lorentz transformations

(required for Green-Schwarz anomaly cancellation)

2) only one invariant 

= action (completely check @ α’ and partially @ α’2)
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Results
● gauge fixing breaks: 

● after appropriate field redefinitions, we recover

1) deformed Lorentz transformations

(required for Green-Schwarz anomaly cancellation)

2) only one invariant 

= action (completely check @ α’ and partially @ α’2)

There is a hidden symmetry in string theory which controls
higher-derivative(α’)-corrections. How far can we push it?
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