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What are Logarithmic CFTs?

◦ Simple answer: Non-unitary CFTs where logarithms can appear in correlators

◦ Long-distance behavior of CFTs coupled to quenched disorder

◦ Limits of QFTs with instantons

◦ Special limits (in parameter space) of some CFTs
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Logarithmic multiplets

◦ In ordinary CFT, fields are in 𝑆𝑂 𝑑 + 1,1 representations for which 𝐷 is diagonal

◦ Log CFTs are 𝑆𝑂 𝑑 + 1,1 invariant theories which contain reducible but indecomposable 

representations -> logarithmic multiplets
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Generalized eigenstates:
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Logarithmic multiplets
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These multiplets can be obtained through a formal trick:
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Transformation of Logarithmic multiplets
The only generators that change compared to regular CFT are 𝐷 and 𝐾𝜇
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Mixing only affects transformations with non-trivial scale factor

Example: rank-two scalar multiplet
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A scale in a scale-invariant theory?
The scale that just appeared can be eliminated by a change of basis:
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This can easily be seen in the previous rank 2 example:
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Two-point functions
Using Ward identities, we can constrain the form of two-point functions
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Two-point functions

With field redefinitions, it is possible to 

◦ make two-point functions of different multiplets vanish

◦ Set 
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For the rank two case:
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Three-point functions

Three-point functions are also “dressed” by an object with logarithmic indices 
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Defining 

The ward identities become 
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Three-point functions

Solutions of these Ward identities are of the form
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Rank (1,1,2) scalars example:
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Four-point functions
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Ward identities are similar to the three-point case

Solutions are polynomial in the
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Four-point function example
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Solutions of the ward identities                                                    are:

Crossing:
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Conformal blocks: logarithmic exchange
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Four rank-one scalars, but allow for higher rank exchange

Standard Casimir equation does not apply:
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General solution is of the type:

Conformal blocks: logarithmic exchange
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Conformal blocks: general case
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In the more general case, where all external fields are logarithmic:

By acting with these differential operators, one obtains logarithmic conformal blocks 

expansions in terms of the standard ones
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Logarithmic Generalized Free Fields
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Rank-two multiplet with canonical two-point function (higher rank is also possible)

This can be obtained as an 𝜖 → 0 limit of two GFFs
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Logarithmic Generalized Free Theory
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From the (𝜒𝑖 , 𝜒𝑗) OPE one can try to understand the (𝜙𝑎 , 𝜙𝑏) OPE

• Identity operator 

• Even spin → logarithmic triplet of dimension

• Odd spin → rank 1 singlet of dimension

Conformal block decompositions can be computed first in regular CFT and then take 𝜖 → 0
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Self-avoiding walks and 𝑂(𝑛 → 0) model
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◦ Critical in 𝑑 = 4 − 𝜖

◦ Can analytically continue to fractional 𝑛 and take 𝑛 → 0 limit (self-avoiding walks)

◦ Certain correlators are ill-defined, unless fields can be reorganized in multiplets

OPE contains singlets    , rank-2 STTs       and rank-2 antisymmetric tensors       of 
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Self-avoiding walks and 𝑂(𝑛 → 0) model
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If there is a scalar whose dimension             satisfies                          , and whose two-point 

function is

then the combination

has a finite two-point function
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𝑄 → 1 Potts model
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Field           in a 𝑄-dimensional representation of the permutation group 𝑆𝑄 with

Limit 𝑄 → 1 describes percolation in 2 ≤ 𝑑 < 6

𝜙𝑎 is not logarithmic itself, but fields in its OPE organize in logarithmic multiplets for 𝑄 → 1
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Logarithmic CFTs in holography
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In all known cases, holographic duals to Log CFTs involve higher-derivative equations of 

motion

these actions can originate from standard actions coupled to quenched disorder

Propagators are solutions of

and can be written as
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Logarithmic CFTs in holography
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Generalizations of these actions also exist for higher spin, e.g.

In the massless case                   the action becomes

Pushing this to the boundary of AdS produces once more logarithms
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BACKUP SLIDES
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Spinning two-point functions
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N-point functions
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AdS Bulk-to-bulk propagator
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