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Defects are interesting objects in physics

e Line defect: Wilson-'t Hooft line, impurities, cosmic strings, ...
e Higher-dimensional defects: D-branes, ...

e Topological defect: Skyrmions (2D), Hopfions (3D), ...

Normally, only one defect is considered in a physical system. What if there
exists more than one defect ? In this situation, perhaps we can do more

engineering. The simplest situation is to consider two defects.

e Two of the same dimension

G) Two of different dimensions



What is a composite defect ¢

We can start by doing some engineering, taking a line defect and a

surface defect

When a lower-dimensional defect is embedded inside a higher-

dimensional defect, this gives rise to a composite defect.



The aims:

e Understand the local RG properties of the composite defect
e Seeking a model giving rise to a conformal composite defect

o Test if a C-theorem still applies for the composite defect

The plans:

e Free vector O(N) model with a composite defect in d=4 - ¢

e Free vector O(N) model with a composite defect in d=3 - ¢

e A (weak) C-theorem for the sub defect



Defects ~ Localized interactions

In the model we are considering, defects are represented by the localized
interactions. This means that they can flow under local renormalization
group (RG) flow. The local deformations are marginal classically. For

example, a scalar field has a classical dimension

We can build local deformations of the type / d" "

Classically marginal requires that  12¢ =7
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O(N) model with composite defect

Model: surface defect + line defect
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O(1) model: only a single scalar

Comments:

1.5+

e In this dimension, both conformal
Lol - line and surface defects can be
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e A conformal composite defect
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O(N) breaking pattern: O(N) -> O(m) * O(N-m) on the line
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Comments:

e Four CCD fixed points, 2 * O(N) symmetric + 2 * O(N) broken

e Unitarity (real couplings) requires N >= 23

e Local RG analysis shows that the trivial one is the most UV among
the four for N > 4. We can perturb the coupling around the fixed

point, obtaining the eigenvalues for the phase space (g,g’)
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Subdefect C-theorem



C - theorems

We can define a function, normally called a c-function after Zamolodchikov.
This function has monotonic properties along the RG flow. In 2d, it coincides
with the central charge s.t. it depicts the d.o.f. of the theory at different

energy scales and UV has more d.o.f. than the IR. There are three versions of

C-theorem

e Weak version: C-function is non-increasing compared at the UV and
the IR fixed points connected by an RG flow;
e Strong version: C-function is non-increasing along the RG flow;

» Strongest version: the RG flow is a gradient flow of the C-function.



A conjecture of the sub-defect C - theorem

Conjecture. In a unitary CFTq4 with a composite defect D(P1:33%n) = (. D(P) consisting

of n sub-defects of p; dimensions satisfying 0 < p1 < p» < 44 & pn < d and DPL) c DP2)
aadq D), et Z(P133%n) = (D(P1,33n) ) pe the partition function on a d-sphere. Then, the

function C defined by
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does not increase under any localized RG flow on the sub-defect D(P2) of the lowest dimension,
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Perturbative test in the d = 3 - € model

The conjectured sub-defect C-function for our model becomes

Z (ho, 9o, Gp) _
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C=In C, + C3z + Cj + (higher order)

Diagrammatically,
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Future questions:

e Other models supporting conformal composite defects ? In d=¢4 -

€ , there is still room for other combinations

[Jensen & OObannon O15]
[Cuomo, Komargodski & Raviv-Moshe 018

o Introducing bulk interactions ¢ wWang 621]

e Proofs for the sub-defect C-theorems, perhaps for 1,2,4

dimensions or holography ?






