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Motivation

4 Energy

Py Defect CFT:

Captures the low-energy interaction of massive degrees of freedom
with gapless excitations.
[Wilson; 1975][Cardy; 1984][Billo, Goncalves, Lauria, Meineri; 2016]




I o | Defect CFT

 p-dim. flat defect in d-dim. CFT explicitly breaks part
of the conformal symmetry

 Breaking of translational invariance induces the
existence of the displacement operator

8, T (z*,27) = 04 P(x ) D; ()

. 0;§CD
> fixes (D;D;) = (distance) 2D

* D; determines the variation of the path integral under an infinitesimal

A: X‘,Xi=0>
conformal transformation that does not preserve the shape of the defect X*(

0¢ SpOFT = — / D,&, for &M = (€%, £") conf. killing vector
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!
* | QFT with Spontaneous Symmetry Breaking

* SSB leads to the existence of massless Goldstone bosons.
[Goldstone, Salam, Weinberg; 1962]

* Long, heavy object that spontaneously break the Poincaré symmetry support

the propagation of Goldstone bosons on their worldvolume.

> Effective String Theory
[Luscher; 1981] [Luscher, Symanzik, Weisz; 1991] [Polchinski, Strominger; 1991]

* Leading term is universal and given by the Nambu-Goto action
[Nambu; 1974] [Goto; 1971]

Gy = T /D \/det (02 X1(0)0p X u(0)) + ...

* Dependence on the system enters only through 7" = MP.




é QFT with Spontaneous Symmetry Breaking
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7% Shrane = M? fD Vet (8. X1 ()X (o)) + ..

g

1 .
~ Mp/ (1—|— §8QX“§”JXZ-+...)

 Poincaré symmetry is realized non-linearly as:
P,: X'— X"=X'+é0,
Lyp: X' — X' = X' — W6l xy — wP* X0, X7 .
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II/, SEFT — SDCFT + Sbrane + Scoupling
li Guiding principle: Restore Poincaré invariance!
\ 4
® DCFT with explicit symmetry breaking



‘| Leading Order EFT

* SEFT — SDCFT + Sbrane + Scoupling

* Recall: § . Sycpr = _/Dkek
P,: X' X'"=X"4€

Restoration of translational symmetry mandates:

SEFT = SDCFT + Sbrane + /DiXi + ...
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*| Leading Order EFT

* Leading order EFT: SEFT = SDCFT + Sbrane + /DiX'i + ...

) . ~ 1
 Define canonically normalized field X* = M2 X' and normalized operator D; = c,*D;

1 | 1 5o,
SEPT :SDCFT+/MP—|—/§aGXJ(9an—|— (CEM_1> /D@XZ—}—

\ J
I

Sl

= M,
]

- Couplingisirrelevant: Ap + Ay = 3P

> The Goldstones decouple in the IR!
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/7, * Whenis the EFT valid? 1
> Separation of scales — > min(M, Mp)

I
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Related Work:

[Metlitski; 2022], [Krishnan, Metlitski; 2024]

[Horn, Nicolis, Penco; 2015] ,[Goon, Hinterbichler, Trodden;
2011] [de Rahm, Tolley; 2011],....

[Murakami, Watanabe; 2014] ,[Punk, Sachdev; 2012]....
[Damia, Galati, Rizi; 2026], [Soto, Valls; 2026],...




Example: Soliton in 2-dimensional ¢*-Theory

S:/dtdx%(auqb)Q (cb ——2>2 1( Outh)? — uf( 0, )° ¢

2 m

Classical kink solution ¢c1(x) is localized at xg = 0
> SSB and existence of a Goldstone boson

2
The kink has finite static energy setting the scale M/ = E[¢.| = im—

3 A
miz|>1 MM,
Taking the zero-energy limit ¢(t, z) ~ ¢a(x) il g

sign(x) gives CFT with an interface
between two free scalar theories with different normalization of the kinetic term.
[Bachas, de Boer, Dijkgraaf, Ooguri; 2002]

Socrrli] =~ | dr @+ 5" [ da @0
x<< x>

> Displacement operator: B
D=T+| —T= cp = —

7 ———
2T lg=0 " 2T|r=0 T2




Example: Soliton in 2-dimensional ¢*-Theory

S:/dtdx%(auqb)Q (cb ——2>2 1( Out)? — u\f( Out)? ¢

m

» Taking ¢(t,z) ~ ¢a(x — X(t)) reproduces the EFT

1
SEFT = SpcrT + M / dt + / dt =M (8, X (t))” + / dtD()X(t) + ... Energy
2 ‘ru <1
- However, corrections are suppressed only by m < M ]\J@D"
T =
E<m

EFT valid



What is beyond Leading Order ?

SEFT = SDCFT + Sbrane + /DiXi‘|‘ ?




What is beyond Leading Order ?

Seoupling = f D; X' + k¥ / ]><X2 + k) / D; X0, X70°X; + ... kp f VIO + ...




What is beyond Leading Order ?

Seoupling :fDiXi+K((]3)/I><X2—|—I<:§3)/DiXi8an8an-|—...I$O/\/gabOA—|—...

I_T

* The spectrum of defect operators does not contain special operators.
»  Djis chosen to be the operator defined at X" () = 0.




What is beyond Leading Order ?

Seoupling :/DiXi—I—I{((JS)/IXXQ-I—I{?)fDiXiaanaan—|-...I$O/\/gabOA—|-...
|

«  X'(x))is chosen such that X}, () describes the transverse profile of the defect
> The partition function describing a defect of arbitrary smooth shape is invariant under
rescaling X* — A X", z% — \z®
> Scale invariance in the classical limit requires h:(()?’) =0




What is beyond Leading Order ?

Seoupling :[DiXi+né‘°’)/]><X2+n§3)/DiXiaan8“Xj+...;<;Of\/gabé+...

t
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« Completionsuch that 4y, (SDCFT + /DZ- X +"3§3) /Di Xiaa,ch‘)an +) _ 0

> Wilson coefficients unconstrained by studying the non-linear action of the broken
generators on the displacement operator

Ly D; = —agl)é’ka D; —aél)Bin Dy +...

> Wilson coefficients constrained by reproducing defect of arbitrary smooth profile in the

classical limit.
[Gabai, Sever, Zhong; 2025][Drukker, Kong, Kravchuk;2025]




What is beyond Leading Order ?

Seoupling :/DiX“m((f’)/]XXQJW&?’)/D%-X%'@@XJ&“XJ-+...ﬁ:o[\/gabOA+...
|

I
« Satisfy or,, (Iié/\/gab+...) = 0 independently.

[Coleman, Wess, Zumino; 1969],[Callan, Coleman, Wess, Zumino;
1969],[Volkov; 1973],[Ogievetsky; 1974]

> Wilson coefficients depend on the UV

> Renormalize




What is beyond Leading Order ?

SEFT = SDCFT + Sbrane + /D@'Xi-l- |

... we developed a systematic framework for describing the low-energy
dynamics of long heavy objectsina CFT!

... the leading interaction between the massless Goldstones and bulk
excitations is universal !




Final EFT

SEFT = SpCFT + Sbrane + fD,,;Xi—I— l

Definition of conserved Noether charges for the restored Poincaré symmetry.
[Girault, Paulos, van Vliet; 2025]

The EFT extends both: DCFT and effective brane action !
> It gives corrections to DCFT, Goldstone and mixed observables.

Identify relevant examples and test predictions, e.g., against lattice results.

Study more sophisticated examples: supersymmetry, holography...




Thank You !
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