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At weak gauge theory coupling, Feynman perturbation theory can be used to calculate the basic observables
of the theory... At strong gauge theory coupling, string theory becomes weakly coupled and so it is suitable
for calculations in the nonperturbative region... however...

@ Weak/strong coupling dilemma: gauge and the string theory couplings are inversely proportional... the two
perturbative regimes are disconnected from each other... testing AdS/CFT is practically impossible!
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Integrability!

@ Nonetheless, there still exists a large number of nontrivial tests from weak (A — 0) to strong 't Hooft
coupling (A — oo) which confirms the validity of the AdS/CFT correspondence for large values of N..
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1 E,
Eio=lhw(n—=), Eq=——, n=12,...
2 n?
@ But in the sense that there exists a system of algebraic equations

f(A,A) =0,

which contains, for all values of the coupling constant A, the scaling dimensions A of any local gauge
invariant operator of N' = 4, SYM...

O (x) = trpr" (x) @3" (x) .. ¢5° ()]
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Eio=lhw(n—=), Eq=——, n=12,...
2 n?
@ But in the sense that there exists a system of algebraic equations

f(A,A) =0,

which contains, for all values of the coupling constant A, the scaling dimensions A of any local gauge
invariant operator of N' = 4, SYM...

O (x) = trpr" (x) @3" (x) .. ¢5° ()]

@ According to the dictionary of the AdS/CFT duality, the above operators of N' = 4, SYM are dual to type
[IB string theory states in AdSsx S°...

O >
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Solvability?

@ ... the energies of closed string states in AdSsx S° are dual to the scaling dimensions of their dual gauge
theory operators...
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@ Ideally, we would like to solve the theory... not only its spectrum... where by solve we mean the calculation
of the theory's observables: spectrum, correlation functions, scattering amplitudes, Wilson loop expectation
values, etc...
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The AdS/CFT correspondence

The AdSs/CFT4 correspondence is formulated as follows:
N =4, su(N.) super Yang-Mills theory in 4d < Type IIB superstring theory on AdS; x s°
Maldacena (1997)
On the lhs, N = 4, super Yang-Mills (SYM) theory is a 4-dimensional superconformal gauge theory:

2 1 L1 . 1
L4 = 2 -tr{ - ZFuuF“ 5 (Dui)*+i o Prpa + 7 [oi, o]’ +

YM

3 6
+ Gaga i, ¥s] + ) Gagdhars i, ve] }

i=1 i=4
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The AdSs/CFT4 correspondence is formulated as follows:
N =4, su(N.) super Yang-Mills theory in 4d < Type IIB superstring theory on AdS; x s°
Maldacena (1997)
On the lhs, N = 4, super Yang-Mills (SYM) theory is a 4-dimensional superconformal gauge theory:
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@ Beta function vanishes, S(xr—s) = 0... exact superconformal symmetry PSU(2,2|4)...

@ Dilatation operator (eigenvalues = scaling dimensions) is given by a quantum integrable spin chain in
the planar ('t Hooft/large-N.) limit, No — oo, A = g2,Ne = const. (Minahan-Zarembo, 2002; Beisert-
Kristjansen-Staudacher, 2003; Beisert, 2003)...

@ Spectral problem solved (Gromov-Kazakov-Leurent-Volin, 2013)... solution of full planar theory by comput-
ing all observables (correlators, scattering amplitudes, Wilson loops, etc) underway...

@ Half-BPS boundary conditions in A' = 4 SYM were studied by Gaiotto-Witten (2008)...

9/37


https://arxiv.org/abs/hep-th/9711200
https://arxiv.org/abs/hep-th/0212208
https://arxiv.org/abs/hep-th/0303060
https://arxiv.org/abs/hep-th/0303060
https://arxiv.org/abs/hep-th/0307015
https://arxiv.org/abs/1305.1939
https://arxiv.org/abs/0804.2902

The AdS/CFT correspondence

The AdSs/CFT4 correspondence states that:
N =4, su(N.) super Yang-Mills theory in 4d < Type IIB superstring theory on AdS; x s°
Maldacena (1997)

Type IIB superstring theory on AdSs x S° is described by a nonlinear o-model on a supercoset:

. SO(4,2) SO(6) _  PSU(2,2J4)
AdSs X S" = 55(2,1) ¥ 50(5)  S0(3.1) x SO()"

Green-Schwarz superstring action on AdSs x S° is a WZW sigma model (Metsaev-Tseytlin, 1998):

T, 1
S=—22 [ Pstr [J<2) AxJ® 4 O A J(3)} ., J=gldg, Ta= _ VA
2 2wal 2mh?

The AdSs x S® supercoset is a semi-symmetric space, i.e. its elements afford a Z, decomposition:

J=JO 4 O SO QU] =iy (M) = —KMUET, K= { ms O }
) b 7 0 713 -
Nonlinear sigma models on semi-symmetric spaces are classically integrable (Bena-Polchinski-Roiban, 2003)...
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Probe-brane defect systems

Section 2

Probe-brane defect systems
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Probe-brane defect systems The D3-D5 probe-brane system

The D3-D5 system: bulk geometry

Type 1IB string theory on AdSs x S° is encountered very close to a system of N. coincident D3-branes:

Mink,,

' AdS;xS5
N, D3-branes |

X1 X2 X3 Xa X5 X6 X7 X8 X9
D3 || e | @ ° °

The D3-branes extend along x1, x2, x3...
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Type 1IB string theory on AdSs x S° is encountered very close to a system of N. coincident D3-branes:
Mink,,

D5-brane
N

N_D3-branes

Now insert a single (probe) D5-brane at x3 = x7 = xg = x9 = 0...
X4 X5 X6 X7 Xg

t X1 X2 X3 X9

D3 || e | @ ° .
D5 || e | @ °
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Probe-brane defect systems The D3-D5 probe-brane system

The D3-D5 system: bulk geometry

Type 1IB string theory on AdSs x S° is encountered very close to a system of N. coincident D3-branes:
Mink,,

D5-brane
N

[

N, D3-branes |

Now insert a single (probe) D5-brane at x3 = x7 = xg = x9 = 0...
X5 X6 X7 Xg X9

t X1 X2 X3 X4

D3 || e | @ ° .
D5 || e | @ °

.. its geometry will be AdS; x S? (Karch-Randall, 2001b)...
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Probe-brane defect systems The D3-D5 probe-brane system

The D3-D5 system: description

@ The defect reduces the total bosonic symmetry of the system
from SO(4,2) x SO(6) to SO(3,2) x SO(3) x SO(3). The
s D5 . corresponding superalgebra psu (2, 2|4) becomes osp (4|4). Su-
AdSgxS® XS5 ’
Bulk o AdSsxS persymmetry studied by Domokos-Royston (2022)...

@ The D3-D5 system describes 1B string theory on AdSs x S5

bisected by a D5 brane with worldvolume geometry AdSs x S°.
N,D3's

AdS, %87

@ The D5-brane is stable... the tachyonic instability in the fluc-
tuations of 1) does not violate the BF bound (Karch-Randall,
2001b)...

@ The probe D5-brane is classically integrable... i.e. infinite
conserved charges for open strings with D5-brane BCs

Boundary | V=45YM N'=4SYM (Dekel-Oz, 2011)...
SU(N,) SU(N,)

@ The dual field theory is still SU(N:), NN = 4 SYM
X,y in 3 + 1 dimensions, that interacts with a CFT living

on the 2 + 1 dimensional defect: S = Sx—4 + Soy1
(DeWolfe-Freedman-Ooguri, 2001).
z>0
341 dim 341 dim @ N = 4 spin chain not modified by the presence of the de-

fect... open spin chain ending on defect fields remains inte-
grable (DeWolfe-Mann, 2004)...

defect (2+1 dim)
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Probe-brane defect systems The D3-D5 probe-brane system

The (D3-D5), dSCFT

@ Despite stability, add k # 0 units of background

magnetic flux over S2... brane geometry AdS; x S2...
Bulk AdSxS5 D5 AdSyxS @ Db5-brane with flux preserves classical integrability of

2k open strings ( )...

(N4} D3's @ The SCFT gauge group SU(N:) x SU(N.) breaks to

¢ SU(Nc — k) x SU(Nc)...

@ Equivalently, the fields of N/ = 4 SYM develop
nonzero vevs (Karch-Randall, 2001b)... dCFT corre-
lators = Higgs condensates of gauge-invariant oper-
ators of A" = 4 SYM (Nagasaki-Yamaguchi, 2012)...

N.D3’s

AdSxS?

@ Matrix product states... overlaps with Bethe states...
Scalar one-point functions (de Leeuw, Kristjansen

N=4 SYM N=4 SYM ! !

Bou—ndary SUN-K) SU(N,) Zarembo, 2015)... closed-form det formulas... in-
¢ tegrable quench criteria satisfied (Piroli, Pozsgay,

tX,y Vernier, 2017;

@ Two-point functions of (spin-2) stress tensor, dis-
250 placement operator, anomaly coefficients (

)... More below!

defect (2+1 dim)

3+1dim 3+1dim

@ Strong-coupling computations were recently set up

( ).
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The D3-D7 probe-brane system
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The D3-D7 system: bulk geometry

IIB string theory on AdSs x S° is encountered very close to a system of N, coincident D3-branes:

Mink,,

' AdS;xS5
N, D3-branes |

X1 X2 X3 Xa X5 X6 X7 X8 X9
D3 || e | @ ° °

The D3-branes extend along x1, x2, x3...
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IIB string theory on AdSs x S° is encountered very close to a system of N, coincident D3-branes:

Mink,,

D7-brane
N

N_D3-branes

Now insert a single D7-brane at x3 = xg = 0...

t | x1 | X | X3 | X4 | Xs | X6 | X7 | X8 | Xo

D3 || e | @ . °

D7 || e | o ° ° ° ° °
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Probe-brane defect systems The D3-D7 probe-brane system

The D3-D7 system: bulk geometry

IIB string theory on AdSs x S° is encountered very close to a system of N, coincident D3-branes:

Mink,,

D7»brane\ ‘A_dSSXSS

N, D3-branes | .

Now insert a single D7-brane at x3 = xg = 0... its geometry will be either AdSs x S* or AdS,; x S? x S%...

t | x1 | X | X3 | X4 | Xs | X6 | X7 | X8 | Xo
D3 o | o ° °

D7 || e | o ° ° ° ° ° °

(Davis-Kraus-Shah, 2008; Myers-Wapler, 2008; Bergman-Jokela-Lifschytz-Lippert, 2010)...
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The D3-D7 system: description

@ The defect reduces the total bosonic symmetry of the sys-
tem from SO(4,2) x SO(6) to either SO(3,2) x SO(5) or

) D7 50(3,2) x SO(3) x SO(3)... All susy broken! (relative brane

Bulk AdSgxS? AdSgxS? codimension in flat space: #np = 6 — no unbroken susy)...

@ The D3-D7 system describes |IB string theory on AdSs x S°
bisected by a D7-brane with worldvolume geometry AdSs x S*

N_D3's or S? x S2... maximal S* & S? x S? sit on the equator of S°...

@ The D7-branes are unstable: tachyonic instabilities in fluc-
tuations violate the BF bound (Davis-Kraus-Shah, 2008;
Bergman-Jokela-Lifschytz-Lippert, 2010)... S* and S? x S?
“slip-off" (either side of ) the S® equator, collapsing to points...

@ Various ways to lift the instability... embed D7 in full D3-
Boundary | V=45YM N=45YM brane geometry instead of near-horizon (Davis-Kraus-Shah,
SU(N,) SU(N,) 2008)... impose an AdS cutoff A (Kutasov-Lin-Parnachev,
2011; Mezzalira-Parnachev, 2015)... add instanton flux on

S* (Myers-Wapler, 2008), and magnetic flux on S? x S2

| (Bergman-Jokela-Lifschytz-Lippert, 2010)...
z>0 @ The dual field theory is still SU(N:), N =4 SYM in3+1
3+1 dim 3+1 dim dimensions, that interacts with a CFT living on the 2 + 1

dimensional defect: S = Sar—4 + So+1... boundary degrees of
freedom are fermions (Rey, 2009)...

AdSHSExSE Y AS, XS

defect (2+1 dim)
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The (D3-D7)k system

@ To stabilize the D7-brane, we add a (non-abelian)

instanton bundle through its S* component (Myers-
D7 Wapler, 2008) and an (abelian) magnetic flux
Bulk AdSxS® AdSxS® throu)gh each S? (Bergman-Jokela-Lifschytz-Lippert,
- 2010)...

@ This forces exactly k (flux units) of the N D3-branes
N.D3's (Ne > k) to end on the D7-brane...

(N-K) D3's

@ The homogeneous instanton flux is non-abelian...
study of classical string integrability hard in the
S50(5) symmetric case... the SU(2) x SU(2) sym-
metric system is most probably not integrable...

AdS, xS2XS2 Y AAS, K5

@ On the gauge theory side, gauge group SU (N¢) X
Boundary N=4 SYM N'=4 SYM SU (N¢) breaks to SU (N¢) x SU (N¢ — k)...

SU(N:k) SU(N,) @ Equivalently, the fields of ' = 4 SYM develop

by nonzero vevs... dCFT correlators = Higgs conden-

sates of gauge-invariant operators of ' = 4 SYM...

| @ Matrix product states... overlaps with Bethe states...
z>0 scalar one-point functions (

3+1dim 3+1dim )... integrable quench criteria satisfied in

the SO(5) symmetric case (Piroli, Pozsgay, Vernier,
2017;

defect (2+1 dim)
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Probe-brane defect systems The D3-D7 probe-brane system

The (D3-D7)k system

@ Yet another sign of integrability of the SO(5)
D7 symmetric system are closed-form determinant for-
Bulk AdSgxS® AdSgxS° mulas which have been found for all scalar on-
= point functions (
(N-K) D3's =
= N.D3's @ Weak-coupling analysis also provides evidence of
= ¢ non-integrability for the SU(2) x SU(2) symmetric
4 system (de Leeuw-Kristjansen-Vardinghus, 2019)...
wl
2 @ Two-point functions of the (spin-2) stress tensor,
displacement operator, anomalies... More below...
@ Strong-coupling computations were recently set up
Boundary |V=45YM N'=4SYM ( )ees
SU(N,k) - SU(N,)
:; Xy
Ei
3 z>0
3+1dim 3+1dim
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Probe-brane defect systems One-point functions

Subsection 3

One-point functions
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The D3-D5 interface: SU(2) x SU(2) symmetry

@ An interface is a wall between two (different/same) QFTs...

interface @ It can be described by means of classical solutions that are known as " fuzzy-
N=4SYM N=45YM funnel” solutions (Constable-Myers-Tafjord, 1999 & 2001)...
SU(N-k) | SU(N.-k) —— SU(N,)
everywhere restored
asymptotically
vev ~ © vev~1/z
everywhere Higgs branch

—0

( D kxk Opex(v,~k) )

O —tyxk O —kyx(w, k)

Nk N,
D3-branes D3-branes
z<01z>0
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@ An interface is a wall between two (different/same) QFTs...

interface @ It can be described by means of classical solutions that are known as " fuzzy-
N=4SYM N=45YM funnel” solutions (Constable-Myers-Tafjord, 1999 & 2001)...
SU(N:-k) | SUN-k) — SU(N,) @ Here, an interface (situated at z = 0) separates the SU (N.) and SU (N¢ — k)
everywhere restored

e regions of the (D3-D5), dCFT...

@ For no vectors/fermions, we want to solve the equations of motion for the
scalar fields of N' = 4 SYM:

o
dz2

Vev ~
everywhere

vev~1/z Ap =1va =0,
Higgs branch

[@J’ [‘Pjﬂpl}]: ihj=1,...,6.

—0

( D kxk Opex(v,~k) )

O —tyxk O —kyx(w, k)

Nk N,
D3-branes D3-branes
z<01z>0
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The D3-D5 interface: SU(2) x SU(2) symmetry

@ An interface is a wall between two (different/same) QFTs...

“i face” . . .
Interface @ It can be described by means of classical solutions that are known as " fuzzy-
N=4SYM N=45YM funnel” solutions (Constable-Myers-Tafjord, 1999 & 2001)...
SU(N:-k) | SUN-k) — SU(N,) @ Here, an interface (situated at z = 0) separates the SU (N.) and SU (N¢ — k)
everywhere restored .
g regions of the (D3-D5), dCFT...
@ For no vectors/fermions, we want to solve the equations of motion for the
scalar fields of N' = 4 SYM:
d?p; ..
vev ~ vev~1/z Ap=1va =0, 472 = [¢js [wireill s ij=1,....6.
everywhere Higgs branch

-0 @ A manifestly SO(3) ~ SU(2) symmetric solution is given by (z > 0):

1 .
( () exk Orx(v 1) ) ¢ai1(z) = = O(t,)kxk 0 Ok (N — k) & o =0,
O —1yxic On ~kyx(v~1) z (Ne—k) x k (Ne—k) x (Ne —k)
N -k N Diaconescu (1996), Giveon-Kutasov (1998)
c c
D3-branes D3-branes where the matrices t; furnish a k-dimensional representation of su (2):
z<0|z>0

[t,’, tj] = iEijktk~
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The D3-D5 interface: SU(2) x SU(2) symmetry

@ An interface is a wall between two (different/same) QFTs...

interface @ It can be described by means of classical solutions that are known as " fuzzy-
N=4SYM N=45YM funnel” solutions (Constable-Myers-Tafjord, 1999 & 2001)...
SU(N:-k) | SUN-k) — SU(N,) @ Here, an interface (situated at z = 0) separates the SU (N.) and SU (N¢ — k)
everywhere restored .
g regions of the (D3-D5), dCFT...

@ For no vectors/fermions, we want to solve the equations of motion for the
scalar fields of N' = 4 SYM:

o
dz2

Vev ~
everywhere

vev~1/z Ap =1va =0,
Higgs branch

[@J’ [‘Pjﬂpl}]: ihj=1,...,6.

-0 @ A manifestly SO(3) ~ SU(2) symmetric solution is given by (z > 0):

((zi)m 0 ) o211 (2) _1 O(ti)kxk . O (N — k) & op =0,
O —1yxic On ~kyx(v~1) z (Ne—k) x k (Ne—k) x (Ne —k)
Nk N, Diaconescu (1996), Giveon-Kutasov (1998)
D3-branes D3-branes @ The solution also satisfies the Nahm equations:
z<0|z>0 d“O"_L.E.. .
dz 2 ijk [9017901(} )

as expected for a half-BPS interface (Gaiotto-Witten, 2008)...
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Probe-brane defect systems One-point functions

One-point functions

Following Nagasaki & Yamaguchi (2012), the one-point functions of local gauge-invariant scalar operators,

C
<O(Z7X)>:Z7Aa Z>07

can be calculated within the D3-D5 defect CFT from the corresponding fuzzy-funnel solution, for example:

. sue) 1
O (2,%) = WMt (a1 . oy 1] oy WL [t Lty

interface ZL

where WH1-#L is an SO (6) symmetric tensor and the constant C is given by (MPS="matrix product state"),

1 (87T2)L/2‘<MPS|\U> { (MPS|W) = wH#igr(t, ... t,] (“overlap”) }

)

VLA R WU e
which ensures that the 2-point function will be normalized to unity (O — (27)* (L)\L)_l/2 -0):
1
(O(x1)O(x2)) = ——a>
|x1 — X2

within SU(N.), N =4 SYM (i.e. without the defect). Once more, we set x; = (zi, i), where x; = {XEO’M)}.
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The D3-D7 interface: SU(2) x SU(2) symmetry

N=4 SYM
SU(N,-k;ky)

everywhere

Vev ~ o
everywhere

Nc_klkz
D3-branes

“interface”
N=4 SYM
SU(N -k;k,) — SU(N,)

restored
asymptotically

vev~1/z

Higgs branch
—0

e Orex(v -1y
O —iyxie Ogn_~1yx(v ~k)
NC
D3-branes

z<0

z>0

To compute correlation functions in the dCFT that is dual to the SU(2) x
SU(2) symmetric D3-D7 system, we set up the corresponding interface...

The interface (placed at z = 0) separates the SU (N¢) and SU (N¢ — ki ko)
regions of the (D3-D7), s, dCFT... It will be described by a fuzzy funnel
solution...

For no vectors/fermions, we want to solve the equations of motion for the
scalar fields of N’ = 4 SYM:

d?pi
dz?

= [¢j; [0jril]l, ij=1,...,6.

The wanted SU(2) x SU(2) C SU(3,2) x SU(2) x SU(2) solution is:

[(t/')kl ® ﬂkQ} O ONe—k k), =1,2,3
wi(z) = = X ) )
[1h ® (6)1,] © O —kyr) 1= 4,5,6.

Kristjansen-Semenoff-Young (2012)

The defect CFT is not supersymmetric so that the interface does not satisfy
the Nahm equations...
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The D3-D7 interface: SO(5) symmetry

@ The interface for the dCFT that is dual to the SO(5) symmetric D3-D7
“interface” system (placed at z = 0) separates the SU (N¢) and SU (Nc — dg) regions
of the (D3-D7)4. dCFT... It will be described by a fuzzy funnel solution...

N=4 SYM N=4 SYM
SU(N-dg) | SU(N-d;) — SU(N,) @ For no vectors/fermions, we solve the equations of motion for the scalar
everywhere restored fields of N = 4 SYM:
asymptotically
d?p; ..
Ay =1 =0, a2 :[c,oj,[goj,tp;”, ihj=1,...,6.
Z
vev ~ vev~1/z @ A manifestly SO(5) C SO(3,2) x SO(5) symmetric solution is given by:
everywhere Higgs branch G
i D O(Ne—dg) x (N —dg)
-0 i (2) = ———Wemde)x(Nemde) G _q 5 p5=0
59!( ) \/éz ) ¥e6
<(Gi)da><dc Oasx(v ~dg) ) Kristjansen-Semenoff-Young (2012)
Ow ~dgyxds  Owe-deyx(w,~dg)
@ Once more, the defect CFT is not supersymmetric so that the interface
N-dg N, does not satisfy the Nahm equations...
D3-branes D3-branes

The five dg X dg matrices G; are known as the “fuzzy” S* matrices...

z<0]z>0
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The fuzzy S* G-matrices

The five dg x dg fuzzy S* matrices (G-matrices) G; are given by:

n factors
—_—
G=|[7911®.. M+ Rvy®..0 M1+ .. +14Q ... 14a®@; (i=1,...,5),

n terms sym

Castelino-Lee-Taylor (1997)

where ~; are the five 4 x 4 Euclidean Dirac matrices:

L 0 —iO’,‘ P o 0 1|.2 _ 12 0
’71_(,'07 0 )7 1_172733 ’74_(]12 0)7 75_<0 _]12>7
and o; are the three Pauli matrices. The ten commutators of the five G-matrices,
1
G’j = 5 [Gfa GJ] B
furnish a dg-dimensional (anti-hermitian) irreducible representation of so (5) ~ sp (4):

[Gij, Gl = 2 (6 Gir + 0it Gjx — 0 Gjy — 91 Gixc) -
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The fuzzy S* G-matrices

(n+1)(n+2)(n+3)/6:

The dimension of the G-matrices is equal to the instanton number dg
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E.g., for n = 2, here are the 10 x 10 G-matrices:
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Probe-brane defect systems One-point functions

One-point functions

One-point functions of local gauge-invariant scalar operators,

C
<O(Z7X)>:Z7Aa Z>07

can again be calculated within the D3-D7 defect CFT from the corresponding fuzzy funnel solution...

o 1 o
O (z,x) = V" "Ltr [ ... 0] S06), S0B)x300B) 2 ity [y ... 7]

interface ZL

where the matrices 7; are defined in terms of the corresponding fuzzy funnel solution:

Gi/V/3, i=1,...,5

0. i—6 ,  SO(5) symmetric interface

Ti =

(t‘,')k1 Q1L | ® O(Nc*k1k2)v i=1,2,3

) , SO(3) x SO(3) symmetric interface.
]lkl ®(tf)k2 @O(chklkz)y 1 :47576

Again, W is an 50 (6)-symmetric tensor and the constant C is given by (MPS="“matrix product state”),

e 1 <7r2>“2 (MPS|W) {<MPS|w>=wf1~~-’ttr[c,-1...c,-L1 (“overlap")}

VLA (Wjw)z (W) = wiiy,
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Defect anomaly coefficients

Section 3

Defect anomaly coefficients
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Defect anomaly coefficients Defect anomalies

Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

(TEYI=2 = Sl (-1)%agEq|, n=1.2,...

i

d!Vo I[Sd]
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Defect anomaly coefficients Defect anomalies

Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

(TEYI=2 = Sl (-1)%agEq|, n=1.2,...

i

d!Vo I[Sd]
Odd dimensional (compact) spacetimes have no conformal/Weyl (trace) anomalies...

(T2 =0, n=1.2,...
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Defect anomaly coefficients Defect anomalies

Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

u\d=2n _ 1. (_1\d/2 S (bry) —
<T;L> d'VoI[Sd {ZC‘IJFO )Zj:bjlj (—=1)%<ay (EdJFO(Z)E )]7 n=12,...
Odd dimensional (compact) spacetimes have no conformal/Weyl (trace) anomalies...

<TM>d 2n+1 L |:Zb1 +( >/23déd—1 , n=12 ..

(d—DIVol[s¥1] ~ |~

The presence of (codimension-1) boundaries gives rise to extra A & B anomaly coefficients (localized on the boundary)...
and extra central charges which can classify defect CFTs (much like central charges classify pure CFTs)...
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The presence of (codimension-1) boundaries gives rise to extra A & B anomaly coefficients (localized on the boundary)...

and extra central charges which can classify defect CFTs (much like central charges classify pure CFTs)... Examples:

(T2 = % (R + 26 (2) K)
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Defect anomaly coefficients Defect anomalies

Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

u\d=2n _ 1. (_1\d/2 S (bry) —
<T;L> d'VoI[Sd {ZC‘IJFO )Zj:bjlj (—=1)%<ay (EdJFO(Z)E )]7 n=12,...
Odd dimensional (compact) spacetimes have no conformal/Weyl (trace) anomalies...

<T“>d 2n+1 L |:Zb1 +( “U/25,E; 1|, n=1,2,...

(d—DIVol[s¥1] ~ |~

The presence of (codimension-1) boundaries gives rise to extra A & B anomaly coefficients (localized on the boundary)...

and extra central charges which can classify defect CFTs (much like central charges classify pure CFTs)... Examples:

(Tt = LR 2 (K), (17 = 2 (R4 burk?)
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Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

d= S r
(Th) 2”—d,VOI[Sd {ZGIH 2) > bl = (1) e (Ed+0(z)E<b”)], n=12,...
J

Odd dimensional (compact) spacetimes have no conformal/Weyl (trace) anomalies...

<T“>d 2n+1 L |:Zb1 +( “U/25,E; 1|, n=1,2,...

(d—DIVol[s¥1] ~ |~

The presence of (codimension-1) boundaries gives rise to extra A & B anomaly coefficients (localized on the boundary)...
and extra central charges which can classify defect CFTs (much like central charges classify pure CFTs)... Examples:

u\d=2 _ @ p\d=3 _ 5(2) . ~o

(T8 = Z(Re2(2)K). (T =52 (aR+btrK)

p\d=4 _ 1 2 6(2) (bry) _ 3 _ Pq jors
(T = o (€ Wiipo — 2 E0) 4 15 (2™ = brtrR® — by PR Wiers)

where Ey, E,_1 are the bulk/boundary Euler densities, and E(®Y) the boundary term of the Euler characteristic... Kpgq is the
boundary extrinsic curvature, and hpq is the induced metric on the boundary... dimensionalities d = 5,6 not fully classified
as of now (no nontrivial CFTs in d > 6)...
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Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

u\d=2n _ 1. (_1\d/2 S (bry) —
<T;L> d'VoI[Sd {ZC‘IJFO )Zj:bjlj (—=1)%<ay (EdJFO(Z)E )]7 n=12,...
Odd dimensional (compact) spacetimes have no conformal/Weyl (trace) anomalies...

<TM>d 2n+1 L |:Zb1 +( >/23déd—1 , n=12 ..

(d—DIVol[s¥1] ~ |~

where Eg, Ecd,l are the bulk/boundary Euler densities, and E(®Y) the boundary term of the Euler characteristic... Kpq is the
boundary extrinsic curvature, and hpq is the induced metric on the boundary... dimensionalities d = 5,6 not fully classified
as of now (no nontrivial CFTs in d > 6)... We also define the traceless part of extrinsic curvature:

- h R 1 R )
Rpg = Kpg = 2K, K2 =trk? = DK%, trk? = ke — Kirk? 4 S KC
Hrpo paf pys (bry) _ stwip (L par | 2 qpr
- 7504ﬁ75RuV Rpav E; 45pqu5 ERtw + gKt K},
. 1 ’
Y RPT Wiapo = RﬁpaKﬁnuna N ERHU (n*n"K 4+ KH*) + EKR, AP KY Wy po = —KPIWopng.
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Defect anomalies

Even dimensional CFTs (in curved spacetimes) are afflicted by conformal/Weyl anomalies: the trace of the energy-
momentum /stress tensor acquires non-vanishing expectation value that is given by (scheme-independent terms only)...

d= S r
(Th) 2”—d,VOI[Sd {ZGIH 2) > bl = (1) e (Ed+0(z)E<b”)], n=12,...
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Odd dimensional (compact) spacetimes have no conformal/Weyl (trace) anomalies...
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(d—DIVol[s¥1] ~ |~

The presence of (codimension-1) boundaries gives rise to extra A & B anomaly coefficients (localized on the boundary)...
and extra central charges which can classify defect CFTs (much like central charges classify pure CFTs)... Examples:

u\d=2 _ @ p\d=3 _ 5(2) . ~o

(T8 = Z(Re2(2)K). (T =52 (aR+btrK)

p\d=4 _ 1 2 6(2) (bry) _ 3 _ Pq jors
(T = o (€ Wiipo — 2 E0) 4 15 (2™ = brtrR® — by PR Wiers)

where Ey, E,_1 are the bulk/boundary Euler densities, and E(®Y) the boundary term of the Euler characteristic... Kpgq is the
boundary extrinsic curvature, and hpq is the induced metric on the boundary... dimensionalities d = 5,6 not fully classified
as of now (no nontrivial CFTs in d > 6)...
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Defect anomaly coefficients Defect anomalies

Anomaly coefficients in free theories

Before calculating the A & B anomaly coefficients for the D3-D5 dCFT, let us go through some results for codimension-1:
@ In d = 2 the relation of the anomaly coefficient a to the central charge is ¢ = 12a... For free scalar & Dirac fields:

- _ 1
250 = a=1/2 = e (see e.g. Cardy, 2004).

29 /37


https://arxiv.org/abs/hep-th/0411189
https://arxiv.org/abs/1205.1573
https://arxiv.org/abs/1509.02160
https://iopscience.iop.org/article/10.1088/0305-4470/21/23/005
https://iopscience.iop.org/article/10.1088/0264-9381/6/5/017
 https://doi.org/10.1063/1.528814
https://arxiv.org/abs/1510.01427
https://arxiv.org/abs/1510.04566

Defect anomaly coefficients Defect anomalies

Anomaly coefficients in free theories

Before calculating the A & B anomaly coefficients for the D3-D5 dCFT, let us go through some results for codimension-1:
@ In d = 2 the relation of the anomaly coefficient a to the central charge is ¢ = 12a... For free scalar & Dirac fields:

- _ 1
250 = a=1/2 = e (see e.g. Cardy, 2004).

@ In d = 3 there are two new central charges... for free scalars their value depends on the type of boundary conditions
Dirichlet (D) or Robin (R) (Neumann (N) boundary conditions are not consistent with the residual symmetries)...
1 1

- as:0| _ a5:1/2 -0 1 b5:1/2 — i
96’ R 06’ ’

L .
o/ 64’ 32
Nozaki-Takayanagi-Ugajin (2012), Jensen-O’Bannon (2015)

a0y =-
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Dirichlet (D) or Robin (R) (Neumann (N) boundary conditions are not consistent with the residual symmetries)...
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96’ R 06’ ’
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o/ 64’ 32
Nozaki-Takayanagi-Ugajin (2012), Jensen-O’Bannon (2015)

a0y =-

@ In d = 4 there are three new central charges... for free fields, bulk charges are independent of boundary conditions...

s=0 _ i7 as:l/2 _ £7 as:l _ E, Cs:O _ i7 Cs:1/2 _ i7 Cs:l _ i
360 360 180 120 120 10
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Anomaly coefficients in free theories

Before calculating the A & B anomaly coefficients for the D3-D5 dCFT, let us go through some results for codimension-1:
@ In d = 2 the relation of the anomaly coefficient a to the central charge is ¢ = 12a... For free scalar & Dirac fields:

- _ 1
250 = a=1/2 = e (see e.g. Cardy, 2004).

@ In d = 3 there are two new central charges... for free scalars their value depends on the type of boundary conditions
Dirichlet (D) or Robin (R) (Neumann (N) boundary conditions are not consistent with the residual symmetries)...
1 1

- as:0| _ a5:1/2 -0 1 b5:1/2 — i
96’ R 06’ ’

L .
o/ 64’ 32
Nozaki-Takayanagi-Ugajin (2012), Jensen-O’Bannon (2015)

a0y =-

@ In d = 4 there are three new central charges... for free fields, bulk charges are independent of boundary conditions...

s=0 _ i as:l/2 _ £ as:l _ E Cs:O _ i Cs:1/2 _ i Cs:l _ i
360’ 360’ 180’ 120’ 120’ 10’
(see e.g. Birrell-Davies)... For the boundary charges of free fields, b; generally depends on the boundary conditions...
_ 2 _ 2 - 2 _ 16
=0| _ =0| _ s=1/2 _ =1 _
by |D_£’ by |R_E’ by |D/R_;7 by |D/R—£
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Anomaly coefficients in free theories

Before calculating the A & B anomaly coefficients for the D3-D5 dCFT, let us go through some results for codimension-1:
@ In d = 2 the relation of the anomaly coefficient a to the central charge is ¢ = 12a... For free scalar & Dirac fields:

- _ 1
250 = a=1/2 = e (see e.g. Cardy, 2004).

@ In d = 3 there are two new central charges... for free scalars their value depends on the type of boundary conditions
Dirichlet (D) or Robin (R) (Neumann (N) boundary conditions are not consistent with the residual symmetries)...

1 s=0 1 s=1/2 =0 1 =1/2 1
- =0 b° = b2 =
% Ir %6 ° ’ o/ 64’ 32

Nozaki-Takayanagi-Ugajin (2012), Jensen-O’Bannon (2015)

a0y =-

@ In d = 4 there are three new central charges... for free fields, bulk charges are independent of boundary conditions...

s=0 _ i as:l/2 _ £ as:l _ E Cs:O _ i Cs:1/2 _ i Cs:l _ i
360’ 360’ 180’ 120’ 120’ 10’
(see e.g. Birrell-Davies)... For the boundary charges of free fields, b; generally depends on the boundary conditions...
_ 2 _ 2 - 2 _ 16
=0| _ =0| _ s=1/2 _ =1 _
by |D_£’ by |R_E’ by |D/R_;7 by |D/R_£’

Melmed (1988), Moss (1989)
whereas the (free field) boundary charge b; is independent of the BCs and proportional to the bulk central charge c:
by = 8c. Dowker-Schofield (1990)
Fursaev (2015), Solodukhin (2015)
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Defect anomaly coefficients Defect anomalies

Anomalies as observables (bulk)

All types (A, B, C) of anomaly coefficients show up in CFT and dCFT data... For the bulk charges,

@ In d = 2, the central charge ¢ = 12a shows up in the two and three-point function of the (traceless) stress tensor:

__ <2 _ c
(T (1) T (32)) = (T (1) T (2) T (33)) R T T

where T = T;;, and 3 = x1 + ix2, 3 = x1 — ix2 are the holomorphic/anti-holomorphic coordinates.
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All types (A, B, C) of anomaly coefficients show up in CFT and dCFT data... For the bulk charges,

@ In d = 2, the central charge ¢ = 12a shows up in the two and three-point function of the (traceless) stress tensor:

. c/2 _ c
T Tw)= L T TE TN =

where T = T;;, and 3 = x1 + ix2, 3 = x1 — ix2 are the holomorphic/anti-holomorphic coordinates.

@ In d = 4, the central charge ¢ may show up in the two-point function of the (improved!) stress tensor,

Cr
(T;w (Xl) Tpo (X2)> =5 luvpo (Xl - X2)-
X12
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Anomalies as observables (bulk)

All types (A, B, C) of anomaly coefficients show up in CFT and dCFT data... For the bulk charges,

@ In d = 2, the central charge ¢ = 12a shows up in the two and three-point function of the (traceless) stress tensor:

. c/2 _ c
T Tw)= L T TE TN =

where T = T;;, and 3 = x1 + ix2, 3 = x1 — ix2 are the holomorphic/anti-holomorphic coordinates.

@ In d = 4, the central charge ¢ may show up in the two-point function of the (improved!) stress tensor,
C
(Tuw (1) Tpo (x2)) = 5+ havpe (31 = %2).
X12
E.g. for free (scalar, Majorana-Weyl, and vector) fields and N' = 4 SYM, the 2-point function coefficient is given by
_ No+3Ny o + 12N,

C
T 374
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Defect anomaly coefficients Defect anomalies

Anomalies as observables (bulk)

All types (A, B, C) of anomaly coefficients show up in CFT and dCFT data... For the bulk charges,
@ In d = 2, the central charge ¢ = 12a shows up in the two and three-point function of the (traceless) stress tensor:
c/2 c
(TG TG2)) = ——3> (TG T(G2) T (G3)) = ;
(1 - 3)* (1 —32) (52— 33)* (33 —31)°
where T = T3, and 3 = x1 + ix2, 3 = x1 — ix2 are the holomorphic/anti-holomorphic coordinates.

@ In d = 4, the central charge ¢ may show up in the two-point function of the (improved!) stress tensor,

Cr
(T;w (Xl) Tpo (X2)> =5 luvpo (Xl - X2)-
X12

E.g. for free (scalar, Majorana-Weyl, and vector) fields and N' = 4 SYM, the 2-point function coefficient is given by
_ No+3Ny o + 12N,
- 34 '

On the other hand, the (type A & C) conformal anomaly coefficients become:

Cr

No + 3N1/2 + 12N, 7-(4C7— 2Np + 11N1/2 + 124N,
c= = a=
120 40 ' 720
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Anomalies as observables (bulk)

All types (A, B, C) of anomaly coefficients show up in CFT and dCFT data... For the bulk charges,

@ In d = 2, the central charge ¢ = 12a shows up in the two and three-point function of the (traceless) stress tensor:

<2 )
<T(31) T(32)> - (31 — 52)47 (31 _ 32)2 (32 _ 33)2 (33 731)27

where T = T3, and 3 = x1 + ix2, 3 = x1 — ix2 are the holomorphic/anti-holomorphic coordinates.

(TG TG2) T(33) =

@ In d = 4, the central charge ¢ may show up in the two-point function of the (improved!) stress tensor,
C
(T (x1) Toor (x2)) = g+ huwpo (31 = x2).
8
12

E.g. for free (scalar, Majorana-Weyl, and vector) fields and N' = 4 SYM, the 2-point function coefficient is given by
_ No+3Ny o + 12N,

- 34 '

On the other hand, the (type A & C) conformal anomaly coefficients become:

No + 3N1/2 + 12N, 7-(4C7— 2Np + 11N1/2 + 124N,
c= = a=

Cr

120 40 ’ 720 ’
so that in the case of U(Nc), N =4 SYM, all three coefficients turn out to be equal:
N2 wiCr
a=c=—= .
4 40
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Defect anomaly coefficients Defect anomalies

Anomalies as observables (boundary)

The boundary charges show up in two and three-point functions of the displacement operator D. In d dimensions,

(D)D) = 55, (D)D) D)) =
12 12723731
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Defect anomaly coefficients Defect anomalies

Anomalies as observables (boundary)

The boundary charges show up in two and three-point functions of the displacement operator D. In d dimensions,
c c
(D)D) = 55, (PDx)D(x)D(x3)) = g
X13 X12%33X3;
It can be shown that the single 3d B-type anomaly coefficient and the two 4d B-type anomaly coefficients are given by:

2 273 27t
b:fC,m, 1 = —— Cnnn, » = —— Cnn,

8 35 15

whereas there is no known relation for the 3d A-type anomaly coefficient a... Interestingly, the displacement operator
computations confirm the (old) heat kernel results...
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The D3-D5 stress tensor

Let us now compute the anomaly coefficients for the (codimension-1) dCFT that is dual to the D3-D5 probe-brane system...
Because we are in 4d, there are 4 of them: the bulk charges ¢ & a and the boundary charges b; & b;...

Start off from the Lagrangian of N’ =4 SYM...

2 1 , 1 - 1 2
Lpn—4 = > 'tr{ - ZFHVFM — 5 (Duipi)2+l'¢}amwa + Z [‘Piv@pj] +

8ym

3 6
+Y Gl [pivop] + > Glgthars [@ir15] }

i=1 i=4
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The D3-D5 stress tensor

Let us now compute the anomaly coefficients for the (codimension-1) dCFT that is dual to the D3-D5 probe-brane system...
Because we are in 4d, there are 4 of them: the bulk charges ¢ & a and the boundary charges b; & b;...

Start off from the Lagrangian of A' = 4 SYM... and obtain the corresponding stress tensor with the canonical recipe...

oL oL 7 oL
= o O Ae o Oupi Ovtha + Ovtpo — guv L.
P

Lo
oM p; EEIR LR
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Defect anomaly coefficients D3-D5 anomaly coefficients

The D3-D5 stress tensor

Let us now compute the anomaly coefficients for the (codimension-1) dCFT that is dual to the D3-D5 probe-brane system...
Because we are in 4d, there are 4 of them: the bulk charges ¢ & a and the boundary charges b; & b;...

Start off from the Lagrangian of A' = 4 SYM... and obtain the corresponding stress tensor with the canonical recipe...

2 2 1 - <>
O = —- 'tr{ — Fu®Fuo — 2 (Duwi) (Dvei) + 5 @i DDyyei + 5 ¢a7(uDu)¢a} — g
&vm 3 3 2
2 1 1 , 1 ) 1
A= 2 'tr{—z Fuv FH" = = (Dugi)” — 15 [ei, o) } A = 5 (Bt av).

which we have improved since it was neither traceless nor symmetric...
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Defect anomaly coefficients D3-D5 anomaly coefficients

The D3-D5 stress tensor
Let us now compute the anomaly coefficients for the (codimension-1) dCFT that is dual to the D3-D5 probe-brane system...
Because we are in 4d, there are 4 of them: the bulk charges ¢ & a and the boundary charges b; & b;...

Start off from the Lagrangian of A' = 4 SYM... and obtain the corresponding stress tensor with the canonical recipe...

2 2 1 i e
O = —- 'tf{ = FufFvo — 5 (Duepi) (Duei) + 2 i D Dyyoi + 5 %W(HDV)%} — g

2 1 1 , 1 ) 1
/\=g'”{—ZFuuF””—g(Du¢i) —E[@i,%} }7 3y = 5 (apw + avu) -

which we have improved since it was neither traceless nor symmetric... The bulk charge c is read off the two-point function:
640c N2
O (1) Opo (x2)) = 45 “ huvpe (1 = %2), €= -5,
TX7p 4

which is found by Wick-contracting the perturbed fields with the A" = 4 SYM Feynman rules (2 contractions for the LO)...
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The D3-D5 stress tensor

Let us now compute the anomaly coefficients for the (codimension-1) dCFT that is dual to the D3-D5 probe-brane system...
Because we are in 4d, there are 4 of them: the bulk charges ¢ & a and the boundary charges b; & b;...

Start off from the Lagrangian of A' = 4 SYM... and obtain the corresponding stress tensor with the canonical recipe...

2 2 1 - <>
O = —- 'tf{ = FufFvo — 5 (Duepi) (Duei) + 2 i D Dyyoi + 5 %W(HDV)%} — g
YM
2 1 1 5 1 2 1
A= 2 'tr{—z Fuv FH" = = (Dugi)” — 15 [ei, o) } A = 5 (Bt av).
which we have improved since it was neither traceless nor symmetric... The bulk charge c is read off the two-point function:
640c N2
Ouv (x1)Opo (x2)) = 5 uvpe (1 = x2), €= 5,
TX7p 4

which is found by Wick-contracting the perturbed fields with the A" = 4 SYM Feynman rules (2 contractions for the LO)...

To compute the defect anomaly coefficients, we will need only the scalar part of the (improved) stress tensor (since only
scalars acquire vevs):
2 2 1 1 1 2
O (scalars) = —5~ '”{*g (Oppi) (Ovepi) + 3 @i (Opovei) + G &m [(3Q<Pi)2 t3 [wi #j] ] }

YM
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Stress tensor two-point function

Plugging the fuzzy funnel solution for the D3-D5 interface, we find that the stress tensor one-point function vanishes:

O (x)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...
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Stress tensor two-point function

Plugging the fuzzy funnel solution for the D3-D5 interface, we find that the stress tensor one-point function vanishes:

<OMV (X)> =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...

The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:

22
0 A A
<@uu(X1)@pa(Xz)>=.)‘—_1.+<>+.7>‘0.< ) +@+<>O +@+...

By expanding the N/ = 4 fields around the fuzzy funnel solution of the D3-D5 interface we find:

1 4 1 guv z
@(1) = —— —= -t — v — v) @i 8U~i L0, ~,‘—L8~,' -0, 81,",- ti .
uw (x) 2, 322 r Z(nun 8uv) Gi + nudu @i + NG > 3<p-|—2 W Ou @
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Stress tensor two-point function

Plugging the fuzzy funnel solution for the D3-D5 interface, we find that the stress tensor one-point function vanishes:
(Ouv (%)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...

The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:

8

1 v -
A =0 (x1) 0 (x2) ) = 5 { (XX - g: ) (xpxs - £22 )A( )+ (XuXphoo + X Xg hipt
12

1
+Xo X up + XVX;,/W; - g;wX;X(/, — 8po XuXv + 2 g;wgpa) B (v) + luvps C (v) }7

contracting with the propagator of the D3-D5 dCFT (Buhl-Mortensen, de Leeuw, Ipsen, Kristjansen, Wilhelm, 2016)...

v O¢ 271 ) , (2Z2 )
Xy=21-———F =0 —ny |, X, =20 —— =—v | —5 — +n, ).
n =21 ¢ BX1“ <X12 (x1 — x2p) Iz p = 22 ¢ Bxg x122 (x1p — x2p) P
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Stress tensor two-point function

Plugging the fuzzy funnel solution for the D3-D5 interface, we find that the stress tensor one-point function vanishes:
(Ouv (%)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...

The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:

8

1 v o
A o= (x1) 0 (x2) ) = & { (X - g: ) (xpx; - &2 )A(v) (XuXp oo + XX oot
12

1
+Xo X up + XVX;,/W; - g;wX;X(/, — 8po XuXv + 2 g;wgpa) B (v) + luvps C (v) }7

contracting with the propagator of the D3-D5 dCFT (Buhl-Mortensen, de Leeuw, Ipsen, Kristjansen, Wilhelm, 2016)...

A(v) =4y (6116 + 30t + U2) , B(w)=—v (31)6 - 21)2) , C(v) =~0v? (v2 — 1)2,

which is valid for k > 2, while we have also defined,

32¢, Nc k(k2 — 1) ¢ 5
= = — = —= = — A= Nc.
92\ Ck 2 , 3 s v 1+£7 8ymNe
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b, anomaly coefficient: D3-D5

As we have already mentioned, the b, coefficient can be read off the two-point function of the displacement operator D:

Cnn 15b2
OE)DEa) =G em=
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The latter is defined from the divergence of the (improved) stress tensor as follows:

MO, =6(z)n D
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b, anomaly coefficient: D3-D5

As we have already mentioned, the b, coefficient can be read off the two-point function of the displacement operator D:

(D (1) D (x2)) = 7 gL

Cn = —-
4
12 27
The latter is defined from the divergence of the (improved) stress tensor as follows:
MO, =6(z)n D
Integrating over the transverse coordinate z from 0~ to 0" (and using the conformal invariance of the defect) we find:

D(x) = ZLlrQJr O33 (z,x) — zL”BL O33(z,x) .
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b, anomaly coefficient: D3-D5

As we have already mentioned, the by coefficient can be read off the two-point function of the displacement operator D:

Cnn 15b2
OE)DEa) =G em=

The latter is defined from the divergence of the (improved) stress tensor as follows:
MO, =6(z)n D
Integrating over the transverse coordinate z from 0~ to 0" (and using the conformal invariance of the defect) we find:
D(x) = ZirHJr O33 (z,x) — Zirlr)L O33(z,x) .

The two-point function of the displacement operator then becomes:

. nn 20k (k2 — 1)N,
(DD (x) DV (x) ) = fim (O (1,%1) O (22,%0) ) = < Gy = ( . )Ne
71,22—0% 12 T2\
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b, anomaly coefficient: D3-D5

As we have already mentioned, the by coefficient can be read off the two-point function of the displacement operator D:

(D (x1) D (x2)) = 22, = Db

Con = ——.
4
X$p 27

The latter is defined from the divergence of the (improved) stress tensor as follows:
MO, =6(z)n D
Integrating over the transverse coordinate z from 0~ to 0" (and using the conformal invariance of the defect) we find:
D(x) = ZirHJr O33 (z,x) — Zirlr)L O33(z,x) .
The two-point function of the displacement operator then becomes:

im (© Cnn 20k (k2 —1)N
l (0% (21,%1) O (22,%2) ) = 5 Cm= ( JNe
zp—071

DM D - bl S )
(D () DV (x2) ) = < —x ,

1
and the by anomaly coefficient (one contraction) is given by

82k (k% — 1)N.
by = — 238 Z 2

™ #8c=0.
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As we have already mentioned, the by coefficient can be read off the two-point function of the displacement operator D:

Cnn 15b2
OE)DEa) =G em=

The latter is defined from the divergence of the (improved) stress tensor as follows:
MO, =6(z)n D
Integrating over the transverse coordinate z from 0~ to 0" (and using the conformal invariance of the defect) we find:
D(x) = ZirHJr O33 (z,x) — Zirlr)L O33(z,x) .

The two-point function of the displacement operator then becomes:

. 1 1 Cnn 20k (k2 — 1)N
(DD (x1) DY (x5) ) = i (0 (21,x1) O (72, %) ) = £ m= =

and the by anomaly coefficient (one contraction) is given by
82k (k% — 1)N.
[ AR S

3

Despite not verifying the free-theory relation by = 8c (at the level of one Wick contraction), the value of by confirms
d=4 (640c 15by d—-1
{a(0),a ()} = {Croem} ZH{ZEE 2L a(v) = S5 - 1(d - DAW) +4B(0) + dCW)],

for d = 4 at the level of a single Wick contraction... These expressions appeared in Herzog-Huang (2017)...

#8c=0.
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Defect anomaly coefficients D3-D7 anomaly coefficients

Subsection 3

D3-D7 anomaly coefficients
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b, anomaly coefficient: D3-D7

To compute the anomaly coefficients for the D3-D7 system (both SO(5) and SO(3) x SO(3)), we plug the corresponding
fuzzy funnel solutions into the expression for the stress tensor... We find that the one-point function vanishes:

(O (x)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...
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b, anomaly coefficient: D3-D7

To compute the anomaly coefficients for the D3-D7 system (both SO(5) and SO(3) x SO(3)), we plug the corresponding
fuzzy funnel solutions into the expression for the stress tensor... We find that the one-point function vanishes:

(O (x)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...

The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:

)\2
A0 A A
<euu(xl)epo(x2)>:.>\—7lo+<>+.—>\o<) +@+<X) +@+...

By expanding the N = 4 fields around the fuzzy funnel solution of the D3-D7 interface we find:

ol ()= + 2

1 ~ - ~ 8 ~ z ~
T2 32 - tr { <; (nuny — guv) @i + npOu @i + NuOpuPi — % 03p; + > 8u8v<Pi) Ti} .
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b, anomaly coefficient: D3-D7

To compute the anomaly coefficients for the D3-D7 system (both SO(5) and SO(3) x SO(3)), we plug the corresponding
fuzzy funnel solutions into the expression for the stress tensor... We find that the one-point function vanishes:

(©uv (x)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...
The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:
1 1
e o=(0) (x1)0W) (x2) ) = o { (XX - g%‘f”) (xoxs - g%") A@) + (XXl + XX ot
12
1
+X,,Xélup + X,/X/;Ip,g - gWX;Xé — 8po XuXu + 1 guugpv) B (v) + luvps € (v) }7

contracting with the propagator of the D3-D7 dCFT (Gimenez-Grau, Kristjansen, Volk, Wilhelm, 2019)...

v O <2z1( )= n ) , v O¢ (222( )+ n )
=71 ——2> =0 X1y — Xop) — =z ——— = —v X1, — X2p) + .
" ! 13 8X§L x% Lp 2 myo P 2 13 8X§ x122 1o 20 P
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b, anomaly coefficient: D3-D7

To compute the anomaly coefficients for the D3-D7 system (both SO(5) and SO(3) x SO(3)), we plug the corresponding
fuzzy funnel solutions into the expression for the stress tensor... We find that the one-point function vanishes:

(©uv (x)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...
The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:
1 1
e o=(0) (x1)0W) (x2) ) = o { (XX - g%‘f”) (xoxs - g%") A@) + (XXl + XX ot
12
1
+X,,Xélup + X,/X/;Ip,g - gWX;Xé — 8po XuXu + 1 guugpv) B (v) + luvps € (v) }7

contracting with the propagator of the D3-D7 dCFT (Gimenez-Grau, Kristjansen, Volk, Wilhelm, 2019)...

finding,
A(v) =4y (61}6 + 30+ U2) , B(w)=—v (31}6 —vt = 2U2) , C(v)= ~v? (U2 — 1)2 ,
326N, n(n+ 1)(n -+ 2)(n +3)(n+ 4)/48,  SO(5) o B el
= ) = ) = s vT= —.
9N T kko (K2 4 K2 —2) /4, 50(3) x SO(3) 4125 1+¢
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b, anomaly coefficient: D3-D7

To compute the anomaly coefficients for the D3-D7 system (both SO(5) and SO(3) x SO(3)), we plug the corresponding
fuzzy funnel solutions into the expression for the stress tensor... We find that the one-point function vanishes:

(©uv (x)) =0,
to lowest order in perturbation theory, as it should for a codimension-1 defect (McAvity-Osborn 1993 & 1995)...
The LO contribution (order A™1) to the (connected) stress tensor two-point function consists of a single Wick contraction:
1 1
e o=(0) (x1)0W) (x2) ) = o { (XX - g%‘f”) (xoxs - g%") A@) + (XXl + XX ot
12
1
+X,,Xélup + X,/X/;Ip,g - gWX;Xé — 8po XuXu + 1 guugpv) B (v) + luvps € (v) }7

contracting with the propagator of the D3-D7 dCFT (Gimenez-Grau, Kristjansen, Volk, Wilhelm, 2019)... finding,
A(v) =4y (60° +3v* +02), B(v) = —v(3° —0v* = 20%), C(v)=y? (v? - 1)2.

The by anomaly coefficient (at the level of a single Wick contraction) is found to be:

_32m2¢Ne

b2 3X

#8c=0.
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Defect anomaly coefficients D3-D7 anomaly coefficients

Summary & outlook

We can summarize our results for the (LO) anomaly coefficients of the D3-D5 and D3-D7 holographic defects as follows:

k(k*=1)/4, k>2 D3-D5
3272¢; N
c=0, b= — #8c=0, c =14 n(n+1)(n+2)(n+3)(n+4)/48, n>1 D3-D7 [SO(5)]
kike (K2 + k2 —2) /4, kip>2 D3-D7 [SO(3) x SO(3)].
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Summary & outlook

We can summarize our results for the (LO) anomaly coefficients of the D3-D5 and D3-D7 holographic defects as follows:
k(k?—1)/4, k>2
:32”;%%#5%:0, k= n(n+1)(n+2)(n+3)(n+4)/48, n>1
kiko (K2 + k3 —2) /4, ki2>2

D3-D5
c=0, b

D3-D7 [SO(5)]

D3-D7 [SO(3) x SO(3)].
More results are underway...

@ b; anomaly coefficient related to the stress tensor/displacement operator 3-point function (by = 273 cpn/35)...
@ Crosscheck the D3-D5 results (analytically continued to k = 0) from the 3d SCFT point of view...
@ Strong coupling computations (based on )...
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