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Motivation

Topic of today: conformal defects which break
S50(d+1,1) = SO(p+1,1) x SO(d — p) .

Correspond to physical setups, e.g. boundaries, magnetic impurity
(pinning line defect).

In AdS/CFT: dual to branes, flux tubes.
Wilson lines in gauge theories.

Can be studied perturbatively and nonperturbatively (bootstrap).
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Outline

® Introduction

® Broken Ward identities and defect sum rules
Example I: Flux tube in AdSs

® Injecting the bulk
Example II: The 1/2 BPS Wilson line in N' =4 SYM

® Conclusion
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Symmetry-breaking constraints

® Spontaneous symmetry breaking in QCD leads
to sum rules on scattering amplitudes: Adler
zero [Adler '62], soft pion theorems [Weinberg '66].
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Symmetry-breaking constraints

® Spontaneous symmetry breaking in QCD leads
to sum rules on scattering amplitudes: Adler
zero [Adler '62], soft pion theorems [Weinberg '66].

e Similar constraints for explicit breaking of symmetry by considering
conformal defects.
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Symmetry-breaking constraints

® Spontaneous symmetry breaking in QCD leads . e
to sum rules on scattering amplitudes: Adler AR
zero [Adler '62], soft pion theorems [Weinberg '66].

e Similar constraints for explicit breaking of symmetry by considering
conformal defects.

® Some constraints already known [Kutasov '89, Friedan, Konechny "12, Bills,
Goncalves, Lauria, Meineri '16, Behan '17, Drukker, Kong, Sakkas '22, Gabai, Sever,
Zhong '25, Ferrando, Sever, Urisman '25 .. .]

® Here we present unified framework to derive general sum rules + new
ones.
See also [Belton, Kong '25, Drukker, Kong, Kravchuk '25]
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The conformal bootstrap

® Way to obtain nonperturbative and rigorous results for CFT data.

e Solve crossing equations either analytically or numerically.

1 2 1 2
A/
Z(Clzo)ZI =X (5140’)2>—<
A N
4 3 4 3
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The conformal bootstrap

® Way to obtain nonperturbative and rigorous results for CFT data.

e Solve crossing equations either analytically or numerically.

1 2 1 2
A/
Z(Clzo)ZI =X (5140’)2>—<
A N
4 3 4 3

® For defects there are technical difficulties for numerics:

® No information from the bulk [Gimenez-Grau, Lauria, Liendo, PvV '22].
® No positivity for bulk operators.

o o 0 0
ZA: CA apn A = %(HQA)Z A

Philine van Vliet Sum rules for dCFTs May 18, 2026 4/33



The conformal bootstrap

® Way to obtain nonperturbative and rigorous results for CFT data.

e Solve crossing equations either analytically or numerically.

1 2 1 2
A/
Z(Clzo)ZI =X (5140’)2>—<
A N
4 3 4 3

® For defects there are technical difficulties for numerics:

® No information from the bulk [Gimenez-Grau, Lauria, Liendo, PvV '22].
® No positivity for bulk operators.

o o 0 0
ZA: CA apn A = %(HQA)Z A

= Combine bootstrap with defect soft sum rules and include bulk
operators in a positive semi-definite way.

® See also [Lanzetta, Liu, Metlitski '25, Meineri, Radhakrishnan '25]
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Broken Ward identities

&

defect sum rules



Symmetry breaking

® For a symmetry G we have conserved currents and charges
8“j57u:0<:>QS:/*j57 [Q57QT]:fSTuQU-
b

e Operators Og transform as: [Q°, Og] = §° Ok.
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Symmetry breaking

® For a symmetry G we have conserved currents and charges

0T =06 Q5 = / 7, [@7,.QT] = FT,QY.
PN

e Operators Og transform as: [Q°, Og] = §° Ok.

® Broken symmetry G — H lead to Q° — @, Q%

[QS, Qt] _ fstu QY [Q§’ QE] _ f§fﬁ Qﬁ + f§f:l Qu’
[QS, QE] _ fsfﬁ Qﬁ
~——

choice of basis
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Ward identities

e Defect breaks symmetry:
G xSO(d+1,1) - Hx SO(p+1,1) x SO(q).
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Ward identities

e Defect breaks symmetry:
G xS0(d+1,1) > Hx SO(p+1,1) x SO(q).
® |ead to broken Ward identities

flavour : Q5 |0)p :/d”xd"yaujiu 0)p :/d”xt§|0>D
bx bx
Op = [ aPxgaDm o)
by

SUSY: Qux0)p = / dPx dy Pod, ' |0),, = / dPx 1o [0)p
b b

conformal : Qs |0)p :/d”xdqyauT“’a
px

® with three protected operators:
titt: Ay =p,
displacement D: Ap=p+1,
1
displacino ¢ : Ay =p+ 50
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Defect soft identity

® Take correlators with bulk insertions X
X = 01 (Xl, }/1) e O,’(X,‘, y,') i— X X *

(Q°X) = (35X) .
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Defect soft identity

® Take correlators with bulk insertions X
X = 01(xa,y1) - - - Oi(x, yi) T 7

(Q°X) = (35X) .

e For insertion of Q% at time T, close contour to past or future:

- / dPx (£5(x)X) = / dPx (B(x)X) + (5:X) |
x0>T

x0<T

® resulting in

/ dPx (£5(x)X) = —(05X) .
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Double-soft identity

e What if we insert two charges?

(X1 [@%, QF] Xr) = £ (X1 QUXR) + F55 (X1 Q7 R) .
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Double-soft identity

e What if we insert two charges?

(X [Q%, QF) XR) = F5L, (XLQ"AR) +

Uu
[l

(XLQ"AR) .

® Integrate to the past and to the future gives

- / / dPx dPx' (X, tB ()t (x") xR) — (815, 6T xR)
JXOST Jx0<T

- / P (X, t(x)58 ) — / dPx’ (52, £9(x')XR)
x0>T T

= fStu</YL(5u()(’R> f° Eﬁ [<X1_(5 XR> / dPx <X[_ tﬁ(X) XR>
xX0<T
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Apply the identities

e Let's simplify: p=1and O(N) — O(N — 1) s.t. f% = 0.
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Apply the identities

0.

o Let's simplify: p=1and O(N) — O(N — 1) s.t. f5L

e Start with correlators of defect operators:

(B0 =0, (EF()(0) =7

(E0a)t () O(xg)) = —— 20

— y X=X — X

Xty “ (xazxes) ™
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Apply the identities

o Let's simplify: p=1and O(N) — O(N — 1) s.t. f5L
e Start with correlators of defect operators:

|
o

(E00) =0, (E(E(0) =% .

<t§(X1)tE(x2)@(X3)> _ ?tt@ )

y X=X — X

Xty “ (xazxes) ™

® Want to constrain 4-point functions on the defect
— infinite amount of defect CFT data (A, Gk, Ci, Cp).

® 4-point correlator is function of single cross-ratio:

N ) ; sEiv
(t°(x1)t ()t (x3)t" (xa)) = vz 5 (22) g XX
XipX X13X24
12%34
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Apply the identities - soft
e Start from (Q¥71777%), and

ji(x,y) ~ B (X)|y|A7 7B ... defect OPE
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Apply the identities - soft
e Start from (Q¥71777%), and

ji(x,y) ~ B (X)|y|A7 7B ... defect OPE

e Soft identity gives: [Behan '17, Gabai, Sever, Zhong '25]

/OO dx (£5(x) T (x1, 1) T (x2, y2) T ¥ (33, y3))

—00

= (8:T (%1, y1) T U2, y2) T " (33, y3)) -

® Push bulk operators to defect: y — 0

/OO dx (£5(x) 1 (x1 )t () ¥ (x3)) = 0 .

—0o0
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Apply the identities - double soft

e Start from (7° [Qf, Q7] J7), then double-soft identity and y — 0

[e) 0 . . . . .
_/ o / o’ (£ ()t ()t ()£ () = F15, (£55™ %) .
0 —00
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Apply the identities - double soft

e Start from (7° [Qf, Q7] J7), then double-soft identity and y — 0

[e) 0 . . . . .
_/ o / o’ (£ ()t ()t ()£ () = F15, (£55™ %) .
0 —00

® Rewrite as integral over single cross-ratio: [Friedan, Konechny '12, Drukker,
Kong, Sakkas '22]

1
/0 dz [gl(z) logz + Ga(z) log(1 — z)| = C; .
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Apply the identities - double soft

e Start from (7° [Qf, Q7] J7), then double-soft identity and y — 0

[e) 0 . . . . .
- / dx / dx’ (5 () tE )T (X))t () = FIO (¢85 t7)
0 —00

® Rewrite as integral over single cross-ratio: [Friedan, Konechny '12, Drukker,
Kong, Sakkas '22]

1
/0 dz [gl(z) logz + Ga(z) log(1 — z)| = C; .

e Displacement: more generators P, K, M — 5 =2 + 3 independent
constraints. [Gabai, Sever, Zhong '25]
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Functional sum rules

® Decompose 4-point correlator in conformal blocks:

(t0a)t0e) ()t ) = 22 = LS e 6.

2
X12X34  X12X34 A

with G, (z) = ZA oF1(A, A 2A; ).
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Functional sum rules

® Decompose 4-point correlator in conformal blocks:

(t0a)t0e) ()t ) = 22 = LS e 6.

2
X12X34  X12%34 7
with G, (z) = ZA oF1(A, A 2A; ).
® Improve: replace G(z) by dispersion relation [Paulos '21]

1
9(z) = — /O dw h(z,w) dDisc G(w)
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Functional sum rules

® Decompose 4-point correlator in conformal blocks:

(t0a)t0e) ()t ) = 22 = LS e 6.

XXy X2y A
with G, (z) = ZA oF1(A, A 2A; ).
® Improve: replace G(z) by dispersion relation [Paulos '21]
1
9(z) = — / dw h(z,w) dDisc G(w)
0
leading to

1 1
/ dz/ dwK(z,w) dDisc G(w) = cst = g éftAft[A] = cst .
0 0 -
A
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Functional sum rules

t,soft fD,softl

LN

]]

0o 1 2 4 6 1 2 3 4 8
A A

Figure: Soft sum rules and bounds for displacement and tilt.

Rigorous bounds just by looking!
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Example |: Flux tube in pure YM in AdS3

7 = 0 slice: global EAdSp:

AdS
isometry

‘ conformal
boundary
. ATU

Figure: Setup: flux tube in AdS generated by a pair of Wilson lines on the
boundary [Gabai, Gorbenko, Qiao '25]

® On the boundary: 1d dCFT with displacement operator D ~ igF;.
® Sum rules still hold despite nonlocal bulk CFT. [Gabai, Gorbenko, Qiao '25]
® See also: [Bianchi, de Sabbata, Meineri '26] [Qiao '26]
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Example |: Flux tube in pure YM in AdS3

® Two perturbative descriptions:

® Rads small: expansion in weak coupling A = Agcp Rads-
® Rags large: Effective String Theory.

Operator Dimension | R | CT Operator Dimension | R | CT
D=Fn 2 -+ D=X 2 -+
N Fn 3 + | + X2 4 + | +
RF, 4 -+ X3 6 -+
Fo Fry 4 +| + [X%)2 x 402X X — 5 (8, X)? 6 + | +
O3 Fn 5 +| + [X3); o< 5X202X — 4 X (8, X)* 8 -+
[01F1Fr|™ = 01Fn Fry — Fn01Fn 5 - - [X?]y o 100X X — 700, X03X + 63 (02X)? 8 + | +
[01Fr1 Fr]t = 01Fp1 Fry + Fridi Fry 5 -+ x* 8 + | +
[FriFnl1 = 0-Fr1Fr — Fr10,Fr 5 + | + [X%]3 o 4 X202 X — 18X 0, X02X +15 (9, X)? 9 - -

Figure: Dimensions of low-lying operators for weak (left) and strong (right)
coupling from [Gabai, Gorbenko, Qiao '25].
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Example |: Flux tube in pure YM in AdS3

® Perturbative computation of dimensions, OPE coefficients, Cp on
both sides and interpolate through Padé approximation [Gabai, Gorbenko,
Offertaler '26].

[01For For™ [F§ia
[01Fo1 Fo1] ™ 05 Fou 1
FU21 0121*1.»1 T

91 Fo1 4

For X

RAgep

Figure: Dimensions of low-lying operators for weak (left) and strong (right)
coupling from [Gabai, Gorbenko, Qiao '25].
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Single correlator bootstrap

e Combined with numerical conformal bootstrap for (DDDD)
® bulk is 2d — no SO(d — p) symmetry.
® In D x D OPE first operator has 3 < Ag,, < 4.
* Second operator has A’ = 0.5 + A,y

1/Cp
5
— No sum rule

= Soft sum rule 4r

A L L L L
32 34 36 38 aor 3.2 34 36 38 4.0

Figure: Bounds on ;54 and Cp for displacement.
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Single correlator bootstrap

¢ Combined with numerical conformal bootstrap for (DDDD)
bulk is 2d — no SO(d — p) symmetry.

In D x D OPE first operator has 3 < Ag,, < 4.

Second operator has A’ = 0.5 + Ag,,.

Compared to perturbative computation [Gabai, Gorbenko, Offertaler 26]

1/Cp
5

= No sum rule

— Soft sum rule 4

— Pade approx

3.0

Figure: Bounds on ¢y and Cp for displacement 4pt function.
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Single correlator bootstrap

L |nput2 CD from Padé approximation [Gabai, Gorbenko, Offertaler '26]

2
“ppo
5
— No sum rule
4l — Soft sum rule
—— Pade approx
3f
2f
1L
0 T L
30 32 34 36 38

&2
DDO
20

— Softonly
= Soft + dSoft
— Pade for SU(c)

By 09~

3.2 3.4

Figure: Bounds on ¢, for displacement 4pt function.
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Multi correlator bootstrap

e Now include @ =“D?" as second external operator:
(DDDD) , (D?D*D?*D?), (DDD?D?) 4 perms.

® Impose that D x D ~ D?>, D?x D?> ~ D? and D x D> ~ D
® For ADz = 3.9 and A+_|_ = 55, A+_ = 55, A__=T:
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Multi correlator bootstrap
e Now include @ =“D?" as second external operator:
(DDDD) , (D?D*D?*D?), (DDD?D?) 4 perms.
® Impose that D x D ~ D?>, D? x D> ~ D? and D x D> ~ D
® For AD2 = 3.9 and A+_|_ = 55, A+_ = 55, A__=T:

Cppp?
151

141
/ \ —— With soft sum rule
130 /! — Without sum rule

— With dsoft sum rule

— Padé

10 L L L L L T
0 2 4 6 8 10 12 o0t ot

Access to mixed sum rules — even more constraints to be added.
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Injecting the bulk



Injecting the bulk

® We constrained some defect CFT data: A,-, Cijk, C¢. But there is more!

For bulk operators in the presence of the defect: defect OPE

L 27 Oaly) ~ D uaCly. 0)0x(x) .
A
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Injecting the bulk

® We constrained some defect CFT data: A,-, Cijk, C¢. But there is more!

® For bulk operators in the presence of the defect: defect OPE

L 27 Oaly) ~ D uaCly. 0)0x(x) .
A

1o ) 15
(©Oale)) = [ (©alen)OaO) = Ca o X e

® 3-point function depends on cross-ratio:

A A H(w) Y2X122
(OA(x1)OA(%2)OA(x3,y)) = —F———, w= .
° ‘ g ly|A (v2 + x33)(¥2 + x53)
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More sum rules

® Use soft identity [Padayasi, Krishnan, Metlitski, Gruzberg, Meineri, '21]:

1

/ X (t()91 1)) ~ (O, = sy = — =2
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More sum rules

® Use soft identity [Padayasi, Krishnan, Metlitski, Gruzberg, Meineri, '21]:

1

/dpx <t(X)¢(X1,}/1)> ~ <¢(X1,y1)> = ,ufb = —W% .

® Repeat for 3-point function:

/ AP (1) (30, 1) O (52 y2)) ~ — (30, y1) O (21 y2)

1 dw

[ t
= D s Hi (W) = —pig -
0 w(l—w)l2
® with
Hep(w) = RéaHa(w)
tt = HACHATAW) .
A
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Example Il: The 1/2 BPS Wilson line in N =4 SYM

e N =4SYM in 4d, SU(N) gauge group, integrable for N — occ.

® Introduce a 1/2-BPS Maldacena-Wilson line [Maldacena '98]
1 Foo
Wy = NTrPexp/ dr (ix"A, + |x]0 - ®),

—00

with expectation value <Wg> = 1 [Erickson, Semenoff, Zarembo '00].

® Wilson line breaks symmetries:

psu(2,2|4) — osp(4¥|4)
50(5,1) x s0g(6) — s50(2,1) x s50(3) X s0r(5)
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Broken Ward identities and supermultiplets
® Stress-tensor multiplet (oo = \/%Tr[u’uJCD’(x,y)d)J(x,y)], u? = 0.

A
2 Prs
<N
3 Yira Vi
< N N
3 fras, piz Jrsad Frap.p
A N G
i Aia s Fiaif AL
e N hY
4 @ Tosas ()
Y 2 3 1 3 0 -3 -1 -3 -2

Figure: Oy multiplet [Dolan, Osborn 01]

® Protected defect operators combined into supermultiplet
Dy = \/151W€[V - Q):

Di(x): t7(x) = ¢¥i(x) — Di(x)
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Conformal bootstrap + Integrability = Bootstrability

® At N — oo use Quantum
Spectral Curve to obtain
spectrum [Gromov, Kazakov, Leurent,
Volin, '13 '14].

Figure: [Cavaglia, Gromov, Julius, Preti, '22]
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Conformal bootstrap + Integrability = Bootstrability

® At N — oo use Quantum
Spectral Curve to obtain
spectrum [Gromov, Kazakov, Leurent,
Volin, '13 '14].

Figure: [Cavaglia, Gromov, Julius, Preti, '22]
® Add integrated 4pt correlators [Cavaglia, Gromov, Julius, Preti, '21 '22]

1 5G(z) 3C-B (! 6f(z) C
/Odz(l—Hogz) 2 = ap? ,/Odz 2 —@+F—3.
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Conformal bootstrap + Integrability = Bootstrability

® At N — oo use Quantum
Spectral Curve to obtain
spectrum [Gromov, Kazakov, Leurent,
Volin, '13 '14].

Figure: [Cavaglia, Gromov, Julius, Preti, '22]
® Add integrated 4pt correlators [Cavaglia, Gromov, Julius, Preti, '21 '22]

1 5G(z) 3C-B (! 6f(z) C
/Odz(l—Hogz) 2 = ap? ,/Odz 2 —@+F—3.

® RHS can be computed exactly for any coupling with integrability (C)
[Gromov, Levkovich-Maslyuk '15] Or localization (B) [Correa, Henn, Maldacena,

Sever '12, Fiol, Garolera, Lewcowycz '12].
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Bounds on OPE coefficients

Compared with analytic
bootstrap results at

® Strong coupling [Ferrero,
Meneghelli '21]
o Weak coupling [Cavaglia,

Gromov, Julius, Preti, '22]

Figure: Bounds on OPE coefficient ¢a,
[Cavaglia, Gromov, Julius, Preti, '22]
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Sum rules with bulk stress-tensor multiplet
Back to the bulk-defect correlators:

/OO dx (D1(x) O (x1,¥1)) ~ (O20/(x1, y1))

—o0
RHS now known [Semenoff, Zarembo '01]:

11 ARV

leading to [Giombi, Pestun '12]
O _ T
e V2N

For 3-point function checked with weak coupling perturbative results
[Artico, Barrat, Xu '24]

1
dw 1 Oyt
|| s A =i
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Outlook: bootstrapping bulk operators

Similar setup as [Ghosh, Paulos, Suchel '25]

1d crossing, bootstrability soft sum rules

\ [Girault, Paulos, PvV "25] [Belton, Kong '25]
((EA MA) <<D191D1771> <020'Dﬂ>1>> A
A 2 (O20D1D1)  (O20O20r) us

/N

locality NO crossing, integrated correlators
[Levine, Paulos '23] [Billd, Galvagno, Frau, Lerda '24]

+ Quantum Spectral Curve for spectrum.
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Bootstrap for finite N

Cozz
’ 30F U(1) or strong coupling
(Cra2
25} SU(2)y, vary A
20
SU@)y
150 SP(6)oo
1.0+
SU@)ia  planarng
. . . . . . . L Ciaz
1.0 12 14 16 18 20 {0.0] 0.7 0.8 0.9 1.0 1.1 12 13 14

Figure: [Liendo, Meneghelli, Mitev '18]

For N = 4 SYM without a defect, see e.g. [Chester, Dempsey, Pufu '21]
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Bootstrap for finite N = 2

® Look at Wilson line in fundamental representation of SU(2).

° 6%2,B from localization [Liendo, Meneghelli, Mitev '18],[Correa, Henn, Maldacena,
Sever '12] [Fiol, Garolera, Lewkowycz '12]:

3072 (A +48)

A2
—p_ e g AT
D, (A +48)2° 6472(\ + 16)

® Use combination of sum rules [Drukker, Kong, Sakkas '22,

Cavaglia,Gromov,Julius,Preti '22]:

L 14 logy L5f(x) 1
—2></ dx——225G +3></ dx—22 = — _ 4 3F 9.
0 X2 ) 0 X 4B(g) 2

® Numerics in progress.
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Generalization to higher p

¢ 3-point bulk-defect correlators:

! dw rs
| s o) = 2 ).
0o w ( 2

+3(1 — W)l_g T

e Tilt soft sum rule

// 92 (ImzpP2g(z,7) - 0.

z>0 ‘z|p A

e Tilt double-soft sum rule

//Im z>0,|z|<1

| 2P~ 5o

dzdz (|mZ)p_2 Iog|z| gl U]J( ) QI

Philine van Vliet
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Summary

® Sum rules for defects breaking conformal, global, or supersymmetry
— constraints on correlators with t, D, 1.
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Summary

® Sum rules for defects breaking conformal, global, or supersymmetry
— constraints on correlators with t, D, 1.
® Some already known:

® 4pt tilt [Kutasov '89, Friedan, Konechy '12, Behan '17, Drukker, Kong, Sakkas
22]

® 4pt displacement in 1d [Gabai, Sever, Zhong '25]

® 2pt bulk-defect displacement [Billo, Goncalves, Lauria, Meineri '16]
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Summary

® Sum rules for defects breaking conformal, global, or supersymmetry
— constraints on correlators with t, D, 1.
® Some already known:

® 4pt tilt [Kutasov '89, Friedan, Konechy '12, Behan '17, Drukker, Kong, Sakkas
22]

® 4pt displacement in 1d [Gabai, Sever, Zhong '25]

® 2pt bulk-defect displacement [Billo, Goncalves, Lauria, Meineri '16]

e 3pt bulk-defect, 4pt displacino, 4pt displacement in any d are new
[Girault, Paulos, PvV '25] [Belton, Kong '25] [Drukker, Kong, Kravchuk, '25].
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Summary

Sum rules for defects breaking conformal, global, or supersymmetry
— constraints on correlators with t, D, 1.
Some already known:

® 4pt tilt [Kutasov '89, Friedan, Konechy '12, Behan '17, Drukker, Kong, Sakkas

'22]

® 4pt displacement in 1d [Gabai, Sever, Zhong '25]

® 2pt bulk-defect displacement [Billo, Goncalves, Lauria, Meineri '16]
3pt bulk-defect, 4pt displacino, 4pt displacement in any d are new
[Girault, Paulos, PvV '25] [Belton, Kong '25] [Drukker, Kong, Kravchuk, '25].

Combine with analytic functionals [Mazac, Paulos '18] or local blocks
[Levine, Paulos '23] to obtain ready-to-use sum rules.
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Conclusion and further outlook

e Combine with numerical bootstrap, extend to multicorrelator setup
(ttOO) , (DDOO) , (ttDD) .

and carve out space of defect CFTs.
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Conclusion and further outlook

e Combine with numerical bootstrap, extend to multicorrelator setup
(ttOO) , (DDOO) , (ttDD) .

and carve out space of defect CFTs.

® After success of bootstrability for (protected) defect multiplets,
include bulk operators for Wilson line in A/ = 4 SYM.

® Reconstruct 2-pt function (OyOyr) for any A.
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Conclusion and further outlook

Combine with numerical bootstrap, extend to multicorrelator setup
(ttOO) , (DDOO) , (ttDD) .

and carve out space of defect CFTs.

After success of bootstrability for (protected) defect multiplets,
include bulk operators for Wilson line in A/ = 4 SYM.

Reconstruct 2-pt function (Opo Oy¢) for any A.

Bootstrap for finite N [Liendo, Meneghelli, Mitev '18, Chester, Dempsey, Pufu '21].
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Conclusion and further outlook

Combine with numerical bootstrap, extend to multicorrelator setup
(ttOO) , (DDOO) , (ttDD) .

and carve out space of defect CFTs.

After success of bootstrability for (protected) defect multiplets,
include bulk operators for Wilson line in A/ = 4 SYM.

Reconstruct 2-pt function (Opo Oy¢) for any A.

Bootstrap for finite N [Liendo, Meneghelli, Mitev '18, Chester, Dempsey, Pufu '21].

Look at defects which completely break SUSY — displacino.
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Thank you!



Backup



Example I: Pinning field in O(/N) model

The action of the localized magnetic field line defect is given by:

S5= /dxd"( Oyba) + !(¢a-¢a)2>+h/_chxo1(x)7

Fixed point in d = 4 — & [Allais, Sachdev '14]
A 3 9(3N + 14)e?
2r N +38 (N+38)3

4N? + 45N + 170

2(N +8)

Breaking O(N) — O(N — 1) introduces tilt t5 and a scalar ¢; with

dimension [Cuomo, Komargodski, Mezei '22]

+0(&%),

h? = (N +8) + +0(£%) .

Ay, 148 o) P g5,
121
and displacement
D=hVéi.
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Example I: Pinning field in O(/N) model
¢ Use double-soft sum rule at O(¢) to obtain higher-order data:

(1) dsoff
()\ 5 T tthy ) ft t[A<f>1] +
_,_/

2231
0(e3) o(%)
SO SO 2
= (00 OB R ) = 2
i=% \/t
O(e)
O(e)
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Example I: Pinning field in O(/N) model
¢ Use double-soft sum rule at O(¢) to obtain higher-order data:

(1) dsoff
()\ 5 T tthy ) ft t[A<f>1] +
_,_/

2231
0(e3) o(%)
SO SO 2
= (00 OB R ) = 2
i=% \/t
O(e)
O(e)

® resulting in
RO (9N? + 127N + 494)

tthy 4(N + 8)5/2
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Example I: Pinning field in O(/N) model
¢ Use double-soft sum rule at O(¢) to obtain higher-order data:

(1) dsoff
()\ 5 T ttdy ) ft t[A<f>1] +
_,_/

ttpy
0(e3) o(%)
2
t,dsoft t,dsoft _
= (00 OB R ) = 2
i=+ ~~
O(e)
O(e)

® resulting in
RO (9N? + 127N + 494)

tthr 4(N + 8)5/2

® Same for displacement [Gabai, Sever, Zhong '25]

W2 _ _m(29N?+ 413N + 1610)
DD¢; 12(/\/ + 8)5/2
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Displacement correlators

e Basis of broken generators satisfies algebra
[Ka’ Pb] — 2(SabD ) Mab’ [Mma’ Mnb] — _5mnMab _ 5amen ’
[Mma, Pb] — (53me, [/wma7 Kb] — 5ame )

e Can compute sum rules for each generator individually, or use shadow:

A

1
(x — x0)2P—2) Oax)-

O(x0) = /dpx

¢ leading to the soft identity

(5°(0)2) = [ dPx (x = (D)) = (i )

® We can now expand around xg.
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Defect four-point functions

® 4-pt correlator of displacement multiplet [Liendo, Meneghelli, Mitev '18]:

G T1oT:
(Dy()Dy(r2)Da(r3)Da(ma)) = o) Z T
Ti2T34 T13724

G(x) =T+ @ =1 (x) - A —x+1f (x)

o =1+ 6%2 is topological term.
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Defect four-point functions

® 4-pt correlator of displacement multiplet [Liendo, Meneghelli, Mitev '18]:

G TIoT
(D1(71)D1(72)D1(73)D1(74)) = 72(X2) , x=—22 y=n-1,
T12734 713724

G(x) =T+ @ =1 (x) - A —x+1f (x)

o =1+ 6%2 is topological term.

® Decomposition in superconformal blocks:

f(x) = Fz(x) + é Fp,(x) + Z EAFAX) -

localization:[Giombi, Komatsu '18] A
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Defect four-point functions

® 4-pt correlator of displacement multiplet [Liendo, Meneghelli, Mitev '18]:

G TIoT
(D1(71)D1(72)D1(73)D1(74)) = 72(X2) , x=—22 y=n-1,
T12734 713724

G(x) = X%+ (2x ' = DF(x) = (0F = x + DF (x)
o =1+ 6%2 is topological term.
® Decomposition in superconformal blocks:

f(x) = Fz(x) + é Fp,(x) + Z EAFAX) -

localization:[Giombi, Komatsu '18] A

® 1d crossing symmetry for f(x):

_— = = _—
T1 T2 T3 T4 T4 T1 T2 T3

T2 T3
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The importance of putting gaps
e What if we lower the gaps? — A, =45 A, =45 A__ =5,

uuuuu

— Without soft sum rule

~— With soft sum rule

— Padé
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The importance of putting gaps
e What if we lower the gaps? — A, =45 A, =45 A__ =5,

Copp?

15
— Without soft sum rule
10 ~— With soft sum rule
— Padé
0.5
0.0
0 2 4 6 8 10 oot

® And if we raise the gaps? — A, =55 A,_ =55 A__ =8.

1.50

145

140 — With soft sumrule, A__ =8
135 — With soft sum rule, A__ =7
130 — Padé

125

120 2 4 6 8 10 P
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Bootstrapping bulk operators

® Determine uﬁ and reconstruct the bulk operator.
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Bootstrapping bulk operators

® Determine uﬁ and reconstruct the bulk operator.

e 2-pt functions (O Oy ) satisfy defect crossing:

Oz Oz Oz Oz

X Yk Al =X |
A A A
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Bootstrapping bulk operators

* Determine p4 and reconstruct the bulk operator.

e 2-pt functions (O Oy ) satisfy defect crossing:

Oz Oz Oz Oz

X Yk Al =X |
A A A

® Need to include 3-pt function for numerical conformal bootstrap:

Gs t(z) Y127'223
(O (y1,71)D1(12)D1(T3)) = —2—52, z= ,
y12 7223 X122 X123

Gapt(2) = Fz(2) + 113 ep, Fp,(2) + D _ 115 ExFA(2)
A
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Bootstrap for finite N

Cozz
’ 30F U(1) or strong coupling
(Cra2
25} SU(2)y, vary A
20
SU@)y
150 SP(6)oo
1.0+
SU@)ia  planarng
. . . . . . . L Ciaz
1.0 12 14 16 18 20 {0.0] 0.7 0.8 0.9 1.0 1.1 12 13 14

Figure: [Liendo, Meneghelli, Mitev '18]

For N = 4 SYM without a defect, see e.g. [Chester, Dempsey, Pufu '21]
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Bootstrap for finite N = 2

® Look at Wilson line in fundamental representation of SU(2).

° 622)2,18 from localization [Liendo, Meneghelli, Mitev '18],[Correa, Henn, Maldacena,
Sever '12] [Fiol, Garolera, Lewkowycz '12]:

@2 o 307 MM+ 48)
P2 ™% (N+48)27 T 64m2(A+16)

® Use combination of sum rules [Drukker, Kong, Sakkas 22,

Cavaglia,Gromov,Julius,Preti '22]:

L 14 logy LSf(x) 1
-2 X dx——=226G —|—3></ x—>2 = —— 4+ 3F 9.
/0 X2 (0 0 X 4B(g) (&) -
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Inserting defect operators

To insert operators on defect, we write:

1 A 1 A
Dl = fW@[V . (’b] = NTI’P[V . qbexp/dT(le + ¢6)] .
A1

Correlation functions are then written as

A A

(O1(x1) ... 0i(x1)Ojs1(Tit1) - - - Oigj(Tig))
= (01(x1) ... O; ()Wl Ois1(Tig1) - - - Oij(1i4)]) -

Philine van Vliet Sum rules for dCFTs May 18, 2026

9/10



Bounds on stress-tensor in AdS

— =1
7
Cr=15
0.5 1
CT*QTJ
— CT:%
A 0
—0.5
—1.
—08 ey 0.4 0.8
il
Figure: [Ghosh, Paulos, Suchel '25]
May 18, 2026
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