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Recap of setup: Yang-Mills flux tube in AdS3
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Figure: [Gabai, Gorbenko, Qiao '25]

® On the boundary: 1d dCFT with displacement operator D ~ F;
(weak) or D~ X,' (EST) [Gabai, Gorbenko, Qiao '25], see also [Qiao
'26][Bianchi, de Sabbata, Meineri '26]

e Bulk is a 2d nonlocal CFT, no rotation symmetry around the defect:
SO(2+1,1) - SO(1+1,1).

e Simplest case, but therefore difficult.
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Recap of setup: Yang-Mills flux tube in AdS3

® Two perturbative descriptions:

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

® Interpolate through Padé approximation[Gabai, Gorbenko, Offertaler '26].
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Figure: Artist interpretation [Gabai, Gorbenko, Qiao '25].
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The spectrum

® Displacement operator D with dimension Ap = 2 is lowest-lying
operator (pseudovector).

® Second operator: “D2" ~ OF,1 or ~ X2 with dimension 3 < Ap < 4
— substitute for coupling.

® OPEs:
DxD,D*xD*=D+ Y Oiy+ » O,
A >4 Ai_>6
DxD?=D+ Z O+ > 0.
A_ >4 A__>5
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The spectrum
® Displacement operator D with dimension Ap = 2 is lowest-lying
operator (pseudovector).

* Second operator: “D?" ~ OF;1 or ~ X? with dimension 3 < Ap. < 4
— substitute for coupling.

e OPEs:

DxD,D*xD*=D+ Y Oiy+ » O,

N A._>6
DxD*=D+ » Oy + > 0O__.
A_ >4 A__>5

¢ Displacement operator obeys integrated correlator constraints/sum
rules [Gabai, Sever, Zhong '22,23,'25, Cavaglia, Gromov, Julius, Preti '22, Girault,
Paulos, PvV '25, Drukker, Kong, Kravchuk '25]
See also [Kutasov '89, Friedan, Konechy '12, Billd, Goncalves, Lauria, Meineri '16,
Behan '17, Drukker, Kong, Sakkas '22, Belton, Kong '25]
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Functional sum rules

Z C]]%DOf-ID,SOftl [AO] —0.
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Figure: [Girault, Paulos, PvV '25]

In this setup: 3 < ID? < 4 and no operator appearing in D x D below.
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Outline

e Bootstrapping the Yang-Mills flux tube in AdS3
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Outline

e Bootstrapping the Yang-Mills flux tube in AdS3

® Single correlator (or what is working)
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Outline

e Bootstrapping the Yang-Mills flux tube in AdS3

® Single correlator (or what is working)

® Multi-correlator (or what is not working)
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Outline

e Bootstrapping the Yang-Mills flux tube in AdS3

® Single correlator (or what is working)

® Multi-correlator (or what is not working)

e Qutlook
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Single correlator

* Consider (D(x1)D(x2)D(x3)D(xz)) with D x D ~ “D?" + .. ..

e Use analytic functional basis [Mazac '17, Paulos, Mazac '18, ...] and SDPB
[Simmons-Duffin '15, Landry and Simmons-Duffin '19]. See also Zechuan's talk

® Add two sum rules:
* Homogeneous/soft: fol dt (14 t+ t2)GP(t) =0.
® Inhomogeneous/double-soft:
fol dz {(t2 —2t —2)logt+ (t> + 4t + 1) log(1 + t)} GP(t)=4/Cy .
— (a=x)(xs—x)
T (a—xa)e—xs)?

® Bootstrap Ao, G3po, Co = (D(0)D(1)).

® where t see also [Cavaglia, Gromov, Julius, Preti '21].

e Compare and use 2-sided Padé approximations as Barak discussed.
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Single correlator

20 1/Co
sp °r
= No sum rule

4 — Soft sum rule 4r

3t 3

2F 2r

1+ i

Ape Ape

30 32 34 36 38

® Gap assumption: A, = Apz + 0.5 (extremely conservative).
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Single correlator

1/Co
5 .
No sum rule 8 —_— =8
v
af Soft sum rule 4 3 n=10
\
----- Padé approx K ===== Padé approx
af 3 S
.
.
2F 2
‘ (M/ ;
1 30
= n . Ape 9
3.0 32 34 36 38 3.0

® Gap assumption: A, = Apz + 0.5 (extremely conservative).

° Compared to Padé[470]7[371]’[173]’[272] for C]I%)]D)]Dﬂ and
Padé[3,1]’[173]’[2,2] for C[D)
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Single

No sum rule
Soft sum rule

Padé approx

correlator

Soft, Ay = Age +0.5

Soft + dSoft, Cp = Padég 12

Padé approx

Ape

® Gap assumption: A;; = Ap2 + 0.5 (extremely conservative).

¢ Use Padé prediction as an input for inhomogeneous/double-soft sum

rules.
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Single correlator

Cé]mm?
20

S()ft, A++ = P‘(ldé[g,]]
s Soft, A, = Padéps

---- Pade approx

e Gap assumption: Ay given by Padé estimate.
® Compared to Padéy o [3,1],[1,3],[2,2] for CH%)DD2.
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Single correlator

oo
07
Soft + dsoft. A, = Padéyy), Cp = Padé) 3
06f 7
7~ Soft + dsoft, A,y = Padép 1), Cp = Padéjz 1) 29
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%
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Figure: Bounds on c}pp, . with gap assumption from Pade

® Gap assumption: Ay, given by Padé estimate.
® Compared to Padés o [3,1),[1,3],[2,2] for CH%)DD2.
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Single correlator

® Bound A++:

Apy

8-

T = No sum rule

Soft sum rule

6 ¥ .
— dSoft sum rule, Cp = Padé); 3
= Padé approx

5k

4 ! L L L ' Ane

3.0 3.2 3.4 36 3.8 40

® Compared to Padés for A : Padé 30} 2,11,/0,3]-

® Padé[; 5) develops poles.
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Multi-correlator setup

Now include D? as second external operator:

(DDDD) , (D’D?*D*D?), (DDD?D?) + perms.

Impose that D x D~ D2+ ..., D?xD?>~D?+...and
DxD?~D+...

Use analytic functionals for multi-correlator [Ghosh, Kaviraj, Paulos '23].

Add 4pt function displacement sum rules.

Add mixed correlator sum rules with n =0,1, 2:
® fol dz {Z"((Z —1)27" + 1)Gpppep2(2) + 22~ "Gppepp2(2) | =0,
° ./61 dz {2(22 — 1) log z Gpeppp2(2)
+(2z — 1) log (r) QWW(Z)} —8/Cp.
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0.15

0.10

0.05

0.00

Multi-correlator: Ap: = 3.9

= Soft, Ay, =A,_ =55A__=Tn=14
— Soft, Ay, =A,_ =55A__=8n=14

= Padé approx

— A, =55A__=55n=10

= Padé approx

4.0 4.5 5.0
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Multi-correlator: Ap: = 3.95

CppD?
1.350

1.345

1.340

1.335

= Soft, Ay, =A,_ =53A__=8n=20
= Soft, Ay. =A,_=55A__=8n=20

— Soft, Ay, =A,_ =57A__=8n=20

1.330

= Padé approx

1.325

1320 . . . . .
15 20 25 30 35 40
1/Cp

010

45

0.02

0.00

! Cp2p2p2
5.0

—_— A,_=55A_=8n=14

= Padé approx

4.0 45 5.0 55
Philine van Vliet (ENS Paris)
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Multi-correlator: closing in on strong coupling

Cppp?

140

130

= Soft, Ay, =A; =55A__=8n=14

= Padé approx

125
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Multi-correlator:

o Ap: = 3.95.

closing in on strong coupling

= Soft, Ay, =A; =57,A__=8n=20

1.30
= Padé approx
1.25F
120 L n ! Cpepep2
2 3 4 5
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Multi-correlator: closing in on strong coupling

o Ay = 3.99.

= A=A, =59A__=8n=20

— Padé approx

1.20 . - ; - ) Cpepep2
6
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Open questions/opportunities

e Why is there a discrepancy with results for cpzpep2?

® Something wrong with numerics?
® Something wrong with perturbative calculation for cpepep:2?
® Extra operators in spectrum?
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Open questions/opportunities

e Why is there a discrepancy with results for cpzpep2?

® Something wrong with numerics?
® Something wrong with perturbative calculation for cpepep:2?
® Extra operators in spectrum?

— Padé approx
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Open questions/opportunities

Why is there a discrepancy with results for cpop2p2?

® Something wrong with numerics?
® Something wrong with perturbative calculation for cpepep:2?
® Extra operators in spectrum?

— Padé approx

Implement mixed correlator sum rules — in what direction does
allowed region shrink?

Constrain higher-dimensional exchanged operators?

* AdSs?
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Outlook: Bootstrapping defects

® For defects there are technical difficulties for numerical bootstrap:

® No information from the bulk when considering only defect correlators.
® No positivity for bulk operators.
o o

% [INEIN A = ZA:(#QA)Z A

® Recent progress [Cavaglia, Gromov, Julius, Preti '21, Lanzetta, Liu, Metlitski '25,
Meineri, Radhakrishnan '25]

+ Combine bootstrap with defect soft sum rules, also without
integrability/SUSY.

Philine van Vliet (ENS Paris) More strings attached August 14, 2026 21/21



Outlook: Bootstrapping defects

® For defects there are technical difficulties for numerical bootstrap:

® No information from the bulk when considering only defect correlators.
® No positivity for bulk operators.
o o

% [INEIN A = ZA:(#QA)Z A

® Recent progress [Cavaglia, Gromov, Julius, Preti '21, Lanzetta, Liu, Metlitski '25,
Meineri, Radhakrishnan '25]

+ Combine bootstrap with defect soft sum rules, also without
integrability/SUSY.

® eg. pinning defect in 3d Ising wip with Bastien Girault, Stefanos Kousvos,
Miguel Paulos

® See also other methods such as truncated bootstrap [Gliozzi '13],
[Padayasi, Krishnan, Metlitski, Gruzberg, Meineri ‘21, Hu, Li '26, ...] and see
Wenliang's talk.
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Thank you!



Backup



A Padé crash course

e Approach to make perturbative series better behaved.

M
_ Zm:O mem

f; X)) = —=m=_"
v/ (x) TSN g

® Match to perturbative series in x up to order M + N: usual Padé.

® Match to perturbative series in X and x’ with X < x < x':
double-sided Padé.

® Good and bad Padés: throw out results that give poles in the desired
range of x.
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Multi-correlator: Ap: = 3.95

= A=A, =59A__=8n=20

130 .
%0 = Padé approx

125

1.20 - - - . ' cpapepe
6

1/Cp
0.010 -

0.008 F
0.006 |- — A, =59A__=85n=20
— Padé approx

0.004 |-

0.002 |-

0.000 : : : A
40 55 60 T

X 4.5 5.0 .
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The importance of putting gaps
® What if we lower the gaps? — A1 =45, Ay_ =45 A__ =5,

— Without soft sum rule

10 —— With soft sum rule

— Padé

0.0 o2
To SO
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The importance of putting gaps
® What if we lower the gaps? — A1 =45, Ay_ =45 A__ =5,

Copp?
.0
15
— Without soft sum rule
10 —— With soft sum rule
— Padé
0.5
0.0 ?
() 2 4 3 8 10 0O

¢ And if we raise the gaps? - Ay, =55 A, =55 A__ =8.

— A__ =8, hom sum rule
1.40

— A__ =7, hom sum rule
135 .

— A__ =17, hom +inhom sum rule
130 — Padé approx

1 eprpape
o 2 a 6 8 10"l
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Single correlator, Ap2 = 3.6

A2

ppo
5 -
[ —— Only Cd from Pade 13, A = 3.6
4L = Only Cd from Pade 31, A = 3.6
I === Only Cd from Pade 13, L20, A = 3.6
3l = Pade
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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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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/ dw K(z,w) dDisc G(w) =cst = Y & FI[A] =cst .
0 0 =
A
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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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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
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