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Introduction: string scattering from D-branes in AdS

Without quantizing the string, can we compute string scattering form
factors/amplitudes in AdS?

AdS/CFT gives an answer:

A(S ,Q) =
∑
O∆,ℓ

λ∆,ℓA∆,ℓ(S ,Q)

but we don’t know any of the coefficients! Key insight: the worldsheet
(Alday, Hansen, Silva 2023)

A(S ,Q) =

∫ 1

0
dx x−

S
2
−1(1− x)−Q−1G(S ,Q; x)

In the flat space limit, this becomes a tractable bootstrap problem (α′ = 1):

G(S ,Q; x) = G(0)(S ,Q; x)︸ ︷︷ ︸
known

+
1

R2
G(1)(S ,Q; x)︸ ︷︷ ︸

this talk!

+ . . .
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A bootstrap problem

Even if we can’t compute directly, what do we know?

1. AdS/CFT:
1√
λ
=

1

R2
=⇒ large coupling expansion

2. Flat space limit: (Hashimoto, Klebanov 1996)

A(0)(S ,Q) ∝
Γ(−S

2 )Γ(−Q)

Γ(1 + Q + S
2 )

=⇒ Flat space operators + OPE

3. Supergravity amplitude =⇒ massless (S ,Q = 0) poles of the amplitude.

4. Massive poles: flat space limit from Mellin space. (Alday, Zhou 2024)

5. Ansatz for the worldsheet. (Alday, Hansen, Silva 2023; Alday, Chester, Hansen, Zhong 2024)
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Structure of the talk

1. The CFT Side: line defects in N = 4 SYM

2. The AdS side: a worldsheet perspective

3. AdS/CFT: matching and results

4. Outlook

Bootstrapping string scattering from D-branes in AdS 5 May 2026 4 / 10



The CFT Side: line defects in N = 4 SYM

Line defects in N = 4 SYM

▶ 2-point function of stress tensor multiplet’s scalar superprimary O(x , u) ≡ O in
presence of line defect:

⟨⟨O1O2⟩⟩ =
(u1 · θ)2(u2 · θ)2

|x i1|2|x i2|
F(ξ, χ;σ)

▶ Work in Mellin space:

F(ξ, χ;σ) =

∫
dγ dδ

(2πi)2
ξ−δχ−γ+δM(δ, γ;σ)Γ(δ)Γ(γ − δ)

2∏
i=1

Γ

(
∆i − γ

2

)
▶ 2 channels for M:

Mbulk
∆,ℓ (δ, γ) =

∞∑
m=0

R∆,ℓ,m(γ)

δ − ∆1+∆2−τ−2m
2

, Mdef
∆,ℓ(δ, γ) =

P∆,ℓ,m(δ, γ)

γ − τ − 2m
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The CFT Side: line defects in N = 4 SYM

Superconformal Ward identities

▶ F and thus M are quadratic in σ:

M(δ, γ;σ) = M0(δ, γ) +M1(δ, γ)σ +M2(δ, γ)σ
2

▶ Obey superconformal Ward identity:(
∂z +

1

2
∂α

)
F(z , z̄ ;α)

∣∣∣∣
α=z

= 0,

(
ζ =

1 + zz̄

2
√
zz̄

, η =
z + z̄

2
√
zz̄

, σ = −(1− α)2

2α

)
▶ In Mellin space, simple solution (“reduced amplitude” M̃):

M(δ, γ;σ) = D(δ, γ;σ)︸ ︷︷ ︸
shifts

M̃(δ, γ)︸ ︷︷ ︸
no σ, no constraints

D can be found universally (in many SCFTs!) by working in a basis that
diagonalizes shifts. (CV 2025)
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The CFT Side: line defects in N = 4 SYM

Flat space limit

▶ Mellin space provides simple flat space limit: (Alday, Zhou 2024)

M∆,ℓ(δ, γ;σ) =

∫ ∞

0
dβ e−β

√
βA

(
S = −2δβ

R2
,Q =

2γβ

R2

)
, R → ∞

where ∆bulk = 2
√
nR + . . . , ∆def =

√
nR + . . . and m ∼ R2 =⇒ sum over

descendants → integral.

▶ D gains expansion as an operator → easier to invert, use reduced form!
▶ Structure:

Abulk(S ,Q) =
P
ℓ/2
bulk,n,ℓ(Q)

S − 2n
+

1

R2

 P̃
ℓ/2
bulk,n,ℓ(Q)

(S − 2n)4
+ lower poles

+ . . .

Adef(S ,Q) =
Pℓ
def,n,ℓ(S)

Q − n
+

1

R2

(
P̃ℓ
def,n,ℓ(S)

(Q − n)4
+ lower poles

)
+ . . .
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The AdS side: a worldsheet perspective

The worldsheet ansatz

▶ Assume a worldsheet form:

A(S ,Q) =

∫ 1

0
dx x−

S
2
−1(1− x)−Q−1

(
G(0)(S ,Q; x) +

1

R2
G(1)(S ,Q; x) + . . .

)

▶ Integrand built from multiple polylogarithms:
(Alday, Hansen, Silva 2023; Alday, Chester, Hansen, Zhong 2024)

G(1)(S ,Q; x) =
∑
|w |≤3

P |w |+1(S ,Q; x)

(S + 2Q)2
Lw (x) + ζ,

d

dx
Law (x) =

1

x − a
Lw (x)

▶ Polynomials of homogeneous degree in S ,Q, linear in x . ζ = (polylogarithms
multiplying zeta values). Letters a ∈ {0, 1}.

▶ Order of polylogarithms to match number of poles from Mellin space.
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AdS/CFT: matching and results

Matching and results

▶ Matching worldsheet pole by pole with Mellin results solves for polynomials and
CFT data!

▶ Degree 3-4: polynomials only.
▶ Degree 2: polynomials + spectrum.
▶ Degree 1: polynomials + spectrum + OPE.

▶ Some new CFT data currently unavailable from other methods, e.g.:

∆defect
ℓ=n−1 = R

√
n − 3

2
+

1

R
√
n

(
3

4
n2 − n

4
+

9

8

)
+ . . .

▶ Independent check: agrees with localization results for higher derivative
corrections to SUGRA.
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Outlook

Outlook

▶ Extended the AdS Virasoro-Shapiro/Veneziano bootstrap to consider D-branes in
AdS.

▶ Obtained new CFT data for N = 4 SYM in the presence of line defects.

▶ Future directions: higher orders in 1
R2 , more defect systems, different dimensions.
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