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The giant graviton expansion

▶ Superconformal indices of various holographic gauge theories admit finite-N
expansions:

IN(q) = I∞(q)
∑
m

qmNIGG
m (q) [Imamura ’21]

[Gaiotto, Lee ’21]

In the bulk: KK gravitons GG (classical) GG fluctuations

▶ Giant gravitons wrap q-cycles in AdSp+2 ×Mq+2

Giant gravitons: “building blocks” of the index

▶ Giant graviton fluctuation spectrum:
▶ Via superconformal algebra [Arai, Fujiwara, Imamura, Mori ’20]
▶ From probe brane for 1

2 -BPS modes [Lee ’23][Murthy ’23] and for Schur index



The giant graviton expansion

▶ Superconformal indices of various holographic gauge theories admit finite-N
expansions:

IN(q) = I∞(q)
∑
m

qmNIGG
m (q) [Imamura ’21]

[Gaiotto, Lee ’21]

In the bulk: KK gravitons GG (classical) GG fluctuations

▶ Giant gravitons wrap q-cycles in AdSp+2 ×Mq+2

Giant gravitons: “building blocks” of the index

▶ Giant graviton fluctuation spectrum:
▶ Via superconformal algebra [Arai, Fujiwara, Imamura, Mori ’20]
▶ From probe brane for 1

2 -BPS modes [Lee ’23][Murthy ’23] and for Schur index



The giant graviton expansion

▶ Superconformal indices of various holographic gauge theories admit finite-N
expansions:

IN(q) = I∞(q)
∑
m

qmNIGG
m (q) [Imamura ’21]

[Gaiotto, Lee ’21]

In the bulk: KK gravitons GG (classical) GG fluctuations

▶ Giant gravitons wrap q-cycles in AdSp+2 ×Mq+2

Giant gravitons: “building blocks” of the index

▶ Giant graviton fluctuation spectrum:
▶ Via superconformal algebra [Arai, Fujiwara, Imamura, Mori ’20]
▶ From probe brane for 1

2 -BPS modes [Lee ’23][Murthy ’23] and for Schur index



The giant graviton expansion

▶ Superconformal indices of various holographic gauge theories admit finite-N
expansions:

IN(q) = I∞(q)
∑
m

qmNIGG
m (q) [Imamura ’21]

[Gaiotto, Lee ’21]

In the bulk: KK gravitons GG (classical) GG fluctuations

▶ Giant gravitons wrap q-cycles in AdSp+2 ×Mq+2

Giant gravitons: “building blocks” of the index

▶ Giant graviton fluctuation spectrum:
▶ Via superconformal algebra [Arai, Fujiwara, Imamura, Mori ’20]
▶ From probe brane for 1

2 -BPS modes [Lee ’23][Murthy ’23] and for Schur index



The giant graviton expansion

▶ Superconformal indices of various holographic gauge theories admit finite-N
expansions:

IN(q) = I∞(q)
∑
m

qmNIGG
m (q) [Imamura ’21]

[Gaiotto, Lee ’21]

In the bulk: KK gravitons GG (classical) GG fluctuations

▶ Giant gravitons wrap q-cycles in AdSp+2 ×Mq+2

Giant gravitons: “building blocks” of the index

▶ Giant graviton fluctuation spectrum:
▶ Via superconformal algebra [Arai, Fujiwara, Imamura, Mori ’20]
▶ From probe brane for 1

2 -BPS modes [Lee ’23][Murthy ’23] and for Schur index



This work: General fluctuations directly from probe brane actions

3d N = 8 ABJM: M5 in AdS4 × S7

4d N = 4 SYM: D3 in AdS5 × S5

6d N = (2, 0): M2 in AdS7 × S4

▶ For scalars, start with DBI action:

S = −Tq

∫
dq+1ξ

√
−g + Tq

∫
Aq+1

▶ Expand fluctuations x1(ξ), . . . xp+3(ξ) to quadratic order & decompose into
spherical harmonics =⇒ xa,(ℓ,mi )(t)

▶ Quantize Hamiltonian

▶ Fermions and worldvolume vector (D3) and 2-form (M5) are dimension-dependent
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D3 brane modes

HL̃ J1 J2 R1 [R2, R3] H

ζ1+,(ℓ,m1,m2)
ℓ + 1 1 0 0 [ℓ, 0] ℓ − (m1 + m2)

ζ2+,(ℓ,m1,m2)
ℓ + 1 0 1 0 [ℓ, 0] ℓ − (m1 + m2)

ζ3+,(ℓ,m1,m2)
ℓ + 3 0 0 1 [ℓ, 0] ℓ + 2 − (m1 + m2)

ζ1−,(ℓ,m1,m2)
ℓ + 1 −1 0 0 [ℓ, 0] ℓ + 2 − (m1 + m2)

ζ2−,(ℓ,m1,m2)
ℓ + 1 0 −1 0 [ℓ, 0] ℓ + 2 − (m1 + m2)

ζ3−,(ℓ,m1,m2)
ℓ − 1 0 0 −1 [ℓ, 0] ℓ − (m1 + m2)

A
(1)
ℓ,m1,m2

ℓ + 1 0 0 0 [ℓ, 1] ℓ + 1 − (m1 + m2)

A
(2)
ℓ,m1,m2

ℓ + 1 0 0 0 [ℓ,−1] ℓ + 1 − (m1 + m2)

ψ̄++−,(ℓ,m1,m2)
ℓ + 1/2 1/2 1/2 −1/2 [ℓ + 1/2,−1/2] ℓ − (m1 + m2)

ψ̄−−−,(ℓ,m1,m2)
ℓ + 1/2 −1/2 −1/2 −1/2 [ℓ + 1/2,−1/2] ℓ + 2 − (m1 + m2)

ψ̄+−+,(ℓ,m1,m2)
ℓ + 5/2 1/2 −1/2 1/2 [ℓ + 1/2,−1/2] ℓ + 2 − (m1 + m2)

ψ̄−++,(ℓ,m1,m2)
ℓ + 5/2 −1/2 1/2 1/2 [ℓ + 1/2,−1/2] ℓ + 2 − (m1 + m2)

ψ+−−,(ℓ,m1,m2)
ℓ + 1/2 1/2 −1/2 −1/2 [ℓ + 1/2, 1/2] ℓ + 1 − (m1 + m2)

ψ−+−,(ℓ,m1,m2)
ℓ + 1/2 −1/2 1/2 −1/2 [ℓ + 1/2, 1/2] ℓ + 1 − (m1 + m2)

ψ+++,(ℓ,m1,m2)
ℓ + 5/2 1/2 1/2 1/2 [ℓ + 1/2, 1/2] ℓ + 1 − (m1 + m2)

ψ−−+,(ℓ,m1,m2)
ℓ + 5/2 −1/2 −1/2 1/2 [ℓ + 1/2, 1/2] ℓ + 3 − (m1 + m2)

Compute single-letter
index:∑

modes

(−1)F e−βHpJ1qJ2yR1
1 yR2

2 yR3
3

1−
(1− y−1

1 )(1− p)(1− q)

(1− y2)(1− y3)
.

Plethystic
exponential

IGG
(1,0,0)(p, q, yi )

IN(p, q; yi ) = I∞(p, q; yi )
∑

m1,m2,m3≥0

ym1N
1 ym2N

2 ym3N
3 IGG

(m1,m2,m3)
(p, q; yi )
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Stacks of branes (non-Abelian DBI)

▶ Promote modes to m ×m matrices to compute IGG
(m,0,0)

▶ Reproduces the GGE of the 1/2-BPS index to all orders

Further directions

▶ Generalize analysis for less supersymmetry (AdS5 × SE5)

▶ GGE for non-protected BPS partition functions
▶ Include interactions in DBI action?
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