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Goal: M-theory

Method: Holography as a benchmark

Outline:

Gravity
1
Strings
i}

Membranes

T

Ensembles ‘
B —



A useful probe into quantum gravity is the Euclidean
gravitational path integral
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Ambiguities at higher loops and no control over the
contributing saddle points.
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which is assumed to exist at least as a sum over saddles

ZQG = Z e_SCI(Zl—loop + .. )
saddles

Ambiguities at higher loops and no control over the
contributing saddle points.

A microscopic approach resolves the issues — holography

Z0G = ZQFT




Holography can be studied quantitatively in string theory

Zstring = log ZQFT

where we have microscopic control on the LHS
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where we have microscopic control on the LHS
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S
X

is computed as a functional of the target space fields (sources).

The number of worldsheets grows factorially, predicting the
existence of non-perturbative brane saddles ~ e /9

Two distinct non-perturbative sectors to be included in the
string path integral, and in holography

Zstring = —S10d + ...+ Z efsws Z = log Zqrr

Gautason, Puletti, JvM "23; Gautason, JvM "24




We are interested in the regime where g, is large, mixing the
saddle contributions, and strings are promoted to membranes.
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We are interested in the regime where g; is large, mixing the
saddle contributions, and strings are promoted to membranes.

We assume an analog expansion over saddles

ZM2[97 A3] = —5114 + Sup + Slog +...+ Z eisd(Zl_loop—i‘. . )

membranes

which can now be tested with holography

Zwolg, As] = log Zgrr[J]

This holographic equality now needs to be taken with care,
with a correct map between background sources, and leads to
different holographic ensembles on the boundary!

Gautason, JvM '25



An M-theory Example
Ensembles in AdS;
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Holographic comparisons require a change in ensembles!
Gautason, JvM 25
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AdS, x S7/Z;, «—  ABJM theory with U(N);, x U(N)_,

Holographic comparisons require a change in ensembles
Z[xG4) = /DAg eZmelda] of As/xGa
gauging the boundary potential

In terms of the quantised flux and chemical potential

Zort[N] = 7{ A Zaalp) 4N, where  Zy[u] = 3 ePwelit2ni

What remains are quantitive checks through holography
ABJMon: S3, S3, S?xSl, ¥, xSt

SUGRA: 20, 80, logs, membrane instantonsand defects

with Bobev, Gautason




Example: the boundary S? partition function
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Example: the boundary S? partition function

Drukker, Fuji, Hirano, Hatsuda, Marino, Putrov, Moriyama, Okuyama, ...
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Two Derivative Supergravity:

2 L° Cp 4 , —2N?/2

S99(A3) = - = — —_—
28( 3) 312k gg 3 2 3C]1/2

The canonical answer is found through the Laplace transform

which can be expanded at large

1 LY —2N3/?

Sa0(xGa) = S20(A3) /a s A*CGa =gy - Tonk




Example: the boundary S? partition function
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. 7T2
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Eight Derivative Supergravity:
Sso(As) = /A3 ANXg+... <+ unknown

Instead a 4d gauged supergravity approach can be taken.

The canonical answer is found by expanding the Laplace
transform to higher order in p.

No further higher derivative corrections for /!
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The counting of zero-modes is IR universal and can be derived

from the two-derivative supergravity action.
Bhattacharyya, Grassi, Marino, Sen 12
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The counting of zero-modes is IR universal and can be derived

from the two-derivative supergravity action.
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The normalizable zero-mode comes from a two-form ghost in A3,
which for us has Dirichlet boundary conditions!

5A3|a:0 = >\2|a:0|, for Az — Ag+dXs

Associated ghosts vanish on the boundary — 0log ;! |



Summary
Zgrr[N] = j{du Z[u] N

» Bulk partition functions need boundary conditions
» The boundary theory is in an ensemble

Extra

» Instantons and defects are 1-loop exact

Future
» What about M5-branes in AdS4? with Z. Wang & J. Lin
» Generalizations: S” — SE; with S. Bennett

» Ensembles in /' = 4 SYM, 6d (2, 0) theory, ...



