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Introduction and context

BFSS model and D0-branes distributions

The BFSS matrix model was proposed in 1997 Banks, Fischler, Shenker, and Susskind
(BFSS).

Idea
• non-perturbative formulation of M-theory in terms of matrices;
• reduces a lot of computations to matrices computations;
• arise as the worldline theory of a large number of D0-branes in type IIA string theory,

or as the Kaluza-Klein compactification of 10D super Yang-Mills theory.

D0-branes
• D-branes: a class of extended objects upon which open strings can end with Dirichlet

boundary conditions;
• classified by their spatial dimension, a D0-brane being a single point;
• We can focus on the distributions of those D0-branes to interpret our solution of

matrix model holography.
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Introduction and context

A consistent truncation story

Definition
• a powerful tool to simplify complex theories in string theories and sugras;
• involves neglecting some of the infinite number of modes coming from dimensional

reduction, focusing only on a finite number of lower-dimensional fields;
• preserves key features of the theory, for example simplifying the bulk gravity theory in

AdS space and preserving the description of the dual CFT.
[de Wit et al. ’87; Cvetic et al. ’99 ’00; Nastase et al ’00; Nicolai et al ’12 ...]

In this presentation, we will use a U(1)4 consistent truncation of the full SO(9) gauge
group of IIA to compute correlation functions in the matrix model involving the operators
dual to the graviton.

[Anabalon, Ortiz, Samtleben ’13]

More recently a collaboration worked on consistent Kaluza–Klein truncations and 2D
sugras with the full truncations and uplift ansatz. In our SO(9) symmetry the 11D sugra
with 128 scalar fields simplifies to 8 scalars.

[Bossard, Ciceri, Inverso, Kleinschmidt ’22 ’23 ’23 ]
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Introduction and context

Our model, SO(9) supergravity in 2D

The 2D maximally supersymmetric SO(9) supergravity describes fluctuations around the
S8 compactification of type IIA supergravity.

[Anabalon, Ortiz, Samtleben ’13; Ortiz, Tsimpis, Samtleben ’14]

Content of the theory
• a dilaton ρ

• 128 scalar fields, transforming as 44 ⊕ 84 under SO(9)

Here U(1)4 consistent truncation: 4 more dilaton fields ua in the 44 and 4 axion fields ϕa

in the 84. First, ϕa = 0.

Reduced Lagragian of the theory

L = −1

4
eρR+

1

2
eρ

∑
a

∂µua∂
µua −

1

8
eρ5/9

(
X2

0 − 8
∑
a<b

XaXb − 4X0

∑
a

Xa

)
where X0 = ΠaX

−2
a , and ua and Xa are related by Xa = e−2Aabub . A more general

lagrangian can be found in literature.
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Solution with SO(6) × SO(3) symmetry and its generalisation

Solution that preserves SO(6)× SO(3) symmetry
We can now look at the problem that interests us: the SO(6)× SO(3) domain wall
solution to the 2D SO(9) supergravity.

[Ortiz, Tsimpis, Samtleben ’14]

A simple ansatz

X1,2,3 = e−x , X4 = e2x

To see the SO(6)× SO(3) symmetry: embed the U(1)4 truncation into the full SO(9)
theory and parametrize the SL(9)/SO(9) coset space by an SL(9) valued scalar matrix V.

V =

[
ex/2I6×6 0

0 e−xI3×3

]
which preserves an SO(6) × SO(3) subgroup of the SO(9) gauge symmetry. The 2D
Lagrangian becomes:

L = −1

4
eρR+

9

8
eρ(∂µx)(∂

µx) +
3

8
eρ5/9e−2x(8 + 12e3x + e6x)
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Solution with SO(6) × SO(3) symmetry and its generalisation

Presentation of the SO(6)xSO(3) case

Killing-spinor equations imply

ρ(x) = e
9
2
x(e3x − 1)−

9
4 ; ds22 = f̃(x)2dt2 − g̃(x)2dx2

after identifying the scalar x with the radial coordinate, with f and g functions of x. Since
x is non-vanishing in the bulk, this deformation breaks SO(9) down to SO(6)× SO(3).

→ The 2D solution obtained now needs to be uplifted back to 11D to have the full
solution, and to interpret it.
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Solution with SO(6) × SO(3) symmetry and its generalisation

Higher-dimensional interpretation

Method

• Uplift to 10D using an uplift ansatz;
• Kaluza-Klein straightforward uplift to 11D;
• Interpretation of the solutions.

[Anabalon, Ortiz, Samtleben ’13; Ortiz, Tsimpis, Samtleben ’14]

11D uplift with a change of variable to have a pp-wave form

ds211 = dx−dx+ −H(r3, r6)(dx
−)2 −

(
dr23 + r23dΩ

2
2 + dr26 + r26dΩ

2
5

)
where the function H(r3, r6) remarkably satisfies the Laplace equation ∆H = 0.

In the following let’s focus on H to interpret and compare with other solutions.
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Solution with SO(6) × SO(3) symmetry and its generalisation

Distribution of branes

This H function can be interpreted, as a distribution of D0-branes with SO(6)× SO(3)
symmetry. We develop H(r3, r6) in:

H(r3, r6) ∼
1

r3
(1− r26)

−1/2 +O(r3) .

This suggests that the D0-branes are localized at r3 = 0 in 3 of the 9 transverse
dimensions, with a distribution in the remaining 6 dimensions:

σ3(r6) =

{
(1− r26)

−1/2 , r6 < 1,

0 , r6 ≥ 1 ;
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Solution with SO(6) × SO(3) symmetry and its generalisation

Interpretation as a distribution of D0-branes

Figure: a 3D plot of the distribution σ3(r6)

We obtained one form of distribution: generalisation ? other geometries ?
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Solution with SO(6) × SO(3) symmetry and its generalisation

Generalisation to any SO(p)× SO(9− p) of SO(9)

Method
Generalise to any SO(p)× SO(q) breaking (with 1 ≤ p ≤ 8 and q = 9− p). First, let’s take
p an ever number for simplicity.

[AB, Tsimpis and Samtleben ’24 (to be published)]

2D ansatz
An ansatz for such a vacuum solution SO(p) × SO(q) is provided by exciting the scalars:

X1,...,p/2 = e−x , Xp/2+1,..,4 = e
p

9−p
x

and setting the axion fields ϕa to zero. The V matrix becomes:

V =

[
ex/2Ip×p 0

0 e
− −p

2(9−p)
xIq×q

]
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Solution with SO(6) × SO(3) symmetry and its generalisation

Generalisation to any SO(p)× SO(9− p) of SO(9)

11D uplift in a pp-wave form

ds211 = dx−dx+ −H(rp, rq)(dx
−)2 −

(
dr2q + r2qdΩ

2
q−1 + dr2p + r2pdΩ

2
p−1

)
with H(rp, rq) that satisfies ∆H = 0.

→ New 2D solutions and their uplift to 11D;
→ Those solutions still are under the form of a pp-wave;
→ We can have different pp-waves solution for p an odd number, a generalisation is then
possible to any SO(p)× SO(q);
→ We can still interpret them as a distribution of branes;
→ Holographically, the dual of those solutions is a matrix model deformation that breaks
SO(9) into SO(p)× SO(q).

[AB, Tsimpis and Samtleben ’24 (to be published)]
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Solution with SO(6) × SO(3) symmetry and its generalisation

Interpretation as a distribution of D0-branes
Here is a table with all the different interpretations, for the values of p in terms of branes.

p an even number p an odd number
σ7(r2) = (1− r22)

3/2 σ2(r7) = δ(1− r27)

σ5(r4) =
√
1− r24 σ4(r5) = 1

σ3(r6) =
1√
1−r26

σ6(r3) = 1− r23

σ1(r8) =
1

(1−r28)
3/2 σ8(r1) = (1− r21)

2

Table: Different interpretations in all the different cases in term of distribution of branes

which corresponds to the following formula for p ≥ 3:

σ9−p(rp) = (1− r2p)
5−p
2 .

σ2 was corrected using computations from [Freedman et al. ’00]. We finally obtained a whole
spectrum of distributions and interpretations.

[AB, Tsimpis and Samtleben ’24 (to be published)]
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Holographic applications and computation of correlators

Scalar fluctuations correlators

Small Reminder
• 128 scalars in our theory that splits into 44 ⊕ 84;
• During this presentation we will focus on the scalar fluctuations in the 44, work has

been done in the other sectors;
[Ortiz, Tsimpis and Samtleben ’14]

• We will also focus on the SO(6)× SO(3) ansatz, everything can be generalised.
[AB, Tsimpis and Samtleben ’24 (to be published)]

Scalar decomposition
• The 44 divides into different sectors :
• 44 → (1, 1)⊕ (5, 1)⊕ (1, 20)⊕ (3, 6).

The perturbations x(5,1) and x(1,20) are already captured by the U(1)4 truncation and
obtained by setting:

X1,2 = e−x+x(1,20) , X3 = e−x−2x(1,20) , X4 = e2x−2x(5,1)
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Holographic applications and computation of correlators

Computation of correlators

Application of the holographic renormalization technique:
• used in the AdS/CFT to remove infinities and regularize the boundary theory by

relating it to the bulk gravitational theory, to compute correlation functions (e.g.).
[Henningson, Skenderis ’98; Skenderis ’02; Bianchi, Freedman, Skenderis ’02]

• After a change of variable, x = r2 parametrize the fluctuations of the gravity sector as
ρ(t, r) = ρb(r)(1 + ρfluc(t, r)) (and g, f , x, xi resp) ;

• expand then in series of r1/5 and impose equation of motion

xi,fluc(t, r) = cxi,2(t)r
2/5 + cxi,4(t)r

4/5 + cxi,5(t)r...

• write the two-point function as ⟨Oi(0)Oi(q)⟩ ∝
cxi,5(q)

cxi,2(q)
;

• solve numerically equation of motions of the system;
• compare to the litterature expression that we have: cxi,5(q) ∝ q6/5cxi,2(q) for any

scalar fluctuations in the 44.
[Ortiz, Tsimpis and Samtleben ’14]
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Holographic applications and computation of correlators

Plot of scalar fluctuations correlators

0.1

1

10

100

1000

Figure: Log-Log numerical plot of the scalar correlators. The three ratios have an asymptotic to
q6/5 in yellow.
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Holographic applications and computation of correlators

Plot of scalar fluctuations correlators
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Figure: Log-Log numerical plot of the (1,20) correlator. It represents the value of the ratio in blue,
the q2 asymptote in yellow, the q6/5 in green, and a global fit in red.
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Conclusion and perspectives

Conclusion and perspectives

Some conclusions
• We found new solutions to SO(9) supergravity in 2D, and their uplift to 11D;
• We obtained interpretations of our new solutions as distribution of branes;
• We computed new correlators in the deformed matrix models.

Some perspectives
• Working on the generalisation of the computation of correlators in the new solutions

found;
• Comparison of our work to other 2D-gravity models as JT gravity;
• Adding new scalars, in the axion sector mostly, to the full theory and working on new

uplifts and solutions.
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