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M-theory as membrane theory

® Membranes are only understood well in special limits or subsectors.
e Examples include:

® double-dimensionalreduction to type IIA strings,
® matrix models in flat or toroidal backgrounds,
® holographyin AdS, x S’ & ABJM.

In contrast to string worldsheet theory, which is integrable in some backgrounds,
the fullmembrane theory is generally not integrable.

e Classically: notintegrable [80’s]

® Quantum theory: no clear evidence for full integrability in general [Seibold, Tseytlin *24]

> Are there at least integrable subsectors?
Yes!
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Bosonic membrane

@ oM:world-volume coordinates,
M =012

1
S~ f Boy=y (y”"(‘)MX“aNXVgW + eKEMay XK, XV 0y XP Cpyp — E)

® XH(0):target-space embedding

@ g, C:background metric and
3-form field

Challenges for classical integrability
® Theinduced world-volume metric yyy = 8y X#0yX" g,y is non-trivial
and cannot simply be gauge-fixed to be flat.

Integrable interacting models in 3d are rare; known examples are often
non-Lorentzian or topological, and do have a flat world world-volume metric.

Goal: find a decoupling limit ( Yy — Nmn) SO that
the effective dynamics becomes classically integrable.

David Osten, University of Wroctaw



Overview

* Review: the MZW model
* Adecoupling limit for world-volume gravity
¢ Deriving the MZW model from a toy-model membrane

Embeddinginto 11d supergravity and associated non-Lorentzian limit

David Osten, University of Wroctaw



The MZW model

® Aclassically integrable 2+1-dimensional non-Lorentzian field theory
[Manakov/Zakharov 81 /Ward °87]

1 . . 1 . .
Action  Swuzw=To [ (;W(l A j+oaltr(jA [1,]]))

g:2-G j=g'dg

Equations of motion dxj—1[j,jlAv=0

® y =do” is afixed 3d one-form that breaks Lorentz invariance.

® y = 0timelike: Manakov/Zakharov,y = 1,2 spacelike: Ward
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® auxiliary linear problem provides a Lax-type formulation and classical inverse
scattering, infinite tower of non-local conserved charges [Theodorou/Ward *90s]
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A decoupling limit for the membrane

Could the MZW model be realised on the membrane in particular cases?

Setup Aim
¢ Consider the membrane on 2 e decouple world-volume gravity on the
M = M; X My =(R;xT%) x My membrane so that yyy = Nyn-
,longitudinal‘ space stransversal space* .
with metric scale R with metric scale R e decouple membrane dynamics on My and My.
. o = )
General ansatz for metric (introduce scales R and R) e membrane theory on M, is MZW model

_ for My = Lie grou
ds? = R*nyndx™dxN + R?H,p, dx™dx™ " sroup

® Wrap the membrane around T2 (wrapping number w) Choose an appropriate limit

(0) = (o™ + XM (a),X™(0)) forR, R, wand To
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Could the MZW model be realised on the membrane in particular cases?
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Large wrapping limit w — oo, induced
metric becomes flat: [de Wit, Hoppe, Nicolai '88]

Yun = @*R*(qyy + 0(0™1))

Finite leading order dynamics requires a
simultaneous scaling of the membrane
tension, and metric scales R, R,

(+ assumptions on F,).

w > », R/(Rw) - 0, T ~To/(R*R w)

§ = Sy[x™] + (R2/R2)S,[xM] + -
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A decoupling limit for the membrane

Could the MZW model be realised on the membrane in particular cases?
Setup

w — oo, R /(Rw) - 0,
@ Consider the membrane on
M = M, x My =(ReX T?) X My

3d ,longitudinal‘ space
with metric scale R

T ~To/(R*R w)

S = Sy[x™] + (R?/R 2)S,[xM] + -
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with metric scale R

® General ansatz for metric (introduce scales R and R)

« longitudinal (x™) and transverse (x™) modes
decouple
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A decoupling limit for the membrane

Could the MZW model be realised on the membrane in particular cases?

Setup w—> o RJRw) >0,  T~To/(R?Rw)
@ Consider the membrane on
— — 2 —
M =M XMy =(R;xT*) X My S > Su[x™] + (R2/R 2)S,[xM] + ---
3d ,longitudinal’space  -transversal space’
with metric scale R with metric scale R

® General ansatz for metric (introduce scales R and R) longitudinal (x") and transverse (x™) modes

decouple
ds? = R*nyndX"dXN + R*H,,,,, dX™dX" large energy (Rw) and small tension
->Membrane Non-Lorentzian Geometry?

y . : L I .
Biotzinnato, 21] non-relativistic or Carrollian interpretation
® Wrap the membrane around T2 (wrapping number w)
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A decoupling limit for the membrane

Could the MZW model be realised on the membrane in particular cases?

Setup
@ Consider the membrane on
M = M, x My =(ReX T?) X My
3d ,longitudinal‘ space ,transversal spac_e‘
with metric scale R with metric scale R

® General ansatz for metric (introduce scales R and R)

ds? = R’nyndXMdXN + R?H,,,dX"dX"
->Membrane Non-Lorentzian Geometry?
[Blair/Zinnato ,21]
® Wrap the membrane around T2 (wrapping number w)

Xt (0) = (wo™ + xM(0),x™(0))

David Osten, University of Wroctaw

@

- o, R/(Rw) - 0, T ~To/(R*R w)

S = Sulx™] + (R?/R2)S;[xM] + -

longitudinal (x™) and transverse (x™) modes
decouple

large energy (Rw) and small tension
non-relativistic or Carrollian interpretation
singular limit:

does not commute with reparameterisations
(e.g. choice of static gauge)



The MZW model from the membrane: toy model

Choosing My = Lie group G, and an appropriate F,

ds? = R?nyndxM™dx"N + R %k gpe®(x™)eP (x™)

F, = —RR?*f,pce®* NeP neC Av
with Maurer-Cartan one-forms e?, Killing form k,;,. and structure constants f,;,

The one-form v = dx%1? corresponds to the choice of v in the MZW model.
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Choosing My = Lie group G, and an appropriate F,

ds? = R?nyndxM™dx"N + R %k gpe®(x™)eP (x™)

F, = —RR?f,, e*NeP heC Av
with Maurer-Cartan one-forms e?, Killing form k,;,. and structure constants f,;,

The one-form v = dx%1? corresponds to the choice of v in the MZW model.

SH = Smzw
underw — o, R /(Rw) - 0, T ~To/(R?R w)
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Embedding in 11d supergravity

® Look for group manifolds supported by F, flux.
o Example: 11d uplift of a pure-NSNS AdS, x S® x T*
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t
AdS,xS®xT4x S’

R, /T
longitudinal
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Embedding in 11d supergravity

® Look for group manifolds supported by F, flux.
o Example: 11d uplift of a pure-NSNS AdS, x S® x T*

transversal space

t
AdS,xS®xT4x S’

R, /T
longitudinal

F = 2RR*(Vol(AdS3) + Vol(S3)) Adz

e Truncation to membrane fluctuations around (Ryx T?) x SU(2)
-  SU(2) MZW model.

David Osten, University of Wroctaw 1



outlook

* MZW conserved charges and solitons on the membrane?
+ holographic dual of membranes in AdS; x §3 x T5?
* generalisations:

* supermembrane (super MZW model?)

» homogeneous spaces
(gauged MZW model, a la gauged WZW?)

» deformations (re-introducing dispersive KP term?)

«  MZW line soliton scattering, quantisation, ...
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* MZW conserved charges and solitons on the membrane?
+ holographic dual of membranes in AdS; x §3 x T5?
* generalisations:

* supermembrane (super MZW model?)

» homogeneous spaces
(gauged MZW model, a la gauged WZW?)

» deformations (re-introducing dispersive KP term?)

«  MZW line soliton scattering, quantisation, ...
Thank you for your attention.

David Osten, University of Wroctaw



