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2d supergravity & KK reductions

high-dimensional
(super)gravity

Kaluza—Klein on T"
keep massless modes

v

low-dimensional

internal space = T", fluxes

keep subset of modes (lightest or not)
(many consistentcy constraints!)

(super)gravity

global symmetry = g

gauge g .. <9

v

gauged (super)gravity
(gravity + charged matter)

(based on Henning Samtleben’s lecture notes)



2d supergravity & KK reductions

Prototype: ‘simple’ AdS solutions &= SO(N) gauged (maximal) supergravities

D3 : AdS,xS> <« SO(6) N'=8, D=5 gauged sugra
M2 : AdS, xS’ < SO(8) N =8, D=4 gauged sugra
M5 : AdS,xS% < SO(5) N =2, D=7 gauged sugra

> list grows much bigger with other vacua/internal spaces/less susy

> ‘bottom-up’: found interesting gauged sugra first, then uplifted

[Guarino Jafferis Varela]

b Lo
4

> recent maximal examples:  * mllA on S° = 150(7), D

« lIBon S°>xS'S-folds < SO(6)x.., D

[GI Samtleben Trigiante]

[Assel Tomasiello] [.....]



2d supergravity & KK reductions

Prototype: ‘simple’ AdS solutions &= SO(N) gauged (maximal) supergravities

D3 : AdS,xS> <« SO(6) N'=8, D=5 gauged sugra
M2 : AdS, xS’ < SO(8) N =8, D=4 gauged sugra
M5 : AdS,xS% < SO(5) N =2, D=7 gauged sugra

> list grows much bigger with other vacua/internal spaces/less susy  (we focus here on maximal)

> use gauged sugra for
(- relevant/marginal deformations <> vacua in gauged sugra
- domain wall/RG flows

e SOLUTION GENERATION <
- (asymptotically AdS/Mink) black hole solutions

_ ! bottom-up: new gauged sugras = new fluxed backgrounds

- full, perturbative KK spectra from gauged supergravity structures
e SUSY & STABILITY:

- some non-perturbative decay channels



2d supergravity & KK reductions

Prototype: ‘simple’ AdS solutions &= SO(N) gauged (maximal) supergravities

D3 : AdS,xS> <« SO(6) N'=8, D=5 gauged sugra
M2 : AdS, xS’ < SO(8) N =8, D=4 gauged sugra
M5 : AdS,xS% < SO(5) N =2, D=7 gauged sugra

7 -
susy = scalar potential V(¢) round §”, full-BPS

oV

%(qb*) =0

\

AdS, x {fluxed, deformed SY)

deformed S’, SO(8) - G,, 1/8-BPS

[de Wit-Nicolai, ..., ...



2d supergravity & KK reductions

Prot TensorFlow:
W08050
W09277
1 %,
- W07917
i
6
y S W08941
S0668740 S0880733 W09661
14
|
N
$1039230 W07751 l '
W07605 1
1
X@ 1 9
1 S0869596
S0998708
W09649 ¥
S0847213
S0600000 1
WO08950
W08989 .y
1
‘ 3
: W09273
W09022
1 WO07313 s
W09308
o
W08907 /| <
N
W07254 3 1
- WO09082 4
800000 1} 4
e | somoa2 3 ?
4 w0978
Q
S so719157 I
2 R L I
W09275
; W07742
S0698771
W07464
3 $0983994

W09067

1176725
16
15
W09679
15 W10231
1/ C Wioass
1
1366864
22
S1043471 =
3
Z
- W11693
5
w1167 WO09665
Hem $1362365
3 T
W9350
1006758
— $1200000

[Comsa Firsching Fischbacher]

/8-BPS




2d supergravity & KK reductions

— we know many things on gauged sugras & KK truncations in D > 3

— D =2 Is more involved & less developed




2d & not 2d

AdS, is the realm of decoupling limit of BHs
DO branes — [conformal] Ad52><S8 + running dilaton + F, flux

> lifts to pp-wave in 11d with SO(9) symmetry (~ S8xS")  [Hull [Nicolai Samtleben]

[de Wit, Hoppe, Nicolai]

[Banks, Fischler, Schenker, Susskind]

> dual: regularised supermembrane/BFSS matrix model

> thermal & massive (BMN) deformations [Lin Lunin Maldacena] [..]
[Costa Greenspan Penedones Santos]

lightest states’ dynamics expected = 2d A =32S0(9)gauged sugra  [oriz-samtleben]
[Anabalon Ortiz Samtleben]

[Ortiz Samtleben Tsimpis]



2d & not 2d

AdS, is the realm of decoupling limit of BHs
DO branes — [conformal] Ad52><58 + running dilaton + F, flux

> lifts to pp-wave in 11d with SO(9) symmetry (~ S8xS")  [Hull [Nicolai Samtleben]

[de Wit, Hoppe, Nicolai]

[Banks, Fischler, Schenker, Susskind]

> dual: regularised supermembrane/BFSS matrix model

> thermal & massive (BMN) deformations [Lin Lunin Maldacena] [..]
[Costa Greenspan Penedones Santos]

lightest states’ dynamics expected = 2d N =32S0(9) gauged sugra  [ortiz-Samtleben]
ﬁ [Anabalon Ortiz Samtleben]
[Ortiz Samtleben Tsimpis]

constructive proof
_ - Guillaume’s talk
(embed all 2d field configs into 11d)




2d & not 2d

A broader perspective:

@ what is general structure of 2d gauged sugras?

(possible gaugings, dynamics, solutions, ...)

breaking ‘Geroch group’ / integrability - analytic
- numeric - ML

(maximal main focus,
but applies more in general)
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A broader perspective:
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but applies more in general)
(possible gaugings, dynamics, solutions, ...)
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- numeric
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2d supergravity & KK reductions

high-dimensional
(super)gravity

Kaluza-Klein on T"
keep massless modes

v

low-dimensional

internal space = T", fluxes
keep subset of modes (lightest or not)
(many consistentcy constraints!)

gauged (super)gravity

(super)gravity
global symmetry = g

gd

uge

ggauge cg

(gravity + charged matter)




Geroch group & E,

KK | d«xdA=0 = =«*dA=d¢
e 2%g,, +e®A A, eMA,
3d 93(5 = — E4+ie?
oA, e v

SL(2)g Ehlers group

[Breitenlohner-Maison] [Nicolai]



Geroch group & E,

4d
KK

Vv

3d g
KK

Vv

2d @

4d
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e/
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[Breitenlohner-Maison] [Nicolai]



Geroch group & E,
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[Breitenlohner-Maison] [Nicolai]



Geroch group & E,

4d
KK d«xdA=0 = =xdA=d
v e g, +e¥A,A, e
3d gggz —_— +ie?
e?PA, e
KK
r N
p—1/2 e2onuv
2Vd g‘fg = Tttt —— dE=xda SL(2);
g pe®®(1+a’) pa .
i pa ipewi
- o e .1/
SL(2); xR*

SL(2)g '}" SL(2)7xIR* — loop group S/L(\Z)NR+

[Breitenlohner-Maison] [Nicolai]



Geroch group & E,

4d GR

l SL(2)g "X SL(2);xR* —— loop group SL(2)xR*
2d
11d

SL2)gpers — Eg(g)

E9

SL(2), —  SL(9)
Vv
2d

[Breitenlohner-Maison] [Nicolai]



The linear system & twisted self-duality

/ G-invariant

> reducti f 4d GR: SL(2)/SO(2
L =2do Axdp —pnABPXA*Pg e.qg. e (2)/50(2)

j > maximal sugra: E;/Spin(16)
G/H current %(dvv‘1 +h.c.)



The linear system & twisted self-duality

/ G-invariant

> reducti f 4d GR: SL(2)/SO(2
L =2do Axdp —pnABPXA*Pg e.qg. e (2)/50(2)

j > maximal sugra: E;/Spin(16)
G/H current %(dvv‘1 +h.c.)

EOM: dxdp=0 — dp =xdp
d(pxv'Pov)=0 — dY,=2p*v POV
— dY, = (%p2+p,5*)v_1Pov—[Y1, dy ]

l



Viw) = v + wV, +w2V, + ..

— -2
= voew et weC



The linear system & twisted self-duality

v+ wV w4+

voeW Y pW Y,

we C

[bility

dvv 1= P04+ Q0

[Breitenlohner-Maison]

EOM: dxdp=0

d(pxv 'POv) =0




The linear system & twisted self-duality

Viw) = v + wV, + w32V, + ..

- -2
eW Vi W Y, weC

. 1+ y? 2
s dvW(w) = Q0+ — L poy S po
1-vy? 1-vy2
. \ 2
V = w—p iJ(W—P> 1 [Breitenlohner-Maison]
p p

..a different direction:
- if we reduce directly from 11d, Eg is not manifest, a different GL(9) is
« V(w)isin a fixed triangular gauge, E; covariant

" n

* how to write this for highest weight reps? There is no “w" there. Square root?



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]
[Bossard Ciceri Gl Kleinschmidt Samtleben]

geometric series



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]

[Bossard Ciceri Gl Kleinschmidt Samtleben]

“Lw) "= 2y 2y i+ 0 dp + v 2y s L) xdp

W—+00

y(w) — cWHCco+C W HC w4

T

asymptotics



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]

[Bossard Ciceri Gl Kleinschmidt Samtleben]

(W) "ET 0+ 2y 2y i+ ) dp 4+ vy L) *dp

W—+00

y(w) — cWHCco+C W w4

~ e‘P3L—3 e(PzL_z e(P1L_1 PLO W L = _Wm+1@W

-~
r—’l



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]

[Bossard Ciceri Gl Kleinschmidt Samtleben]

drr—" = (Lg4+2L,+2L ,+..) dp+ L, +2L 5+..) xdp

W—+00

y(w) — cWHCco+C W HC w4

~ e‘P3L—3 e‘PzL_z e(P1L_1 PLO W L = _Wm+15W

-~
r—’l



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]

[Bossard Ciceri Gl Kleinschmidt Samtleben]

drr=' = (Lg4+2L,+2L ,+..)dp+ (L, +2L 5+ ..) xdp

D = Wp = S1<p> p=dir=" 4 (drr—=ht

I

writable in h.w.r.

Ay _ TA
S,(Ta) =T

m+p



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]
[Bossard Ciceri Gl Kleinschmidt Samtleben]

the full system:

8
— %/—/

[ V

loop

\
\ auxiliary one-form,

restores covariance

A A
S, (TA)=TA,
Sp(L) = L



The linear system & twisted self-duality

[Julia-Nicolai] [Paulot]

[Bossard Ciceri Gl Kleinschmidt Samtleben]

the full system:

V=plogWilagly .. v« anyparabolic

%/—/ loop parametrisation
:

«P =S (P) +{,K

- A
\ auxiliary one-form,

restores covariance

I

A A
S, (TA)=TA
Sp(L) = Ly



The linear system & twisted self-duality

I::8><Vil’_ P=5.(P)+ K

*P = + X

K(E,) | |
¢y @ vit
P Eg isometries TS
.. o shift K
» p rescaling Lo
! . pshift L,
ey shift (me0) A
.« hidden loop T

o further p/Y reparam. L_



dP-QOAP-PAQ = 0



S,(dP-QAP-PAQ)



51(d7>—Q/\73—7>/\Q) + (%Et"p) K = covariant



Pseudoaction

51<d73_ ‘7)/\Q> + (%Etoﬁ’) K = invariant
=0

iﬁtop — PL 1 Ado + Z <PL-n+1 _ PL—1—n> A )~<n _ nAB Z HQQ\ A 73,;”_1

2 _
’ nz1 nez,



Pseudoaction

S1<d73— —PAQ) + (%Etoﬁ’) K = invariant
= 0




11d

l

3d ———> dualise KK vectors & C, = ——> Eg

umn

2d L=, (pR—pnABPugP“§>



Duality frames & physical Lagrangians

11d

l

3d ———> dualise KK vectors & C, = ——> Eg

umn

2 0 L=g (pR-pn*tp,2PHY)

1 1
L=.~g (pR +op g"a,m"o m, - Epmg“Vdua,1,2,3dva,1jzj3m’1’1m’2/2m’3j3>

1 Veld
+ —etVeh-loa, 0. a,,, 00 e
64 Il Ilsle v Ilgl M€ 5509)

covariant w.rt. SL(9) ¢ Eg (spectrally flowed)



Duality frames & physical Lagrangians

pseudoaction — physical action by completing the self-duality squares

(e )

2
Lpseudo — pphys Z (tvvisted self—duality)

gravity/dilaton sector:

20 Py f, +20 ;PH(S(HH—XH_Q - 2dpA*do+2prZO(*Pn-PM)(;(”-*;(M)

/9pR



Duality frames & physical Lagrangians

pseudoaction — physical action by completing the self-duality squares

(e )

2
Lpseudo — pphys Z (tvvisted self—duality)

full theory: depends on parabolic gauge

_ Y TA Y TA _ ABp Opuo0
oVloop_\/eggem TeA2 —> L=.-g <pR—,OI’] 'DI,IAPB
1IJK
o Vl = Vl eaUKT—HBUK ebUKTfZ/B
oop slg

_ | 1 113 sy )
\ ﬁ—ﬁ(PR+ZDQ“Vc§Um o,my = =p'?gHve ah=ho aWhm, m m,

P

ah /2/3%0/4/5/66\/61/7/8/9

.
+ —¢ghve
64 [P



D =2 gauged supergravity

high-dimensional
(super)gravity

Kaluza—Klein on T"
keep massless modes

v

internal space = T", fluxes
keep subset of modes (lightest or not)
(many consistentcy constraints!)

b

low-dimensional
(super)gravity
global symmetry = g

gauged (super)gravity

gauge g...c 9 (gravity + charged matter)

v

_ _AM a
a“ — D/J = 6# AUG)MO(T



D =2 gauged supergravity

_ _AM a
au — Du = au AHGMO{T

> D>2: susy+0 = full Lagrangian lectures: [Samtleben ‘08][Trigiante “16]

o - D

4

Ouusy L#0 = correct Ogyq(fermions) o O

4

add V(¢) x @ = 6y L=0




D =2 gauged supergravity

_ _AM a
au — Du = au AHGMO{T

> D =2 susy too difficult: K(ey) representation theory

o - D

—

J

Ouusy L#0 = correct Ogyq(fermions) o O not available for generic©in D =2

—1

V()

[Samtleben-Weidner]: construction up to V(¢); fixed K(e,) gauge / duality frame



2d & not 2d

what is general structure of 2d gauged sugras?

> ()

study compactifications leading to @

reorganise 11d/1IB dynamics, gauge syms & geometry

> ()

In terms of co-dimensional syms of 2d sugra



E, exceptional field theory (very briefly)

start from 11d sugra

e guv(x,y) D-dimensional metric

“nd ./\/lMN(x, y) scalars parametrising E/K(E,)
O 5 Ay . |
C(6) BI{\IAVN o) p-forms in E4 representations
§"xy)
Amn (%, ¥) Ld = NMoud + B, (9N 67, ¢

AM(x, )

A mnpgr(x,y) generalised diffeomorphisms

[..] [Berman Perry] [...] [Berman Cederwall Kleinschmidt Thompson]
[Coimbra Strickland-Constable Waldram] [...] [Hohm Samtleben]



E, exceptional field theory (very briefly)

Lo = NMo,d + P (0N 8%, ¢

eqdR

generalised diffeomorphisms

_9_
oym . ) "
0 determined by algebraic condition
d. =
M
P(0,,®0,) =0  section constraint
0

> two solutions: 11d or IIB supergravity

> we can keep formal E, covariance and treat both at same time

[Berman Perry] [...] [Berman Cederwall Kleinschmidt Thompson]
[Coimbra Strickland-Constable Waldram] [...] [Hohm Samtleben]



E, exceptional field theory (very briefly)

N e basicEgirrep:  TA0) = (K=1)]0) = 0, m=0 (AWM e |A))

eg® L
L) 1,+248 |+ (1+248+3875)_,+..

[Bossard Cederwall Kleinschmidt Palmkvist Samtleben]

Loy = Aoy + (Py(00) +3,) 62 0
T
“ancillaries’
,O‘S\@O

(04
maximal sugrao\action w.rt. generalised diffeos

add invariant , 0(07,)



E, exceptional field theory (very briefly)
[Bossard Ciceri Gl Kleinschmidt Samtleben]

w.rt. generalised diffeos aIJ —> = aIJ — ﬁAu

S(DP-QAP-= eld strenghts | + %Epseudo K = gendiffeo covariant

=0



E, exceptional field theory (very briefly)

[Bossard Ciceri Gl Kleinschmidt Samtleben]

w.rt. generalised diffeos aIJ —> = 6IJ — £Au

1 - —i—
Z‘Cpseudo - 7DL_1 ADG + Z (PL_H+1 B PL_1_n> ANXn~ "IAB Z HQQ\ A PBH 1

n=1 nez



E, exceptional field theory (very briefly)

[Bossard Ciceri Gl Kleinschmidt Samtleben]

w.rt. generalised diffeos (3“ —> = 6IJ — LAN

Lr = Dy,

2p  pseudo



E, exceptional field theory (very briefly)

[Bossard Ciceri Gl Kleinschmidt Samtleben]

w.rt. generalised diffeos 6“ — = aIJ - ﬁAu
1 _ ~
zﬁpseudo - DX1
add invariant ) (’)(6/%/,) . PM = internal current
built from scratch! e P = Sy(Py) + AmK

T (+1) ~(+71) t
OVerr = N1 PuaPup 2PuaPup(T T%) 1y 2 Pua T w0uP +2Pua Pug (T7777)

standard terms > gauge invariance



2d & not 2d

what is general structure of 2d gauged sugras?

> ()

@ study compactifications leading to @

@ reorganise 11d/1IB dynamics, gauge syms & geometry

In terms of co-dimensional syms of 2d sugra



2d supergravity & KK reductions

0 10d/11d sugra
with gauge group G of fluxed bckgd

low-dim. sugra geometric data
0 EOM X
on fluxed bckgd

=0 =0

example:

ds? = A(x,y)g(x,y)uvdX“dXV + g(x,y)mn(d)/m i+ K(x,y)ude“) (dy" + K(x,y)vndXV)

> take internal space = Lie group G

> left-invariant forms: e () T, dy"™

> factorise: 9pnXy) = g, (x) e= (y) e=(y) le...e]= fmnEep

m
KM(x,y) = a. (x) gauge algebra

p u



2d supergravity & KK reductions

Scherk-Schwarz U = E,

Mg (X) U (V) U (Y)

AM(x,y)
dS%d g
C gIJV(X' y) -
U —
Co) My xy) =
o —> Z)

[.]
[Lee Strickland-Constable Waldram “14]
[Hohm Samtleben “14]



2d supergravity & KK reductions

_ C
© Lg kg = ~0,44(T%)5" Ec
\/./
P(Way) — Wyg~oE
i D =2: @AO{ - (@a|=n_1aB(GITB [Samtleben-Weidner]

)

e D(L_y) invariant

new

v
O = (WIS (T%) + (W]

(@] =(W,|T?
a [Bossard Cederwall Kleinschmidt Palmkvist Samtleben]
A trombone - 0 [Bossard Ciceri Gl Kleinschmidt]



The scalar potential of D = 2 gauged maximal supergravities

o> D

—.

J

Sssy L2 0 = correct 8 (fermions) o O

—1

V(e)



The scalar potential of D = 2 gauged maximal supergravities

_ t M (+1). 5 (+1) (Bt
Veer = N PuaPup 2PuaPuplT’ T%) 2 Pua T 00P +2 Py Py (TPTTo) N

NS

20Vpe = P 2BIMTIO) + N, a(O1TM'TE |0)

g.sugra

V D =2 gauged maximal supergravity with higher dimensional origin



D =2 maximal supergravities from inner space

L L V

pseudo ~ ~top ~ Y g.sugra

%‘C’top = DX1+(9|O(M)|F> ——— physical Lagrangians
_ _ _ T
20V e = PBIMTNO) + N, g (BITOM TP |B)

V D =2 gauged maximal supergravity with higher dimensional origin



D =2 maximal supergravities from inner space

L L V

pseudo ~ ~top ~ Y g.sugra

%‘Ctop DX1 +(6|O(M)|F) —— physical Lagrangians
_ _ _ T
20V e = PBIMTNO) + N, g (BITOM TP |B)

V D =2 gauged maximal supergravitywith higher dimensional origin

Even in higher D, no one has been able to classify them

(no such thing as “All gauged maximal supergravities with uplift” )

..but we do know several things!



D =2 maximal supergravities from inner space

[GI]
[Bugden Hulik Valach Waldram]
- _ a\ C
£EA EB - @Aa(T >B EC [Hulik Malek Valach Waldram]
Necessary & sufficient conditions for D = 4
> Jternal space = _—99Y99€ " [Grana Minasian Petrini Waldram]
H
(difficulty: find H)
P o Oma Onp =0 her algebrai |
section®Ma Onp = + other algebraic constraints
/Q’ /Q’ ected on coset generators
> E,M(y) can be constructed explicitly

vielbein € GL(d) c E;xR"

G / H representative J /Q—/ CNMaM = 0, « found via ‘untwisting’

gauge



D =2 maximal supergravities from inner space

[GI]
[Bugden Hulik Valach Waldram]
- _ al C
£EA EB - @Aa (T )B EC [Hulik Malek Valach Waldram]
Necessary & sufficient conditions for D = 4 D < 4
> Jternal space = _—9949€ " [Grana Minasian Petrini Waldram] still OK
H

(difficulty: find H)

P oction®m Ma Oy Nb = =0  + other algebraic constraints
4 /L ojected on coset generators
to do
> EAM(y) can be constructed explicitly
( vielbein € GL(d) c E;xR"
M _ |1 N -1 N M
Ept = L™ ey Gy

Ggauge! H representative J /Q—/ CyMo,, = 9y « found via ‘untwisting’



D =2 maximal supergravities from inner space

vielbein € GL(d) c E;xR”

-

-1 N -1 N M

EM

G [ H representative J L CyM0y = 0, « found via ‘untwisting’

gauge

to do
o iImportant technical tool: twisting of genLie derivative
ﬁ(F)VM .y VM —/\P\/QF M
A - ~A PQ

express internal fluxes as deformations of £

° F, subject to algebraic & diff constraints (Bianchi identities = F = torsion of C)

o D =3,2: genlLie — ‘generalised Dorfman product’” — classify most general twistings

[Hohm Musaev Samtleben]

— relate twistings to ‘torsion of C’

— deduce algebraic uplift conditionson ©,,

(w.i.p. with Davide Rovere)



D =2 maximal supergravities from inner space

" _ _ a) C
Necessary conditions for D=2 L’,EA Eg = @AO{(T )B Ec

\/./

P(Wyy) — Wyq~oE

L on section!
- covariant conditions 0 = N_5,5(61T° ®(0|TP = N_4op(B1T° ®(0|TF ..
[D=3: Eloy, Galli, Malek]

- brute-force projection (11d or 1B section, 11d displayed) (same for D =3, 4, .. : [Hassler, Yakatani])

4 1 1 10 1 13\K
(01 = (007" + 5(1/31,0" + —(2/31" /< O 7, + S (1K ©;

1 (16) il (19, (22)K
+ 6<4/3I%JK(—)LTI P e 6(5/3|I’JKL@IETJKL + (2165

finitely many components!



D =2 maximal supergravities from inner space

4 ]. ]_ 10 ]_ 13V K
<9| — <O|I@(I§) + §<1/3|1J(_)(;7;)1J i 2_4<2/3|IJKL6(]3_])(L e §<1|§€]@(1:9;)

1 (16 i (19) (22)K
+ 6(4/3|%JK6L_9_ e 6<5/3|I’JKL@I:?_]KL +@2lF ey
o finitely many allowed couplings, subject to quadratic constraints

r)_mB(GITo‘é@(GITB =0 = r)_3aﬁ<9|T°‘®<9|T5 - n_w[g(ewa@(ewﬁ

~

o looking for AdS,: 017°10) + n_m(ewérwﬁ*w) =0 Tleg, “going to the origin’

o solve analytically: small subsectors
or numerically...



Concluding...

what is general structure of 2d gauged sugras? (maximal main focus,
but applies more in general)

>

(possible gaugings, dynamics, solutions, ...)

breaking ‘Geroch group’ / integrability - analytic

- numeric - ML

study compactifications leading to @

> ()

reorganise 11d/11B dynamics, gauge syms & geometry

In terms of co-dimensional syms of 2d sugra — E, exceptional field theory
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ThanRs!
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