Computing anomalous dimensions of
strongly-coupled CFTs from supergravity

Emanuel Malek

Humboldt-Universitat zu Berlin

Emmy
Noether- -
Programm *

DFG ©

Athens
21st December 2022

with Bobev, Duboeuf, Galli, Giambrone, Guarino, Josse, Nicolai, Petrini,
Robinson, Samtleben, Sterckx, Trigiante, van Muiden



The importance of Kaluza-Klein spectra
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FIG. 2. Mass spectrum of scalars.

» AdS/CFT: conformal dimensions

» Stability of non-SUSY vacua?



AdS/CFT correspondence

Moduli < (exactly) marginal deformations
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AdS/CFT correspondence

Moduli < (exactly) marginal deformations

Lcerr — Lopr + x:O°

AdS4 X

[ Kaluza-Klein masses < anomalous dimensions




Computing Kaluza-Klein spectra is hard

» Free scalar on St:

0= aﬁ(]ﬁ(x,y) +a§ ¢(X7y)7

o(x,y) = oW R m
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Computing Kaluza-Klein spectra is hard

» Free scalar on St:

0= ({“))%qﬁ(x,y) +a§ ¢(X7y)7

. 2
o(xy) = oW (x) VIR, =

» SUGRA: (linearised) EoMs mix metric & fluxes = eigenmodes?

1 1
VQFQMNP+§FQMNPVQ’1RR7VQ (hQRFRMNP) _3u@ (hS[MFQSNP]) __ 1 mnPop...qg Fa.
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Computing Kaluza-Klein spectra is hard

> Free scalar on St:

0 = Bz(x.y) + 05 ¢(x. ).
oey) = oW R =K
» SUGRA: (linearised) EoMs mix metric & fluxes = eigenmodes?

1 1
QMNP QMNP R QR MNP Q S[M NP] MNPQ; ... Q
Vof + S FMNPTohe® —vg (hORFRMNP) —3v @ (hM s = e By ayfas. 0 -

» Previously, only two cases understood:

P Spin-2 fields [Bachas, Estes '11]

G
» Mine = H



Another tool: Consistent truncations

» Non-linear truncation to subset of KK-modes
» Solutions are solutions to higher-dim theory
» Compute subset of masses for any vacuum.
» Results can be misleading!
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FIG. 2. Mass spectrum of scalars.




Another tool: Consistent truncations

» Non-linear truncation to subset of KK-modes
» Solutions are solutions to higher-dim theory
» Compute subset of masses for any vacuum.
» Results can be misleading!
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FIG. 2. Mass spectrum of scalars.



Another tool: Consistent truncations

» Non-linear truncation to subset of KK-modes

» Solutions are solutions to higher-dim theory

» Compute subset of masses for any vacuum.

» Results can be misleading!
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FIG. 2. Mass spectrum of scalars.
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Another tool: Consistent truncations

> No
> So [EM, Samtleben '20]
Extend this to full KK spectrum using ExFT!
> Co Exploit hidden structures
» Re

FIG. 2. Mass spectrum of scalars.



ExFT
embedding
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Lower-dim
SUGRA

complicated geometry
+ flux truncation

Kaluza-Klein spectroscopy

Applications

KK Spectroscopy

beyond consistent truncations




Consistent truncation

Non-linear embedding of lower-dimensional theory
into 10-/11-d supergravity

» All solutions of lower-d SUGRA — solutions of 10-/11-d SUGRA

» Non-linearity: highly non-trivial!

» Symmetry arguments crucial

NB: No well-controlled AdS vacua of String Theory have scale separation
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Consistent truncation on group manifold

Symmetry arguments crucial for consistency, e.g.
group manifold

Sl




Consistent truncation on group manifold

Symmetry arguments crucial for consistency, e.g.
group manifold

Sl

Un" € GL(D)
Ly, Up = founP U,

g (%, ¥) = gmn(x) (U™1),"(»)(U™1),"(v)



Larger symmetry groups from generalising geometry

Symmetry argument for other consistent truncations?

S =JdP"2x \/lgl (Rg — (Vo) — e*F?)

(D+2)-dim
Einstein-Maxwell-Dilaton

D-dim GR + ...
SU(2) gauge group

1 1 ., _Db—-1 . .
dsh ., =YD (ADdngrg ATD T lzm’sz) ,

2D) 4 D—1
NV DF? _ a-lyDirT

- 1 I R K 12 i | —1 /
F2:7egk(g A2 o A Dpk = 26T A0 A DT Thu! u™ — A F'fz)Tk,u).
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[Cvetic, Lii, Pope '00]



Larger symmetry groups from generalising geometry

Symmetry argument for other consistent truncations?

S = [ d+2x \/IG[ (Re)

&
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Larger symmetry groups from generalising geometry

Symmetry argument for other consistent truncations?

S = [ d+2x \/IG[ (Re)

X
3 (D+2)-dim

Einstein-Maxwell-Dilaton

D-dim GR + ...
SU(2) gauge group

Un* € GL(3)
Ly, Up = fmnP Uy
G (%, ¥) = Gmn(x) (U1),"(¥)(U1)." ()
[Cvetic, Lii, Pope, Gibbons '03]



Consistent truncations beyond group manifolds

Consistent truncations of 10-d/11-d SUGRA beyond
group manifolds?

11-d SUGRA

S?

4-D N =8 SO(8) SUGRA

[de Wit, Nicolai '82]



Exceptional Field Theory

, [Berman, Perry '10], [Coimbra, Strickland-Constable, Waldram '11],
[Hohm, Samtleben, '13], ...

[ Exceptional Field Theory: Unify metric + fluxes of supergravity ]

11-d SUGRA on My x G

E;
7(7)
{ga (3)» C(6) ). } MI\/IN € SU(8)

Diffeo + gauge transf — generalised vector field VM € 56 of Er7)
Lie derivative — generalised Lie derivative

Ly = VMo, — (0 xaqj V) = diffeo 4 gauge transf,

with 8/\//:(8,', 8’7, 8Uklm, ...):(8,', 0, ,0)



Exceptional Field Theory = reformulation of supergravity

Exceptional Field Theory: Reformulation of 10-/11-d supergravity

{g, C(g), C(5), ...}:MMN

1

L=R- —
48

Fumno PP + ..

with FNVPA = 46[NCVP>\].
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Exceptional Field Theory = reformulation of supergravity

Exceptional Field Theory: Reformulation of 10-/11-d supergravity

{g, C(g), C(5), ...}:MMN

1
48
= MMNoMPROyMpg + ...

L=R FunpF' ™ 4 ...
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Exceptional Field Theory = reformulation of supergravity

[ Exceptional Field Theory: Reformulation of 10-/11-d supergravity

J

{g, C(g), C(s), ...}:MMN

L
48
= MMNGu MPRONMpg + ...

L=R FunpF' ™ 4 ...

Generalised Lie derivative = generalised Ricci scalar

Similar for type Il theories & other dimensions
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Exceptional Field Theory and consistent truncations

Consistent truncations to max. gSUGRA captured by
“generalised group manifolds” in ExFT

ExFT
embedding
generalised 2\ 10-/11-dim SUGRA
group manifold ¢ =)

complicated geometry
+ flux truncation

Lower-dim
SUGRA

Ua" € Egz)
Ly,Up = Xag“Uc
Mun(x, Y) = Mag(x)(U ) (Y)(UH)nB(Y)
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Exceptional Field Theory and consistent truncations

Consistent truncations to max. gSUGRA captured by
“generalised Leibniz parallelisable manifolds” in ExFT

ExFT
embedding
generalised ZN 10-/11-dim SUGRA
Leibniz parall. g ¢

complicated geometry
+ flux truncation

Lower-dim
SUGRA

Ua" € Egz)
Ly,Up = Xag“Uc
Mun(x, Y) = Mag(x)(U ) (Y)(UH)nB(Y)
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Implications for AdS vacua
e.g. deformations of AdS4 x S7, AdSs x S°, ...

Mun(x, Y) = Mag(x)(U ) (V) (U HNB(Y)
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Implications for AdS vacua

e.g. deformations of AdS4 x S7, AdSs x S°, ...

Mun(x,Y) = das(U ) (Y)(UHNE(Y)

AdS4 X
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Implications for AdS vacua
e.g. deformations of AdS4 x S7, AdSs x S°, ...

Mun(x, Y) = Mag(x)(U ) (V) (U HNB(Y)

AdS, x .

Warped compactifications with few/no remaining (super-)symmetries
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Implications for AdS vacua
e.g. deformations of AdS4 x S7, AdSs x S°, ...

Mun(x, Y) = Mag(x)(U ) (V) (U HNB(Y)

AdS, x .

Warped compactifications with few/no remaining (super-)symmetries

“Hidden" group structure!

12



Kaluza-Klein spectroscopy
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KK spectroscopy strategy

Traditional KK Ansatz: ¢(x,y) = ¢*(x) Vs(y)
~——

harmonics
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KK spectroscopy strategy

Traditional KK Ansatz: ¢(x,y) = ¢*(x) Vs(y)
~——
harmonics

ExFT KK Ansatz: Consistent truncation ® harmonics

non-linear linear

First at max symmetric point: ‘
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KK spectroscopy strategy

Traditional KK Ansatz: ¢(x,y) = ¢*(x) Vs(y)
~——
harmonics

ExFT KK Ansatz: Consistent truncation ® harmonics

non-linear linear

Then at less symmetric point: .

Warped compactifications with few/no remaining (super)symmetries!
Spectrum along RG flow!




KK spectroscopy

UpM ¢ E7(7y give basis for all fields

e
N

Only need scalar harmonics: Vs

=

cf. hj(x,y) = Lo hO V), emxy) = L, DV, ()

“N = 8 supermultiplet contains all SUGRA fields”

14



KK spectroscopy

UpM ¢ E7(7y give basis for all fields

-~
N

Only need scalar harmonics: Vs

=

Mun(x, Y) € Eyz)/SU(8)
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KK spectroscopy

UAM S E7(7) give

basis for all fields

-~
N

.

Only need scalar harmonics: Vs

Mun(x,Y) = (6a8 +jas(x))(U ) m? (V) (U NE(Y)
JjAB € e7(7) © 5u(8)
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KK spectroscopy

UAM S E7(7) give

basis for all fields

-~
N

.

Only need scalar harmonics: Vs
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KK spectroscopy

UpM ¢ E7(7y give basis for all fields

s

=

Only need scalar harmonics: Vs

Mun(x, Y) = (6ag +jas™(x) V) (U )n(Y)(UHNB(Y)
JjaBT € ¢7(7) © su(8)

KK Ansatz = consistent truncation ® scalar harmonics
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KK spectroscopy

UpM ¢ E7(7y give basis for all fields

s

=

Only need scalar harmonics: Vs

Mun(x, Y) = (6ag +jas™(x) V) (U )n(Y)(UHNB(Y)
JjaBT € ¢7(7) © su(8)

Immediate mass diagonalisation for any vacuum!

14



Mass matrix

» Lower-dim info:

Ly,Ug = Xag“Uc,

» Higher-dim info:
Ly, Vs = L, Vs = Tas™Va.

Algebraic mass matrix:

M? = X%+ T2 + XT.

15



KK spectroscopy at less symmetric point

KK Ansatz: Consistent truncation ® scalar harmonics

Ve
non-linear linear

16



KK spectroscopy at less symmetric point

KK Ansatz: Consistent truncation ® scalar harmonics

TV
non-linear linear

Use same harmonics as for max. symmetric point

Multiplication by E7(7) matrix, Mag(x)!

16



KK Spectroscopy Summary

» Only scalar harmonics of maximally symmetric point (round sphere)
» ExFT KK Ansatz = Differential problem — algebraic problem
» Compute full spectrum for any vacuum in consistent truncation

» Spectrum for compactifications with few/no remaining
(super-)symmetries

17



Applications




Applications

1. Global properties of conformal manifold
2. Non-SUSY AdS



Ex 1. N =2 AdS, family
[SO(6) x SO(1,1)] x R1? supergravity
2 moduli (¢,8) € R%, in 4-d theory < N = 2 conformal manifold

[Guarino, Sterckx, Trigiante '20], [Bobev, Gautason, van Muiden '21]

[ (7
®
U(1)xU(1)
SU(2)xU(1)
N=1 5

Expected to be compact e.g. [Perlmutter, Rasteli, Vafa, Valenzuela, '20]

17



Ex 1. Uplift to IIB string theory IIB SUGRA

5
[Inverso, Samtleben, Trigiante '16] st Q X ‘ ’ S

4-D [SO(6) x SO(1,1)] x R'2 SUGRA

AdSg x S5 x St “S-fold” of IIB

901\

[Guarino, Sterckx, Trigiante|20] U(1)=xU(1)
SU(2)xU(1)

EETRe

[Inverso, Samtleben, Trigiante '17] 18



Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction

le1 =0

m?L2

50

[Giambrone, EM, Samtleben, Trigiante '21]

Wz

B[
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS4 x S® x S! KK spectrum along ¢ direction

ls1 <1

m?L2

50

[Giambrone, EM, Samtleben, Trigiante '21]
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS4 x S® x S! KK spectrum along ¢ direction
[Giambrone, EM, Samtleben, Trigiante '21]

ls1 <2

m?l2 .

B[
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS4 x S® x S! KK spectrum along ¢ direction

ls1 <3

m?l2 .

y
W 7

[Giambrone, EM, Samtleben, Trigiante '21]

AN

//
o e

=z
=

o A 5 /A
7 P L ] =g

7 2 A

§
\
§
\
\
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction
ls1 < 4 [Giambrone, EM, Samtleben, Trigiante '21]
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction
551 < 5 [Giambrone, EM, Samtleben, Trigiante '21]

127 ﬁW%W%W/M/

4NV [ AL TP (A AT S
117 LT LT 7

"// 78/
:«'f'f//,t/ /

LT LT 7, —
T 7 77 7 =7

B[
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction
[Giambrone, EM, Samtleben, Trigiante '21]

’ MPLAL )] //WM//M %WM/M WY YT A T
ORI NI T T )7 7, T T [ TP7 //
L X ///ﬁ////l//// //M////////////

(XAt 7P X 74 //////
4. v//l/.r‘ > 7/, v / /
AN i ' ‘ // % / 7 /M/
/o v

ﬂ

/”// /

/’,
/ ~Z /..
Z L 7

."/‘/
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Ex 1. Global properties of the A/ = 2 conformal manifold

AdS; x S x S! KK spectrum along ¢ direction

551 <7 [Giambrone, EM, Samtleben, Trigiante '21]
m2L2 * X KU/ # V’.l',' V/// V/IV /A” va I/V V7/””// l / /”
LNDLLF AT LT LTI T07 1727 //

X

T3 ”'45,{ ..‘/"/ ’W %Z

S ,_'// A/z

'/,':f/ 554 DI A7
"c"d'l/l'//'&» 7L W
~,/ R /

.\'.50:.7'» YT A //j///ﬂ/////////////
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction
551 <38 [Giambrone, EM, Samtleben, Trigiante '21]

/lé/ﬂ// v

X
,l/iv} ‘\;VI/ A2
"4»" e.\v,w

S
«V»'/,/.)'l‘\ c,
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction

551 <9 [Giambrone, EM, Samtleben, Trigiante '21]
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction

551 <10 [Giambrone, EM, Samtleben, Trigiante '21]

2o I PN AN SIS NI AN LS
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Ex 1. Global properties of the A/ = 2 conformal manifold
AdS; x S x S! KK spectrum along ¢ direction
ls1 <10

AW AR T T L
NSNS S o SO o=
IR ~:~, 2% XK ‘, .,./ Do 2K ‘, .,%/
ARG SOOI,
X X NI ~ /. 22 NI VA
Q /"-’vll 3 '/‘l-"\%v’/l&”: 2 “’,"n"‘/’: \".
SR R STRL

A
W
NG 23RN
VAN A

[Giambrone, EM, Samtleben, Trigiante '21]

X, 2> D NI AN XL I ONY AN LS D I [
AL PILTIFAS IS
XL LINRIIKIN ,(ln&,;'_/;plggg ;lﬁﬂl{';lgl_

D0 D

XK

O VaVZ 'c”‘/é‘v"‘; S
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S VD NSO A S0 I,
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Ex 1. Space invaders

Higher KK modes become massless when ¢ = 2%, p € Z
[Giambrone, EM, Samtleben, Trigiante '21]

P p=4
oo iz /\
r Level p modes on S!
ar become massless
¥=T U(1)xU(1)
p=% SU(2)xU(1)
=7
SU(2)xU(1)

Spectrum identical for o = 2"” L PEZL
Spectrum differs for ¢ = M, pEZ

20



Ex 1. KK spectrum along N = 2 conformal manifold

[Giambrone, EM, Samtleben, Trigiante '21]
> o € R" is a 4-d artefact

> ¢ < |0, 2%) in 10 dimensions

> KK spectrum as fct of ¢:

17

A= 7+ —+5 R2 J(J+1)—2k(k+1)+£(€+4)+4(7r—7_n—jnp)2.

Lorentz spin: J

SU(2) spin: k

U(1)r charge: R

U(1) C SU(2) Cartan: j
S® level: ¢

S level: n

» KK spectrum as fct of §: non-compact? [Bobev, Gautason, van Muiden '21],

[Cesaro, Larios, Varela '21]

21



Ex 1. ¢ as complex structure deformation

[Giambrone, EM, Samtleben, Trigiante '21]
> o-family: AdSs x S5 x ST S5 — §3 x §?
» 53 Hopf fibre & S*:
T2 | — )

S2

e

TTar on
cp—><,0+277r:>7'—>7'—1

» o deformation: locally — coordinate transformation

Similar in other S-fold vacua [Cesaro, Larios, Varela '22]

22



Application to non-SUSY vacua
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Application to non-SUSY vacua

Can compute spectrum for non-SUSY vacual

23



Stability of non-SUSY AdS vacua

Non-SUSY vacua typically suffer from instabilities ]

S

24



Stability of non-SUSY AdS vacua

Non-SUSY vacua typically suffer from instabilities ]

, Csae) (k)

M¢ g
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Stability of non-SUSY AdS vacua

Non-SUSY vacua typically suffer from instabilities

v
‘V ‘j\
> ¢ - ¢

m2 >0 m2 <0

[ Caveat: anti-de Sitter spacetime m?> < —m?% for instability ]

24



Ex 2. Non-SUSY flat deformations

2 other flat directions x1, x2 of 4-D supergravity [Guarino, Sterckx '21]

X2
A
2
o
&
ey
%‘5
A\
\A//
N =0 & U(L) x U(1)
L) > >
N =4 & SO(4) N =28& U(1) x U(1) % Xl

Non-supersymmetric conformal manifold?

25



Ex 2. Non-SUSY exactly marginal deformations

Non-SUSY exactly marginal deformations not expected to exist

Evidence for a miracle

[Giambrone, Guarino, EM, Samtleben, Sterckx, Trigiante '21]
» Perturbative stability

» Non-perturbative stability
> % corrections

[ X1, X2 deformations are locally coordinate transformations! ]

26



Ex 3. Warning: Kaluza-Klein instability

Is zero-mode stability enough?

FIG. 2. Mass spectrum of scalars.

Higher KK modes can still be tachyonic!
[EM, Nicolai, Samtleben '20]

27



KK Spectrometry beyond consistent truncations




KK spectrum beyond consistent truncations

Deformations not triggered by N' = 8 scalars?

28



KK spectrum beyond consistent truncations

Deformations not triggered by A/ = 8 scalars?

e.g. generic single-trace RG flows of N = 4 SYM

28



Generalised parallelisability
[Du Boeuf, EM, Samtleben '22]

UpM ¢ E7(7y give basis for all fields

but, Ly,Us = Xag“(Y)Uc.

—_

Only need scalar harmonics: Vs

29



Generalised parallelisability
[Du Boeuf, EM, Samtleben '22]

UpM ¢ E7(7y give basis for all fields

but, »CUA Ug = XABC(Y)Uc.

Only need scalar harmonics: Vs

Mun(x, Y) = (648 +jas™ () V) (U~ )u (Y)(U N B (Y)
JjagT € e7(7) © 5u(8) 29



Applications

Compute KK spectrum of generic single-trace
deformations, outside N' = 8 SUGRA

Examples

» N =1and N =0 AdSsx Squashed S’: %%p(%), not symmetric space

— Full spectrum for first time [Du Boeuf, EM, Samtleben '22]

5

L[] ®[p,q,r] ® {s}: A:1+3

1 2
s+ §\/(3J+252) +5C(p,q,r).

» [(-deformation of AdSs x S°
— Anomalous dimensions along conformal manifold
[Galli, Josse, EM, Petrini, work in progress]
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Applications

Compute KK spectrum of generic single-trace
deformations, outside N' = 8 SUGRA

Examples

» N =1and N =0 AdSsx Squashed S’: %%p(%), not symmetric space

— Full spectrum for first time [Du Boeuf, EM, Samtleben '22]

5

1 2
3s+ §\/(3J+252) +5C(p,q,r).

e [pare{s: A=1+
N——
USp(4)xSU(2)

» (-deformation of AdSs x S°
— Anomalous dimensions along conformal manifold

[Galli, Josse, EM, Petrini, work in progress]
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Applications

Compute KK spectrum of generic single-trace
deformations, outside N' = 8 SUGRA

Examples

» N =1and N =0 AdSsx Squashed S’: %%p(%), not symmetric space

— Full spectrum for first time [Du Boeuf, EM, Samtleben '22]

5

1 2
35T 5\/(3J+252) +5C(p,q,r).

[elpadefs: A=1t
~
bonus SL(2)
» (-deformation of AdSs x S°

— Anomalous dimensions along conformal manifold

[Galli, Josse, EM, Petrini, work in progress]

30



Conclusions

ExFT: Compute full KK spectrum for warped compactifications with
few/no remaining (super-)symmetries

» New holographic tests (comparison with SUSY index) & predictions
[Bobev, EM, Robinson, Samtleben, van Muiden '21]

» Danger of trusting lower-dimensional supergravity!
» Higher KK modes crucial for physics

» Compactness of conformal manifold

P Perturbatively stable non-SUSY AdS, also in mllA [Guarino, EM,
Samtleben '21]

P> Higher KK modes can trigger instabilities [EM, Nicolai, Samtleben '20]
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Conclusions

ExFT: Compute full KK spectrum for warped compactifications with
few/no remaining (super-)symmetries

» New holographic tests (comparison with SUSY index) & predictions
[Bobev, EM, Robinson, Samtleben, van Muiden '21]

» Danger of trusting lower-dimensional supergravity!
» Higher KK modes crucial for physics

» Compactness of conformal manifold

P Perturbatively stable non-SUSY AdS, also in mllA [Guarino, EM,
Samtleben '21]

P> Higher KK modes can trigger instabilities [EM, Nicolai, Samtleben '20]

Outlook:

» Vacua of less SUSY truncations?

» Correlation functions? 31
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Ex 0. Holographic dual of LS SCFT

10-d SUGRA
SS
5-D N = 8 SO(6) SUGRA

N =2SU(2)r xU(1)g AdSs vacuum [Khavaev, Pilch, Warner '00]
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Ex 0. Checks & Predictions for LS SCFT

[Bobev, EM, Robinson, Samtleben, van Muiden '21]

Full spectrum of single-trace primary operators:

A=14\/T—3lj ol + 3 (2 —2p+2y)* +20(C +4) — ak(k +1))
Lorentz spin: ji,
SU(2)F spin: k
U(1)r charge: r
S° level: ¢

U(1)p x U(1)y charges: p,y
Unprotected operators with finite A at strong coupling!

Semi-short multiplets match superconformal index
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Ex 2. KK Spectroscopy

[Giambrone, Guarino, EM, Samtleben, Sterckx, Trigiante '21]

KK spectroscopy — full KK spectrum
Perturbatively stable!

3 1 2 : N
A = 5 +a+ 2\/9+2£(£+4)+41€1(£1 +1)+4€2(Z2+1)+2 <$ +1x1 +J2X2>
Position within A = 4 multiplet: a
SO(4) spin: ¢y, 4,
Charges under U(1) x U(1) Cartan: ji, j
S° level: /¢

S1level: n
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Ex 2. Non-perturbative stability?

[Giambrone, Guarino, EM, Samtleben, Sterckx, Trigiante '21]

» Probe-brane analysis: T > @
Branes more stable than in SUSY case!

» No Ooguri-Vafa instability [Ooguri, Vafa '16]
S' and S° protected against “bubble of nothing” [Witten '82]
» D3-brane bubble of nothing [Bomans, Cassani, Dibitetto, Petri '21] ?7

v
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Ex 2. % corrections

[Giambrone, Guarino, EM, Samtleben, Sterckx, Trigiante '21]

Flat directions lifted by % corrections?

Protection by diffeomorphism symmetry

» X1, X2 — coordinate transformations (locally)

> 1, X2 do not appear in diffeo-invariant quantities

Also applies to N' = 1 exactly marginal deformations
[Bobev, Gautason, van Muiden '21]
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Ex 2. % corrections

[Giambrone, Guarino, EM, Samtleben, Sterckx, Trigiante '21]

Flat directions lifted by % corrections?

Protection by diffeomorphism symmetry

» X1, X2 — coordinate transformations (locally)

> 1, X2 do not appear in diffeo-invariant quantities

Also applies to N' = 1 exactly marginal deformations
[Bobev, Gautason, van Muiden '21]

Corrections from D5-instantons?

volgs g1 independent of x1, X2
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Ex 3. Tachyonic KK modes
11-d SUGRA

S?
4-D N =8 SO(8) SUGRA

» Only one non-SUSY vacuum that is stable in 4-d! [Fischbacher, Pilch,
Warner '10], [Comsa, Firsching, Fischbacher '19]

» Non-SUSY SO(3) x SO(3) AdS4 vacuum [Warner '83]

» Instability?
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Ex 3. Tachyonic KK modes
11-d SUGRA

S?
4-D N =8 SO(8) SUGRA

» Only one non-SUSY vacuum that is stable in 4-d! [Fischbacher, Pilch,
Warner '10], [Comsa, Firsching, Fischbacher '19]

» Non-SUSY SO(3) x SO(3) AdS4 vacuum [Warner '83]
/P

» Instability?
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Ex 3. Tachyonic KK modes
Modes ¢ = 0: N = 8 supergravity multiplet

m?L?

-1.714 C-1.714

-20f

[Fischbacher, Pilch, Warner '10]

-25}

-3.0F

(1,1) 22) (3,3) (4,4) (5,5)

(6,6)

7,7)

8.8)

(k.k)
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Ex 3. Tachyonic KK modes

Modes ¢ < 1: still stable!

m?L?
1714 14
1947 -1.965
-20F
2235
_25)
-3.0r
. . . . . . . .
1,1 2,2) (3,3) (4,4) (5,5) (6,6) 7,7) (8,8)

(k.k)

[EM, Nicolai, Samtleben '20]
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Ex 3. Tachyonic KK modes

Modes ¢ < 2: tachyons!

[EM, Nicolai, Samtleben '20]

m?L?
1714 clira
£-1.047 -1.965
-20F
-2.479
22
Nosar
-2.448
- 25¢ -25%2
-2:821
-3.0r
-3.117
. . . . . . . .
1,1 2,2) (3,3) (4,4) (5,5) 6,6) 7,7) (8,8)

(k.k)
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Ex 3. Tachyonic KK modes
Modes ¢ < 3

[EM, Nicolai, Samtleben '20]

m?L?
1714 72 174
L1947 -
2
\ -2.361
2448 ___——C-2446
- 25¢ -25%2
-2627
2741
-2821
2802
-3.0r
'3.117\< .3.146
. . . . . . . .
1,1 2,2) (3,3) (4,4) (5,5) 6,6) 7,7) 8,8)

(k.k)
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Ex 3. Tachyonic KK modes
Modes ¢/ < 6

mL?

-25

-3.0

[EM, Nicolai, Samtleben

T2 i
/ 1875
41047 -1.965
-2:19
2 b/
o '
-2361
24
-2448_____C-2446
[ -25%2
2567 -2576
-2627
2657
Z2n2
2741 2752 K273
-2821

/C -2.801
2876

:3332 -2.892 ,2_91\0293/.—02,&95
[ -3.055
BN ¢ 3146 <3135
(1,1 (2,2) (3,3) 44) (5,5) 6,6) (7,7) (88) k)

'20]
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Ex 4. Perturbatively stable non-SUSY AdS, vacua

mlIIA SUGRA
[Guarino, Jafferis, Varela '15] S6
4-D 1SO(7) SUGRA

» 7 stable non-SUSY AdS4 vacua

» Gy invariant + 6 less symmetric non-SUSY AdS,, stable in 4-D
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Ex 4. Stability of G, vacuum in mllA

>

vy

Analytic spectrum:

1202 (04 2)(0+3) - gccz > 0.

(scalar) —
£: S5 KK level
Cq,: Gy Casimir

Gy vacuum is perturbatively stable in mIIA SUGRA
[Guarino, EM, Samtleben '21]

No signs of Ooguri-Vafa instability [Guarino, Tarrio, Varela '20]
Protected against “bubble of nothing”

May suffer from different non-perturbative instabilities [Bomans, Cassani,
Dibitetto, Petri '21]
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Ex 4. Stability of six other AdS, vacua in mlIA

Evidence for perturbative stability in mlIA SUGRA
[Guarino, EM, Samtleben '21]

» Numerical evaluation up to level £ = 4:

P> no tachyons
P |owest-lying masses increase monotonically with level

» No signs of Ooguri-Vafa instability [Guarino, Tarrio, Varela '20]
» Protected against “bubble of nothing”

» Other non-perturbative instabilities?
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