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Motivation
©000000

The importance of Kaluza-Klein spectra

o Compactification = massive Kaluza-Klein modes arise

o Kaluza-Klein spectrum important

o AdS/CFT: conformal dimensions
o Stability of non-SUSY vacua?
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Motivation
0000000

Computing Kaluza-Klein spectra is hard

o Free scalar on St:
0= 026(x,y) + 05 d(x,y),

i K2
o(x,y) = 6W(x) RVIR - m? =
e SUGRA: (linearised) EoMs mix metric & fluxes = eigenmodes?

1 1
vQlevuvar5,__Q/vuw=thRR7VQ (hQRFRMNP) _3v@ (hS[MFQSNP]) — T MNPQ...Qs Fo,.

288 Q750 -

) Spin—2 fields [Bachas, Estes '11] v/
° Mint = % v
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Motivation
[e]e] Yololele}

. evenon G/H

@ 11-d on AdS; x S [Englert, Nicolai '83] [Sezgin '84] [Biran, Casher, Englert,
Rooman, Spindel]
o KK split:

g—>(giia 8ui g,uu), C(3)—>(Cijk7 Cuij7 ) ’
C6) — (Cijkimns Cuijkims - - -) -

@ Expand in S7 harmonics

gilxy) =Y ePx) Y, Culxy) Z M) 959,
k
gui(x,y) = ngf) . Cuij(x,y) = Z CiRe) Yl
k
g,uu X .V) Z (k y(k

@ EoMs mix metric & fluxes = diagonalisation problem
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Motivation
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BPS multiplets

@ BPS multiplets mix different KK levels

FIG. 2. Mass spectrum of scalars.

[Kim, Romans, Van Nieuwenhuizen '85]
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Motivation

0000e00

A new method for computing Kaluza-Klein spectra

Our method: [Malek, Samtleben 1911.12640] (for max SUSY AdSp)
@ Only requires scalar harmonics
@ Leads to immediate mass diagonalisation
@ Organises into supermultiplets

@ Can follow deformations by D-dim SUGRA multiplet

FIG. 2. Mass spectrum of scalars.
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Motivation
00000@0

Our methodology

@ Mixing of geometry + fluxes = Exceptional Field Theory
o KK Ansatz: 4-D SUGRA multiplet ® Scalar harmonics

consistent truncation
@ Cleaner structure

@ Non-linear in 4-D = other vacua
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Motivation
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Outline
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Exceptional Field Theory

Exceptional Field Theory = Geometry + Fluxes

s i
/\

I1. Consistent truncations > | III. Kaluza-Klein spectrum

IV. Non-SUSY AdS
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Exceptional Field Theory
[ le]

E7(7) Exceptional field theory

o KK-split of 11-d SUGRA: (g, C(3), Ce))
M1 = My x Mipt .

@ Unify metric & fluxes:

Exy
{g7 C3)s C(e)} = Mupun € SU(s)

o Unify diffeos 4+ gauge symmetries — generalised tangent bundle

E~TMaNTMaNTMa (T*M ® /\7T*M)
= E ~ 56 Of E7(7)
@ Generalised Lie derivative
Ly = VMo, — (0 xaqj V) = diffeo + gauge transf,
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Exceptional Field Theory
oe

E7(7) ExFT

Full 11-d action: [Hohm, Samtleben '13]

1

1
24gMV©uMMN@uMMN - ZFMVMf“V "Muw + Liop =V,

L= Rg+

o "Like 4-D SUGRA”
® D, =0, — L4, “external covariant derivatives”
o FuM =20y, A4 —2La ANM + ...
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Consistent trunations
000

Consistent truncations from ExFT

I. Exceptional Field Theory = Geometry + Fluxes

I

_ » | III. Kaluza-Klein spectrum

Emanuel Malek

/

IV. Non-SUSY AdS 4
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Consistent trunations
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Consistent truncations from AdS vacua

@ Maximally SUSY AdS vacua admit consistent truncation

Truncation of AdSpx Mint

on Mint
10/11-d SUGRA D-dim gSUGRA

Every solution of gSUGRA
uplifts to solution of 10/11-d

e AdS; x ST — 4-D N = 8 SO(8) gSUGRA

2

™

a
ha=9%gy3
a5

32

FIG. 2. Mass spectrum of scalars.
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Consistent trunations
000

Consistent truncations = generalised Scherk-Schwarz

o Generalised Scherk-Schwarz Ansatz: Uy (Y) € Er7y

Mun(x, Y) = Map(x) U (Y) UnB(Y),
AMx, Y) = AA) UaM(Y)

o UxM generalised frame fields

@ Consistency condition:

Ly, Us = Xag“Uc.
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Consistent trunations
ocoe

Proof of consistency

@ All Y-dependence in action & EoMs appears via £

Dy =0y —La,
fuvM = 28[M.A,,]M - 2LA[uAV]M + ..

Mun(x, Y) = Mag(x) U™ (Y) UnB(Y),
AM(x, V) = AAX) UaM(Y),

D, =8, — A Xa:
Fu® = 20,,A" — 2A,BA, “Xgc™ + ...
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Kaluza-Klein spectrum

Kaluza-Klein spectrum from ExFT

I. Exceptional Field Theory = Geometry + Fluxes

II. Consistent truncations > _

IV. Non-SUSY AdS 4
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Kaluza-Klein spectrum
€000

Scalar KK Ansatz at symmetric point

o Background (S”) described by UAy € Er(7y

{g, C3)s C(a)} € Mun = 04Uy UBy

o Kaluza-Klein Ansatz: linear deformation
UAm(Y) — (5AB +j8%(x) yz) UPm,  j8" €erqe)-

@ Scalar harmonics: Vs = (1, Va, y((ayb)), ) where ),)° = 1.
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Kaluza-Klein spectrum
0®00

KK Ansatz at symmetric point

o Kaluza-Klein Ansatz: consistent truncation ® scalar harmonics

Mun(x,Y) = (648 + 2jas) = (x) Ve) U m(Y) UBN(Y).
—_——
€27(7)75u(8)

AM0x, V) = ASE) UAM(Y) Ve(Y) .

@ Metric as usual:

ur (%, Y) = g, (V) + hu™(x) Vx .
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Kaluza-Klein spectrum
0000

Mass matrices at symmetric point

@ Mass matrices

Ohu® = (Mg)™ ohw®t,  Ojas™ = (Ms) 45 = Pajcn®,

DA“AZ _ (MV)AZ, 5o ABQ.
@ All internal dependence through £

Ly, U = Xag“Uc,
Ly, Vs = Lic,Vs = Tas™Va.

@ = Mass2 ~ T2, T - X and X?

Emanuel Malek Kaluza-Klein spectrometer 24th April 2020 16 / 34



Kaluza-Klein spectrum
000e

Mass matrices at symmetric point

@ Mass matrices:

ABY,CDQ . ,
M JaBx jcp.

1 . .
== [_6XACDXBCD + 2XCADXCBD} JAE’ZJBE,Z
2 . .
+= [2 XACEXBD . _ XEACXEBD] Jjag™ jcpx
_ 4XACD TB7QZJAB,ZJ.CD7Q _ 4XCAB TCQZJ.AD7ZJBD,Q

+ 24 TASA T BN JACE jpeq — TN T s 2BF jaga,
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Kaluza-Klein spectrum
[ 1e}

KK spectrum on S’

o Break Ez(7y — SO(8), 56 — 28 © 28
[4) XABC — SO(8)
e Harmonics Vs = (1, Va, Vab, --.) € [n,0,0,0]
Ta™a = (Tap™ " fyr,, TP ).

SO(8)generators =0

i85 = (Gabs Dabed),er...en -
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Kaluza-Klein spectrum
oe

S” mass diagonalisation and BPS multiplets

Gab,ey...e, O [N +2,0,0,00® [n—2,2,0,0] ...
@ Each irrep — 1 mass eigenstate
@ [n,0,0,0] — 1 BPS multiplet
o Mixing from UaM Vs and ExFT ¢ 11-d dictionary

FIG. 2. Mass spectrum of scalars.
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Kaluza-Klein spectrum
©00

Moving to a less symmetric vacuum

@ Vacuum Mpp(x) = VZ\A(X) VBB(X) 0B

] UAM — U'z‘/\// = VABUBM.

LyUp=Xap Uz, Xap“ =Va" V" Vo Xas©.
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Kaluza-Klein spectrum
000

Harmonics at less symmetric vacuum

@ Use same harmonics Yy as max. symmetric vacuum.

@ Linear action on harmonics:
_ _+~ Q
Ly Vs =L Vs = Tzs Va,

Q A Q
Tas =Va" Tas™,
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Kaluza-Klein spectrum
ooe

Kaluza-Klein masses at less symmetric vacuum

@ Harmonic analysis at max. symmetric point:

e Scalar harmonics
o Tan™

o All deformation info from “dressing":
c c b X
Xag~ — Xz, Tae™ — Taq"™

X‘EEZVAAVBBVECXABC7 7}792 :V/_AAHQZ-
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Kaluza-Klein spectrum
ooe

Kaluza-Klein masses at less symmetric vacuum

@ Harmonic analysis at max. symmetric point:
o Scalar harmonics
o Tan™

o All deformation info from “dressing":

C px
Xag™ — Xap Taa™ — Tag"
C Ay)_By,C A X
Xig =Vai" Vg V- cXas™, Taa =Vi Taa™.
MABEEDA o = [—6 XACDXB o 4 2XCADX(_:BD] P .
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Non-SUSY AdSy

Non-SUSY AdS.

I. Exceptional Field Theory = Geometry + Fluxes

/\

I1. Consistent truncations » | III. Kaluza-Klein spectrum

/
| s, |
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Non-SUSY AdSy
[ Io)

Non-supersymmetric AdS,

e 4-D SO(8) gSUGRA D SO(3) x SO(3)-invariant ' = 0 AdS4 vacuum
[Warner '83]

@ Uplift to 11-d [Godazgar, Godazgar, Kruger, Nicolai, Pilch]

@ Fully stable in 4-D! [Fishbacher, Pilch, Warner '10]
Only known example in 4-D.
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Stability in 11-d?

o Uplift to 11-d stable? Higher KK modes?
@ AdS swampland conjecture [Ooguri, Vafa '16]]

@ Brane-Jet instability [Bena, Pilch, Warner '20]

Emanuel Malek

45

32

211

-3+
-3+

FIG. 2. Mass spectrum of scalars.

Kaluza-Klein spectrometer

Non-SUSY AdSy
oe
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Non-SUSY AdS4
©00000

Non-supersymmetric KK spectroscopy

@ Harmonic analysis for round S” (SO(8) point)
e Scalar harmonics Y* = (1, ya, yab o yaean )
o Taar = Taay..a 0" — SO(8) generators

@ Lower-dimensional info captures deformation
° V;AA from [Warner '83].
__C = ¥
o — dressed Xz5", Taq"
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Non-SUSY AdS4
0®0000

KK spectrum levels 0 — 2

+
. e R " le o I v 9 ’ {(5.5)
t 2
H g
i- - P rom owms - s . P 1(4,4) ,_%‘ . Level 0
§ « Level1
[ . Level 2
- . ool ool o e Beahe oM alewm ee e v oo ’ 13,3
i.. . s aw . - . {22
. i} . * + * *e * - * * * » . (1,1)
0 5 10 15 20 25 30
m?L?
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KK spectrum levels 3 — 5

o be| oo | earr o doeminwatiesnan blmecm Siosns o o and som o e e ‘-

LEERY NIT QPR Y, DR RPN T R L TR S TR JEONEN PR N0 S 2L SRR OL PUPN AP PPN DAL SRS Y

FEY mE N mmEEs EEEEE s s mEEws w wmw = = w -
estrvonis @ hdnaalls ot 6s/ 4ol omiord mon (004 o4 e als .
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Non-SUSY AdS4
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Kaluza-Klein spectrometer

Emanuel Malek

60

70

24th April 2020

Multiplicity

. Level 3
« Level 4
. Level 5

27 / 34



Non-SUSY AdS4
00000

KK Tachyons

N 1(8,8)
1 . 1(7.7)
Z . Level2
G - Level
N . N - 6,6) 5
( )g « Level 3
=)
= . Level4
. . ‘ . . 7'(5'5) s+ Level 5
N . PO . al | 1(4,4)
. . . 13.3)
. . ia . N 12,2)
N ol o { . 1(1,1)
-35 -3.0 -25 -2.0 -1.5 -1.0 -0.5 0.0
m2L2
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Non-SUSY AdS4
000080

Tachyonic Kaluza-Klein modes

Level 2 2-(1,1)®2-(3,3) @ (5,5),
Level 3:  2-(2,2)®2-(4,4) @ (6,6),
Level 42 2-(1,1)®2-(3,3)® (5,5) @ (7,7),
Level 5:  2-(2,2)®2-(4,4)®(6,6) ®(8,8).
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Non-SUSY AdS4
00000e

Moduli
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27 massless scalar fields at level 2

3-(3,3) = break SO(3) x SO(3) symmetry!
Finite deformations?

Family of non-SUSY AdS, vacua of 11-d SUGRA?
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Conclusions
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General procedure

@ Given consistent truncation to N' =8 D-dim SUGRA
@ Scalar harmonics on Mj,; = G/H at maximally symmetric point

@ Can compute KK masses for any vacuum of D-dim SUGRA
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Conclusions
oe

AdS, vacua of ISO(7) SUGRA

Consistent truncation of massive IIA on S® = N = 8 ISO(7) gSUGRA
[Guarino, Jafferis, Varela '15]

° N =2 Ad54 [Guarino, Jafferis, Varela "15]
° N =3 AdS4 vacua [Gallerati, Samtleben, Trigiante '14]

No maximally supersymmetric vacuum

Round S not a solution!

But use harmonics on S° for KK spectrum
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Conclusions
®0

Conclusions

@ Powerful method for computing KK spectra
@ KK spectrum of less symmetric vacua

@ Non-SUSY SO(3) x SO(3) AdS4 vacuum is unstable
c.f. Brane-Jet instability [Bena, Pilch, Warner '20]

@ Existence of consistent truncation has bigger implications!
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Conclusions
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Outlook

@ Non-SUSY AdS,
o End-point of instability?
e Finite moduli?
o Other examples in 3-D [Fischbacher '02] [Fischbacher, Nicolai, Samtleben '02]

@ KK spectrum of SUSY AdS vacua

° Compute indices (Cf [Ashmore, Petrini, Tasker, Waldram])
o Understanding of long multiplets
o Correlation functions

@ Extension to consistent truncations with less SUSY
= KK spectrum of 1/2-max AdS vacua, c.f. spin-2 [Chen, Gutperle,
Uhlemann '19], [Gutperle, Uhlemann, Varela '18]
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