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Type A AdS4 vacua

. . Massive type lIA on a SU(3)-structure
Simplest 10d solution:  manifold with fluxes Hs, F2, F4, Fe. Liist & Toimpis 04
SUSY. No localised sources.

Massive type lIA on a CY manifold with
DGKT-CFI proposal: O6-planes, D6-branes and fluxes Hs, Fa.
SUSY and non-SUSY.

- General CY DéWolfe et al. ‘05

- T8, with also metric fluxes Camara, Foat, Vbanes 05

Not a 10d solution, but LT solution recovered if O6-

lanes/D6-branes are treated as smeared sources
see alos Bordadt & Puctic 04 P

Dencdinger et al. O

Vlladons & Guirner 05 Acharya, Bewini, Yalandre 06



Why do we care about DGKT vacua?

Main Features:

- 4d EFT analysis based on W and K Grimn & Louis 04

~- Infinite family of vacua indexed by internal 4-form flux: e ~ J F, ~ Vol(S)
S

R
M 9/4 AdS 1/2

RKK

3/2 —3/4
Vey ~ e, g ~e

- Other fluxes bounded by tadpole constraint: mh + Np = 4
A A N
H

Fy O6-plane
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AdS Swampland conjectures

AdS Distance Conjecture Liist, Palte, Yaja 19
Migwer ~ 1/Rpqs"  @>0
A strong ADC: a = 1 for SUSY
V Based on holographic intuition
\ /-\ DGKT predicts a = 7/9
A A g » (but holographic dual unknown)

. . Oogarnc & Uiafa 16
AdS Instability Conjecture AdS 4 rcivoel & lebiaw 16
Non-SUSY vacua unstable via membrane A, B8 il
nucleation
Refined WGC: per each independent flux there Do DGKT-like

must be a membrane with Q > T discharging it vacua obey it?



Two viewpoints

)

é é
A ~)

Smearing of localised sources is
natural below the KK scale

Kahler potential unaffected by
fluxes due to weak coupling
(even if they are not diluted)

|

4d analysis should capture
the relevant 10d physics

Scale separation is very unusual
from the 10d eom viewpoint

In DGKT you mix ingredients that
are only understood separately
(Romans mass, O-planes)

Do not trust AdS vacua without
known holographic duals



4d progress: Landscape of vacua

General flux potential for type IIA on large-volume CY with O6-planes.

Bilinear structure that factorises axions and saxion.

Allows for simple classification of CY vacua. Several branches.

Universal ones are of the form:

_ — 2 212

H = aF,g,ReQ-vy F, = bFyJcy 1/R; s = dg;F;

— — 7/9

Fy=cFyJoy AJey Fe=0 My ~ 1/R, 45

Branch a b C d SUSY Pert. Stable | Zero modes

A+ 2/5 0 3/10 | 1/25 Yes Yes N

A- 2/5 0 [-3/10] 1/25 No Yes N

B 172 | £12 1 -1/4 | 1/24 No Yes 2N

Fovdes et al, IS

2. & Zuinant ' 19



4d progress: Landscape of vacua

General flux potential for type IIA on large-volume CY with O6-planes.
Bilinear structure that factorises axions and saxion.

Allows for simple classification of CY vacua. Several branches.

Universal ones are of the form:

Fovdes et al, IS

ZW. & Zunant 19

_ — 2 2172
H = aF,g,ReQ-vy F, = bFyJcy 1/R; s = dg;F;
_ _ 7/9
Fy=cFyJoy AJey Fe=0 My ~ 1/R, 45
Branch a b C d SUSY Pert. Stable | Zero modes
A+ 2/5 0 |3/10 | 1/25 Y Y N
€S €S > F4 o F4
\ A- 2/5 0 |-3/10| 1/25 No Yes N 7
B 172 | £12 | -1/4 | 1/24 No Yes 2N
Non-perturbative stability analysed for the case of T6/Z3 X 25, Narnayan & Trivedi 10

Found only marginal decays, mediated by D4-branes on 2-cycles.



10d progress: approximate solutions

Understand the 10d background as an expansion on g, l/RAdS or VC_%B

dsjoy = dsigs, X dscy + g |dsiy,| T Saracce & Tomasielle OF

— O (1)
F,, = sz + gSsz + ...

N

4d setup constrain the harmonic piece of the fluxes

- Applied to eom Junghians 20

- Applied to SUSY egs. 2., Palti, Zurant, Tomasielle 20

The results display scale separation and reproduce the set of 4d vacua



CY-ish compactifications

DM, Palte, Lucnant, Tomasielle 20

SU(3) x SU(3) deformation of a CY background: ds® = ez’élalslidS4 + als)%6

J=Joy + 0(g?) e =1+ gp+0(gd)

Q = Qpy + gk+0(g?) e? =g (1-3gp)+ 0(g))

Solution to F, Bianchi Identity:

2
AcyK = gFggS ReQcy + (Npg—4) by, — K = pRe Q-y + Rek

) AN

Vi (2,1) primitive
Acyop o (v_% - 51(1336)
CcY

blows-up near
the O6-planes



CY-ish compactifications

2., Paltc, Lucrant, Temasielle 20

SU(3) x SU(3) deformation of a CY background: ds’ = ezAdSid& + ds)%6

J=Jey + 0(g)) e =1+ gp+0(g?)

Background fluxes:

2., Z2ucnant, Pricte 21

n
H=aF,g, (Re QCY+mgSK) — Egste (17 : QCY) + @(gs?’) DM, Qunaut, Gatti

Fz - bFOJCY + d(T:YK-i_ @(gs)

4
Fy=FoJey ANJey <C—§8s€0>+”JCY/\dImV+@(8sz) A+12/5]1 0 [3/10] 1| 1

A-12/51 0 |-3/10| -2 |-1/5

v = 0cy fi Acy S = — &8Fyp B [12|x12]-14]-1] 0




Questions

) What about higher order terms in the expansion?

Technically involved: one does not know the solution for intersecting sources,
even in the absence of fluxes. Also further corrections like closed string loops.

ii) Are the non-SUSY branches non-perturbatively stable?

Obvious thing to check: WGC for membranes

iii) What are the holographic duals of the SUSY branch?
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Membranes & non-Perturbative stability

AdS 4 /l\



4d membranes in DGKT

Non-perturbative stability = analysis of 4d membranes
We consider probe membranes in the Poincaré patch of AdSa:

Maldacena. Micheldon, Strominger 98

>
AdS4 boundary

O>T

E T WGC for membranes




4d membranes in DGKT

Non-perturbative stability = analysis of 4d membranes

We consider probe membranes in the Poincaré patch of AdSa:

>
AdS4 boundary

— T

Wictieloson, Strominger 98

Oogari &Yafa 16

O>T

WGC for membranes
in N=0 vacua



4d membranes in A+

2., 2ucrant, Pricte 2l

Let us look at EFT membranes:

N=1 vacua A+, smearing approx:

T
— < Agpr M
M3 EFT KK

Op, =0, Opy = eK/zj Jey Ops =10,
>

|

cannot be BPS

|

BPS for X holom.

\

cannot be BPS

Langa et al. 19 & 20

Opg = — geKQQDSVCY

necavens Harnayan & Toivedi. 10
Ahanony, Autebi, Berkooy 05



4d membranes in A+

2., 2ucrant, Pricte 2l

Let us look at EFT membranes: % < Agpr £ My
P

N=1 vacua A+, smearing approx:

Opr, =0, Opy = eK/2J Jey Ops =10,
»

N_=(N_,-h) D6 D8 N_. D6

right
m+1 m

X2 _________________
AdS, boundary
Z— +o0

Langa et al. 19 & 20

eff _ K/2
b4 Ops = ¢ “dpgVey

BPS for gpg =1



4d membranes in A-

2., 2ucrant, Pricte 2l

T
Let us look at EFT membranes: — < A < M ' '
MI% EFT = MK Z’W et al, 19 &'20

N=0 vacua A-, smearing approx:

Op, =0, Opy = — eK/ZJ Jey » Ops =0, QB% = eK/2QD8VCY
>

! |

BPS for X antiholom. BPS for gpg = 1

Refined WGC predicts that Q >T for D4 and D8-branes!




4d membranes in A-

2., 2ucrant, Pricte 2l

T
Let us look at EFT membranes: — < A < M ' '
M]% EFT = MKK .ZW etal. 19 &'20

N=0 vacua A-, smearing approx:

Op, =0, Opy = — eK/ZJ Jey » Ops =0, ngé = eK/2QD8VCY
>

Way out: we may consider D8/D4 bound states: 1
KF:E[ FAFAJzy >0
X,

6

total __ F 2
TEd = Tpg + K — K@ o
K = aj C2(X6)/\JCY

X

6

g’gal — Tf)ogal =2 (K(z) — KF) > (0 when

K®>0, Kf=0

T bttt



BSeyond smearing — D4'’s

2., 2ucrant, Pricte 2l

N=1 vacua A+:

gsRaas

1
Fg=—voly A [JCY + Edd(T:Y (f*JCY>] +0(g)) —» Ops= eK/ZJ Jey
>

N=0 vacua A-:

3 1
Fg = —voly A [JCY ——dd(, (f*JCY)] +0(g) —» Ops= - eK/zj Jey
>

gRpags 10

Still marginal at this order of approximation



Beyond smearing — D8’s in A-

2., 2ucrant, Pricte 2l

D8-brane worldvolume also hosts localised sources:

(2,0) comp.

dF =H—-hép,, = F =F,+ Fpion
AdS, boundary

Z— o0

Blon-like solution!

TEow = T + KM — K@ (S

~ et T D8
MNew ot
Xl/ _________________

comparable to K (2)

Blon excess charge:

Bion _ K/2 a2
28pg" =—e J Jey A FBion |
X can have both signs



Beyond smearing — D8’s in A- |
Casas, 2. 7., Pricto 22

One can compute the Blon excess charge in toroidal orbifolds:

ABion . A Only D6-brane pairs at SU(2) angles contribute
D8 — a.p
(a,p)eN=2 The sign of A depends on their separation

> - A>0

. . A<O




Beyond smearing — D8’s in A- |
Casas, 2. 7., Pricto 22

One can compute the Blon excess charge in toroidal orbifolds:

ABion . A Only D6-brane pairs at SU(2) angles contribute
D8 a.p
(a,peN =2 The sign of A depends on their separation
U ES kN kS A > O

Can build vacua for which
total total
s — Ipg <0

1 S > A<O




More exotic bound states
ZWM.. 2acrnant, Bartc

In N=1 vacua there are more exotic BPS bound states:

Anti-D8-brane with:  F A F = 3J-y A Joy D8/D6/D4/D2 bound state

D6-brane with: FNF = JCY A JCY D6/D4/D2 bound state

In DGKT-like vacua, they exist thanks to the rational vevs that b = [B andt = JJCY take!

Considering these more exotic bound states, one finds membranes with Q>T
in both branches of non-SUSY vacua

cee . Lucrant's talk



Current WGC-membrane picture

PN, Zucrant, Zarti

Branch SUSY Pert. Stable | rWGC D4 rWGC D8 | Np Stable
A+ Yes Yes Yes
A- No Yes Marginal U[I;(gl_%ar;irslo
B No Yes No
/ Nucleating bubble that
. <& .
A, S increases F, and decreases Ny
AdS ,
— |t stops when =
m+1, N-h P Npe =0

— Suggests that models
with gauge sectors are

particularly unstable




AdS4 road map

Family of scale
separated vacua

Scale separation
persists?

( 10d analysis) ( 4d analysis )

erturbative

y P
' [non SUSY) stability?

SUSY

10d solution

. for this family?

non-

y perturbative
[”O” SUSY) stability?

holographic
[ SUSY ] dual?




Further families

One can take a DGKT-like model on 7°/(Z, X Z,) and perform two T-dualities

Bants & van den Broect 06
H — metric fluxes Fy, F, = F,, Fg Caviesel et al. 'OF
Cribéoné et al, 21

Standard type IIA compactification on a non-CY manifold

One can consider a particular non-homogeneous flux scaling, such that
scale separation is achieved

Via a 4d analysis, one can generalise this construction to more general elliptically
fibered manifolds

see D. Prieta's tall



Conclusions

e We have analysed the DKGT-CFI proposal from 4d and 10d perspectives

e From a 4d perspective we find one SUSY family and three infinite families of
non-SUSY vacua for any CY, with similar scale separation properties

e From a 10d perspective obtain an approximate solution for all branches of
solutions up to @(g;”?;): the smearing approximation is the leading order term

* We have analysed 4d membranes for each branch of solutions, to see if they can
trigger non-perturbative decays via nucleation.

* The refined WGC prediction Q > T is found in all non-SUSY cases, except for
D4-branes in A- vacua, for which Q=T at this level of approximation

e In most cases, the membrane satisfying the refined WGC is quite exotic, as
it involves non-diluted worldvolume fluxes

e Next step: holographic duals and other constructions with similar properties
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