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* Any non-supersymmetric AdS, is conjectured to be unstable.

* |t follows from applying a sharpened version of the WGC
» Standard: WGC applied to p-forms implies the existence of a (p-1)-brane satisfyingQ = T
» Refinement: Q = T only in supersymmetric theories
» Refinement: Q > T in the rest of cases }
» Consequence I: in non-SUSY backgrounds with F; = dCq4_; fluxes there must exist a (d — 2) brane
withQ > T

Maldacena, Michelson, Strominger ‘99

» Consequence ll: this brane corresponds to an instability. Any non-SUSY AdS supported by
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P4 Extracted from van Beest, Calderon-
N Infante, Mirfendereski, Valenzuela ‘21




A bit of context: motivating the problem

Oogquiri, Vafa 16
* Any non-supersymmetric AdS, is conjectured to be unstable.

* |t follows from applying a sharpened version of the WGC

° Shown tO be SatiSﬁed in many examples Apruzzi, Bruno De Luca, Gnecchi, Lo Monaco, A. Tomasiello ’19; Bena, Pilch,

Warner '20; Suh ’20; Apruzzi, Bruno De Luca, Lo Monaco, Uhlemann '21;
Bomans, Cassani, Dibitetto, Petri '21...

Compactifications of the form AdS, X Xg, with Xg admitting a CY metric, remain elusive
(perturbatively stable)
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and Love scale separation.

Formulated in DeWolfe, Giryavets, Kachru, Taylor ‘og; Camara, Font, Ibanez ‘og itisve ry trendy these days ‘“

» Obtained using directly the 4d effective theory and not solving the 10d EOM

» Intersecting orientifold planes: no uplift was known|so far|(only if the sources are smeared* Acharya,
Benini, Valandro '07)

» Phenomenologically interesting : scale separation at large volume and small string coupling.

» Intension with the strong AdS distance conjecture Lust, Palti, Vafa ‘19

First order uplift computed recently in Junghans ‘20, Marchesano, Palti, Tomassiello, JQ ‘20

*dF = H + 6 > Smearing approximation: § = —H
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Why this background?

Massive type IIA on orientifold CY, with fluxes (DGKT vacua) or How | Learned to Stop Worrying
and Love scale separation.

Systematic search of vacua for this background was done recently in marchesano, Ja 19

» Several branches of vacua (both SUSY and non-SUSY).

» Perturbative stability studied. Some of the non-SUSY vacua were shown to be perturbatively stable.

 Family of SUSY and non-SUSY vacua related via a change of sign in G107 °USY = —GpUsY

Same energy. Nice properties expected

» Stability already studied in Aharony, Antebi, Berkooz ‘08; Narayan, Trivedi ‘10 USing D4, D6 and D2 DW. At most
marginal decays

e We will focus on the D8s. Results Junghans 20, Marchesano, Palti, Tomassiello, Quirant ‘20 Will be Important. #
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Membranes in AdS4

2Z
* Inthe Poincaré patch the AdS, metricreads ds; = e® (—dt* + dx*) + dz*. Boundary in
Z =+

» Tension of a membrane spanning (t, x;,X,) and z = z, goes like T ~ e3%0/R= inevitably
driven away from the boundary

e This can be avoided considering the p-form potentials to which the membrane couples.
Example C3 = Qe3%0/Rdt A dx* A dx? and Q = T > equilibrium

e Study the spectrum of membranes with z = z,. If T = Q - decays are marginal or \.
forbidden. If T < Q potential non-perturbative instability.
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AdS, orientifold. Smearing. SUSY

e Massive llA on a CY orientifold with H flux and RR internal fluxes:

G U0l4/\é+6, 1

G = —A(x G)

voly A J2y,

G19 = —

.|

6Rgs

Couplings for

5
D(2p)-branes — _ - _K/2
wrapping (2p-2) QD8 38 VCY
cycles

3G, —~

4+ =7 Jév Ge =0
3
G6 —_ _R_gSUd4 /\jcy,

D4 branes with vanishing worldvolume flux Fpp, and
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AdS, orientifold. Smearing. SUSY

e Massive llA on a CY orientifold with H flux and RR internal fluxes:

1 = 3GO 2 Al
=  _ G, =——]4,, G =0
Go = L. m, G, =0, += 70 Jey 6
G=UOI4A6+6, 1 l
G = —A(x6 G) ]
G190 = — 6Ra. voly A J2y, Gg = _R_gSVOLL Acy,

|
Couplings for

5
D(2p)-branes _ _ > K2 2l — pK/2
wrapping (2p-2) QD8 € VCY * QD4 ]CY

3 >
cycles l l

D4 branes with vanishing worldvolume flux Fpp, and

D8s wrapping the internal manifold at K
Z = zy seem not to be BPS ps = eX/% [ Joy = ezarea(X) = Tp, are BPS
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AdS, orientifold. Smearing. SUSY

e Qpg = — EeK/ZVCY D8s wrapping the internal manifold seem not to be BPS

* D8swrapping X cannot be seen as isolated objects: D6 s attached to them cure the FW
anomaly forH: [ dFpg ~ [dB ~ [H # 0

* Need an excess of N space filling D6 branes on the interval [z, o) satisfying Ny.; g —
Niere = |h, [I52H] = |h|[pe]

ff ff _
Qps/pe = Ups + Qps = eX/2Vey

X2 _________________
AdS, boundary
Z— +o00 1
| Coming from the
N =(N_ -h) D6 D8 N D6 DBI of the D6

m+1 m

U4
A Y

A Y
’



AdS, orientifold. Smearing. SUSY

e Bound state of D8+D6s is BPS: Qgg/% = Qpg + QS = eK/2V,., = Tpg

X2 _________________
AdS, boundary
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Nlci‘c:(Nright_h) D6 b8 N g DO
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AdS, orientifold. Smearing. SUSY

e Bound state of D8+D6s is BPS: ngsf/% Qps + QST = eK/2V,., = Tpg

X2 _________________
AdS, boundary
Z— 400

M= (Nrighr'h) D6 b8 N g DO

m+1 m

e Including a' curvature corrections (important for the non-SUSY case):
g P
Ttotal TD8+(KFD8 KZ)TD4 — lt)%tal

1

F 1

K" = —f Fpg A Fpg N wg, k¥ =— c,(Xg) N wyg, TS, = eX/2ta
2 Jx, 24,




Reca p SUSY case.

* Dg4 wrapping 2-cycle[J], T = Q
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Smearing uplift




Reca p SUSY case.

D4 wrapping 2-cycle[J], T = Q

* Bound state of D8s wrapping X with

, space filling D6s, T = Q

* Massive IIA with RR and NSNS~ Branes spanning
fluxes on an orientifold CY. —> (6, X1%X2) atz = 7, Non-SUSY case G4 — —G4 @

Smearing uplift * Ds? O

» D8?
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e Massive llA on a CY orientifold with H flux and RR internal fluxes:
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AdS, orientifold. Smearing. Non-SUSY

e Massive llA on a CY orientifold with H flux and RR internal fluxes:

1 . = 3Gy -
Goz_m, 62:01 G4=_1_O]gy, G6—O

e We can play the same game with the new flux G,

5
Ups = _§eK/2VCY Qps = —eX/? f]cy
l Lo
Bound state of D8+D6s D4 branes with vanishing worldvolume
Qgg/Ds = Qps + Qf6 = flux F and Qp, = —eX/? JsJey =
K/2 — K
eX/2Vey = Tpg ezarea() =Tp, > Q <T

Agreement with Narayan, Trivedi 10




AdS, orientifold. Smearing. Non-SUSY

e Massive llA on a CY orientifold with H flux and RR internal fluxes:

— 1 o = 3GO 2 Wal —
GO = l_m, Gz = 0,
> WOA T SOMEBODY PLEASEC THIAK OF THE
e We can play the same game with the new flu CURVATURE GORRECTIONS
5 K/z . - ..'-".?.x;i ~ @ __.I. r

Bound state of D8+D6s

ff _ ff _
Qps/pe = Ups + Qps =
eK/ZVCY = Tpg
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e Curvature corrections in this case do have something to say

lt)%tal = Tpg — (Kcll: — Ko%)TSAL ng%tal: Tpg + (ch — Kc%)TIgLLL

So... .
total total 2 Fps\ra < Ko = 22 | €2(Xe) A g,
ps ™ — Tpg = 2(K& — K;"°)Tp, > 0 1 -
KCI;DS = Ef FD8 /\FDS /\(Ua,
X

6
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e Curvature corrections in this case do have something to say

b = Tpg — (K§ — KT, T53'= Tpg + (K — KT,

So... @ 1
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1
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AdS, orientifold. Smearing. Non-SUSY

e Curvature corrections in this case do have something to say
b = Tpg — (K§ — KT, T53'= Tpg + (K — KT,
So...

1
L F ? chZ) =54 € (X6) A g,
lt)08tal Ttota Z(KZ K DS)TD4 >0 Xe

1
K£D8 = Ef Fpg A Fpg N\ wg,
> K2 Tf, = 0forCY geometries e

> Internal fluxes (K, "'D8) can be taken to zero and so QL% — Tfotals

e Sharpened WGC satisfied. Possible instability sourced by the curvature corrections.

e Only applies to vacua containing D6s. [I’j

*dFpg = H + §  Smearing approximation: § = —
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e As shown in Junghans 20, Marchesano, Palt, Quirant, Tomasiello ‘20 the smearing uplift can be thought as the
0t order of an expansion in terms of g.

e The following order (expansion at 1st order) was derived in those papers. For the SUSY
Case N Marchesano, Palti, Quirant, Tomasiello 20 We obtained

SUSY
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Beyond the smearing.

e As shown in Junghans 20, Marchesano, Palt, Quirant, Tomasiello ‘20 the smearing uplift can be thought as the
0t order of an expansion in terms of g.

e The following order (expansion at 1st order) was derived in those papers. For the SUSY
case in Marchesano, Palti, Quirant, Tomasiello ‘20 we obtained. For the Non-SUSY case we obtain:

SUSY Non-SUSY *

2m
2m B 1
H = T L —gs(ReQey + g4K) — —dRe(v Qcy) +0(gd) H = T L. —9gs(ReQcy — 2g4K) + 10 dRe(v Qcy ) + 0(gd)
~ _ ot
G, = divK + 0(gs) G = deyK + 0(gs)
~_m 3 4 3 4 oy )
Gy :l_]CY AJcy 10 "5 9s® + Joy A gs tdim v + 0(g2) Gy = ]CY AJcy 1059 ) - ]CY/\gS Im v + 0(g%)
S

Ge =0 Gg =0

e We can repeat the previous section with this more accurate solution. Notice that now G, # 0
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Beyond the smearing. D4s

e Thenew Gg = dvol, A —A(x¢ G,) is:

Non-SUSY
SUSY

3Jcy 3Jcy

Rgs

1
1 _ - T 2
Ge = —voly A (— +5 dd;ry(f*jcy)> + 0(g?) Ge = —voly A ( Rge 10 ddcy(f*](:y)> + 0(g5)




Beyond the smearing. D4s

e Thenew Gg = dvol, A —A(x¢ G,) is:

Non-SUSY
SUSY
ey L, 4 2 G, = —vol, A 3]CY— ! dd! (fJcr |l + 0(g®)
G6 = _v0l4 N R_gS + E ddCY(f;]CY) + 0(95) 6 4 R,gS 10 CY\JxJCY s

* Remarkably for both the SUSY and the non-SUSY cases, correction are exact forms=> not

contributetothe CS Q}, & = ngyond eSS results of Smearing approximation hold




Reca p SUSY case.

D4 wrapping 2-cycle[J], T = Q
* Bound state of D8s wrapping X with
e Massive IIA with RR and NSNS Spectrum branes spacefiling Dos T =0
fluxes on an orientifold CY, —> spanning (&, x;x;) at Non-SUSY case Gy — —Gy
Z = Z D4 wrapping 2-cycle-[J], T = Q
e Boundstate of D8sD6s, T = Q. Adding
curvature corrections T < Q

Smearing uplift

SUSY case.
e D4 wrapping 2-cycle [J], T = Q

« Massive lIA with RR and NSNS~ Spectrum branes
fluxes on an orientifold CY. ___, SPanning (,x;x;) at
Beyond smearing uplift Z =20 Non-SUSY case G, > —G,
* D4 wrapping 2-cycle -[J], T = Q




Beyond the smearing. Bionic D8s

e Consider again a D8 wrapping X4 and extended along z = z,. Bl for the D8 worldvolume

FD8 — B +21_:_[F iS 1
dFpg = H—l_5(n06)
S

* Inthe smearing approximation the RHS vanishes and Fjg is closed (actually a harmonic (1,1) form)




Beyond the smearing. Bionic D8s

* Consider again a D8 wrapping X4 and extended along z = z,. Bl for the D8 worldvolume
Is 1.
FD8 =B + EF IS

1
dfpg = H — l_5(H06)
S

* Inthe smearing approximation the RHS vanishes and Fjg is closed (actually a harmonic (1,1) form)

e Going beyond the smearing approximations means that now:

G, I +
Fpg = G_o = EstYK + 0(gs)

e Compatible with a BPS configuration if the D8-brane transverse field Z develops a non-trivial
profile (Bion-like solution)

Vn 06
Vey

rey dZ = ImQgy A Fpg + 0(g) —> AeyZ = 1, (5H06 _ ) 2 ~Snearllpe




Beyond the smearing. Bionic D8s

e Consider again a D8 wrappi
FD8 =B + Zl_:TF IS

3| for the D8 worldvolume

AdS, boundary
z->+o  sed (actually a harmonic (1,1) form)

e Inthe smearing approximaf

* Going beyond the smearing

e Compatible with a BPS con e field Z develops a non-trivial
X

profile (Bion-like solution) ™' “-=====mmTmommmooo

Vn 06
Vey

rey dZ = ImQgy A Fpg + 0(g) —> AeyZ = 1, (5H06 _ ) 2 ~Snearllpe




Beyond the smearing. Bionic D8s

e With this result one can compute the T and the Q of the system

= Forthe SUSY solution:

Blon _ Blon
> TD8 — ¥D8

*dF = H + 6 > Smearing approximation: § = —H
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e With this result one can compute the T and the Q of the system

e Forthe non-SUSY solution we obtain: K2 =— | c;(Xo) A wg,

F
> Qo™ — Tpg™" = 2(Kg — K, "° )T

» Bion corrections are of the same order of curvature corrections, so both contributions must be A
considered at the same time

» Big difference: now the sources are not smeared and Fpg always must have a non-harmonic part. A
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1
e Forthe non-SUSY solution we obtain: K = >4 c2(Xg) N wg,
? Xe

) .
> Qpg’™ — T = 2(K§ — K,"°) TSy > 0

» Bion corrections are of the same order of curvature corrections, so both contributions must be A
considered at the same time

» Big difference: now the sources are not smeared and Fpg always must have a non-harmonic part. A

» For toroidal orbifold geometries things can be done explicitly, curvature corrections vanish. For
T®/Z, X Z, we obtain Q5™ — THao™ = 16§e"’/2 Y Vrz > 0> instability

» For more complicated geometries we expect K5D8 TS5, < 0to hold.
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Beyond the smearing. Bionic D8s

e With this result one can compute the T and the Q of the system

1
e Forthe non-SUSY solution we obtain: K = >4 c2(Xg) N wg,
? Xe

) .
> Qpg’™ — T = 2(K§ — K,"°) TSy > 0

» Bion corrections are of the same order of curvature corrections, so both contributions must be A
considered at the same time

» Big difference: now the sources are not smeared and Fpg always must have a non-harmonic part. A

» For toroidal orbifold geometries things can be done explicitly, curvature corrections vanish. For
T®/Z, X Z, we obtain Q5™ — THao™ = 16§e"’/2 Y Vrz > 0> instability

» For more complicated geometries we expect K5D8 T5, < 0to h Only app.ll.es tovacua
containing D6s.

*dF = H + 6 > Smearing approximation: § = —H



Reca p SUSY case.

D4 wrapping 2-cycle[J], T = Q
* Bound state of D8s wrapping X with
, space filling D6s, T = Q
« Massive IIA with RR and NSNS~ Branes spanning
fluxes on an orientifold CY. —> (L,X1x2) atz =z Non-5USY case Gy = —Gy
D4 wrapping 2-cycle-[J], T = Q
 Boundstate of D8sand Dé6s, T = Q
A Incomplete picture «  Adding curvature corrections T < Q

Smearing uplift

SUSY case.
e D4 wrapping 2-cycle [J], T = Q
e BlonicD8-D6s, T = Q

e Massive IIA with RR and NSNS Branes spanning
fluxes on an orientifold CY. __, (LX1x2)atz =2z,

Beyond smearing uplift Non-SUSY case G, > —G,
D4 wrapping 2-cycle-[J], T = Q
e Blonic D8-D6s and curvature corrections

T + Q.




Conclusions

e Studied non-perturbative stability of IAN = 0 AdS, X X, orientifold (Xg admitting a

CY metric) vacua using D4 and D8 membranes with GO —SUSY = —G2USY,

e Potential decay channelvia D8 Q > T branes. Curvature corrections and Bion profile,
which is only seen beyond the smearing uplift, equally important.

» Explicitly computed for toroidal models. More complicated CYs geometries to be studied

e Only apply to vacua with space-time filling D6s. Not in the original setup of DGKT... Other
decay channels? More corrections needed?

e Further study deserved: more detailed 4d analysis, generalise it to other string theory
settings...




Conclusions

Studied non-perturbative stability of IAN = 0 AdS, X X, orientifold (Xg admitting a

CY metric) vacua using D4 and D8 membranes with GO —SUSY = —G2USY,

Potential decay channel via D8 Q > T branes. Curvature corrections and Bion profile,
which is only seen beyond the smearing uplift, equally important.

» Explicitly computed for toroidal models. More complicated CYs geometries to be studied

Only apply to vacua with space-time filling D6s. Not in the original setup of DGKT... Other
decay channels? More corrections needed?

Further study deserved: more detailed 4d analysis, generalise it to other string theory
settings...

ank you for your attention! &




	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34
	Número de diapositiva 35
	Número de diapositiva 36
	Número de diapositiva 37
	Número de diapositiva 38
	Número de diapositiva 39
	Número de diapositiva 40
	Número de diapositiva 41
	Número de diapositiva 42
	Número de diapositiva 43
	Número de diapositiva 44
	Número de diapositiva 45
	Número de diapositiva 46
	Número de diapositiva 47
	Número de diapositiva 48
	Número de diapositiva 49
	Número de diapositiva 50
	Número de diapositiva 51
	Número de diapositiva 52
	Número de diapositiva 53
	Número de diapositiva 54
	Número de diapositiva 55
	Número de diapositiva 56
	Número de diapositiva 57
	Número de diapositiva 58
	Número de diapositiva 59
	Número de diapositiva 60
	Número de diapositiva 61

