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Scale separation and de Sitter

' No scale-separated AdS vacua | | No long-lived dS vacua ’

[D. List, Palti, Vafa '19] | [Obied, Ooguri, Spodyneiko, Vata "18]
[Ooguri, Palti, Shiu, Vata '18]

As A — 0, d tower of states s.t. i V(¢p) in consistent EFT should
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As A — 0, d tower of states s.t. V(¢p) in consistent EFT should

satisty
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Counter-example (?):

KKLT

[Kachru, Kallosh, Linde, Trivedi ‘03
[See talks by A. Schachner and L. McAllister]




The KKLT scenario

Two-step procedure:

; 1. Stabilise CY moduli with / ; 2. Raise the C.C. to a positive J
' fluxes | | value:
+ non-perturbative 3 add D3 branes at bottom of |
corrections warped throat
; — SUSY, scale-separated AdS | | — dS vacuum with broken SUSY
| A <O ;' A > () ~"



The KKLT scenario

Two-step procedure:
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Study this step through holography and domain walls




KKLT 101

e Complex-structure detormations Wevw = J Gy A Q; G, = F, — tH,
(3-cycles) stabilised by fluxes, X;
e Kahler moduli (2- and 4-cycles) W = Z A, (2, Gy) e 2T
e . n.p. ’
stabilisation need D3 instanton Kk

corrections
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KKLT 101

e Complex-structure deformations Weyw = J G5 A Q, G, =F, — tH,
(3-cycles) stabilised by fluxes,

o Kahler moduli (2- and 4-cycles)
stabilisation need D3 instanton
corrections

e Get C.C.in terms of stabilised
Kahler modulus g,

e —

[ ldea: trade fluxes with branes J

———— S——




Fluxes/branes for KKLT

e On CY;: exchange the (/5, H;) fluxes with D5/NS5 branes on dual cycles.

e 3d version of KKLT from M theory
e On CY,: trade the G, flux tor M5 branes on dual cycle L, C CY,.



Fluxes/branes for KKLT

e On CY;: exchange the (/5, H;) fluxes with D5/NS5 branes on dual cycles.

e 3d version of KKLT from M theory
e On CY,: trade the G, flux tor M5 branes on dual cycle L, C CY,.

e G, = % G4, solocally looks like
Oly | 2z |1 ]12]3]4|>5|6]|7]8

M5 | — | = |5 | = | = | | -
Domain wall pomry
( M5 | — | — | “e S R P
z<0

Tadpole ( M2 | — | — | —




Domain-wall holography

Space-time filling M2-branes

[S. LUst, Vafa, Wiesner, Xu '22]

I e e ——— e o

Susy AdS; from M-theory

| " on X, in the presence of
self-dual G, flux

e e e —

Susy AdS vacuum
0 DW=0 Z

Domain wall
M5-brane on SLag4 dual to G,

AN\

DW: M5 brane on special

Lagrangian L,

———— _ = -




The holographic bound

Space-time filling M2-branes

[S. Lust, Vafa, Wiesner, Xu '22]

1 X
Ny, =0, — |G, NGy =—
M2 2[ 4 4 24

Susy AdS vacuum
0 DW=0 Z

Domain wall
M5-brane on SLag4 dual to G,

/
The DW contains d.o.f.
1 (d.o.f.) > « UV » central charge, ¢y



The holographic bound

Space-time filling M2-branes

[S. Lust, Vafa, Wiesner, Xu '22]

At z = 4+ o0, the IR central charge

v
- l A 4=L .
=0, z[cinci=% measures the radius of the AdSs:
Susy AdS vacuum C — 3 —1
i DW=0 2 IR — R YAdS ™
2 | A

Domain wall
M5-brane on SLag4 dual to G,

/
The DW contains d.o.t.
1 (d.o.f.) = « UV » central charge, c(v.
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The holographic bound
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The holographic bound

Space-time filling M2-branes
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At z = 4+ o0, the IR central charge

V4
T X (R '
Ma=0.  zanci=% measures the radius of the AdS;:
Susy AdS vacuum — 3 l —1
0 DW=0 Z CIR_EAdSN |A‘
Domain wall V
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1 (d.o.f.) = « UV » central charge, c(v.

Estimate cyyy: deformations of SLag




The holographic bound

Space-time filling M2-branes

[S. Lust, Vafa, Wiesner, Xu '22]

1
NM2=0’ EJG4AG4=—

Susy AdS vacuum
0 DW=0 Z

Domain wall
M5-brane on SLag4 dual to G,

cr < cyy ~ (Vg™

; S = lower bound on |A] |

brane to get a sufticiently

small C.C.I

Need it
exponentially

small



Hidden degrees of freedom?

e They take a DW sourcing the KKLT AdS, and declare the UV d.o.f. to be the
deformations of the SLag L.

e \What if there are hidden d.o.f.?
» At the M5-M5 brane intersections there could have much more d.o.f.

> (D1-D5 system: central charge is N;Ns instead of N; 4+ Ns.)

> Here: potentially d.o.f. from M2 branes ending on M5 branes



Hidden degrees of freedom?

e They take a DW sourcing the KKLT AdS, and declare the UV d.o.f. to be the
deformations of the SLag L.

e \What if there are hidden d.o.t.?
» At the M5-M5 brane intersections there could have much more d.o.f.

> (D1-D5 system: central charge is N;Ns instead of N; 4+ Ns.)

> Here: potentially d.o.f. from M2 branes ending on M5 branes

— Need to evaluate the radius of the AdS corresponding to the
brane intersection (with the most d.o.t.)!




The most « entropic » domain wall

e Configuration with the most d.o.t.?

e Squeeze all branes at the same place — brane interaction enhanced
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The most « entropic » domain wall

e Configuration with the most d.o.t.?

e Squeeze all branes at the same place — brane interaction enhanced

Hsaéﬂ.}q- DS"&‘ 31 12

Hz.%— D3

418

MS NSS

‘6.5'6'48 ‘34‘31 456

These configurations contain the maximum
number of d.o.f. one can get from the branes




Radius of a warped AdS,?

e How to get an AdS capturing the d.o.f. of MS, ...

intersection?

Hz’%
e [ ocally, M2 ending on M5-M5.
 The M2 pulls on the worldvolume of the M5 MS ...
-’39

M (123

[ ] SN )
/ [ Sl ]/

/ //y/// /) -

%Lk‘a 44)

[Bena, Hampton, Houppe, YL, Toulikas 22
[Eckardt, YL ‘23]

"
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Radius of a warped AdS,?

e How to get an AdS capturing the d.o.f. of MS, ...
intersection?
Hz’a%
e [ ocally, M2 ending on M5-M5.
 The M2 pulls on the worldvolume of the M5 MS ...
- 3
MS (4 AL3E)
[ ) SN ]
Ny e Sugra solution, with infrared limit:
[ Ll ) AdS; x S3x S3 x, W,

[ %&3 ") x
‘; 1

3

[Lunin'07] [Bachas, D'Hoker, Estes, Krym "13]
[Bena, Houppe, Toulikas, Warner ‘23]

[Bena, Hampton, Houppe, YL, Toulikas 22

| e Reading off central charge is a mess
[Eckardt, YL ‘23]




A smeared M5-M5-M2 intersection

e Can compute central charge from a similar configuration.

MS
4347.
0y ]| 2 [1]12]3[4]516]7]8
NG "
M5 | — | — | Fe B N P 8
z2<0
M2 | — | - =

M5

35648



A smeared M5-M5-M2 intersection

e Can compute central charge from a similar configuration.

M5, ..

M2
Oly | 2z [1]23]4|5]6]|7]8 43
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=
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o
|
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|
|
®
|
|
|
|

/
2<0
M2 | — | = | =
Hzﬁ% ‘

M 5‘& 5638
We propose: ' Smear M5(1234,y) along z. Smear M5(5678,y) along z.

0 Take near-horizon limit ~ central charge ,



Branes at M5 self-intersections

. : (1) 1 O2)
There is a sugra solution (MEREGAL WHRLAL 9
q ) M, |® | ~| @ :
corresponding to the smeared M5-M5- M5 | ® |~ | TS “
r'=0
M2 [de Boer, Pasquinucci, Skenderis '99] M2, | ® | ® — °
M2y | @ | & T;O ~
ds? =Hy*"* (H{Y ;) (—d + da?) + H; > (H}”H}”)Q/gdxg
: ) ~1/3
Metric Ansatz: L H (H“) ( ) (dr® + r2d,)
—1/3
+ Hy* (Hf ) (H<2) (dr” +12d0%,) .
: : - (1) QF (2) Q%
(Localised) M5 harmonic functions:  Hp’ =1+ =, Hp' =14 =
T (A
M2-charge function: )4 O
-Charge tunction: Hp = (1 > )(1 4 ;> )

[de Boer, Pasquinucci, Skenderis '99]



The near-horizon limit

e Near-horizon limit:

[de Boer, Pasquinucci, Skenderis '99]

AdS; X §° x §° x T?

r,r' > uxrr, Axlogr—logr

y |z | (n95) | (r,Q)
M5, | ® | ~| ® "o
Mby | & | ~ Y X
M2, | ® | ® ~ T/OZO
M2, | ® | ® Y ~




The near-horizon limit

e Near-horizon limit:

[de Boer, Pasquinucci, Skenderis '99]

AdS; X §° x §° x T?

r,r' > uxrr, Axlogr—logr

X 1 (
Used N2 — )(;44) — E G4 A\ G4

e Central charge: ¢ «x N,Ns o (Nj, )’
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The near-horizon limit

e Near-horizon limit:

[de Boer, Pasquinucci, Skenderis '99]

AdS; X S° x §° x T?

y | =z | () | (7,97
M5, | @ | ~| ® "o
M5y | @ [~ | o ®
M2, | ® | ® ~ T/OZO
M2, | ® | ® Y ~

r,r' > uxrr, A=logr—logr

X 1 (
Used N2 — )(;44) — E G4 A\ G4

e Central charge: ¢ & NoNs o (Np,.)° > (N’

[S. LUst, Vata, Wiesner, Xu'

22]

— Weaker bound on A due
to the M2 branes!




Warped AdS, in type |IB

e Sugra solution for D5-NS5-D3 intersection is known.
[Aharony, Berdichevsky, Berkooz, Shamir 11

[D'Hoker, Estes, Gutperle '07]

[Assel, Bachas, Estes, Gomis '11]

e The solution is an AdS, X §* X $* X X, DSy s
D3, =
NS3 g



Warped AdS, in type |IB

e Sugra solution for D5-NS5-D3 intersection is known.
[Aharony, Berdichevsky, Berkooz, Shamir 11

[D'Hoker, Estes, Gutperle '07]

[Assel, Bachas, Estes, Gomis '11]

e The solution is an AdS4><Sz><S2 X,, 29 D5, .. s
e Compute of AdS radius in 4d Planck
- D3
units: Yasu
lAdS 4
GN N (NﬂuX) lOg(NﬂuX) Nss‘aagl 456
[Assel, Estes, Yamazaki '12] EEEEEEEEEEEEE———., 3

r e e e e e e e e e - e —— - e —— - e e

| Matches the free energy of the 3d CFT!

| Assel, Estes, Yamazaki '12]
| ‘Karch, Sun, Uhlemann '22]

L_vv_‘-:‘ e s e e e e e e e e — S — e — e — e e e ——— e e e e e e e s e S —————— S —
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Conclusion
e Realised KKLT AdS as being sourced by a DW made of M5 or D5/NS5 branes

e Computed AdS radius of the brane intersection (UV)
> M theory: radius of the AdS; > |IB: radius of the AdS,

lAdS lAdS
~ (N ) ~ (Ng,..)*
GN ( ﬂux) GN ( ﬂux)
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Conclusion
e Realised KKLT AdS as being sourced by a DW made of M5 or D5/NS5 branes

e Computed AdS radius of the brane intersection (UV)
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Gy ) Gy "
Detormations Hanany-Witten-
of SLag like d.o.t.
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compute the radius of the UV AdS. | )™

 Therefore there is not enough d.o.f. to get the
AdS with |A| < 1 in the KKLT scenario.



Conclusion
e Realised KKLT AdS as being sourced by a DW made of M5 or D5/NS5 branes

e Computed AdS radius of the brane intersection (UV)

> M theory: radius of the AdS; > |IB: radius of the AdS,

lAdS lAdS

~ (N ﬂux)3 > (N ﬂux)2 ™~ (N ﬂux)4 > (N ﬂux)2

Gy ) Gy "
Detormations Hanany-Witten-
of SLag like d.o.t.
[S. Lust, Vafa, Wiesner, Xu '22]
e Cannot have more d.o.t. than that, since we A S 5 1
, [Apas| 2 0 |
compute the radius of the UV AdS. | )™

 Therefore there is not enough d.o.f. to get the
AdS with |A| < 1 in the KKLT scenario. Tﬁomﬁ you!
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Fluxes/branes for KKLT

e On CY, X,: trade the G, flux for M5 branes on orthogonal cycle L, C X,

e G, = % Gy, solocally looks like

0Oly, =z | 1|23 4|5|6|7]8
Ms | — | — [0 == [ ==
M5 | — | — | %0 I D

e 3d: KKLT AdS; as sourced by a domain wall

ds? = e*PO(—dt* + dy?) + dz?

dD do®
“=-tiz) &
dz A

y — zggcﬂ}a[;‘z‘ Atz = + o0, reach KKLT AdS3
<

J
tension of the wall \Z\z ~ A (V)



Domain-wall holography

Space-time filling M2-branes

[S. Lust, Vafa, Wiesner, Xu '22]

e e e e S e e e

Susy AdS; from M-theory

, on X, in the presence of

self-dual G, flux

e e e e S —

[No G, flux on X, l

Susy AdS vacuum
0 DW=0 Z

Domain wall
M5-brane on SLag4 dual to G,

AN\

[(+1)d aFT]

UV

DW: M5 brane on special

Lagrangian L,

= e — e ———— e ——




The estimated UV CFT
[S. LUst, Vata, Wiesner, Xu '22]

e Count possible deformations of special Lagrangian L, in X,

1 4

J

M5 self-intersections b, independent M5-strips
in X, in X,
Scale L4 —> NﬂuX L4 : ~ (Nﬂux)2 @[(Nﬂux)z]
Need it ' = Not enough d.o.f. 9n the
. . brane to get a sufficiently
exponentially ;
small C.C.! |

small



The near-horizon limit

ds®> =H,*" (H}})H}?))_UB (—dt* + da?) + H*? (HS)H}?))Q/S da? y | 2 | (n9)) | (.05
r'=0
/ —1/3 2/3 M51 R | ~ R °
+ HY? (H}”)Q/S (Hlﬁ?))l/g (dr + r2d2,) I .
1 H;/:S (Hl(:})> (H}(;?)) (d,r/Z _I_TIZdQ%Q)) . M21 2 2 N T/.:O
M2, | ® | ® "o ~
o Nea r—hOriZOﬂ ||m|'t [de Boer, Pasquinucci, Skenderis '99]
7,2 7,,/2
¢ A ANOA
/
UZZZQUU7 :E( /QllgU /QzlogU’) Q10>
(3 2 (2 (1 1+ Q2 |
« radial » « angular » (t,u,y) (z,A) le) Q(2)
Xy 1
Used N, = 244 =50 G, A Gy
e Central charge: ¢ o« N,Ns o (Ng,,)° > Ny’ — Weaker bound on A due

,, | to the M2 branes!
[S. LUst, Vata, Wiesner, Xu '22]




KKLT ex ninilo

ot 123
e |n factthe D3 branes can have
infinitely-many d.o.f. D3

r Y
e But we are interested in the d.o.f. of
the intersection NSS

Yo 456

é}

e The location of the D3 branes modity W, .
— Choose it such that the CY shrinks on the left

— Space-time ends there

* This brane system sources the KKLT AdS out of nothing.



Infinite central charge?

e Sugra solution for D3 ending on D5-NS5 is known. [D'Hoker, Estes, Gutperle ‘07]

[Aharony, Berdichevsky, Berkooz, Shamir 11

NS5 NSH

[Assel, Bachas, Estes, Gomis '11]

e The solution is an AdS, X $* x S x X,

e Need estimate of AdS radius in 4d

[
L AdS
Planck units: ¢y ~ ——

Gy

e V. infinite because of the AdS; region

cut off this region!




Finite central charge

e Trick to cut off infinite AdSs region from CFT: end the D3's on some D5’s.
[Karch, Sun, Uhlemann '22]

NSS

D3

DS DS D5

e Compute free energy: F ~ (Ngy* 102(Ngy)

r e e — e — e e e — e — —— e e e e e e I s e e — . e e - e I 7

| The radius of the AdS, solution dual to this quiver has the same scaling!

| [Assel, Estes, Yamazaki ‘12] [Bachas, Lavdas '17] |

LI - e s e e e e s e e - S ———————— e e e S ——————— -:J




