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On scale-separated AdS flux vacua

® Scale separation is often invoked to have a good lower-dimensional

effective field theory arising from a string compactification

Lags > Linternal [ a proxy for KK modes decoupling |

e To date (and to my knowledge), no example of scale-separated AdS/CFT pair

® Scale separation in massive lIA: AdSs vacua of DGKT &  AdSsvacua
[ Calabi-Yau 3-fold ] [ G2-holonomy space |

[ De Wolfe, Giryavets, Kachru, Taylor, "05] [ Farakos, Tringas, Van Riet, "20 ]
[ Cdmara, Font, Ibafiez, "05]

e Towards the branes behind mllA flux vacua : ( Fu), Fg)) for both AdS; & AdSs;
[ D4-branes probing a strongly-coupled singularity ]

[ Apers, Montero, Valenzuela, '25] [ Apers, "26 ]



* Scale-separated type IIB AdS; flux vacua expected not to exist ...

[ Emelin, Farakos, Tringas, "21 ]
[ Van Hemelryck, "22 ]
[ Apers, 22 ]



* Scale-separated type IIB AdS; flux vacua expected not to exist ... but they do!

[ Emelin, Farakos, Tringas, "21 ] [ Arboleya, AG, Morittu "24 ]
[ Van Hemelryck, "22 ]
[ Apers, 22 ]

One class of AdS; flux vacua
Type 1IB with O5 compatible with scale separation!



* Scale-separated type IIB AdS; flux vacua expected not to exist ... but they do!

[ Emelin, Farakos, Tringas, "21 ] [ Arboleya, AG, Morittu "24 ]
[ Van Hemelryck, "22 ]
[ Apers, 22 ]

Only one class of AdS; flux vacua
compatible with scale separation!

Type 1IB with O3

A

Type |IB with O5

[ the needle in the haystack ]

A |V||<W3

Type [IB with O9 _
[ Arboleya, Casagrande, AG, Morittu "25 ]

@ AdS3



Goal:

To understand the branes behind this class of scale-separated

AdS3 flux vacua in type IIB

10D domain-wall

R—0 R — o

} >

asymptotically
. AdS3 x My flux vacuum
flat spacetime

[ Kounnas, Liist, Petropoulos, Tsimpis, 07 ]



The tlux compactification story



* Type IIB compactification on a specitic 7D solvmanifold (with Go-structure)

[ Scherk, Schwarz, '79 |
2 _ =2 2 2 2
dsig = 7 “ds; 4+ p” ds-

7 N

3D dilaton internal volume

* Internal space: dsz = Z 02 (n")? + Z 07 (Ui)2 + 07 (777)2

[ unit volume ] a=1,3,5 1=2,4,6
dn” =0
Maurer-Cartan 1-forms dn® = —w, n* An’ with (a,7) = {(1,2),(3,4),(5,6)}

dn' = w; " Ay’

N

e Constant background fluxes metric w-fluxes
Fizy = frn}234567 dF 7y =0
F(B) — f31 77127 4 f32 77347 + f33 77567 . f34 77136 . f35 77235 . f36 77145 + f37 77246 dF(g) # 0

Notation: 72" =plAn? An" , etc 8



e Spacetime-filling OS5-plane/D5-brane sources supporting AdSs flux vacua

dt dz ||[dR | 0t n2 |03 ot | nP pb || o7
(/)v5/f)v5(1> X X || x || x X X
65/35(2) X X || X X X X
ON5/IT5(3) X X || X X X || X
65/5,5(4> X X || X || X X X
()v5/f)v5(5> X X || X X | X X
()v5/f)v5(6> X X || X || X X | X
65/55(7) X X || X X X X

Spacetime-filling
[ consistent with AdSs3 ]

Terminology: “source branes”



e Spacetime-filling O5-plane/D5-brane sources supporting AdS; flux vacua

dt dx || dR || n* n?

Uy

5

y

6

,'77

X

-

for (/)v5/]/3v5

N

Flux-induced tadpole

(4,5,6,7)
sources

restricted f34, f35, f3s, [f37

10




e Spacetime-filling O5-plane/D5-brane sources supporting AdS; flux vacua

dt dr || dR 771 772 773 774 ,'75 ,'76 ,'77

4 A 4 A

Flux-induced tadpole No flux-induced tadpole
—  ~—(4,5,6,7 ~— ~—(1,2,3
for O5/D5( ! sources for O5/D5( ) sources
/ \- /

restricted f34, f35, f3s, [f37 unrestricted f31, f32, [f33 (and f7)
11



Type 1B + DBI dimensional reduction = CN = 1 supergravity in D=3>

* Supegravity model with 8 scalars ot = {1, p, b1, la, 3, U4, U5, lg)

Luin = ~Kan(@6")(007) = = 7007 _ 5~ 1 45, 2m)000)

: / f f f
— 7 3 (f31 Caas6 + [32 Lras6 + f33 broza + o + 200 4 220 4 22 )
2 2

l136 U352  fs514  loge

% p
1
T— [ W1 51 + wo 52 53456 + (w3 53 + wy 54) V1956 + (w5 €5 + wg 66) 61234}

from which V = KAB (%) (%) —2W?

12



oW
 All supersymmetric AdSz solutions are obtained by solving 964 0

* Playing with unrestricted fluxes: weak-coupling & hierarchy of scales

N( f )
f31f32f33

==

gz ~ <f31 }272 f33> , L3~ (f7 [31 f32 fs3)i , L7 = (voly)

Example: |[fai| ~ N | |fao] ~ N® | |f33] ~ N% and | f7| ~ N°

with N € N being a scaling parameter gives (a = a; + as + a3)

7Tb—a L7 2a
~Y 7

ggNNb_a 9 L7NN28 ) T
L3

7

=

Y<b<a , N>1 # g> < 1 and L3> L->1

- weak coupling scale separation



The 10

R—0

D domain-wall (

DW) story

R — o

asymptotically

flat spacetime

14

AdS3; x My flux vacuum



e Consider O-planes/D-branes & KK monopoles responsible for the fluxes

dt dr ||[dR||n' n* | n* | n> 28| 0" | Flux
O1/D1 || x x f7
05/D5W || x X X X | X X f31
05/D53) || x  x X X X X f39
05/D53) || x X X | x X fas
05/D5W || x  x X X | x X || faa
05/D5) || x  x X X < || x || fss
05/D50) || x  x X | x < || x || fa6
05/D5(7) || x  x X X X X || far
X X . X X | x X w1
KK5(La) || x  x X X | e X X ws
X X X X | x x| e W
X X e | X X | X X W9
KK521) || x x X X e | X X Wy
X X X X | X X . We

N

One common transverse direction R

[ codimension-1 brane intersection ] 5 Terminology: “DW branes”



e Consider O-planes/D-branes & KK monopoles responsible for the fluxes

dt dr ||[dR||n' n* | n* | n> 28| 0" | Flux
01/D1 || x x i
05/D5M || x x X X | X X f31 H-functions (color branes)
05/D53) || x  x X X X X f39 (1) (2) (3)
05/D5® || x  x U f33 Hy, Hy’ , Hy’ , Hj
05/D5@ || x  x X X | X || f3a
05/D5) || x  x X X x || x || f35
05/D50) || x  x X | X x || x || f36
05/D5(7) || x  x X X X X || fa7

X X . X X | X X w1
KK5(1a) || x  x X X | e X X W

X X X X | x x| e ws,

X X o | X X | x X W9
KK52 || x  x X X o | X X Wy

X X X X | X X . we

N

One common transverse direction R

[ codimension-1 brane intersection ] >



e Consider O-planes/D-branes & KK monopoles responsible for the fluxes

dt dx ||[dR||n' n*|n® o* | 9> 0| n"| Flux

H-functions (color branes)
o, 7Y, #HY | HY

H-functions (background branes)

H5(4) ’ H5(5) 7 H5(6) ’ H5(7)

X X . X X | X X w1
KK5(ha) || x  x X X | e X X w3
X X X X | x x| e ws
X X e | X x| x X W
KK52Z) || x  x X X o | X X Wy
X X X X | x X o W

——

One common transverse direction R

[ codimension-1 brane intersection ] -



e Consider O-planes/D-branes & KK monopoles responsible for the fluxes

dt dx ||[dR||n' n*|n® o* | 9> 0| n"| Flux

H-functions (color branes)
o, 7Y, #HY | HY

H-functions (background branes)

H5(4) ’ H5(5) 7 H5(6) ’ H5(7)

X X o X X | X X w1
KK5(ha) || x  x X X | e X X w3
X X X X | X X | e Ws KK-monopole H-functions
% X ° X X X X W2 H(a) H('I’)
(2.0 KK » KK
KKb5'% X X X X o | X X Wy
X X X X | X X o W
N

One common transverse direction R

[ codimension-1 brane intersection ] 18



e 10D geometry

1

2
ds{,

_|_
: -
+ (B 5P aY (a0 o a)
1T 1
(e (e’ (g
2 3 5 7 1
a? ) (\H )\ Hy
1r 1
(! () oy
3 1 6 7 3
a g ) (\E )\
1 r 1
(! (e (g
1 2 4 7 5
a m? ) (\E )\

-

(

Jor
Jor
Jor

Hy HO 52 | <3>)‘§ (H5(4) HE g® H§7>)_2 s

(e 180 1P g Y (a0 g B a{)? (H H&}l) (H Hffﬁ) dR?

[1#xx

a

Hé5) H5(7)

N

1
Hygi

) () o

2
Hygy

F[ 6 F[ ( F[ 3 |
4 5 4

1
4 7 2 5)
Hé)H§>>2 (Hf&) ()2
5 6 6
Y HYY HY) _

19

[ harmonic superposition ]

[ Tseytlin, "96 ]




. H, (4) 77(5) 77(6) (7))
e 10D dilaton e2® = (H HY HY H )
H5(1) Héz) H5(3) 5 5 5 5

e 10D gauge flux

(ele) | (mag)
Fisy = Fig) " + Figy™”

with Note: F(7) = — %
Fig® = d(H ') AdtAde
/ / /
F((;)?/CLQ) — L (Hél)) 77127 o (Héz)) 77347 L (Hé?’)) 77567
/ / /
<H‘é4)) 136 (Hé5)) 235 (Hé6)> 145
T 1 3 6 n T 2 3 5} n + 1 4 5 n
Hygge Hycye Hig Hc Hycy Higk Hygge Hyye Hic
(")
246
T @ @ g© "
KK ““KK ““KK

e Type IIB EOM’s with both source and DW branes automatically solved!
20

F(ele)



R—0 R — o0
e H-functions | >

asymp. flat spacetime AdS; x My flux vacuum

21



R—0 R — o0
e H-functions | >

asymp. flat spacetime AdS; x My flux vacuum

Harmonic functions

Hi=1+|fR , HY=1+|fu|R , HP =1+4|fpR , HY =1+4|fs3|R

22



R—0 R — o
e H-functions | >

asymp. flat spacetime AdS3 x M; flux vacuum

Harmonic functions

Hi=1+|fR , HY=1+|fu|R , HP =1+4|fpR , HY =1+4|fs3|R

Non-harmonic functions (chosen to recover AdS3)

Hé4) ’ H5(5) 7 H5(6) 7 H5(7)

23



R—0 R — o0
e H-functions | >

asymp. flat spacetime AdS; x My flux vacuum

Harmonic functions

Hi=1+|fR , HY=1+|fu|R , HP =1+4|fpR , HY =1+4|fs3|R

Non-harmonic functions (chosen to recover AdS3)

Hé4) ’ Hé5) ’ H5(6) , H5(7)

KK-monopole functions (not independent)

1\’ 3\’ 5\’

(Hick) (i) (k)
W1 = T3 1 6 o W3 = T 1 5 y  Ws = T 5 6
R 1 P PENIOTE HG 1 P

2\’ N\ 6)\’

(1) (1) (1)
W2 = T/ 5) (7 W4 = T3 6) 1 (7 o W6 = T 1 (7
GOV TOvRTe HE i i

24



~

An example . Wq = W; =W and Jaa=fas=fas = far = f

Harmonic functions

Hi=1+|fR , HY=1+|fu|R , HP =1+4|fpR , HY =1+4|fs3|R

Non-harmonic functions (a choice)

H5(4) = 21 C3 Cq R_% (1 —|—fR) ; H5(5) —2coc3c5 R 2 (1 —|—fR)

Hé6):2clc4c5R_% (1+fR) : H5(7):2CQC4CGR_% (1+fR)

KK-monopole functions (not independent)

(a) 1 4+4FR (4) 1 1+4fR
HKK:CaR 264f2R2 : HKK:C'LR 264f2R2
, 1
Note: AdSsrecoveredif c1---cg = _
8w f?

25



Summary

R—0

R — o0
>

asymp. flat spacetime

AdS; x My flux vacuum

D1-D5-KK5

brane intersection

26




R—0 R — o0
Summary | >

asymp. flat spacetime AdS; x My flux vacuum

r )

D1-D5-KK5 Hyl|, HL23A56T)

R— o0

brane intersection
AdS3 x M- flux vacuum

27




R—0 R — oo
Summary = >
asymp. flat spacetime AdS; x My flux vacuum
a é Y
1,2,3,4,5,6,7 (1,2,3,4,5,6,7)
Hil, ., H o D1-D5-KK5 Hyl,,.  — HS o

asymptotically-flat spacetime

brane intersection

AdS3 x M- flux vacuum

28




R—0 R — o0
Summary | >

asymp. flat spacetime AdS; x My flux vacuum

_ p(1,2,3) _
Hilgp_o = H; ‘R—>0_1

r )

D1-D5-KK5 Hyl|, HH23A56.7)

R— o0

H5(4,5,6,7)‘

brane intersection
R—o00 AdS3 x M- flux vacuum

background solution

[ strongly-coupled singularity |

29




R—0 R — o0
Summary | >
asymp. flat spacetime AdS; x My flux vacuum
H5(4,5,6,7)
R— o0
interpolating solution
_ r(1,2,3) _
Hilpyo = H ‘R—>O =1 r )
D1-D5-KK5 H HH23A56.7)
H(4757677) ‘ 1 ’R—>oo 5 R—o0
5 R— 00 brane intersection

background solution

[ strongly-coupled singularity |

AdS3 x M- flux vacuum

30




Message to take home

* We have made progress in understanding/characterising scale-separated

AdS; flux vacua in type IIB and their 10D domain-wall (and brane) description

Things to look at...

« KK-modes decoupling ? [ Van Hemelryck, ‘25|
« D1-D5 branes decoupling from the bulk ? [ Apers, ‘26 ]
« Holographic AdSs;/ CFT; constraints ? [ Bobev, Paul, Revello, 26 |

31



EUYXAPIOTW !

thanks !

32



Extra slides



Flux/brane correspondence

(DW brane) dF(g)

rabk

(source brane) dF (3)

1)c7

0 ro " r — 00
Y4
4
’
near )
horizon ’
4 . .
region ’ asymptotic region

1
Note: New transverse coordinate r = R~ 2



Type IIB EOM’s with both source and DW branes

F
o (500 won?) - § Y el 4525 3+ s

2062 Siip = | A X V-G
K 1I1B / ? 2p_|_1

* Gauge potential equations
. / 05/
~05/D5 5/D5 0O1/D1
dFz) =y :J(k) + § jJ . dFqy = JOY

* Dilaton equation

7
2e~"V=G (ROV + 4000 — 4(99)*) - ka) V=Gly = D dsw /=Gy — 51 V=GP =0
k=1




* Einstein equation

v -G [e_m (RMN + 2 VMVN(I))

7
: —® D) (1 ~(6D) 1
T Z J5(k) € \/_G(k) (§ G(k) MN — ZGMN>
j=1

7
- g 6D) (1 ~(6D) 1
™ Z J5(k) € \/_G(k) (§ G(k) MN — ZGMN
j=4



7D Solvmanifold: the one-form basis

n® = COS [\ /W, Wi x7] dr® + , /% sin [\ /W, Wi :c7] dz’
nt = — /% sin [\/wa Wi .:E7] dx® + cos [\ /W, Wi x7] dz’

777 — d[IJ7

* Nilpotent limit w, -0 or w; =0

37



