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AdS Distance conjecture (in Planck units) [Liist, Palti, Vafa, '19]
Moo ~ |A]” with v~ O0(1).

Ideas underlying the proposal:
» The exists a notion of distance between different vacua of string theory.
» As infinite geodesic distance a tower of states appears m, ~ e~ 2.

» Two AdS vacua gets a contribution of the tpye A ~ —log

Ao
Ay

First steps with Freund-Rubin vacua in [Li, Palti, NP, '23]. What about

scale separation? DGKT vacua.

Metric positivity conjecture: families of solutions in quantum

gravity always have a positive metric on them.
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o In Minkowski vacua this is well-understood: distance on moduli space.
[Ooguri, Vafa, '06].

o In AdS we need a universal prescription to extract a metric:

» Take a family of AdS solutions of string theory parametrized by a
constant parameter o.

» Gives this parameter an infinitesimal spatial dependence over AdS.

» Extract the two-derivatives from the action: S[o(z)] C [ —K,,(90)?.

o Various terms in the action can contribute. These terms are those

ones ultimately related to variations of the vacuum energy.
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In AdS vacua one can always take variations of the vacuum energy
ds? = dsAdS with —=e
We compute the “off-shell” action for €2 rescalings:
Ry=e2° (Rd —(d—1)(d — 2)§T™ By 0O 0 — 2(d — 1)@30)
Sq D % /dda: —4d (Rd — KUU<80')2>
Ky = —(d —1)(d — 2) +— negative definite metric!

o This is the manifestation of the Conformal Factor Problem.

[De Witt, '67] [Gibbons, Hawking, Perry, '78]
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o In string theory variations of the vacuum energy are the result of
various contributions: internal volume variations, fluxes, etc. We must

include all these contributions [Liist, Palti, Vafa, '19].

o AdS vacua are identified by a set of on-shell conditions: the

variations contributing to the vacuum energy are related each other.

o One-parameter families of AdS solutions:

T C Vol
dsi,, = f’gﬂf'r-“':_)\d.‘-,',.- + "jrf'r'qf';-
Fy=e"voly
o CVolat R4 R+ Fl,, = Kl 00)?

#
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o Contribution from internal volume variations:

&ﬁ);/[M—iﬂd—%@@Q—ﬁ<Z:;—k;1>@ﬂﬂ.

On-shell condition;: 7 = ao.

©

o Total metric over metric variations:

Lo (d—1 k-1
Kmem’c:Kgg KTT: —1 —92) — 22 (4—4 A=42
t + (d )(d ) —a’k <d—2 - >

o Strong scale separation leads to a negative metric.
o Example: Kpgkt = —%. We need to include flux and dilaton
variations.

6/ 11



DGKT vacua: type IIA CY orientifold compactifications to N’ = 1
AdS4 [ DeWolfe, Giryavets, Kachru, Taylor. 05.]

Internal fluxes: Hs = ¢*ay — pi5* | Fo=m, Fy = e 0.

The Fy flux is unrestricted by tadpoles and can be varied

parametrically: |eq| ~ n.

Internal volume variations from 2-cycles: v = €27 9% — ds% = ¢*7d32

The 10D dilaton ® contributes. The axions do not contribute.

pAD—6
Vacuum energy: Viin=A =— 25 T,
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On-shell flux: Fg = —3 e“e%olags, N w, with Fy = xFg.
4

We introduce the Poincaré patch: dS?Ad&; = Z% (ds?vj3 + sz).

We “gauge" the flux parameter a = a(2):
Cs = —ec“e” z_3vo|M3/\wa — Fg = dCs = —e%e” (3—20,) volags, Awyg
Compute the contribution to the action [ |Fy|*> = — [ |F5|*:

27m?  3m? , 5 18m?
5 5 ¢ (09) %Zaza>

S4 D) /d4ﬂf /79E 64@—67' <

The holographic coordinate z is picked as special.
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How can we handle with the linear term?

2 e* 2 2 2 e* 2 201 7.2
d54:?(d31\/[3+d2) d84:?(dSM3+€ dZ)

From the type lIA action we get
1 -
$155 [ dov=gi(Re +6(0.0) - 20(0.7)? + 12(0.2)(2.1)
_9 (az(b)276672(0+m)+2<1>767'Z(f)20_1) ]

Sy D /d%@ (

3 P 20—-6 )
—5((92()&)2+9€72(U+01>+2D (’Tzdz(y>
o We have the freedom to choose 1! We choose it to precisely cancel

the linear term in flux variations

3
01 = -

2
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On-shell relations for DGKT:

1 1 ¢ 1 25
T:§(O'—|-0'1)+610g <32> , <I>:—(0+01)+§10g <2m2> ,
a=30+2 ®+1lo ( 0 > 3 «
=30 T — — |, o1 =z,
g 3\/§m 1 5
[ DeWolfe, Giryavets, Kachru, Taylor. 05.]
We obtain a unique solution:
11 1 3642 11 5¢%/3
T——9“+181°g<25>’ q)—sf’“og(mn ’
14 +11 25 33 28 +21 25 33
o1=——0+ -lo & =——071T =10 :
1 3 3 g q2 ) 9 9 g q2
J
1 ) 3376
S4 D 3 /d4$\/—gE [—KDGKT(aza)Q} with Kpgkt = o7
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We can write the result in term of the traditional exponential

dependence on the distance of the KK modes

7
V= e—
9v KpGkT

with A = —1 [ VKdlog A. [Liist, Palti, Vafa, '19].

Moo ™~ B_WA )

This gives the explicit value v ~ 0.06 < Vynodquii = 0.7. [Etheredge,
Heidenreich, Kaya, Qiu, Rudelius, 22].

Our procedure is very involved, but is rigid.
Test our metric positivity conjecture in various setups.
Big deal: holographic interpretation, distance between CFTs.

Thank you!
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