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Study the de Sitter vacua of KKLT using the 10d EOM.

Consider a type IIB warped flux compactification containing

i. anti-D3-branes
ii. gaugino condensate on D7-branes

KKLT: after dimensional reduction of (i),(ii) separately,
the EOM of the 4d EFT lead to a 4d de Sitter vacuum.

We ask: do the 10d EOM lead to the same 4d de Sitter vacuum?

Or does the 10d perspective reveal corrections or obstructions?



I. Equations of motion

II. Stress-energy of gaugino condensate

III. SUSY AdS, vacuum

IV. de Sitter vacuum



Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.
d82 _ GABdXAdXB _ 6—6u(:c)—|—2A(y)guvd$,udxv 4+ eZu(m)—2A(y)gabdyadyb

Consider a stack of D7-branes supporting SU(N.) SYM.
Take hi’l =1: e* =Re(T).

4d N = 1 supergravity:
K= —3log(T+T) W = Wp + Ae~ T
Welassical = / G3 N = WO
X

N, 4
Wap = 3272 (AN) = Ae™




Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.
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Consider a stack of D7-branes supporting SU(N.) SYM.
Take hi’l =1: e* =Re(T).

4d N = 1 supergravity:
K= —3log(T+T) W = Wp + Ae~ T
Vi = (K™ Dy WD W — 3W W)

This supergravity theory has a SUSY AdS; minimum.



Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.
d82 _ GABdXAdXB _ 6—6u(:c)—|—2A(y)guvd$,udxv 4+ eZu(m)—ZA(y)gabdyadyb

Consider a stack of D7-branes supporting SU(N.) SYM.

Introduce p anti-D3-branes at the tip of a Klebanov-Strassler throat.

4A —8
SDBI—}—CS = VD—S = 2p T3e e u

To the extent that the antibranes affect the gaugino condensate
only by contributing to the EOM for u,

it follows that Viot =~ Vg + VF .

This theory has a metastable dS; minimum.



Do there exist consistent global models with:
i. Quantized fluxes giving small classical superpotential
ii. D7-brane stack(s) supporting gaugino condensate
iii. Weakly-curved Klebanov-Strassler throat

In such a model, are all parameters simultaneously in controllable regime?
Do anti-D3-branes create important instabilities besides decompactification?

We will not improve the answers to these questions.

We will only ask, and answer:

Does ten-dimensional supergravity,
including only the sources already invoked,
reproduce the de Sitter vacuum computed in the 4d EFT?



Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.

d82 _ GABdXAdXB _ 6_6u(x)+2A(y)g#Vd$ud$y + 62u(:€)—2A(y)gabdyadyb

Fy = (14 *10)da A da® A dxt A dx® A da®
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Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.
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Fy = (14 *10)da A da® A dxt A dx® A da®

dp:=er+ta  Gyi=(1Fix)Gs
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Adding a D3-D3 pair appears to require AR, o< —e>

whereas Sppi+cs = Vpg = +2p ThetAe—8%



Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.

d82 _ GABdXAdXB _ 6_6u($)+2A(y)gﬂyd(L‘ud$y + 62u($)—2A(y)gabdyadyb
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M3R4[g] = 24 M0, ud"u+ /
X

M2AR4lg] =~ 24 M30,ud"u + /

N V96 (—64ATD7,W9W + 87?564‘4612”%)

M2Ralgl = -T* =~ 4V

Adding a D3-D3 pair appears to require AR, o< —e>

Adding a DéhB8apasivmquisess WadR A dpFsel7he



So far: with careful treatment of breathing mode,

effects of D3 (alone: no D7-branes yet) match between 10d and 4d.
Runaway decompactification, at expected rate.
No mysteries, no obstructions.

Next: in same spirit, include only D7-brane gaugino condensate, no D3.
Do 10d EOM imply SUSY AdS,; vacuum?



Consider a stack of D7-branes supporting SU(N.) SYM.

Sc = ff€_4A qu 91671'6(0) + c.c.

47r2a

(G5 causes D7-brane gaugino mass < (A\)\) sources (3.

_ — A\ __
(G—)aécf:_e 4 ImT167T2 a G(2)(Z;ZD7)gbeBECIa

Strong consistency check: D3-brane potential.



Type IIB string theory compactified on O3/O7 orientifold, X, of a CY,.

d82 _ GABdXAdXB _ 6—6u(m)—|—2A(y)g“Vd$,udxv 4+ €2u($)—2A(y)gabdyadyb
Consider a stack of D7-branes supporting SU(N.) SYM.

Include a D3-brane at z.

4d N = 1 supergravity:
K=-3log(T+T—~k(z2))
Welassical = fx Gs ANQE=W

_NC —aT
Wap = =2 (M) (2) = A(2)e

W =Wy + A(z)e™ T
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Consider a stack of D7-branes supporting SU(N.) SYM.

Sc = ff€_4A qu 91671'6(0) + c.c.

47r2a

(G5 causes D7-brane gaugino mass < (A\)\) sources (3.

(G-)aed = —6_4’4\/@1222 G () (25 207) 8" Uy
Strong consistency check: D3-brane potential.
Vbiros = Vie |K(T, T, 2, 2), Wap (T, 2)
The 4d F-term potential due to Wy, (7, 2)

matches
the 10d DBI4-CS potential due to Gz sourced by (A\).

noncompact IC ab compact = IC ab ™ 117



Consider a stack of D7-branes supporting SU(N.) SYM.

Sc = ff€_4A (’bG 91671'6(0) + c.c.

47r2a
(G5 causes D7-brane gaugino mass < (A\)\) sources (3.

Promote to GCG:

_e S (1)
e E @

_ 44 ¢ a2 50
Saan (47r2a /\/ﬁe (G3 + idRet) - 16%6 + c.c.

b (2)t _ 10 piJ




_ 44 ¢ a2 50
S (4 204 /\/ﬁe (G3 + idRet) - 16%6 + c.c.

Compelling evidence that gaugino condensation sources flux via Sgax-

Compute the associated 10d stress-energy:

GM' — ie* (G dRet) - ) A 5(0) R

T - — + idRet) - Q— , + c.c.

HY susy (4m2a’)? ? 16 IH

Ga + 1dRet = 44 ’“""’TGM — _12e5 W2,
’ m IXQ/\SZ f \fe SUSY &5

Mg Ralg) :/ \/%(64‘49””715/)\)\)
X

M2 Ra[g) = =128 |W? = 4V5GEH" Match is exact.



First: with careful treatment of breathing mode,

effects of D3 (alone: no D7-branes yet) match between 10d and 4d.
Runaway decompactification, at expected rate.

Next: only D7-brane gaugino condensate, no D3.

10d EOM imply SUSY AdS, vacuum:
10d stress-energy due to CIU gaugino-flux coupling
precisely reproduces KKLT SUSY AdS.

GKP+CIU=KKLT AdS



/ \/76 4A ,LLI/TG)\)\ sy — 12€]C|W|2

MER4lg] = ~1265|W 2 = 4V
If SUSY now spontaneously broken by (T'), 4d supergravity guarantees that

M2 Ry[g) = 4VEKIT

Would be instructive to verify in 10d.



First: with careful treatment of breathing mode,

effects of D3 (alone: no D7-branes yet) match between 10d and 4d.
Runaway decompactification, at expected rate.

Next: only D7-brane gaugino condensate, no D3.

10d EOM imply SUSY AdS, vacuum:

10d stress-energy due to CIU gaugino-flux coupling
precisely reproduces KKLT SUSY AdS.
GKP+CIU=KKLT AdS.

Finally: both D7-brane gaugino condensate and D3.
Do the 10d EOM imply dS4 vacuum?
GKP+CIU+KPV = KKLT dS.



Consider an anti-D3-brane in a Klebanov-Strassler throat.

Calculate in 10d its effect on Tﬁf‘)‘, for D7-branes just outside the throat.

Method: enumerate lowest-dimension operators in CFT dual to throat.

Result: anti-D3-brane is sequestered. T; ,ﬁf"\|_ = Tfj‘)“
D3 SUSY

Only non-negligible effect on Tﬁf‘)‘ mediated by overall volume, Re T = e*".

GO = 12eK|W2 = —aVp[K, W
[ vae g = 12w = vl W

f \/§e_4Ag‘”‘”T£/M (u # usysy) = —4Vp[K, W]
X

U

To find value of u in presence of anti-D3-brane, solve ©v EOM.
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ZMEZRZL 9] = Vpz+ Vi = Vkkir



First: with careful treatment of breathing mode,
effects of D3 (alone: no D7-branes yet) match between 10d and 4d.
Runaway decompactification, at expected rate.

Next: only D7-brane gaugino condensate, no D3.
10d EOM imply SUSY AdS,; vacuum.
10d stress-energy due to CIU gaugino-flux coupling
precisely reproduces KKLT SUSY AdS.
GKP+CIU=KKLT AdS.

Finally: both D7-brane gaugino condensate and D3.

Effects of D3 mediated by overall volume.

10d stress-energy from gaugino-flux coupling, and of D3,
precisely reproduces KKLT de Sitter.

GKP+CIU+KPV = KKLT dS.



Existence of anti-D3-branes in Klebanov-Strassler throat.
Existence of gaugino condensate on D7-branes.

Einstein equations and Bianchi identity, for sufficiently general ansatz.
DBI+CS action for D3-branes and anti-D3-branes.

Gaugino-flux coupling from supersymmetric DBI action,
generalized appropriately to GCG.

Anti-D3-brane contributes as expected to Einstein equations.
Stress-energy of gaugino-flux coupling yields SUSY AdS of KKLT.
Effects of anti-D3-brane on Tﬁf‘)‘ negligible except via overall volume.

—Rulg] = Vaz+ Ve = Vkkerr



No sign of inconsistency or obstruction from 10d EOM.
Dimensional reduction of sources assumed by KKLT gives a 4d EFT.
10d EOM including these sources precisely agree with EOM of 4d EFT.

Not everything is local in 10d: breathing mode is 10d zero mode.

Some further 10d checks may be possible, e.g. Vi (u # usysy)-

Singularities from G A\ have appeared problematic.
In our approach, R4[g] is finite.

Open problem: do sources coexist in region of control in explicit CY4?



Considerable promise for exhibiting controlled de Sitter vacua
via increasingly precise and ambitious 10d/4d computations.



Thanks!



