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EFT from String theory

Construct EFTs with Einstein gravity from string theory

Elementary starting point: Vacuum construction

We would like our EFT to have:
» Stabilized moduli

» Quantized fluxes

. . . L?
» Not detectable extra dimensions: Scale separation 52’{ — 0
A

de-Sitter from string theory?

Classical limit
> Weak coupling gs = e® < 1 : string loops neglected

> Large volume: o’ corrections sub-leading

AdS, vacua from massive Type IlIA have such properties:
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Three dimensional AdS

Three-dimensional EFTs cannot physically describe our Universe but can pro-
vide us with information about the existence of EFTs from string theory with
"good" properties

Mig = M3 x X7 :  Massive Type IIA supergravity — 3d EFT

» 3d constructions are simpler than 4d

» The validity of AdS3 vacua can be checked with CFT2 which is better
understood.

» Test conjectures in 3d.
» 3d de-Sitter uplifts?

Classical SUSY AdSs solutions with moduli stabilization, flux quantization and
parametric scale separation:

Scope 1: Find well controlled vacua with broken and non-broken scale separation.
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Scale separation

of the external space
L2
—f%fg -0,
A

estimation for parametric decoupling of scales.

Scale separation: Kaluza-Klein scale to be separated from the curvature radius

e Assume the metric ansatz

A
ds%o = e2avdsg + 2B (F%dy% +.. )
KK scale
e For a 10d scalar ¢(zp,y1,...)
—168v
—2 2 € -2
Lgg~m’~——3—, L7 ~{V)
1
CC scale
e For unbounded flux f we have:

Parametrically
large gap

v

2
LKK ~ ffc
A
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Swampland conjectures

Consistent EFT can be understood as follows:

Compatible with QG

Lan;caé

Swampland

EFTs that can be UV-completed to quan-
tum gravity. (Landscape)

Relevant conjecture:
» SUSY AdS conjecture A — 0 then light KK modes

» Distance conjecture: m ~ moe*”YA
with v ~ O(1) and A > O(1)

J

Consistent low energy EFTs

Scope 2: measure the distance from broken scale separated to scale separate vacua.
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3d vacua in Type |IA



From G2-manifold to Toroidal orbifold

A G2-manifold is characterized by the fundamental three-form
P = 127 _ oBAT _ 567 | (136 _ 235 | 145 4 246
We choose the internal manifold X7 to be a seven-torus with the orbifold I":

T7

X7:77
ZQXZQXZQ

y" o~y 41
The vielbein of the torus e™ = r™dy™

o =s'd,;,

s* are the metric deformation moduli related to the seven-torus radii ™

Target space involutions for the sources (fixed points)

oco2: Yy — —y™, 006; : 002l i=1,...,7.

We get 3d N=1 minimal effective supergravity :

T orbifold 02-plane

Type IIA supercharges: 32 4 2 real
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The 3d effective theory

The 3d bosonic effective action has the form

e 'Lepr = 4R3 — 1(82)? — 1 (9y)? — Lvol(X7)™! /cpi A %P ;0505 —V
7

with 246 moduli in total
z,y : universal, §° : metric deformations.

We guess superpotential which gives the 3d effective potential

e[ = [ o4 -z S ._3 Fy A
PZ? N *PAHsvol(X7)"7 4e V7 DA Fyvol(X7)™7 +§€2y 2

The fluxes are expanded on the invariant basis

7 7
H3:ZlL""‘1>i, E;:Zfi\pi, Fy=m.
1=1 =1
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Tadpole cancellation — Flux ansatz

The relevant tadpole:

/dF6 =0= /(F4,q + Fyp) A Hs + (2m)7 /(Nowoz + Np2pp2)Jj7
7 7 7

We have studied to following ansatz for the fluxes:

Flux isotropic anisotropic

R h(1,1,1,1,1,1,1) h(1,1,1,1,1,1,0)
fig 0 ¢(0,0,0,0,0,0,-1)
fif f(717717717717717717+6) f(717717717717717+570)

> Cancel 02 with Np, = 24

» Tadpole cancels while " f" and "¢" remain unconstrained:

/Hg/\F4,q=0><(—q):0, /Hg/\F4’f=—5hf+5hf=0.
7

7
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Scaling of the fluxes

For the anisotropic flux ansatz we evaluate the superpotential

y+% 6 y— -2 5
e VT 1 e V7 i 6 7 m y=v7z
P = h,zg—i— 3 f —Zs + 53 —q8§ +§e 2
i=1

8

i=1
Method: Assume the fluxes/fields having the following scaling:
f~N, g~NO, eV~ NY, e ~NX, 3~ NS
The scaling of the fluxes becomes:

Y:—g—m, X:?(IA—QS), Q=1+78

e We have created an anisotropic scaling to T7 radii :
7+11S
2 s 35
{7‘2- }7;217375,7 ~ N8 X N’ 9

74118
2 —25
{riti=2,46 ~N—"8 XN .
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Constraints on the scaling

Large volume:

Weak coupling:

Scale separation:

» Large volume, Weak coupling, Scale separation

» Large volume, Weak coupling, broken-Scale separation :

riz = ewvff >1

3478 3
gS:e¢~N_ T <0 — S>—?

2
KK,i 1
{riti=1,3,5,7: 2 N
A
L2 . .
KK,i —1-78
{riti=2,4.6 7z N
A
:S=0

1
- —— <8<
5

1
3
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Moduli stabilization

The supersymmetric equations reduce to the following system:

0 =c—ao®+50°77,
P oP P 0 =c—aoctr—o%7,
—=—=—=0=
ox oy 05 0 =-3b+2a(2+1),
0 =8+a(2+L)+(-po+5r— %),
where c= g 8
!
h 2z _y_ 5x
the system is solved for a= 7 Vi, b= Mo =27 %07,
[ ¢ a b (3N =0 [ =7 ]
10— T 0.298843 2.44476 0.884523 0.151095
10-3 0.0801704 1.26626 0.458136 0.078259
10-6 0.0111396 0.472009 0.170775 0.0291718
10~Y 0.00154785 | 0.175946 | 0.0636578 | 0.0108741
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Interpolating between flux vacua
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Probe D4-brane

Interpolate between vacua :
e D4 with co-dimension 1 induces a change to Fy flux on either side of the brane
e A open strong modulus displacement changes the Fy-flux.

V(¢) V(¢ ¥)

Scalar potentials with discrete choice of fluxes are connected through v direction.
Image:

Distance calculation
Flux values: h = (27)216, mo = (2m)~1, f = (27)3105,

c= g 7 (27I’)3 non scale sep. to scale sep (271’)3(1 + NQ)

f (2m)3105 (23105

and moduli space: H2 x R3, we explicitly find
mf  (Q=1)=mrr(@Q=0)e"> — y=x0127
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Conclusion
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Conclusion slide

» We constructed minimal classical SUSY AdSs vacua compactified on
G2 spaces with
P> Scale-separation
» Moduli stabilization
P> Flux quantization
» For specific flux ansatz we cancelled the tadpoles and created an
anisotropy to the scaling of the radii.
> New vacua with scale separation and broken scale separation while
remaining at classical supergravity regime.
» Introduced a D4 to interpolate between those vacua and verified the
distance conjecture.
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Thank you!



Orientifolds

The Zs involutions are

®C¥ : ym — (7y177y277y377y47y5’y67y7)7
05 y™ = (—y, =2,y —°, = y7),
Ot y™ = (—yh v =% vt =% —yT),

In total we have 7 different directions for O6-planes

VI T v [ [ o8 [
06n ® ® | ® ® - - -
065 @ (e[ -[-]®|® -
06~ ® - ® - ® - ®
064 - -[o]le e[| -
0654 - R | ® - - & ®
06+ - ® - ® ® - ®
0644+ & - - & - & ®

Table: O6-planes localized positions "-" and warped directions ® in internal space
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Canonical masses

Canonical masses and dimensions of dual operators

Eigen [<KU>*1 <V”>} — 212, A[A = (d—1)] = m2L2
(V)]
[ e T Eigen[V,/|(V)]] |
1 {231.9427 17.314, 3.8722, 3.4185, 0.8569, 0.8569, 0.8569, 0.8569}

101 {438.227,23.672, 5.441, 3.510, 1.654, 1.654, 1.654, 1.654)

10-3 {1606.81, 65.710, 7.403, 6.167, 6.167, 6.167, 6.167, 3.523}

106 {11505.,436.001, 44.384, 44.384,44.384, 44.384, 8.065, 3.525}
10-9 || {82741.6,3105.15, 319.429, 319.429, 319.420, 319.429, 8.155, 3.525}

m2L2 : {49.778,8.178,6.347,2.589, 2.589, 2.589, 2.589, 1.966 }
A = {8.126,4.029, 3.710,2.894, 2.894, 2.894, 2.894, 2.722}
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