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Flux compactifications and warping
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"de Sitter uplift” D3

[KKL(MM)T,...] (not further considered in this talk)
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|

Physical quantities from pseudo-topological

data (underlying N=2 structure) == nice effective action

[..., Grimm-Louis, Grana-Grimm-Jockers-Louis,
Jockers-Louis, Denef, Grimm, ...]
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4D warped effective theory?
... however In warped compactifications

* X is still complex and Kahler! \’ @
* preserved N=1 supersymmetry

(+ possible no-scale SB) ﬁ

* superpotential insensitive to \K //
warping \&

S

| il
Question:

7. 2
Natural and ‘simple’ incorporation of the

warping in the Kahler potential ?

7-branes

D3’s + 03’s




The warped Kahler potential
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Step 0: reassembling Kahler moduli

(Complex structure and axio-dilaton moduli assumed frozen)

. D3-charge density
—4A __ :
§ Ae " =xQs with Qg = F3AHs+ Z‘S?_Z > 8+

I€eD3’s 0c03’s

= 6_4A(y) — qa _I_ 6_4A0(y)
_— ~

/ / —4A _
( UNIVERSAL MODULUS @ ] /XG(y,y)Qa(y) —>/X6 °dvolyx = 0

[Giddings-Maharana]

¢ We can fix / dvoly =1 == | pL1 _ 1 CONSTRAINED KAHLER MODULI/UCL]
X

Kéhler form: J = v, w*
/
harmonic H?(M,Z) basis

o) [Na’rumlly split A1 Kdhler moduli a,va]
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¢ Dimensional reduction:  ds?, = e24Wds? + e 24Wds%

/ R I/ voly (X)Ry + ... with  voly(X) :/ e 44 dvol x
M4><X M4 X
¢ Superconformal argument fixes: cf. also [Haack-Louis
K = —3]Qg / €_4Adv()] X cf. [DeWolfe-Giddings]
X

¢ Inserting e %4W =g + ¢ W and using / e 40 dyoly =0 :
X

— K = —3loga simple but implicit!
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Step 2: chiral coordinates

¢ Sector we focus on:

* D3 positions: 7%  I=1,...,np3 good chiral fields

* Kahler moduli: @, Vq + axionic partners /—— A1 chiral fields pa
a=1,... At
HOW??

¢ Natural choice: p” such that

1
Rep? = / e A TN T

2 D e
i (7

N

harmonic H2 (M, Z) basis cf. [Giddings-Maharana]



Step 2: chiral coordinates

¢ By solving the warping:

-
1 1 _
Rep® = §aI“bcvavb + h%(v) + 5 Z A VANARY)
\ / I€D3’s \ j
/ \

fluxes + other D3-charge sources

~

D3-branes contribution

* z'a,bc — DA Db . D€
a ~ o N . ’ . . .4 _ a
* K (Z, 2, U) potentialss 100K" = w

a __ a a\ b
* h (U) — /X(K — Re lOgC )Q6g background D3-charge

v R AH —i > o+

section of O(D®) 0€c03’s



Summarising

- ™
K = —-3loga

N J

f p

1 1 _
Rep® = 5CLI‘“’%@fub + h%(v) + 5 Z K21, Z1;0)

L / IeD3’s \\ )

P

fluxes + other D3-charge sources D3-branes contribution

Final step:

-

\

find a(Rep,Z,72) = K(p,p,Z,Z)= —3loga(Rep, Z,Z)

~

4

not possible in general! (as in the unwarped approximation)



Some implications:
Old and new results
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Particular lIimits

¢ Just universal modulus ( A't =1)

K p— —3 log (p —|— ﬁ) cf. [Frey-Torroba-Underwood-Douglas]
¢ ... plus D3-branes ?@k
_ _ cf. [DeWolfe—Giddings,
K=-3log|p+p— Y. kZ1,7Z1) e e
IeD3’s Chen-Nakayama-Shiu]

¢ Constant warping, no fluxes and weakly fluctuating D3-branes

K = —2log (Iabcvavbvc) Va unconstrained

Re pa — %Iabcvavb L % E : w%q)qji); cf. [Grana-Grimm-Jockers-Louis]
IeD3’s
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¢ Assuming Rep® > 1 one can approximate
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Kinetic terms
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Kinetic terms

¢ Even though the explicit K(p, p, Z, Z) is not known in general,
one can compute the explicit form of the kinetic terms:

Z gzj(ny ZI)(?MZ}(?“Z}_

* GV = 2 Val — — (MY \

D3-branes kinetic terms
% Mgb = / A w® A w? ==) matches what ok?faln.ed
X by probe approximation

warping of Kahler structure

. Furthermore:
moduli space! - N
(absent if X is geometrically formal) K(p,p, Z, Z) IS no-scale:
cf. [Frey-Roberts] AB
L KAPK, K5 =3 )




A simple class of solvable models

¢ O3-compactificationon  x — U X a X a

Z’L — aj”l/ _I_ )\y’l
27i [Kachru-Schulz-Trivedi]
T — )\ — € 3

Gy ~dz Ad22 AdZ2 +d2? Adzd Adzt +d22 Adet A dE?

1-1 2 -9 3-3
a . , 2z 24z 2°Z
€6 p moduli+ D3’s: A= A= R =t
A _ Re (2%2°) 5 _ Re(z°z1) 6 _ Re(2'z?)
ImA\ Im A\ ImA\

g [K _ log |:T1T2T3 + 2T4T5T6 . Tl (T4)2 . T2 (T5)2 . T3 (T6)2j| ]

1 _ ing of
| o — o 1 a(y 7 no warping o
with Rep 5 EI:% (Z1,271) 0% moduli space



Summary

¢ \ery simple (implicit) Kahler potential K = —3loga
+ flux and D3 dependent chiral coordinates for Kahler structure
moduli

¢ D3’s automatically incorporated

¢ The Kahler structure moduli space gets warped

¢ At large moduli, warping induced corrections to /& of order O(V_%)

¢ B>- Cy and D7 axions can be easily incorporated (at weak coupling)



Future directions

¢ Develop efficient computational methods

¢ Incorporation of complex structure and 7-brane moduli
Complex structure enters the definition of the p® moduli:

mixing of complex and Kahler structures
Ktot # KCS(U7 U) —I— Kks (107 ﬁ, le ZI) [Grana-Grimm-Jockers-Louis]

¢ Incorporation of gauge sector and charged matter <t Marchesano-McGuirk-Shiy|

[Grimm-Klevers-Poretschkin]

¢ Combined warping and higher order effects? cf. [Grimm-Pugh-Weissenbacher

¢ Phenomenological implications?



A by-product

¢ Supersymmetric D3-brane instanton wrapping D :

|
Wnpwexp[—§/ e—4AJAJ+...]
D

Euclidean D3-brane
instanton

~ 1l <o(Z1)exp(—p) /

IED7

|Ganor]

[Baumann-Dymarsky-Klebanov-Maldacena-McAllister]



