
!

Effective Supergravity 
Interactions from



String Compactifications


!

Hans Jockers


!

Bethe Center for Theoretical Physics 
University of Bonn 



Introduction & Motivation 

Observations and measurements


Input for (string) phenomenology:



Particle spectra: Gauge groups, representations, chirality,…



Interactions: Masses, Yukawa couplings, SUSY breaking,…



Supergravity theories UV completed by string theory


SUSY phenomenology: Constrained by supersymmetry



String phenomenology: Further constrained by UV completion



Status 
A lot of progress over the years



F-theory phenomenology, heterotic string phenomenology,…


Gepner models, orbifold CFTs,…


Models of string cosmology,…



Challenges for string theory


Complicated semi-realistic models (fluxes, branes, bundles,…)



(Stringy) quantum corrections to semi-classical approximations


Global structure of moduli & deformation spaces



Opportunities for string theory


Derivation of string-exact results in string phenomenology



e.g., inflationary potentials V (�) = µ4�p�p



Topological string and gauge theories


Topological strings 
(Witten; …)



SUSY gauge theory part. functions on curved spaces  
(Pestun;…)



Twisted gauge theories for F-theory 
(Beasley, Heckman, Vafa; …)



Topological subsectors combined with supersymmetry


OFTEN: Exact interactions for the physical superstring
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4d N=2 String Compactifications
4d N=2 Supergravity



Vector multiplet sector MV


N=2 special geometry: (topological) strings & 4d N=2 SUGRA



Algebraic geometry:  
type IIB: (Polarized) B-variation of Hodge structure  
type IIA: (Polarized) A-variation of Hodge structure



Hyper multiplet sector MH


c-map: String UV completion determines MH  
(Cecotti, Ferrara, Girardello; Ferrara, Sabharwal; …)


quantum corrections are challenging — α’ & gs corrections  
(c.f., review by Alexandrov, Manschot, Persson, Pioline)
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Gauge Theory Localization 
Type IIA on Calabi-Yau 3-fold X  
Generally: internal 2d N=(2,2) with c=9



Vector multiplets: S2 Partition func. correspondence  
(Kumar, Lapan, Morrison, HJ)



beyond complete intersection CY 3-folds in toric varieties


Global Barnes integral repr.: exact-in-α’ Kähler potentials



mirror symmetry provides alternative approach
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2d Gauge Theories 
Spectrum of 2d N=(2,2) gauged linear 𝝈-models



Gauge group G = U(1)k x G1 x … x Gn  &  vector multiplets VG 


(Charged) matter chiral multiplets 𝞥a



Gauge linear 𝝈-model action



RG flow: IR theory
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S2 Partition Function 
Path integral expression of the S2 partition function



Supersymmetric localization of the path integral 
(Benini, Cremonesi; Doroud, Gomis, Le Floch, Lee)
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4d N=1 (ungauged) supergravity



Defining quantities: Kähler potential K, superpotential W



Constraints on K & W from string UV completion?


N=1 special geometry — top. string with boundaries & fluxes  
(Mayr,Lerche, Warner; Soroush,HJ; Grimm,Ha,Klemm,Klevers;…)


Open/closed topological duality between  
twisted 2d c=11 CFTs & twisted 2d c=9 CFTs w/ boundaries 
(Mayr; Alim,Hecht,Mayr,Mertens,HJ; …)


Global properties of N=1 deform./moduli spaces — modularity 
(Bizet, Klemm, Lopes) 

4d N=1 String Compactifications 
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N=1 Special Geometry
Open/closed top. dualities with controlled physical 
subsectors due to flat Gauss-Manin connection  
!

Enumerative dualities b/w quantum geometries 
on-shell Walcher & off-shell Ooguri-Vafa disk instantons



Variation of limiting Hodge structures 
(Donagi,Katz,Wijnholt)

CY 3-folds w/ top. 7-branes

open/closed 
duality

stable degeneration limit of


elliptic CY 4-folds becomes  
weak-coupling 1/gs→∞



N=1 Effective Actions 
Chiral subsector: Partition Function correspondences 
F-theory on CY 4-folds XB (mirror to CY 4-fold XA) 
(Honma,Manabe; Halverson,Lapan,Morrison,HJ; Hori,Romo)



By construction: Modularity of deform./moduli spaces



Polarized A-VHS: Integral pairing of quantum periods



Compatible Kähler frame for the Kähler & superpotential 



Analytic expressions: Global Barnes integral repr.

e�K(z,z̄) =

Z

XB

⌦ ^ ⌦ = ZS2 [�RG(G)]

�RG :

⇢
2d N=(2,2)

gauge theories

�
RG flow

�!

⇢
IR 2d N=(2,2) CFT

c=11 for XA

�

W (z) = ZMF(alg.4-flux)
Hemisphere [�RG(G)]



N=1 Effective Actions 
F-theory N=1 Effective Actions 
(Hecht,Mayr,Mertens,Soroush,HJ; Grimm; …)



c.f., talk by Grimm, …



Challenges: Additional quantum corrections


Sector mixings: Particularly for h2,1(CY4)≠0



Lesson from N=2 Hypers: Similar/worse(?) difficulties  
(c.f., review by Alexandrov, Manschot, Persson, Pioline)


Deformation spaces w/ obstructions 
c.f., talks by Lukas, …



Topological todo list:


gs corrections: Higher genus enumerative correspondences


`Off-shell’ topological strings



Unifying Mirror Correspondences 
Dual topological open/closed mirror pairs 
(Berglund, Mayr; Mayr, Walcher, HJ; Donagi, Katz, Wijnholt)  



B-VHS of divisor D: On-shell & off-shell correspondence



Katzarkov, Kontsevich, Pantev: Mirror pairs for moduli 
spaces arising from generalized Tian-Todarov theorems
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SUSY breaking of 6d N=(1,1) to 6d N=(1,0)



Seiberg, Witten: Non-critical tensionless string transitions



Scalar potential for Type IIA on K3  
(Haack, Louis, Singh)



Spont. broken R-symmetry: Algebraic flux F2  
SU(2)RxSU(2)R➞SU(2)R

Example: 6d SUSY Breaking
(work in progress w/ Berglund)
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Saturation for harmonic flux

N=(1,1) 6d SUGRA  
with vector multiplets

chiral N=(1,0) 6d SUGRA  
with hyper, tensor & 

vector multiplets

phase transition  
tensionless strings



Compactification Correspondence

SUSY breaking via type IIA transition



F-theory vacua: Borcea-Voisin elliptically-fibered CY3 



𝛘(CY3)=[F2].[F2]=0: ’t Hooft anomaly matching w/o GS term



4d transition: Type IIA on K3xT2 & flux to Type IIA on CY3 YB  

(SUSY breaking N=4 to N=2: c.f., Triendl’s talk) 

(work in progress w/ Berglund)

nT = 9 , nH � nV = 12 =) I = 0⇥ (trR2)2 + 0⇥ trR4

Type IIA on K3 w/ 
`algebraic’ flux F2
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Topological methods for string quantum corrections


topological subsectors, supersymmetric localization, …



String theory for generalized mirror correspondences 
topological dualities for fluxes, branes & bundles



(Spontaneous) SUSY breaking  
geometric off-shell & on-shell correspondences



String phenomenology beyond semi-classical regimes 
string cosmology, ....

Conclusions & Outlook


