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LINK BETWEEN STRING THEORY AND D=4 WORLD?

?

D=4 (broken) SUGRA including the STANDARD MODEL



  

STRING PHENOMENOLOGY

•Link between String Theory and Particle Physics Or: How is the 
Standard Model embedded in String Theory ?

• The String Model-Building Program aims at a general study of possible
compactifi cations/constructions giving rise to a low-energy theory 
resembling as much as possible the SM (or the MSSM) in the framework 
of String theory.

• On the journey we may identify general patterns (e.g. symmetries, extra
particle content etc.) that might be present in large classes of realistic 
vacua.
Discard certain non-stringy model building approaches.

• Find inspiring ideas to solve old problems like SCP violation, unifi cation,
fermion masses an mixings, dark matter/energy,...



  

    

STRING MODEL BUILDING

• < 1995 Top-Bottom Scenario

D = 10  HETEROTIC STRING 

Intensive work: CY, Orbifolds, Gepner’s Models, Free 
Fermions

D = 4

Gauge interactions localized on extended Dp-branes

•           1995 Bottom-up Scenario



  

BRANES AT SINGULARITIES

At singularity

G. A,  L. E. Ibañnez, F. Quevedo, A. M. Uranga, ,2000 
D. Berenstein, V. Jejjala and R.G. Leigh,  2001
.......



  

STANDARD LIKE MODEL 



  

INTERSECTING BRANES 

R. Blumenhagen, L. G¨orlich, B. K¨ors and D. L¨ ust,  (2000)
C. Angelantonj, I. Antoniadis, E. Dudas, A. Sagnotti,  (2000)
 G. A, S. Franco, L. E. Ibanez, R. Rabadan, A. M. Uranga,(2000)



  
STANDARD LIKE MODEL



  

●Local GUT models                         [Vafa et al.; Donagi et al.; ... ‘08

●Exceptional groups and spinorial representations

●Etc.

● Interpretation of many of the fluxes

F-Theory compactifications:



  

In spite of recent progress:

• Fully realistic model must still be found

• How do we select among all (LANDSCAPE) 
possible models?

PROBLEMS:

FLUX COMPACTIFICATIONS 
may help. MODULI STABILIZATION

SUSY BREAKING
NEW POSSIBILITIES



  

Type IIA

Type IIB

MODULI

Field strenght:

Compactifi cation:

Scalars

Moduli:  VEV's are not fi xed. 
coupling(dilaton), Khaler structure(size of 2-cycles), Complex 
structure(size of 3-cycles)



  

For fi xed set of fl uxes mp  geometrical moduli cannot be changed arbitrarily
MODULI are stabilized     

               Superpotential
Also, why exciting only the metric? Other allowed confi gurations must be 
explored

FLUXES
 

E.M (no source)

Bianchi identity

+ supersymmetry conditions  (i.e )

Gukov,Vafa,Witten (2000)
....



  

Type IIB orientifold (O9):

In terms of complexifi ed forms

CLOSED MODULI

Supersymmetric compactifi cation:                       



  

 

Type IIB fluxes

Turn on RR and NSNS fl uxes 

Geometric fl uxes (Scherk-Shcwarz)

Correspond to 

Bianchi identity :

(O9)

constraints



  

Type IIB O9 superpotential:

Some Moduli will be stabilized 

Scalar potential

Gukov,Vafa,Witten (2000)



  

O9

O3

O9  Is not T-dual of   O3
 

Fluxes missing on both sides  

Buscher rule



  

T-duality invariance requires the 
introduction of new fluxes



  

[Shelton, Taylor Wetch
G.A, P.Cámara, A. Font, L. Ibañez]



  



  

T-duality invariant superpotential

S duality 



  

T, S-duality invariant superpotential

S duality 



  

[G.A, P.Cámara, A. Font, L. Ibañez]



  



  



  

Fluxes are constrained

Bianchi identities

Tadpole cancellation



  

Tadpoles:

Source F-theory (p,q) seven branes 



  

●What is the 10D interpretation of fluxes?

●How do fluxes manifest in  4D ?

●Restrictions on fluxes: BI, Tadpoles



  

T-duality

Circle

Torus



  

T-duality example:

Lagrange multiplier



  

Using equations of motion for 

“Buscher rules”



  

Example: with

T- dualize along  
Buscher

Twisted torus



  

T- dualize along  

Buscher

Well defined  solution of 10D SUGRA 

mix under 

Non geometric 



  

●F-theory (p,q) 7-branes transverse to CP1 coupling electrically to a non-linear doublet 
(triplet + constraint) of 8-forms [Bergshoeff et al.]

●New fluxes can be understood as non geometric compactifications

patching with diffeomorphisms, and dualities

What is the 10D interpretation of 
fluxes?
F-Theory?

Axio-dilaton is not monodromy neutral 

U-folds



  

A geometric string solution has background felds in 
overlapping coordinate patches related by difeomorphisms 
and gauge transformations, while for a non-geometric 
background this is generalised to allow transition functions 
involving duality transformations.

T-folds    Dif+ T-dualities

U-fold  Dif +T+ S dualities

[Frey, Grana]
[Dall’Agata]
[Marchesano, Schulgin]
[Hull]
....

NON-GEOMETRIC BACKGROUND

D=4 Is not just the reduction of D=10 
SUGRA effective theory 



  

F-Theory:
Type IIB  comapctification where  the 

Is the complex structure of an elliptic fiber  

Example: over 

axio-dilaton  

order 24 polinomyal

Coordinate on the base (sphere) 

Invariance under global monodromies



  



  



  

●How do fluxes manifest in  4D ?



  

D=4 vector multiplets
●Kaluza Klein, from dimensional reduction of metric and p-
forms

●7-branes ADE symmetries

●3-branes gauge  symmetries

10 D fluxes gauge  KK vectors

By systematic application of SL(2,Z) transformations, the 

full KK gauge algebra can be found



  



  

Gaugings and branes

U(1) generators can be easily incorporated in the algebra

i.e. Magnetized D9-branes

Chern Simons -couplings

with

(RR axions S,T,U) get shifted under U(1)

Green-Schwarz mechanism



  

Gaugings and branes

Freed-Witten anomaly cancellation: the flux background should not spoil the 
shift symmetries appearing in the Green-Schwarz mechanism

Superpotential 

 We propose

Generalize to (p,q) 7-branes in F-theory set up

[Camara, Font, Ibanez]

must be invariant under axionic shifts



  

●Restrictions on fluxes can be found:

Bianchi Identities, Tadpole cancellation,  Anomaly 
Freed-Witten free



  



  

Comparison with gauged sugra
●Gaugings encoded in tensors:

projection leaves

● Algebra and Jacobi identities:

[Schon & Weidner]



  

Complete agreement with our results if we identify

D=10 Fluxes -Sugra structure constants dictionary 



  

Comparison with gauged sugra

Moreover,  requiring the Scalar potential 

to have a N=1 structure 

Leads to same constraints plus



  

Conclusion: 

●Duality requires existence of many geometrical and non geometrical fluxes

●F-theory with a non-neutral dilaton  provides an interpretation. U-folds

●Gauge algebra can be found for KK and D7 brane  vectors 

●Jacobi identities encode global 10 D constraints on fluxes: BI, F-theory 7-

branes tadpoles, FW anomalies 

●N=1 constraints

●Direct connection with D=4 gauged supergravity

●D=4 gauged supergravity incorporates stringy information



  

●Extend to primed fluxes                                                                          
   
●Understand N=1 constraints                                                                  
  
● Solutions with stabilized moduli, phenomenology?                           
                                         
●Understand non geometric fluxes from Generalized Geometry         
   
●....

Outlook



  

Generalized Geometry

Generalized 
metric 

Transition functions contain T-dualities

C. Hull
M.Graña, R.Minasian,M.Petrini,D.Waldram
....

Include RR fluxes
U dualities
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Type IIA orientifold (O6):

In terms of complexifi ed forms

with

CLOSED MODULI



  

 

Type IIA fluxes

Turn on RR and NSNS fl uxes 

Geometric fl uxes (Scherk-Shcwarz)

Correspond to 



  

EXAMPLE:
3-forms with one leg on each sub-torus 

Closed 2-forms and their dual 4-forms

Complex structure parameters where 

Are lattice vectors of sizes 
 area of and

Kaler and holomorphic 3-foms 



  

Scherk-Schwarz

choose 



  

(Scherk-Schwarz 1979)

Metric fluxes 

gaugings
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