
New developments in ßux 
compactiÞcations and

generalized geometries

Dieter LŸst,  LMU (Arnold Sommerfeld Center) 
and MPI MŸnchen

Crete Conference on Gauge Theories and the 
Structure of Spacetime

17. September 2010



Suppose you are interested in string theory ....



Suppose you are interested in string theory ....

...    you should be also interested in the question



Suppose you are interested in string theory ....

...    you should be also interested in the question

Where is the string scale          ?M s



Suppose you are interested in string theory ....

...    you should be also interested in the question

Where is the string scale          ?M s
(i)   Condensed matter systems are strings:   AdS/CM

M s ! 1 eV



Suppose you are interested in string theory ....

...    you should be also interested in the question

Where is the string scale          ?M s
(i)   Condensed matter systems are strings:   AdS/CM

M s ! 1 eV

(ii)   Hadrons are strings:   AdS/CFT

M s ! 1 GeV



Suppose you are interested in string theory ....

...    you should be also interested in the question

Where is the string scale          ?M s
(i)   Condensed matter systems are strings:   AdS/CM

M s ! 1 eV

(ii)   Hadrons are strings:   AdS/CFT

M s ! 1 GeV

(iii)   Elementary particles are strings:   Quantum gravity



Suppose you are interested in string theory ....

...    you should be also interested in the question

Where is the string scale          ?M s
(i)   Condensed matter systems are strings:   AdS/CM

M s ! 1 eV

(ii)   Hadrons are strings:   AdS/CFT

M s ! 1 GeV

(iii)   Elementary particles are strings:   Quantum gravity

M s ! M Planck ! 1019 GeV



Suppose you are interested in string theory ....

...    you should be also interested in the question

Where is the string scale          ?M s
(i)   Condensed matter systems are strings:   AdS/CM

M s ! 1 eV

(ii)   Hadrons are strings:   AdS/CFT

M s ! 1 GeV

(iii)   Elementary particles are strings:   Quantum gravity

M s ! 1 TeV − 1019 GeV

Actually this is not even necessary, but rather



The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).

M SM << M Planck ??



The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).

M SM << M Planck ??

Low energy supersymmetry:

M s !
!

M SUSY M Planck ! 1011 GeV



The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).

M SM << M Planck ??

Low scale for 
quantum gravity:

M s ! 1 TeV

Low energy supersymmetry:

M s !
!

M SUSY M Planck ! 1011 GeV



The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).

Both scenarios are possible in string compactiÞcations!

M SM << M Planck ??

Low scale for 
quantum gravity:

M s ! 1 TeV

Low energy supersymmetry:

M s !
!

M SUSY M Planck ! 1011 GeV



Outline

(The LHC string hunterÕs companion)

  !   Some comments on TeV string scale    
       compactiÞcations

  !   Supersymmetry breaking on generalized 
      geometries: DomainWallSusyBreaking (DWSB)



<z  Stringy Regge excitations at 1 TeV:

 Low string scale compactiÞcations
Suppose that the fundamental scale of gravity, 

i.e. the string scale is around 1 TeV: 

M Grav . = M string ! 1 Tev

M 2
n = M 2

string

!
n"

k=1

! µ
−k! !

k ! 1

#

= ( n ! 1) M 2
string , (n = 1 , . . . , " )



Then the following double string picture arises:

(i)  Hadron spectrum at 1 GeV:   String like objects 
(described by AdS/CFT)

!   Excited quarks, gluons etc at 1 TeV

(ii) Elementary (open) strings:

 !   Zero modes: quarks, gluons,  etc

<z    Two different kinds of Regge trajectories!

    spin 0,1,2   &          spin 1/2, 3/2g! q!



Model independent stringy corrections to 
quark & gluon scattering processes:        

gg , qq, , qg!" X !" g,! , Z, W, q, l
   <z    dramatic effects at the LHC:

(D. LŸst, S. Stieberger, T. Taylor, arXiv:0807.3333; 
L. Anchordoqui, H. Goldberg, D. LŸst, S. Nawata, S. Stieberger, T. Taylor, arXiv:0808.0497 [hep-ph]; 
arXiv:0904.3547 [hep-ph]
D. HŠrtl, D. LŸst, O. Schlotterer, S. Stieberger, T. Taylor, arXiv:0908.0409 [hep-th])



E.g:

How can one realize a low string scale? 

<z   General framework: Large species models:

This relation arise from natural bounds on black 
hole decays.

N = 1032 =! M Grav = 10! 16M Planck " 1 TeV

M 2
Planck = N M 2

Grav

   can be seen as the fundamental scale of gravity, which
is diluted by the presence on the N particle species.

M Grav

(N:  # of species)

(G. Dvali, arXiv:0706.2050; G. Dvali, D. LŸst, arXiv:0801.1287)
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(i)   Large volume compactiÞcations

N = Vol(M 6) = # of KK states = 1032

(i) and (ii) are in agreement with the known relation

M 2
Planck =

1
g2

string
Vol(M 6)M 2

strings

(Antoniadis, Arkani-Hamed, Dimopoulos, Dvali (1998))

N is the effective number of Regge states that 
contribute to the black hole bound:

(ii)   String scale compactiÞcation: Vol(M 6) = 1

N =
1

g2
string

= 1032

(G. Dvali, D. LŸst, arXiv:0912.3167)



During the last  years we worked on the several topics 
related to ßux vacua and generalized geometries:

  !   New classes of supersymmetric AdS(4) type II vacua  
      with  SU(3), SU(2) and SU(3) x SU(3) group structure

(D. LŸst, D. Tsimpis, hep-th/0412250; 
J. Bovy, D. LŸst, D. Tsimpis, hep-th/0506160;
P. Koerber, D. LŸst, D. Tsimpis, arXiv:0804.0614;
C. Caviezel, P. Koerber, S. Kšrs, D. LŸst, D. Tsimpis, M. Zagermann, arXiv:0804.3458;
D. LŸst, D. Tsimpis, arXiv:0901.4474;
D. LŸst, D. Tsimpis, arXiv:0906.2561)

  !   AdS(4) type II ßux vacua  and  their domain wall solutions

SUSY conditions, torsion classes, effective actions, 
examples (coset spaces):

(C. Kounnas, D. LŸst, M. Petropoulos, D. Tsimpis, arXiv:0707.4270; 
M. Haack, D. LŸst, L. Martucci, A. Tomasiello, arXiv:0905.1582)



  !   Supersymmetry breaking on generalized 
      geometries: DomainWallSusyBreaking (DWSB)

Type II compactiÞcations
Heterotic string compactiÞcations

(D. LŸst, F. Marchesano, L. Martucci, D. Tsimpis, arXiv:0803.3149; 
J. Held, D. LŸst, F. Marchesano, L. Martucci, arXiv:1004.0867)

  !   Generalized geometries and ßux compactiÞcations on  
      smooth, compact three-dimensional toric varieties (SCTV)

First time construction of smooth, compact 
           non Calabi-Yau spaces with SU(3) group structure:

(M. Larfors, D. LŸst, D. Tsimpis, arXiv:1005.2194)

Recent developments:

This talk



DWSupersymmetry breaking on 
generalized geometries 

Two ways for (spontaneous) supersymmetry breaking:

(ii)   Classical SUSY breaking:

!    Scherk/Schwarz boundary conditions

 !    Fluxes:      F, H- ßuxes & geometrical  ßuxes

(i)   Non perturbative SUSY breaking: 
                       instantons,  gaugino condensation

(S. Ferrara, L. Giradello, H.P. Nilles (1983);
M. Dine, R. Rohm, N. Seiberg, E. Witten (1985),....)

(J. Scherk, J. Schwarz (1979);
S. Ferrara, C. Kounnas, M. Porrati (1985), ....)



 Consider 10D spaces of the form: 

  Purely geometrical approach:

!   many undetermined moduli 

 !   no SUSY-breaking

No superpotential



  More recently:   addition of ßuxes and branes

w

!(or           )

brane

flux

   moduli stabilization 

 SUSY-breaking

 hierarchies from warping

 ...

W =
!

M
! ! (ßuxes)

Flux induced superpotentials, e.g.

Back reaction to geometry:

(Reviews: M. Grana, hep-th/0509003;
R. Blumenhagen, S. Kšrs, D. LŸst, S. Stieberger, hep-th/0610327)

Fluxes:   ãgeometrical ãßuxesÒ, H- and F-ßuxes



1.) Type II ßux compactiÞcations

!   SUSY conditions:

!   Background Þelds: 

!   Metric ansatz:ds2
X 10

= e2A ds2
X 4

+ d s2
M 6

!" M = ∇M #+
1
4

/H M P#+
1
16

e!
!

n

/F n ! M Pn #= 0

δλ = /∂! ε +
1
2

/H Pε +
1
8

e!
∑

n

(! 1)n (5 ! n)/F n Pn ε = 0

!   Spinors: ! 1,2
IIB(IIA) ! "± (xµ) " #± (! )(y

m)

! ± are spinors on M6

We will break supersymmetry by violating 
one of these conditions in a controllable way.

! , H ; F2, F4 (IIA); F1, F3, F5 (IIB)
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SUSY breaking:

+ G0,3! 0 ! G3 = 0 , G3 = G2,1(c)

(S. Giddings, S. Kachru, J. Polchinski (2001);
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SUSY conditions in terms of effective 4D superpotential:

W(! , Um ) =
!

CY
G3 ! Ω0

(S. Gukov, C. Vafa, E. Witten (1999);
T. Taylor, C. Vafa (2000); P. Mayr (2000))

K = !
3!

i =1

log(Ti + øTi ) ! log[! i (! ! ø! )] ! log

"

! i
#

CY
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SUSY conditions in terms of effective 4D superpotential:
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!
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(a) D! W = DUmW = 0 ! G3 = G2,1 + G0,3

are stabilized, are still unstabilized.! , Um Ti

(c) DTi W = K Ti W = 0 ! G3 = G2,1

SUSY breaking:

+ G0,3

Scalar potential after supersymmetry breaking:

V = eK
!
|D! W|2 + |DUm W|2 + |DTi W|2 ! 3|W|2

"= 0 = 0
! 0

(S. Gukov, C. Vafa, E. Witten (1999);
T. Taylor, C. Vafa (2000); P. Mayr (2000))

No scale supersymmetry breaking!
E. Cremmer, S. Ferrara, C. Kounnas, D. Nanopoulos(1983); 

J. Ellis, C. Kounnas, D. Nanopoulos (1984))

K = !
3!

i =1

log(Ti + øTi ) ! log[! i (! ! ø! )] ! log

"

! i
#

CY
! 0 " ø! 0

$



Gravitino mass:

All soft masses on space-time Þlling
D3/D7-branes can be computed:

Gaugino masses:

m3/ 2 = eK |W|2 ! |G0,3|2

m1/2 ∼ f ! D ! W

D3-branes:

D7-branes: 

m1/ 2 = 0 (f = ! )

m1/ 2 ! DTi W (f = Ti )

(P. Camara, L. Ibanez, A. Uranga (2004;
M. Grana,  T. Grimm, H. Jockers, J. Louis (2004);

D. LŸst, S. Reffert, S. Stieberger (2005))



Now we want to generalize this kind of supersymmetry 
breaking to non-SUSY type II vacua on non-CY spaces:
Step 1: Non-CY geometries with torsion

(Chiossi, Salomon (2002); S. Gurrieri, J. Louis, A. Micu, D. Walram (2002);
G. Cardoso, G. Curio, G. DallÔAgata, D. LŸst, P. Manousselis, G. Zoupanos (2002))
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The SUSY conditions can be reformulated in terms of       
and       by using calibration conditions of probe branes: 

J2
! 3

(J. Gutkowski, G. Papadopoulos, P. Townsend (1999); J. Gauntlett, N. Kim, D. Martelli, D. Waldram (2001); 
J. Gauntlett, D. Martelli, D. Waldram (2003); L. Martucci, P. Smyth (2005))
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(dH = d + H! )(F-term condition)

(c)   DomainWallBPSness: DW-like D5/D7-branes:

(F-term condition)

dH ! (DW) = d H
!
Re(ei ! ! )

"
= 0 SUSY

(b)   D-StringBPSness: string-like D3/D7-branes:

dH ! (string) = d H
!
e2A ! ΦIm

"
eiJ #$

= 0
(D-term condition)

(J. Gutkowski, G. Papadopoulos, P. Townsend (1999); J. Gauntlett, N. Kim, D. Martelli, D. Waldram (2001); 
J. Gauntlett, D. Martelli, D. Waldram (2003); L. Martucci, P. Smyth (2005))
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The effective scalar potential is in BPS form and involves 
the brane calibration conditions:

V =
1
2

∫

M 6

dVol6 e4A [ ÷F ! e! 4A dH (e4A ! ! Re! 1)
]2

+
1
2

∫

M 6

dVol6
[
dH (e2A ! ! Im! 1)

]2

+
1
2

∫

M 6

dVol6e! 2A
∣∣dH (e3A ! ! ! 2)

∣∣2

!
1
4

∫

M 6

e! 2A
{ |"! 1, dH (e3A ! ! ! 2)#|2

dVol6
+

|" ø! 1, dH (e3A ! ! ! 2)#|2

dVol6

}
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The effective scalar potential is in BPS form and involves 
the brane calibration conditions:

V =
1
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∫

M 6

dVol6 e4A [ ÷F ! e! 4A dH (e4A ! ! Re! 1)
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+
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∫
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∫
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dVol6e! 2A
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!
1
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∫

M 6

e! 2A
{ |"! 1, dH (e3A ! ! ! 2)#|2

dVol6
+

|" ø! 1, dH (e3A ! ! ! 2)#|2

dVol6

} ! 0

No-scale structure
4D effective superpotential:

4D effective Kahler potential:

W = π(−)|Z| +1
!

M 6

〈Z , G〉

G := F + idH Ret

t := e! ! ! 1 , Z := e3A ! ! ! 2

eK =
! i
2

!

M 6

! t, t̄"2/ 3!Z , Z̄ "1/ 3

F-ßatness
D-ßatness

= 0

= 0



Generalized soft terms:

Gravitino mass:

m3/2 = eK |W|2

Start from fermionic D-brane action:

L F = i !
!

!
d" e4A ! "

"
det(g|! + F ) ø#[1 ! ! (F )]

#
! µ Dµ + ÷M αβ ! αDβ ! . . .

$
#

mλ =
i

8!

!

!
m3/ 2

"
! |! " eF #

top

"
3 # . . .

#

Gaugino masses on space-time Þlling D-branes, which are 
wrapped around internal cycles     :!

One can check that this Þts the standard Sugra expression:

m! ! (D" W)f"
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m3/ 2 = ! 2eA r = 2eA + ! Ω "
!
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"

Ω " øΩ
Undetermined, SUSY breaking no-scale moduli:

However           is now Þxed! TΠ2
3

! , TB4
1 , TB4

2

(see also: Dasgupta, Rajesh, Sethi (1999))
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SU(3) torsion classes: 

Gaugino masses:

D9-branes: 

m1/ 2 = 0

m1/ 2 ! D! W

D5-branes around       :! 2

D5-branes around        :B4 m1/ 2 ! DT B 4
1
W ! DT B 4

1
W

W1 = !
2
3

r

W2 = 2W1(JB ! 2J! ) , W3 = ! ie" (F3)2,1
prim + c.c.

W4 = 0 , W5 = ! (dA)1,0
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Type IIA with D6-branes:

! 3 !! M 6 ! B3
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(c) DWSUSYbreaking:
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Torsion classes: 

Gaugino masses:

B3

m1/ 2 = 0D6-branes around       :! 3

D6-branes around  2-cycles 
in          : m1/ 2 ! DUi W

W1 = !
2
3

" (ei ! r )

W2 = e! (F2)1,1
prim , W3 = !

3
2
W1(4" ! 3 ! " ! )

W4 = 0 , W5 = (dA)1,0
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Summary 

Soft terms on D-branes are calculable.  "        <z   LHC
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     controllable way by ßuxes on non-CY spaces:

Low supersymmetry breaking scale possible by including 
non-perturbative effects (gaugino condensation).  "

DWSB: ��  Non-SUSY string vacua (V=0)
��   Match between the 10 D and the eff. 4D picture.

Generalization to non-SUSY AdS4 vacua.   "  



Thank You!


