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String 
Phenomenology: 

 
Strategic (long term) Plan: 

String theory scenario that satisfies 
all particle physics and 

cosmological observations and 
hopefully lead to measurable 

predictions 



Challenges for String Models 
•  Gauge and matter structure of SM 
•  Hierarchy of scales + masses (including neutrinos) 

•  Flavor CKM, PMNS mixing, CP no FCNC 
•  Hierarchy of gauge couplings (unification?) 
•  ‘Stable’ proton + baryogenesis 
•  Inflation or alternative for CMB fluctuations 
•  Dark matter (+ avoid overclosing) 
•  Dark radiation (Neff≥3.04) 
•  Dark energy 

N.B. If ONE of them does not work, rule out the model!!! 



Progress in several ways 

•  ‘Generic’ model independent results 

•  Explicit constructions of (classes) of 
models 

•  Extract scenarios that can lead to 
eventually ‘testable’ predictions. 



‘Generic’ String Predictions 
•  Gravity + dilaton+antisymetric tensors+ 

gauge fields + matter 

•  SUSY (32,16, … supercharges, but breaking 
scale not fixed) 

•  Extra dimensions (6 or 7) 
    (flat, small, large, warped?) 
  
•  No continuous spin representations in 

perturbative string theory (!) 
    A. Font, S. Theisen, FQ  

1302.4771 



Generic 4D String Predictions 
•  Moduli (s=0 ‘massless’ fields) 
 
•  Antisymmetric tensors 
     Branes (brane-world) 
     Axions (not necessarily QCD axion) 
     Quantised fluxes! 

•  Low dimensional Group representations: 
     (bifundamentals, symmetric, antisymmetric, adjoints)  
   
•  If 4D N=1 TeV SUSY: Cosmological Moduli Problem!? 
     ( unless Mmoduli>10 TeV) 



String Model Building: 
§ Global Models (e.g. Heterotic) 

§ Local Brane Models (e.g. IIB) 



Bottom-up Approach 
 

•  Gauge group 
•  Chiral spectrum 
•  Yukawa couplings 
•  Gauge couplings 
•  Proton stability 
•  Flavour symmetries 
 

•  Moduli Stabilisation 
•  Cosmological constant  
•  SUSY Breaking 
•  Scales (unification, 

axions,…) 
•  Inflation, Reheating 
•  Cosmological moduli 

problem 

Local (brane) Properties    Global (bulk) Properties 

Aldazabal,Ibanez, FQ, Uranga 2000 



MODULI   STABILISATION 

4-cycle size: τ  
(Kahler moduli) 

3-cycle size: U 
(Complex structure 
moduli) 

+ String Dilaton: S 

4-cycle size: τ  
(Kahler moduli) 

3-cycle size: U 
(Complex structure 
moduli) + Dilaton S 



LARGE Volume 
Scenario 



IIB Moduli Stabilisation 

Type IIB String on Calabi-Yau orientifold 
 

Turn on Fluxes 
                 ∫a F3 = n a      ∫b H3 = m b 

 
Superpotential   W = ∫ G3 Λ Ω,     G3 = F3 –iS H3 

 
 
 

               V= eK  |DaW|2   
                        

                       Minimum DaW = 0 Fixes Ua and S  
                       T moduli unfixed: No-Scale models 

Size of cycle a = Ua 

GKP 

…GKP, KKLT, … 

Scalar Potential:  



Kahler moduli? 
 

Simple example: 
P4

11169 



Exponentially Large Volumes 
Example : 

BBCQ, CQS (2005) 

Exponentially large volumen, AdS + Broken SUSY!!! 

Fluxes 

Volume 

Perturbative (alpha’) 
corrections to K 

Nonperturbative corrections to W 



De Sitter ‘Uplift’ 

•  ‘Antibranes’ ? 
 
 
•  D-terms 
  
•  Non-perturbative effects 
   (at singularities) 
   Cicoli et al arXiv:1203.1750 

KKLT 

BKQ 



Relevant Scales 
•  String scale Ms=MP/V 1/2 

•  Kaluza-Klein scale MKK=MP/V 2/3 

•  Gravitino mass  m3/2=W0 MP/V 

•  Volume modulus mass   MV=Mp/V 3/2  

•  Lighter (fibre) moduli     Ml=Mp/V 5/3 

 
 
 



LVS vs KKLT 
•  W0~0.1-100 
•  U,S,T stabilised one step 
•  AdS non SUSY 
•  Minimum: perturbative in 

big cycle vs non-perturb. 
in small cycle 

•  Uplift:anti D3 branes, D-
terms... 

•  Small parameter = 1/V 
•  SUSY broken by fluxes 
•  Many moduli: need 

h21>h11>1 + one blow up, 
the rest by loop effects/
D-terms 

 

•  W0<<1 
•  U,S,T stabilised in 2 steps 
•  AdS SUSY 
•  Minimum: tree-level vs 

non-perturbative 
•  Uplift: anti D3 branes...(no 

D-terms) 
•  Small parameter W0 
•  SUSY broken by uplifting 

mechanism 
•  Many moduli: non-

perturbative effects for 
each of them or ... 
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Figure 3: The number of vacua N
vac

with h2 < L (left) and the logarithmic dis-

tribution of the flux superpotential W0 (right) in the large complex structure limit

with ✏
LCS

= 10�2.

The dependence of N
vac

on L and the fit in eq. (3.13) are shown in Figure 3. Consid-

ering the very general arguments that are used to derive the estimate eq. (3.11), the

agreement within an order of magnitude with the factual number of vacua strongly

confirms the statistical analysis of [24, 30]. In the following, we set ✏
LCS

= 10�2.

The distribution of the flux superpotential is shown in Figure 3. We find that

for most vacua O(101 � 103) values are preferred. To calculate the masses of the

moduli we have to know the value of the volume V of X3 which enters via the Kähler

potential of the Kähler moduli given in eq. (2.11). Note that we have not specified

the stabilization mechanism for the Kähler moduli and hence have no information

about the value of V . For the KKLT and Kähler uplifting scenarios the volume is

typically stabilized at O(102 � 104) while for the LVS it is O(106 � 1015). Hence, we

can only calculate the physical masses m up to factors of V�1, i.e.

m =
mcs

V , (3.15)

where mcs is the mass calculated from the e↵ective theory of the complex structure

moduli only, i.e.K = Kcs and W = W0.

The distribution of the physical moduli masses m2 in terms of m2
cs, i.e. the

eigenvalues of the Hessian @
a

@
b

V of the no-scale potential eq. (2.13) for a, b =

u1, u2, s, ⌫1, ⌫2, � is shown in Figure 4 as well as the gravitino mass m2
3/2 in terms

of the quantity

m2
cs, 3/2 ⌘ m2

3/2 V2 = eKcs |W0|2 . (3.16)

This quantity m2
cs, 3/2 governs the scale of the typical AdS cosmological constant

induced by the flux superpotential ignoring the contributions from the Kähler moduli

– 16 –

Martinez-Pedrera, Mehta, Rummel, Wesphal 1212.4530 



Distribution of Vacua  
(~Uniform in W0 and gs) 
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Figure 5: The same distributions as before but for P1,1,1,6,9.Distribution of solutions in the fundamental
domain of τ, i.e. in the (Re[τ ], Im[τ ] = 1/gs) plane (top). In the middle we show the distribution in the
(Re[τ ], 1/Im[τ ] = gs) plane. The bottom shows the distribution of minima with respect to values of gS .

where the visible sector four-cycle volume is τvs = τq1 + τq2. On the other hand, the
orientifold odd Kähler modulus is defined as:

G = b+ ic ≡
(

∫

Dq1−Dq2

B2

)

+ i

(

∫

Dq1−Dq2

C2

)

. (65)

SK: Shall we add some citations to the original papers on this?

Leading order stabilisation

The potential for the Kähler moduli can be organised in an expansion in inverse powers
of the overall CY volume V. As we shall see, the leading order contribution comes from
D-terms which depend on the Kähler moduli since gauge fluxes induce T -dependent FI-
terms. In addition to the anomalous U(1) living on the stack of D7-branes on top of the
O7-plane, there are two additional anomalous U(1) symmetries belonging to the gauge
theory located at the dP6 singularity.18 Thus the total D-term potential looks like:

VD = V quiver
D + V bulk

D , (66)

18The gauge theory associated to any dPn singularity, with n = 0, 1, ..., 8, gives always rise to two
anomalous U(1)s.

24

Cicoli, Klevers, Krippendorf, 
Mayrhofer, FQ, Valandro, to 
appear 



Stability of LVS minima 
•  Brown-Teitelboim (+CdL) D5/NS5 brane 

nucleation 

•  AdS: Brane tension>upper bound, so stable in 
EFT: 

 
•  dS: PdS/PAdS~e-V   (The larger the volume, more stable!) 

           PdS/Pdec~eV2   

     
    (Also: no evidence for bubble of nothing decay) 
    

 arXiv:1308.1222 S. de Alwis, R. Gupta, E. Hatefi, FQ 



LVS and Particle 
Physics  



LARGE Volume Implies 
Standard Model is localised ! 
       
( SM D7 cannot wrap the exponentially large cycle       
        since g2=1/V2/3 )               ‘Bottom-up’ (A 
 
IQU 2000) 
§   D3/D7 Branes at a singularity (collapsed cycle) 
 
§  Magnetised D7 - Brane wrapping a ‘small’  four-cycle 

§  Local   F-Theory 
     



Universe 

 

D3 Brane 

      or 

D7 Brane 



But: Local/Global Mixing 

•  Standard Model in small cycle 
•  SM cycle usually NOT fixed by non-

perturbative effects: 
 
•  SM chiral implies: Wnp= 

MSSM: <Φ>=0, so Wnp=0,            

SM at Singularity !    (Or  <|Φ|2>=  ) 

Blumenhagen et al.2007 

~ TMSSM 



SUSY Breaking 



The Landscape 

•  Good: It allows  for the first time to trust 
calculations for low-energy SUSY breaking. 

 
•  Bad:  missed opportunity to have new physics at 

low energies from small Λ. 
 

•  Ugly: It allows  not to use SUSY to address the 
hierarchy problem (Split SUSY, High-energy SUSY) 



SUSY Breaking 
•  Approximate Universality 

 
 
•  Two cases:   FSM≠0  soft terms~m3/2  
                                       Ms~10

12
 GeV 

                           
                          FSM=0 soft terms <<m3/2 

                                                        or~m3/2   
 

CAQS, Conlon 
(Mirror Mediation) 



Different Scenarios 
•  FSM≠0 (Magnetised D7s, D3/D7@singularities) 
   Msoft=αM3/2~αW0/V 
   W0~1, V~1015, Ms~1011GeV (TeV✓, GUT?, CMP?) 
    W0~10-11, V~105, Ms~MGUT (tuning?,CMP?) 
    W0~1, V~105, Ms~MGUT (hierarchy?, CMP✓) 
 
•  FSM=0 (D3@singularity): Sequestered ! 
   Msoft~M3/2/V, V~106-7, Ms=MGUT (GUT✓,CMP✓) 
   M1/2=M3/2/V, M0~M3/2/V1/2 (GUT✓,CMP✓, mini-split?) 
   Msoft~M3/2/V1/2  (GUT✓,CMP✓, 1000TeV soft masses?) 
 

 
 

 



Sequestered Scenario 

* No CMP,  
* No gravitino induced moduli problem, 
* Volume reheating 

Model independent ! 

Blumenhagen et al 0906.3297  

LHC Phenomenology: 
Aparicio et al to appear 



Cosmology 



Inflation 



Kähler Moduli Inflation (Blow-up) 

Calabi-Yau: h21>h11>2 

volume τn 

V 

Conlon-FQ  

Bond et al. 

… 

Small field inflation (r<<<1) 
No fine-tuning!! 
0.960<n<0.967 
Loop corrections?? 

~ 



V 

Fibre Inflatons 
Burgess, Cicoli, FQ 



Ne 

ns 

ns 

 

r r 

Observable gravity waves ! 

 

(can be ruled out by Planck if they 
observe them and CMBpol… if 
they do not observe them) 

 

Volume ~ 104, tension 
with TeV SUSY? 
 



Figure 1: Left panel: A comparison of WMAP constraints in the ns-r plane with several string

models for Ne ' 60, taken from an ICHEP 2008 summary talk [54]. Right panel: The same comparison

superimposed on the Planck constraints taken from [1], with ‘D3/D3 inflation’ (yellow oval); ‘D3/D7

inflation’ (orange oval); ‘closed-string inflation’ (light green oval); ‘Fibre inflation’ (dark green oval)

and ‘Axion monodromy inflation’ (cyan oval).

Although present models cannot claim to explore all of string parameter space, it is

striking how unanimously they predict small r, and how well their predictions agree with

observations. Is there a reason for this agreement? Possibly, as we now see.

2.4 Future prospects for measuring r

Forecasting the expected size of primordial tensor perturbations is particularly useful now

given that observations are likely to become significantly more sensitive to r in the near

future. What might these observations expect to find? Time for theorists to nail their

colours to the mast.

As eq. (2.16) shows, a theory’s position in the ns - r plane is dictated by the two slow-

roll parameters, ✏ and ⌘. One combination of these two parameters is determined from the

value of ns � 1 ' 0.04 inferred from observations. Opinions about the likelihood of r being

observable then come down to opinions about how big ✏ might be. Two points of view towards

what should be expected are widely touted. These are:

• Flat prior: One point of view argues that in the absence of other information the two

small quantities ✏ and ⌘ should be expected to be similar in size, so if inflation is true

then tensor modes should soon be observed [5, 58].

• Flat log prior: A second point of view starts from the observation that the size of

primordial tensor perturbations is purely set by the size of the dominant energy density

– 16 –

String Scenario ns r

D3/D3 Inflation 0.966  ns  0.972 r  10�5

InflectionPoint Inflation 0.92  ns  0.93 r  10�6

DBI Inflation 0.93  ns  0.93 r  10�7

WilsonLine Inflation 0.96  ns  0.97 r  10�10

D3/D7 Inflation 0.95  ns  0.97 10�12  r  10�5

Racetrack Inflation 0.95  ns  0.96 r  10�8

N� flation 0.93  ns  0.95 r  10�3

AxionMonodromy 0.97  ns  0.98 0.04  r  0.07

KahlerModuli Inflation 0.96  ns  0.967 r  10�10

Fibre Inflation 0.965  ns  0.97 0.0057  r  0.007

Poly � instanton Inflation 0.95  ns  0.97 r  10�5

,

Of the models depicted, ‘D3/D3 inflation’ [15] represents the predictions of the first bona-

fide string implementation of brane-antibrane inflation [16, 17], including modulus stabilisa-

tion. The orange oval marked ‘D3/D7 inflation’ [30] and the light green oval marked ‘closed

string inflation’ represent the predictions of a broad class of models [32, 48, 51, 52, 55, 56]

which di↵er somewhat in their predictions for ⌘, but all find ✏ too small to show r non-zero on

the plot. Notice that similar predictions are obtained in models where inflation is obtained

from wrapped D-branes [57], inflection points [19], Wilson lines [26] or non-canonical kinetic

terms [21]. All of these models describe the observed fluctuations very well, and much better

than simple single-field �2 models.

Apart from ‘N-flation’ [33] which su↵ers from the control issues mentioned above, only

two of the string models, ‘Axion monodromy inflation’ [37] and ‘Fibre inflation’ [50], predict

r large enough to be visible on the plot. These two were specifically designed for the purpose

of obtaining large r, since it had been remarked that small r appeared to be generic to string-

inflationary models. They both score reasonably well for the ⌘-problem, but both have also

been criticized. Ref. [38] argues that the lack of supersymmetry in the models of ref. [37]

can make it more di�cult to control the corrections to leading predictions, with potentially

significant back-reaction e↵ects. The ‘Fibre inflation’ model builds on the hierarchy of masses

that loops and higher-derivative corrections introduce into the low-energy potential, but in

the absence of their explicit calculation must use an educated guess for their detailed shape.

– 15 –

Overall, string inflation 
models in good shape 
after Planck 2013, waiting 
for further tests 

arXiv:1306.3512 C. Burgess, M. Cicoli, FQ 



After Inflation 



Volume Reheating* 

Volume axion ab 

 Closed string axions 

 Higgses 

 Matter scalars C 

arXiv:1208.3562 M.Cicoli, J.P. Conlon, FQ 
 arXiv:1208.3563 T. Higaki,  F.Takahashi 

SUSY 2013, ICTP,  Trieste.                                                                David Marsh, University of Oxford

The decay of the most long-lived (i.e. lightest) 
modulus, determines the final reheat 
temperature of the subsequent Big Bang 
cosmology:

Treheat ⇠
m3/2

�

M1/2
Pl

⇠ 0.6 GeV
⇣ m�

106GeV

⌘3/2
.

Most of what I will discuss is not tied to any 
specific moduli stabilization scenario but 
rather results from the mere existence of 
moduli. However, in a number of moduli 
stabilization scenarios with TeV-scale soft 
terms,  

Reheating in String Theory

m� ⇠ 106 GeV .

Blumenhagen, Conlon, 
Krippendorf, Moster, 
Quevedo, 2009.
Choi, Falkowski, Nilles, 
Olechowski, 2005.
Acharya, Kumar, Bobkov, 
Kane, Shao, Watson, 2008.

*Sequestered scenarios 



Dark Radiation 
Energy density: 

At CMB: WMAP, ACT, SPT 

Standard Model Neff=3.04 

Simplest Z=1: 

General: Strong constraints on matter 
and couplings (even if not sign of DR)! 
Also CAB (Conlon+Marsh) 



Global Embedding and 
Moduli Stabilisation 

Cicoli, Krippendorf,Mayrhofer, FQ, Valandro 
1206.5237, 1304.0022, 1304.2771 
+ Klevers (to appear next week!) 
 



Branes at Singularities 

Orbifold Singularity

Chiral D3−Brane World

Chiral D3−Brane World

Orbifold Singularity

Figure 2: An illustration of the bottom-up approach. D3-branes at an orbifold singularity

provide examples of chiral theories in which the Standard Model can be embedded. Most

of the properties of the model depend on the structure of the singularity. This local model

can then be embedded in many different string compactifications, as long as the compact

manifold has the same type of orbifold singularity.

ities. A more general and comprehensive discussion, centred on D3-branes, can be

obtained from [14].

For concreteness we centre on C3/ZN orbifold singularities, with ZN generated

by the action

(z1, z2, z3) →
(

αl1z1, α
l2z2, α

l3z3

)

(2.1)

with α = e2πi/N . For l1 + l2 + l3 = 0 mod N the orbifold preserves an N = 2 super-

symmetry in the bulk, further reduced to N = 1, 0 when D-branes are introduced.

We restrict to this situation, since non-supersymmetric orbifolds contain closed string

tachyons in twisted sectors, which complicate the system.

Let us introduce a set of n D3-branes spanning M4 and sitting at the singular

point in C3/ZN. Before the orbifold projection, the set of D3-branes in flat space

leads to a N = 4 U(n) world-volume gauge theory. Decomposing it with respect to

the N = 1 supersymmetry preserved by the branes, we have a U(n) vector multiplet

V , and three chiral multiplets Φa in the adjoint representation. The world-volume

gauge field theory for D3-branes at the orbifold geometry is obtained [16] from the

above one by keeping the ZN-invariant states. The ZN has a geometric action on Φa,

similar to (2.1), and an action on the gauge degrees of freedom, given by conjugation

5



Del Pezzo Singularities/Quivers 
e.g. del Pezzo 0  (C3/Z3) 

ni D3 Branes (group ПU(ni)) 

mj D7 Branes (group ПU(mi)) 

Arrows=bi-fundamentals 
 

Anomaly/tadpole cancelation 

Hypercharge (ni≠nj) 

3 Families! 

D7s:Franco-Uranga 



Standard Models LR-Symmetric Models 

Pati-Salam Models Trinification Models 



e.g. Realistic dP1 Models 

Standard Model LR Symmetric Model 



Global Picture 

dPN dPN 



Classification from Toric 
Ambient Spaces 



Concrete (Compact) Calabi-Yau 

For dP0 this means that the charge has to be a positive multiple of H.
This reasoning gives strong constraints on the numbers ni, mi for the local model to be

embeddable into a compact CY manifold:

− 2m ≥ 0 3(n1 − n0) +m ≥ 0 3(n1 − n2) +m ≥ 0 , (13)

which is equivalent to
0 ≤ −m ≤ 3(n1 −max{n0, n2}) . (14)

In particular, we see that these conditions imply n1 ≥ n0 and n1 ≥ n2. We also note that
when n1 = n2 = n3 we obtain m1 = 0 and consequently also m0 = m2 = 0. This rules out
a class of models which locally seemed to be consistent. We stress once more that it is the
requirement of a global embedding that imposes these constraints.

Let us quickly see the consequences on the D7-charge cancellation. The D7-charge of
the fractional branes is given by (−n0+2n1−n2)DdP0 , cf. (5) with D4 substituted by DdP0

and D1 by H, where DdP0 is the shrinking dP0 divisor. The restriction of this charge on
the dP0 divisor itself is given by

(−n0 + 2n1 − n2)DdP0

∣∣∣
dP0

= 3 (n0 − 2n1 + n2)H . (15)

Local D7-charge cancellation requires then that
∑

i

[D7flavi ]
∣∣∣
dP0

= 3 (−n0 + 2n1 − n2)H (16)

Conditions (13) implies (−n0 + 2n1 − n2) ≥ 0. Therefore, the sum over the locally induced
D7-charge of the flavour brane is a positive multiple of H.

3 Example

3.1 Geometric setup

In this section we summarise the details of the CY manifold we already presented in [2] nec-
essary for the following analysis. The toric ambient variety into which the CY hypersurface
X is embedded is given by the following weight matrix:

z1 z2 z3 z4 z5 z6 z7 z8 DeqX

1 1 1 0 3 3 0 0 9

0 0 0 1 0 1 0 0 2

0 0 0 0 1 1 0 1 3

0 0 0 0 1 0 1 0 2

, (17)

10

and its Stanley-Reisner ideal is

SR = {z4 z6, z4 z7, z5 z7, z5 z8, z6 z8, z1 z2 z3} . (18)

In (17) the last column of the table indicates the degrees of the hypersurface equation
eqX . The Hodge numbers of the CY are h1,1 = 4 and h1,2 = 112, such that χ = −216.
Furthermore, the three toric divisors D4, D7 and D8 are all P2, or dP0, on X and mutually
non-intersecting.

For H1,1(X) we chose the basis8

Db = D4 +D5 = D6 +D7, Dq1 = D4, Dq2 = D7, Ds = D8 , (19)

where ‘b’ stays for ‘big’ since it will control the overall size of the CY, ‘qi’ i = 1, 2 for ‘quiver’
since these will become Z3-singularities in the singular limit which are exchanged by the
orientifold action, and ‘s’ for ‘small’ since this will support the non-perturbative effects with
size much smaller than the large four-cycle. In this basis the intersections become diagonal

I3 = 27D3
b + 9D3

q1 + 9D3
q2 + 9D3

s . (20)

Writing the Kähler form in the basis (19)

J = tbDb + tq1Dq1 + tq2Dq2 + tsDs , (21)

we obtain for the volumes of the three P2 divisors (Vol(D) = 1
2

∫
D J ∧ J)

τq1 ≡ Vol(D4) =
9

2
t2q1 , τq2 ≡ Vol(D7) =

9

2
t2q2 , τs ≡ Vol(D8) =

9

2
t2s , (22)

and for the ‘big’ four-cycle

τb ≡ Vol(D4 +D5) = Vol(D6 +D7) =
27

2
t2b . (23)

The diagonal structure is also reflected in the ‘Swiss-cheese’ form of the CY volume:

V ≡ Vol(X) =
3

2

(
3t3b + t3q1 + t3q2 + t3s

)
=

1

9

√
2

3

[
τ 3/2b −

√
3
(
τ 3/2q1 + τ 3/2q2 + τ 3/2s

)]
, (24)

where Vol(X) = 1
6

∫
X J ∧ J ∧ J.

8Note that this basis of integral cycles is not an ‘integral basis’; in particular D1 = 1
3 (Db−Dq1−Dq2−Ds).

11

Orientifold involution

We want an orientifold involution that exchanges two of the three dP0 divisors present in
X. These criteria are met if we choose the following involution:

z4 ↔ z7 and z5 ↔ z6 , (25)

and make the CY hypersurface X symmetric under this holomorphic involution, i.e. we
must restrict its complex structure such that the defining equation eqX = 0 is symmetric
under the involution. From (25) we see that the two dP0’s at z4 = 0 and z7 = 0 are
interchanged by the involution. Furthermore, in [2] we showed that the invariant set of
(25) is given by the following two orientifold planes:

O7-planes Locus in ambient space Homology class in X3

O71 : y6 = z4z5 − z6z7 = 0 DO71 = D6 +D7 = Db

O72 : y5 = z8 = 0 DO72 = D8 = Ds

(26)

Kähler cone and relevant volumes

The integral of J (21) over all effective curves of X has to be positive, i.e.
∫
Cj J > 0 for all

curves Cj in the Mori cone of X. The thus obtained cone for the parameters of J is called
Kähler cone.

After a subtle analysis, reported in [2], one finds the following Kähler cone conditions
on the coefficients ti:

tb + tq1 > 0 , tb + tq2 > 0 , tb + ts > 0 , tq1 < 0 , tq2 < 0 , ts < 0 .

Under orientifold involution, the Kähler form is even and must therefore belong to H1,1
+ (X).

This is obtained by taking tq1 = tq2 . Moreover, we want the two dP0 divisors at z4 = 0 and
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Orientifold 



dP0 with only D3 Branes 



Consistency Constraints 

•  Orientifolding induces orientifold 
planes with non zero 3-7 charges 

•  D7 tadpoles ✔ 
•  D5 tadpoles ✔ 
•  D3 tadpoles ✔ 
•  Freed-Witten anomaly ✔ 
•  K-theory charges ✔ 



Moduli Stabilisation 

In the presence of a FW flux on the large four-cycle Fb = 1
2D̂b, the D-term potential

takes the form

VD =
π

(τb − gsqbb/4)

(

∑

j

qbjφj
∂K

∂φj
+

qbb
4π

∂K

∂τb

)2

, (72)

where the diagonal Kähler metric for the matter fields living on the large cycle φj scales

with the volume as K "
∑

j |φj|2τ−1
b [68] while the U(1) charge of the modulus Tb is

qbb =

∫

Db

D̂b ∧
Fb

2π
= fk

b kbbk =
27

2
. (73)

Therefore, considering canonically normalised matter fields φc,j and the corresponding F-

term contributions, the total potential becomes

Vtot = VD + VF " p1

V̂2/3

(

∑

j

qbj |φc,j|2 −
p2

V̂2/3

)2

+
∑

j

W 2
0

2V̂2
|φc,j|2 + VF (T ), (74)

where p1 ≡ π α2/3 and p2 ≡ 3qbbα2/3/ (4π) and VF (T ) is the potential (70) for the Kähler

moduli.

If some matter fields have a positive U(1)-charge qbj , the FI-term can be cancelled at

leading order by giving a non-zero VEV to these fields, so that the D-term potential becomes

subdominant with respect to the F-term potential for the matter fields which can provide

an interesting source for uplifting to dS vacua. In fact, focusing just on a single matter field

φc with qb > 0, the minimisation gives

〈|φc|2〉 =
p2

qbV̂2/3
− W 2

0

4c2bp1V̂
" p2

qbV̂2/3
, (75)

Substituting this VEV in (74), we are left with the potential (70) plus an uplifting term:

V " pW 2
0

V̂8/3
+ VF (T ) , with p =

p2
2qb

=
3qbbα2/3

8πqb
" 0.325

qb
. (76)

Let us now show that this new term can indeed give rise to Minkowski vacua and in turn

to slightly dS minima. We can start by minimising (76) with respect to τs, obtaining (for

asτs ' 1)

e−asτs =
3
√
τs

4asAs

W0

V̂
⇒ asτs = ln

(

4asAs

3
√
τs

)

+ ln

(

V̂
W0

)

" ln

(

V̂
W0

)

, (77)

which substituted back in (76) yields

V =
W 2

0

V̂3
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ln
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)
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+ p V̂1/3











. (78)
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dP0 and Flavour D7 Branes 

Geometric summary

• Same geometric background and orientifold as before. Can have different 
D7 brane setup, leading to flavour branes...

• dP0: left-right symmetric model (n0=n2=2, m0=m2=3, m1=m=0) as in 
AIQU hep-th/0005067

• visible sector gauge group: SU(3)cxSU(2)LxSU(2)RxU(1)B-L

• hidden sector D7-D7 matter
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Scales and gauge coupling unification
• Soft masses (re-defs due to flavour branes):

• Required: Soft masses @ TeV, correct gs, and CC=0 by 2 
parameters
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 Couplings unified highly non-trivial! 
 (bottom-up matching top-down) 
 
  (Simplest realistic global string   
model! But problem with Yukawas...) 



‘Realistic’ ‘Pati-Salam’ 
Model (dP3) 

•  Break symmetry to SM (+ U(1) or LR) 
•  Breaking U(1) to SM: RH sneutrino  (R-parity 

broken) 
•  Quark+ lepton mass hierarchies 
•  See-saw neutrino masses 
•  Stable proton 
•  CKM, CP 
•  Controlled kinetic terms!! 
•  Gauge Unification  
(But not Global realisation yet)  



Global dP6 with D3 Branes 
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Figure 1: From left to right, the quiver diagram, the toric diagram and the dimer diagram for the
C3/Z3 × Z3 orbifold singularity.
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Figure 2: After assigning vevs for the fields X14, Y58, Z73 the matter content shown in the quiver
diagram on the left side remains. The resulting dimer after the veving is shown on the right side. The
remaining gauge theory is that of dP3.

states with superpotential mass terms:

W = −X16X21Y59Y65Z32Z93 +X16X31Y69Z93 +X21Y15Y59Z92

+X26Y65Z32Z53 −X26Y69Z92 −X31Y15Z53 (48)

This process is also visualised in Figure 2 which shows the dimer diagram after assigning
these VEVs and the associated quiver diagram.

This gauge theory is the gauge theory of dP3 which has proven to be phenomeno-
logically very appealing [8]. Models based on the Pati Salam gauge group have been
constructed in [8]. It was shown that they can, in the presence of flavour D7 branes, give
rise to a breakdown to the SM gauge group, an appealing flavour structure for quarks and
leptons, the absence (respectively sufficient suppression) of proton decay and to allow for
a µ term. For more details we refer the reader to this article.

3.3 Hidden sector D-branes

In this section we discuss the D-brane setup away from the dP6-singularity. This includes
a discussion of both the D7-branes necessary for D7-brane tadpole cancellation as well
as possible non-perturbative effects from D-instantons and gaugino condensates.
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3.3 Hidden sector D-branes
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Figure 3: Distribution of flux solutions in the (gs − |W0|) plane in the fundamental domain after
performing appropriate SL(2,Z) transformations.

QD3 (Ñi, M̃i) u1 u2,3 u4 τ gs |W0|
19 (1,-3,0,0,0,0,2,-1) 4.39− 1.22i 19.3 + 0.971i −21.6 + 1.18i 2.21 + 2.58i 0.39 954.4
14 (1,1,1,1,3,0,0,0) −5.99 + 2.69i 4.09 + 1.59i −0.115− 0.0581i −2.76 + 1.24i 0.8 82.66
14 (1,0,0,1,1,-3,1,0) 4.72 + 2.7i −3.92 + 1.94i 0.176− 0.0468i 4.14 + 1.32i 0.75 54.03
15 (2,0,2,1,0,0,-1,0) 28.+ 3.3i −11.4 + 2.62i 0.331− 0.0291i 6.72 + 1.3i 0.77 55.85
15 (1,2,1,1,1,2,-1,0) 1.49 + 0.861i −1.22 + 1.77i −0.201− 0.0276i −2.41 + 2.22i 0.45 36.44
18 (1,2,0,2,2,2,0,-1) 1.13 + 0.473i −0.327 + 2.02i −0.583 + 0.103i −1.5 + 3.44i 0.29 126.5

Table 1: Summary of all solutions which satisfy 0 < gs < 1 and obey |Finst|/|F | < 1,
maxi

(

|F i
inst|

)

/|F | < 1. The flux configuration is given note that the third and respectively seventh

entry denote the entries for Ñ2 = Ñ3 respectively M̃2 = M̃3 which are chosen to be the same as
described in the main text.

domain before restricting to solutions with small instanton contributions in Figure 3.
The distribution of minima (again before invoking small instanton contributions) in the
fundamental domain is shown in Figure 4.

We show some minima that have small instanton contributions in Table 1 and 2.

To compare our results to previous analysis, we show in Figure 5 the corresponding
distributions for P4

[1,1,1,6,9]. We see that in both cases there is no preference for strong
coupling at gs and that W0 is typically in the range between 10 and 100. SK: Maybe
Michele or Fernando would like to refer to their latest flux paper here?

4.2 Kähler moduli stabilisation

As we have seen in the previous section, the dilaton and the complex structure moduli can
be fixed supersymmetrically at semi-classical level by turning on quantised background

22
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Figure 6: The same distributions as before but for P1,1,1,6,9.Distribution of solutions in the fundamental
domain of τ, i.e. in the (Re[τ ], Im[τ ] = 1/gS) plane (top). In the middle we show the distribution in the
(Re[τ ], 1/Im[τ ] = gS) plane. The bottom shows the distribution of minima with respect to values of gS .
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First Explicit String Model 
•  Explicit Complex Structure  + Dilaton 

stabilisation 

•  Explicit de Sitter after Kahler moduli 
stabilisation 

 
•  Chiral (realistic) spectrum 

•  Realistic scales (GUT, soft masses, no CMP,  etc.) 
 
•  Detailed Phenomenology to be done 



CONCLUSIONS 
•  Continuous progress on local string models 

•  Several SUSY breaking scenarios 

•  Local models: Global embedding and dS 
Moduli Stabilisation!!! 
ü  Local models global embedding 

•  Most known ingredients used: geometry, fluxes, 
branes, perturbative, non-perturbative effects 

•  Relatively Complicated models  
   (Recall: SM is based on elegant principles  but it is ugly !) 



Open Questions 
•  Single model with all moduli stabilised 

and realistic chiral matter (all cs) 
•  Stabilise ‘flat’ matter fields directions 
•  Complete phenomenological study of  

soft terms scenarios at low-energies 
•  Explicit realisation of dark radiation string 

models with excess of X-rays 
•  Extension to global F-theory models (α’ 

corections to K).... 
•  K for matter fields, loop corrections, etc. 



To come: 
 
PASCOS 2015 @ ICTP !!! 


