
2009–05–19 Lecturer: Bengt E W Nilsson

Recall: The standard model without supersymmetry from D6-branes in type IIA string theory,
with compactification on T 6. Compare Heterotic E8 × E8 on Calabi–Yau ⇒ N = 1, D = 4
standard model, which is roughly the MSSM.

Last time: we wanted gauge groups and fermion spectrum to follow from some D6-brane config-
uration (including 3 families).

Figure 1.

This picture will only give the exact Standard Model if orientifolds are also used.

21.5: String theory models and particle physics

Figure 2. You can’t draw these in any order you want; they are related in this fashion. We will study

one of the connections today.
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21.6: Moduli stabilisation

String theory on S1(R) contains a dynamical scalar field R(x) in spacetime whose vacuum
expectation value 〈R(x)〉=R= const.

How is the value 〈R(x)〉 determined?

1) In the simple cases IIA|T 6 the radii are not determined ⇒ Moduli space of theories paramet-
rised by six radii. (R6). There is no potential V (R) yet.

2) Can we introduce a V (R) in a natural way? Yes!

Example: D= 6→D= 4+ 2-dimensional compact manifold:

− ds2 = gµν dxµdxν�
D=4

+R2(x)ḡab(y) dyadyb

R(x): The scale of the internal manifold depends on xµ ∈ spacetime.

Reducing Einstein gravity in D = 6 to D = 4 using this metric gives an ordinary Lagrangian,
containing a potential

V (R)=− ag
χ

R4
,

{

ag> 0
Euler number χ= 2− 2 g

(After Weyl rescaling of the metric!)

⇒







g=0 ⇒ V (R)< 0 ⇒ R→ 0 (S2 vanishes! Not stable!)
g=1 ⇒ V = 0 moduli space of stable solutions
g > 1 ⇒ V (R)> 0 ⇒ R→∞.D=4→D= 6 decompactification (unstable)

3) Can we stabilise the radius R? I.e., can we find ways to produce more terms in V (R)? Yes.
Introduce fluxes. With a magnetic flux of Φ = 2πn, n∈Z.

⇒ B=
n

R2

⇒Energy density ∼R2B2∼n2/R2. But then the Weyl rescaling gives also a 1/R4 factor.

Vnew(R) = af
n2

R6

So

V (R) =− ag
χ

R4
+ af

n2

R6

⇒S2 radius is now stabilised.

Note: for χ= 0 we must add also other objects like orientifolds and D-branes.

The Witten argument from 1995

IIA string theory, D= 10:

NS–NS: gµν , Bµν , φ

R–R: Aµ, Aµνρ

NS–R, R–NS: 2× ψµ (spin
3

2
), 2×λ.
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We would like to understand these in D = 11, concentrating on NS–NS and R–R. If you look at
the two fields gMN and AMNP you can produce the D= 10 fields.

gMN =

(

gµν Aµ

Aµ φ

)

AMNP = (Aµνρ, Aµν11)

We identify Aµν11 =Bµν.

Can we write down a Lagrangian in D = 11? Yes, and it is unique! The Lagrangian is the low
energy approximation to M-theory.

L(D=11) =
e

2κ
R− 1

24!
(FMNPQ)

2− i

2
e ψ̄MΓMNPDNψP +

where we have introduced FMNPQ = ∂MANPQ + 3 terms, e = − g
√

. gµν = eµ
αeν

βηαβ ⇒ − g
√

=

det eµ
α = e. From the ordinary γ matrices you can define γµν ≡ 1

2
(γµγν − γνγµ).

+
2

√
κ

(12)4
e εM1� ,M1 1FM1M2M3M4

FM5�M8
AM9M1 0M1 1

+

+
3κ

4 2
√

(12)2
e
(

ψ̄MΓMNPGRSψN + 12ψ̄ PΓQRψS
)

(

FPQRS + F̃PQRS

)

.

Now we want to compactify on a circle to 10 dimensions.

− ds2 = gµν(x) dxµ dxν + e2γ(x)�
R2(x)
before

(

dx11 −Aµ dxµ
)2

where x11 is the circle coordinate. A straight forward, but tedious calculation, will produce

Lbosonic
sector

D=10(comp)
=

1

4κ2
e eγR− 1

4
e e3γ(Fµν)

2− 1

12
e e−γ(Fµνρ)

2− 1

48
e eγ(Fµνρσ)

2

Comments:

• there is no ∂γ∂γ kinetic term.

• eD=11 → eD=10 eγ

• eγ from eD=11, gD=11
µρ gD=11

νσ ∂µgν11
D=11 ∂ρgσ11

D=11gD=11
11,11

gD=11
µρ → gµρ, gD=11

νσ → gνσ, gν,11
D=11Aνe

2γ , gD=11
11,11 → e−2γ

⇒ e3γ

Looking at the Einstein term it seems like the D = 10 Newton’s constant depends on the field
γ(x).To eliminate this dependence (and compare to physics) we Weyl rescale it away:

Take the metric gµν and eγ, the two fields, and Weyl rescale: g̃µν = e−2sγ(x)gµν for a parameter
s. The result is, with a, b being parameters in L

e−2aγ ẽ
(

R̃ − b(∂µγ)
2
)

= e−(2a+s(D−2))γ e
(

R+
(

s2(D− 1)(D− 2)− 4 a s(D− 1)b
)

(∂µγ)
2
)
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Weyl rescale Witten’s answer in D= 10 using s=
1

8
. This will produce the D= 10 canonical

LD=10(can) =
1

4κ2
eR− 9

32
e(∂µγ)

2− 1

4
e e9γ/4(Fµν)

2− 1

12
e e−3γ/2(Fµνρ)

2− 1

48
e e3γ/4(Fµνρσ)

2
.

In fact, using instead S=
3

8
we get a Lagrangian that is connected to the type IIA string:

LD=10(string) =
1

4
e e−3γ

(

R+ 9(∂µγ)
2
)

− 1

4
e (Fµν)

2− 1

12
e e−3γ(Fµνρ)

2− 1

48
e (Rµνρσ)

2

So set e−3γ = e−2φ where φ is the dilaton of the type IIA string. Then LD=10(string) becomes
exactly the Lagrangian computed in type IIA string theory.

But now 〈eγ〉 ≡R, 〈eφ〉≡ gs

⇒ gs =R3/2

Figure 3.

gs→∞⇒R→∞, which takes us back to D= 11.

Maldacena: AdS/CFT.
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