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 7°. Compare Heterotic Eg x Fg 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.



21.6: Moduli stabilisation

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

How is the value (R(z)) determined?

1) In the simple cases IIA|7e the radii are not determined = Moduli space of theories paramet-
rised by six radii. (R®). 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:
—ds? = gy dzt'da” + R*(x) Gas(y) dydy’
D=4
R(z): The scale of the internal manifold depends on z* € spacetime.

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

X ag>0
V(R)= GoRD { Euler number y=2-2¢

(After Weyl rescaling of the metric!)

g=0 = V(R)<0 = R—0 (S? vanishes! Not stable!)
=4 9g=1 = V=0 moduli space of stable solutions
g>1 = V(R)>0 = R—00.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 ® =2mn,n € Z.

n

= Energy density ~ R?B?~n?/R?. But then the Weyl rescaling gives also a 1/R* factor.

7’L2

Vnew (R) = af ﬁ

So
2

V(R)=—ay 37+ a1 75
= 52 radius is now stabilised.

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

The Witten argument from 1995
IIA string theory, D =10:

NS-NS: gy, By, 6

R-R: Ay, Aup

NS-R, R-NS: 2 x 4, (spin 3), 2% \.



We would like to understand these in D = 11, concentrating on NS-NS and R-R. If you look at
the two fields gpsn and Ajsnvp you can produce the D =10 fields.

_ [ Guv Ay )
gMN ( A, ¢
Avnp= (Auup; Auull)
We 1dent1fy A,ul/ll = B#V.
Can we write down a Lagrangian in D = 117 Yes, and it is unique! The Lagrangian is the low

energy approximation to M-theory.
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where we have introduced Fiynvpg = OmMANpg + 3 terms, e = /—g. guv = eﬁefnag =/—9g=
det ej;=e. From the ordinary « matrices you can define v** = %(fy“fy” —yH).

V2K M.

M,
12)] ee " F gy Mo M M F M. Mg Ao My oMy F

3K - - ~
I L TMNPGRSy, 1 194, PLQR S (F L F )
Wa(12)? (Vum YN (0 V) Fpors+ Frors

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

—ds?*= g, (x) dzt dz¥ + 627(1)(dz11 —-A, dx“)2

R(z)
before

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

D=10(comp) __ 1 1 3 9 1 B
bosonic P _mee’yR_Zee V(F‘,“/) —Eee ’Y(Fuup
sector

2 1
U
Comments:

e there is no dy0y kinetic term.

e ep—11—€ep=10€"

ee” from ep—11, gH 1y 9511 0,957 0,957 gp

©p vo vo D=11 2 11,11 —2
9p—11— 9", 9p=11—9"7, 9v,11 Aye”, gplii—e 7

= e

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

Take the metric g, and €7, the two fields, and Weyl rescale: g, = e*QSV(z)gW for a parameter
s. The result is, with a,b being parameters in L

o216 R=b(87)" ) =~ o P =27 (R (2(D — 1)(D —2) — 4as(D — 1)) (0,7)°)



Weyl rescale Witten’s answer in D = 10 using s = é. This will produce the D =10 canonical

=10(can 1 9 2 1 2 1 — 2 1 2
L[ P=10(can) — yrele R— 3—26(8,/)/) - € A(EL)? 3¢° 3V2E ) — I SV E pe)’

In fact, using instead S :% we get a Lagrangian that is connected to the type ITA string:

1

=10(strin 1 — 2 1 2 1 - 2 2
LP=106t08) — Ze =37 R4-9(0,7)° ) = 7€ (Fuu)” = Ty €€~ (Frunp)” = 75€ (Bupo)

12

So set 737 = ¢72% where ¢ is the dilaton of the type ITA string. Then LP=106%8) hecomes
exactly the Lagrangian computed in type IIA string theory.

But now (e?) =R, (e?) = g,

= g,=R3/?

Figure 3.

gs— 00 = R— 00, which takes us back to D=11.
Maldacena: AdS/CFT.



