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Motivation

— Heterotic FEg x Eg string: unified descrip-
tion of phenomenology (7)

— unresolved problems...

— Strong coupling limit: heterotic M-theory

— de Sitter, assisted inflation solutions

— Moduli stabilization:

In type II: fluxes and nonperturb. effects
(pert. effects — Kahler moduli)

In het. M-theory: so far only nonp. effects
But G(4) 7142 0

= flux-induced superpotential



Horava-\Witten

— M-theory on R x §1/7,:
11d SUGRA: gr.Jj \U(IX, CIJK (G = dC)

Massless chiral gravitinos on R
=

To cancel them: FEg gauge fields on each
boundary

10 d 10 d
“— 11d =
Eg SUGRA Eg

st/ z,

Description of heterotic
Eg x Eg string theory



— Compactification to d = 4:
Compactify 10d on CY (3)

dG ~ k2/38(z1V)dz1l(trF? — %tI’RQ)
= Background with G #= 0
— warping of M4 x CY(3) x S1/7,
— 6d manifold X: generically non-Kahler
7d: 6d SU(3) str. fib. over S1/7, |
= A2 ~ k%3 X - gauge coupling

S114 = é(s(O) + k2/38(1) 4 x4/35(2) 1 )
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— Linear solution:

§ds?, = bnuydadz” + hmnde™dz" + k(dx't)?
4d 6d interval

Witten: of
5susy\|j] = 0, dG = sources, DIG]JKL =0

(Gauntlett and Pakis: Einstein egs follow)

— Vx(zll) ~ Vo — c(a™) 21!
= at Vx(zdl) =0

Need: nonlinear solution; new effects (higher
derivative corrections, M5-branes...)



Heterotic M-theory

— Field content:

dsgir. or. = ds%—l—ezagmndxmdacn—l—ezc(dacl1)2
a - CY volume, c - interval size

— b = b(a, C), hmn — hmn(a/, C),
k= k(a,c)

N = 1 susy: chiral superfields S,T

S =e% 4 jog, T = elct2a) 4 o,
dog = #4dB Buy = C;111, Cmn11l = orJdmn

h21 complex, hl:l Kihler,
dim(gauge group) C!'s: charged matter
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— Effective 4d action:

N = 1 SUGRA 4+ chiral and vector multi-
plets

. {®?} - all chiral superfields
kinetic term: 2Kz 8,®’ OHPDI
Kuniv. = =3In(T' +T) — In(S + 5)

° gauge field action

No corrections induced by metric and
C-field distortion

- gauge fields and charged matter (C!)
- O(x*/3) distortion of the background
- O(k*/3) terms in 11d action: R*

- flux superpotential: W ~ G , U ~ W?2
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Flux-induced superpotential

— SU(3) structure:

comp.: JAQR=0, JAJAJ~QARQ

dJ = —3 Im(W12) + J A Wy + W3
dAQ=W1JANJ+JAWs+ QAWs

Wiq,..., Wg - torsion classes

Complex manifold = W3, =0
(req. in het. str.)

° J, ., v - vector

v: pwJ =0, 1,2=0 ; J, Q2 - comp.

— 6d SU(3) str. man. fibered over v
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— Spinors: 3 two SU(3) singlets

0, 0: V0= (V- tryat)o=0,
a = ({m},11)

Wy, = Yu®(ard+art®)+v;,&(a70"+arb)

a;, =ap — Go structure

two kinds:  0Tyay..0,0 , 0Ty, 5,0

jab — _ieT/VabH 1 Qabc — _iQT’YCLbcH
Va — HT'YQ,H

%GK/Q(W?ZMW’M%@ + c.c.)
W, —does not contribute; K = —31n V(7)
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On shell: torsion < fluxes
Off shell: independent!

— Dimensional reduction of 11d action:
ds%, = dsg + ds2
. @MFMNPQRSWNGPQRS —
w(fluw)  — %/a*LaRG/\ J A
+ 5 [[@r)?G A G+ ()26 A G
N Wy MNP W p =
wlgeom)  — %/(a}-{)% AdT A S
+ %/(az)zv/\dj/\é
— %/azaR[dQ/\é—l—dé/\Q]
1

— Z/a*LaRdv/\v/\j/\j

1 . = =
— g/(azdaR—aRda*L)/\J/\J/\J
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o
ds%l = ezbnuyd:c“dajy—|-62fgmnd:1:md:cn—|-62k(d:cl1)2
b, f, k = function(z™, z11)
jzleJ, S~2=63f§2, v = efdrt!

lapl® + lagl® = ¢’

W~ [(H +id]) A 92
G =vAH, a;j — O

° ®=ReQQ+JAw
1

W:—/(G/\cb—idqmcb)
4 >

CLE =aRp — Not good for het. Eg X Eg!
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de Sitter vacua

Becker, Curio, Krause: dS vacua can - in het-
erotic M-theory

— Scalar potential: N=1, d=4 SUGRA
U= el (KABD,WDpW - 3|W|2) + Up,
DAW = (84 + KW, Up ~ > (CTC)?
a

W = Wtree‘l'Wnon—pert , Wiree = /\pqrcpcqcr

Wnon—pert = Wom +Wae

e Kahler and complex structure moduli:

As for weakly coupled het. theory
e Charged matter:

(C) # 0, but very small
e Orbifold length:

Main new issue ! — 9 U > 0 local min.
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— Nonlinear solution: all orders in /4:2/3

Warp factors only ; gmn - Calabi-Yau

Curio-Krause: Ek(z'!) = —b(zth)
Voy (M) = [d0z /58 = vy (1 — s 2113

at zll=1/8 =

V(L,Vy) - average CY volume
(a, ¢) — (Vu, L) , Vy - fixed
S=V+4iocg, T=°LVY3+iop
K=—-In(ReS)—-3In(ReT)

Whon—pert = W(S,T) - depends on og, or
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— Nonzero Wyy,,.:  Enough for dS vacuum?

W luz = w (flux) 4 37 (geom) —

1 ~ .
=Z/eb[G/\Q—|—iv/\dJ/\Q], v = efdz!l

Wfluac(GCK):O —  Mink. vacuum

SG=uvAH~vAQ

oU (L) — 0

= Wfluac =0, Solve

3 local min. with U > 0
But: occurs at Lo > Limaz =1/S

still: Lo, Lmaz - vVery close
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Flux
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Summary

— 4d effective action of heterotic M-theory:

e Flux-induced superpotential

— De Sitter vacua

— Open issues:
e C-field moduli...
e Boundary contr. to superpotential...
o Combining Wy, and Wyon—pert. .-

e Higher derivative corrections...
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