/R\)NA\/\/A\/ JIN THE

LMD SCAPE

ME LANIE BECKER




'RUNAWAY T THE LANTSCAPE
KBEKER HB, C.VAFA + JWALCHER hep-1]061100)
K. BEKER, M-B , T-WALHER | hep-th [ 07060514
K. BECKER, YC CHUNG , 6.6U0 , 0106.2502 hep-th

CALABI-YAU M ANIFOLDS

MANY ASPECTS OF THE YD THEORy  CAN
Be TRACED BAK TO THE ToPoLOGY OF
THE TOTERNAL MANIFOLD

MODULI FIELDS =FLUX COMPACT (FicATions |

T Kohler etrocluce T Comr)le)( Struclure

J e




S5CENARYOS

BeFORE OUR PAPER THERE WERE (RoVGHLY
SPEAKINGY) 2 SCENARIDS :  Kadhry

KKLT LiKE | Kallosh

A
V(o) ‘I x Pluxes( cplx. st.)
x np €ffeds (kahler)
x D3'S (A0

> O (size)

© s1ani LIZATION WiThH ONLY FLUXES (6EQHETRE)

MODULI STABILIZATION AT THE CLASSICAL
LEVEL WiTH FLWUXES ONLY TN SUGRA ADARY

MASSIVE LA oN ORENTIFOLD
‘ D.e Wolje
Ad 5L’ « T /715,\7[3 Siryavets

Kachtu + To.ﬂor




PARAMETRIC CONTRIL: %HALL PACAMETY
Fg < ‘SJ FLUX NUMBEZ N2
% GEOMETRIC DESCRIPTION

% TLA MODEL JS CONSTRAINT TO /N<O
% MASSES OF MODULI TOO SNALL

|
GOAL : CONSTRUCT A 5SIMPLE TYPE I B

MODEL TN WHiCH MoDULI STABIL/ 2ATI ON
CAN ’BE‘ACH)'E\IED BEYOND THE SuéeA )
APPROXIMATION TN TERMS OF FLUXES
| ONLY

—

() Hoouui STARILIZATION IS A NON - GEORERIC
MODEL (MiGHT BE THE ONLY wA7 TO STABILIZE

SUSIC VAU A

@ SUsic VAWA gF AdS [MINKOWSKI TyPE
WiTh an. MODULI STA®ILIZED



A NONGEOMETRIC TIPE]IB MODE|

IN THE TYPETLRB THEORY THERE Js A
VPERPOTENTIAL For COMPLEX STRUCTURE

MOoDUL Gukoy,Vafa +Witlen

WZIG/\.Q G = Hre - T Hns
Ho

TAKE A MODEL WiTH b =8% =0
cplx. et Kohkr sir.

NO RADIAL HODULUS =y Non-GEMETRIC T
NOT A CALABI-YAU (WHICH HAVE A SiZE) °

N=2 SCFT = LANTDAY - GINTBURG MODEL
with €= 9 | (ORIENTIFOLD )

Non. geomelric

cobe @



GOAL 3 CONSTRUCT THis MODEL
CONSTRAINTS ON THE MODEL

@ SUPERSYMMETRY

UNBROKEN Susy DEMANDS
DW= 8lV\/+(8,K)W207 Q*\ L= C, CPIX Slrucdure_

meoduli

K(t)= -4 0og (T-T) ; K(Za)= - eog (i §r0)
SGAR WRR - T Whs spau-time
5Ur.>{rpo'fenh0|
DrW ==L {(36+6)A0=02 7= Weg (3-¢ '§)
=3 2 WS

DiW = [6AX(=0  Xi : hamoniC (2.1) foems

LG = A X+ A (~3~Q+.C_2_)J*3‘F°'Z” FLUX
F

MINKOWSK | Ad3, W#O0
W=090 q




@ TAHPOLE CANCELLATION

FoR A COMPACT MODEL THE ToTAL

CHARGE HAS TO CANCEL . CONSIDEZ FoL Now
MINKOWSK UACUA

S HRR/\ HNS = __i__. JGI\ Q* ‘::-Q (03>
(T-2¥) Y
O3 - PLANE CHAREE

NEGATIVE 03 PLANE CHARGE ]S

PROVIDED BY ORIENTIFOLDY OF
LANDAU- GINZHUK6 MODELS



Drynner , Hori

Hosomich/
Walcher ,,.

LANDAVU GiINZBURS ORIENTIFOLDS

THE LANDAU GINZPURG MODEL JS
CONSTRUCTED IN TERNS OF g (OPIES OF
C=| MINIMAL MODELS

9
3 LDSHEET SUPERPOTENTIAL
W: Z X; WORLD SHEET

AT FERMAT POINT
=]
DiVIDED By THE ORBIFOLD PROJECTI ON
20/
Lyt Xio wXi with W= €7

MODUL! FIELDS  CORRESPOND TO PRIMARY
FIELDS IN THE CONFORMAL FIELD THEORy.

How DO THESE LOOK PREC/SELY 7



COMPLEX 4TRUCTURE DEFORHATIONS
NS§-secTor
CORRESPOND TO PRIMARY FiELD OF THE

(¢, c) RING AND ARE DESCRIBED IN THIzS
OF THE JACBIAM RiNG

X XJ' XK hy, = 84
x' XZ""""‘-"‘-Xst, ho3:l

KAHLER STRUCTURE DEFORMATIONS
NS-SECTOR

CORRESPOND TO PRIMARY FIELDS IV THE

(a,c) RINE AND QONE FROM THE

TWISTED SECTORS OF THE ORRFOLD
hoo =1  W3y=1 (Zs orbifold)

RIENTI F
R CROUNDSTATES (Speciral flow) % JENTi FoLD



ORIENTIFOLD ACTIiON

URCES OF NEGATIVE CHARGE ARE
OBTAINED BY ORIENTI FOLDING
\,, WORLDSHEET PaRITY
X(t,0) = PX (T,~-0)

INVOLUTION  P2- |

WHAT ARE THE AUOWED JN\/OLUTI'ONS?
THE WORLDSHEET ACTIOU HAS ANJ
F-TERM

(d6"do” W(x) —> - (d§’ds w(x)

rpﬂ Ve Vo

Ww(Xx) < - W(PX)—MDBE )



TNVOLUTIONS

THERE ARE § CHOICES OF INVOLUTIONS
WHICH CONSIST IN AN OVERAL Si6N
FLIP AND PAIRWISE EXCHAWN GE OF
L.& COORDINATES

(XX -~ X3 Xg)= = (X Xz X8Xg)
IR (X,XZ--. )(8)(3):: ‘(XZ.X, X3X1/..-X7)(3j
‘oo 03 PLANE

STATES SHOULD BE JNVARAUT  UNDEL
OK‘ENT\FOLD ACTION (VP TO A Si6n)

XiXjXk = Xi X Xx 30
(84 states) XXX+ X, XX 21
states 63




5051 C CYCLES IN LANDAU- GINZBURS
Tgbal , Hori+ Vafa

FLUXES NEED TO BE INTEGRATED 0Ovel
SUSIC CYUES TO CHECK, TADPOLE CANCEUATION

WE ARE CONS'DERING AN N=2. L& THEORY A
MANIFOLD WiTH BOUNDARN|. THE SUPERPOTENT/AL
W T3 AN F-TERM THAT UNDER susv 6iVES
A ToTAL DERINATIVE . BOUNDARY TERM =0

OA-qyues (sa6s) Q B-<ycles (Cphd)
InW=10 (odd) W=D (even)
STRAIGHT LINE POINT IV

N W-Pave (P GyQE (| w- PLANE




SIMPLE EXAMPLE

CONGSIDER ONE C=J HINIMAL MODEL

W(x) = X ’ InW=0
'3"\\,\’ L\/o‘l-\/,-l-\/z = O
.Zindependend ¢ycles

W-PLanE . e "/3 \

- - ReW

>

Va
Vi

WE NEED TO BuitD A 7L, INVARIANT
CHBINATION OF THE TWO &JCLES AND
CoNsIDER 9 HINIMAL MODELS



WE wouLD LIKE TO TNTEGRATE THE
R-0 G6ROUNDSTATES (BASIS)

XQA = [€) =12
OVER  A-CYCLES <Vm |
TRERE Js A NATURAL PAIRING THAT

TEFINES THE JNTEGRATION OF STATES
QVER CyUES Cecotti, Hori +\Jafa

3
<le€§ zfxf"e"x dX l=1,2

ilersechion madnix
TADPOLE : Vm J
1 (ener= L <eumy I L Nmle'y
T-t* T-t¥

WESE ARE ALLTHE TOOLS WE NEED |



SUMMARY OF CONDITIONS
CONSIDER MINKOWSK) SOLUTIONS FIR NOW

© SUPERSYMMETRY 6 = Her-THys € H*!
§6Aﬂ = 56/\52* = f6/\ 'XZ',: 0

@ TADPOLE CANCELLAT|ON
jl"RKI\HNSZ J SG/\é’: 12 - Ng3
T-7%

@ Flux QuanTi 28TION A
3 ~ m = (M|M3\

& = N" -7 M e Ns flox x
"R < cydes RR- flux XX
TAKING THIS INTO ACLOUNT WE
OBTAIN A LARGE SySTEM OF DIOPHANTINE £9S.
HagD TO SOWE !




SAMPLE STRONG COUPLING 5OLUTION

ALL MINKOWSKI S0LUTIONS EMERGE AT STRONG

COUPLING V  (ADS S0WTIONS ALSO EXIiST)
' [NOT IN THIS MODEL THOV6H )

S = |nnz2121 < (2202 - 2122l
+ 11212120
€% = 14,0, 45> with 1€y = x¥!
_2_.1'_1'_1. e':' ll Z
- - 3 _
t=w=¢€  WEAK COUPLING (NOCTH)
T=W 195+ .
STR'DNQ ] L gANON]CAL
' UNDAME NTAL
CouPLiNG | | Dorain oF

SLEE L)




NON - RENORMALI ZATION  THEOREM

THE TYPE ILB FlUX SUPERPOTEMNTIAL DOES
NOT RECEIVE ANY CORRECTIONS IN g
S5 7p

/
S‘}rin::’
cour.)lin
W, - J
8 \/a,:cc.
’DUKSM {* \/ucfa
(D PERTORBATIVE (oRRECTIONS "giarey, Eocee

THE N=1 ACTION STILL HAS FEATURES OF
THE N=2 THEOK\/

(NO COUPLING BDETWETEN H7PEKS + VECTORS )

(2) NON - PERTURBATIVE CORRECTIONS :

NO CANDIDATE INSTANTON AVAILABLE

THis ENSURES THE EXISTENCE OF \ACUA !
MASSES OF HODUL 27 Susy PREAYING 7.



e el

GOAL : SEARCH FOR VAWA IN THE LARGE
COMPLEX STRUCTURE AND 5MAL 9s UMIT
MIRROR TO HASSIVE TTA MODEL OF DEKT
(LARGE RADIUS , SMALL gs)

9
3
W= Zx,- + QLYY X3 10, XyXsXg+ O, XN Xy teenn

(=]

BUWK MODUY : tt,t;  RELATED T0 a:
COMPLEX STRUCTURE OF T6 = (T2)’

Bow UP MODES : STABILZED



FLUX SUPERPOTENTIAL AND MODVLi
WE WOULD LIKE TO DERVE Wy [t1te63).

W HR T HNS)/\_Q
8 R~ Hnsg= N Seta - NQ(SO‘

Hr = HO‘o(a T’lo(é SYMPLECT/ C BASIS

} .

SPECIAL 6EOM ETRy

2+ = 0 LL SZ PREPOTENTIAL
* §AI 321- §
Fwr= -4 rik ZIEZK 0 Ry = %=
3 ZO t,~t"t3~t
/"7
B <

Weg = -t Mo+ 3t Mg+ 3t My + My
\/\/N/s\ = - t>No +3t2N, + 3t Ny + Ng
\
\ Wrg = Nar - T Nyus




MOOULI [FIVUX X | Ten EASILY
FOLLOWS BY SOLUING TADPOLE

AND {’DEW= DWW =0

W=0 (MiNkowWsK))
WHAT Din wWe SEE 2 /

(1) MINKOWSKI  SOLUTION'S ARE
CONFINED TO STRONG CoUuPUN G

(@ AdS SOWTIONS ExisT Fok
LARGE' € AND SMALL s
Wk WORWED ouT SPECIFIC

EXAHMPIES



EXAMPLE ¢ MIRROR OF MA3SIVE TIA

A SIMPLE 50LUTION WHICH J5 MIRROR T
TE HMASSIVE TYPE TTA MODE| )5

“

Whs = Ng \WRR = ~‘t3 H0+3chr‘[z+3t My + Mg
TADPOLE g HRR A HUS =~ MoNg

MANAAANANANL

1

Mz My Mg > o0 NoT BOUNDED -
PALAMETR ¢ conTraL!

SOLUTION
t =M tZ:Qiy_«_;‘__ My t= 4pit,
Mo Moz Mo
3
(o U_O (tz
2% )
1 T4 LHRGEl Q4= 1. Ts sMALL V

G



A CONJECTURE @
A SURPKiSE ARRIVED FROM THE MASS MATRIY

o ‘\A\

MASSES ARE OF THE ORDF_R OF THE 4D
COsMOL0GI CAL CONSTANTY

SITVUATION TS RATHER GENERIC FOR ALL
TYPETLB SOLUTIONS AS WELL AS FOR THE

MASSIVE. TLA MODEL OF DOKT
%ul(ou , Oogori +\/‘o,£q

CONJECTUR E
W

Y ANY SEQUENCE OF SUPERSYMHETRIC WEAKLY
COJPLED STRING \VACUA HAS SOME MOOUL/

FIELDS WITH MASSES OF THE ORDER OF THE

COSMOLOGICA L CONSTANT ¢ oa /
FOR SuSic VACVA HMODULI MiGHT ONLY BE STAB)LiZ D
N THE NON- 6EOMETRIC QHASE V9 1



Kalloshteo
Souwerecs:

UPLIFTING To DE SiTreg Theis +

Va wdorey

THE SiTvAaTION MAY IMPROVE ONCE WE UPLIYT
TO DE SiTTER SPACE AND HODUL! MiGHT B¢

NE &UY
¥ W E CAN UPLII—T WwIiTH D}S (KKLJ)

4 SUSY BREAKING WITH ELUX ONLy

ONCE Susy IS5 BROKEN AND IN MODELS
WITH A RICHER STRUCTORE THERE M/ GHT

QE AN ALTERNATIVE TO D3's
TNUOLVING ONLY FLUX | Aqanagic , Beawm
U HecKman + Uofa

% PERTURBATIVE (ORRECTIONS TO K(§)

> NON - PERTURRATINE CORRECTIONS TO wcv)
WRHICH ARE ALWWED JIN MeLE CoMPLI cmcD
VoDELS ONCE Susy JS BROKEN-

NOT A FREE LUNGH TholH



IT IS OF GREAT IMPORTANCE TO (NDEZSTANT)
HODULl STABILI ZATION IN TRE NON-GEOMET RIC

YaASE V
come ROTHEL — TNTERESTING 7’
QUESTIONS NEED TO BE SOWED :

* STRONG COUPLING SOLUTION *
TS THERE A Dual CFT 111 0 Z

% WEAK COVPLING SoLuTION
INSTANTON CORﬂEcTiowg TO W 0O
PERTURBATIVE CORRECTIONS TO X

¥ FLUXES ON CFT AND LANDAY - GiN 2BURE !
g OMPLICATIONS OF LIGHT YADUL) FOR SWAMPLAVUD



AN EXOTING TRIP THROUVEH THe
NON - 6GEOMETRIC LAND SCAPE

TS AREAD OF US V




