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NEW HETEROTIC FLUX
COMPACTIFICATIONS

STRING THEORY &5 M55M, eu-r2

o SIRING THEORISTS HAVE TRED TO
MAKE THE CONNECTioN TO THE MSSM
SINCE. CALABI-YAU ‘5 WERE FOUND (198

=

>
o _ C

+ e HETEROTIC 51RING




THiS 15 A TRickY QUESTION

'\'\/\MM’\/\N\;\NV\/\—\

® EYOTIC PARTICLES ‘

®
MAN TIMES ADDITIONAL CHARGED
MATTER  EMERGES JN STRING THEORY
MODELS THAT PLAYSNO RALE N MSSM
PROGRESS IN RECENT YEARS

% HETEROTIC M-THEORY
% BRANES AT SINGULARITIES TyPe
* INTERSECTING D-BRANE HODLLS I

% F-THEORy MODELS (GUT 6RoUPS )



® MODUULI FIELDS: '

CONVENTIONAL CALABI-YAU
COPACTIFICATIONS OF STRING THEORY
INVOWE MODUL! FIELDS (MASSLESS
NEUTRAL XALARSY) DESCRIBNG THE
DEFORMATIONS OF THE SHAPE AND SIZE
OF THE INTERNAL MANIHOLD
| HETEROTIC TORSIONAL
FLUXES | CeoMETRIES
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TORS\ONAL GEOMETRIES

NS N AN A A A A A

DAL: DESCRIBE TORSIONAL

GEOMETRIES Eﬁ Egeiue JN HETEROQTIC
FLUX COMPACTIFICATIONS

—p SUMMARY  OF WHAT WE KNOW
—3 NEW 0RBIFOLD MODELS

—=p OPEN QUESTIONS & MATHENATICAL
CHALLENGES

NEW SOLJTIONS BY STRING DVALITY
( K-BECKER'S TALK ON MONDAY )



REFERENCES

x B ToENG £\vay, arkiV: 080,037
“New heleralic Plux compacl ficahang”
% MB TEwe €4aU, orXiV: 0706 .4290

“Hederotic Kahler /non - Kahler Ttans"hons"
% HMB TSENE &AWL, hep-th | 06122 90
" Hoduli space of 1orsional moni folds ”

% K.BECKER, MB, FU, TSENG £ YAV

3 Anomo\I\\ cancellahon and smooth
non- Kahler lvhons 1n .e.”
hep-h 06043}



OVERVIEW

@ TORSIONAL CONSTRAINTS

o SHOOTH SOLUTIONS ° T2 [KK3

e MODULI FIELDS & HODULI SPACE

« HETEROTIC KAHUER | NON - KAHLER
D\)ALiTy

* NEW TORSIONAL GEQMETRIES =
ORBIFOLPH MODELS

e CHAUENOGES FOR THE FUTURE
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e TORSIONAL CONSTRAINTS

A NP P U U O
THE (®0osONIC PART) OF 0D HETEROTIC

STRING CONTAINS ( Guv, P H,F)

T ~2¢ s l 2
SZ&OS 9 E% (Re4(09)- g %ﬂ?)

&1"1 :/\7r1'24§ Hrn p KND ‘Z =0
IN= " O 1 +"—Z Hrnp ‘GNMPZ = Q

8x“— KHMFHN‘Y’ = 0O
505y BACKEROVND 1]V = @ &



THE 6D 5PINOR DEFINES

(hy ,
® jrmfﬂ - - f—"—z{/mm & HERMITIAN FoRM

(300  -2¢
o Qmnp = € £ Kmmp £

HOLOMORPHIC 5-Form
THESE FORMS DESCRIBE THE 6EDNETRY

THEY SATISHY A SYsTEM OF EQS.
“THAT 15 A GENERALI4TiON OF
CALARI'S EQN FOR Ri@|-FLAT
HETRICS ON KAHLER MANIFOLDS



(D) HERHITIAN YANG - MiLLS
Fio= Foz=0 Fmm 3"“”".: 0
HOLOMORPHIC PRIMITIVE

(1) ANOMALY  CANCELLATION

dH < 2 353 =d (4r RAR —4r FaF )
Iy

o RELATES 6AVGE BUNDLE TO 6EOMETRY

e NO " STANDARD EMBEDDIN 6"
= H-FLUX WITHOUT  BRANE
SOURCES OR SINGULARITIES



BoNYS Y
FOR NON-STANDARD EMBEDDI NG

WE GET INTERESTING
6AUGE SYHMETRY BREAKING

Eg‘% 5\)[5) X Eg

E3 — SUM) x

Es — SU(5)x

50(10)

SV(5)

—5

Vi
GROUPS



(D) dtd =i (3-2) o I1QI

THESE EQS: FOLLOW FROM SPACE-TIME SuSy
€ THEY GUARANTEE THAT THE EQS.
OF MOTION ARE SATISFIED

OBSTRUCTIONS | C(F) = (3 (M)
ClosAy DEF. 2t = ; ©M)=0

o FU&YAU SHOWED THAT T2IXK?3
ARE SOLUTIONS

o STRING DVALITY & K.BECKER'S TAK
STRING DUALITY & LARGE RADIUS
EXPANSION



CALABL. YAU  TORSIONAL GEO‘IE‘IRZ

d3=0 d (191" Ia7)=0
KAHLER BALANCED

dfN=0 (H)=0 d5X=0 ((M)=0
GIVEN A S0LUTION FOR (J,9) THE
PHYSicAL FIELDS ARE

CALARI-YAU  TORSIONAL 6EOMETRY
WNV\MNVV\M/\I\/\

H=0 H=i(0-0)d=d¢
= ongt g 2(0-%0) QI




PROMINEN T EXAMPLE : TAX K3
—\—Z

TORVS
DUNDLE

D%ﬁu(pfa /(R&Jes% R Sethi
K. BeKer £ Daggopto.
%QCKGVZ(DQS%UQJM ,
(Steen, Shorpe  Tsen gy
Goldstein | ProkushKin,

Ca\oloi & EKman

Lo, € Mo .
6 GEOMETRY
243\7) ~
J= € j|<3 + 1 OaADO

yA
\/\)CNP ?o&er on loase




1= (lkan© dfl=0

)
©= dZ+d(y) 6LOBALLY DEFINED

(1,0) FORM
fir Q@&Q

THE EXPLIGIT FORM OF O T5 (ONSTRAINED
BY SUPERSYMMETRY

NYE1 D=4 : W=dD 2 COHPONENTS

W = (A)|*]\07_: d@:do( =
_ NZaO+ (Ul"

AS LONG AS W TI5 PRIMITIVE
wWrt BASE



PRIMITIVE © WAJk3=0
CHECK : d(e’qujz\]): ] d(@/\é)/\ Jk3=0

@ N=2 D=y . N(Z'Q):O

6LOBALLY DEFINED METRIC

W€z
2o



o 6AUGE BUNDLE

ALL STABLE BUNDLES OF THE 6D MANITOLD
ARE OBTAINED BY LIFTING STABLE BUAIDUS,
OF K3 TO THE 6D MANITOLD
(UNDERSTOOD FROM MUKA! )

CHEK: FomdT = % (FaTaT) =
=4 &P (A 3aBrB) = 0

F e?

Ve

2T {

(@) DIRAC QUANTIZATION :



NUHBER OF GENERATION &
EULER CHARACTERISTIC

e S AN NI NN A A

AS TOR ORDINARY €Y 5 THE
NET NUMBER OF GENERATIONS J5
RELATED TO  (4(F)

¥ N, =L C3(F)=0 fOrT%?(Ks

8 £ PULLPACK SU(N) BUNDLES

0FK3
+r(l-‘ AF) /r?Z/\{/\Tr/??/

K AR X(M)=0 [UNRELATED)



M T5ENG &Y AU
- SETHI , ADAMS

KAHLER | NON- KAHLER DUALS

ANANASNNANANNANNNANANANCANNAANANA,
(T2X K3 WiTH W=2)

MODEL DESRIBED BY (F,w)

HOLOMORPHIC & PRIMITIVE

|‘/\3K3=0 1o, /\-350
Fz'o: F0,2=O U\-)2,0 =W 0.2 :d
H=0 F%o0 | F=0 Hz0

KAHLER NON - KAHLER
T %K3 A T2 K3

DUALITY 21
FOLLOW THE " DUALITY chaiN”



DVALITY CHAIN

THE HM-THEORY LIiFT OF THESE GEONETRIES
KENEALS THAT INDEED A VERY
INTERESTING DUALITY JS PRESENT |

| M-THEORY | oreicod | M -THEORY
K3xK3'T > | K3x T4/ 7]

” T2>O
TNPE TIB

| K3xT Z/sz

LT DUALITY

HETEROT{C] s |TYPET |

K3XT2 [T K3 xT? |

~

~

[ -




NON- ZERO 6-FLUX

ANAN A NAANA NSNS A~

THIS DUALITY CAN ALSO
I (ORPORATE A NON- ZERO
4-FORM FLUX 6

THIS 6-FLUX SATISFIES !

6(2'1)/\ J=0 PRIMITIVL

6(%0): 6(0,9): 6("3): 6(3'”=O



IN ADDITION ON Y= K3xK3'
Ge H' (y7)

TADPOLE CONDITION

L SG/\G = Xy (no r2's)
Z Y 24

M-THEORY " HETEROTIC 1,
& < H Ny Y
| Y
DVALTY CAN BE 0BTAINED
FROM THE CONSTRUCTION OF & |




DUALITY ARGUMENT

M ;
‘

G CAN PE TAKEN T0 BE THE
PRODUCT OF TWO (1.1)FORMS

ONE FOR EACH K3

K> HAS 19 PRIMITNE (1,1)
FORMS ..



L L=1...16
K3 FORMS / L OCALIZED

\' ¥ I=1--3

NON- LOCALIZED
\6\.7_“ (d'Z3Aqu+ CIZs/\dZL,)

63_ (C|Z3AC|Z3 C,Zt,/\da,)
WE CAN THEN W RITE

K5 Ks

S=Cjj (bia (66 T C"Z)C/f"({’o
Lig (5"\53 T Drg ?Y:r’\b/a




RO,

62 CU (Bl'/\ (56""‘ CId b/j[/\ﬁd,‘l'
+Dij (5,'/\3/3 + Drg 1A d3'

@
T- DUALITY 15 PERFORMED ALONG
Kd'= T T7Z,

BUSCHER Rl :/®’9F
H RULES \®—9H

DUALITY: FeoH A& Kb45K3
HETERQTIC M- THEQORY




MATH. CHAWLENGE : NODUL) SPACE

A NASSLESS 4D ScAlAR EMERGES FOR
EACH ALLOWED DEFRNATION  OF
BACKEROUND GEOMETRY (MODULVS)

Y — Jma + 8 Ymm

: Qud 892 d7sdtsde

COHPLEY STRUCTURE : Map 356 dZ AdZadZ
KAHLER STRUCWE : 8Qgp, d2% dZb

UNLIKE FOR CALABI-YAU THE MoDuL!
SPACES O NOT DECOUPLE |



STRATE6Y WE FOLLOWED

AN MNANANANANNNAANNNANANNNN
o Fix QHplex STRUTVREL VARY

Jab @ Jap + ) Jais

e DERIVE THE SUSIC DEFORMATIOWS
SOWING TO LINEAR ORDER &
0 d(idl JaJ)=0
(2)  Fop=Fo2:0  FgJ®™-o0
3 10 =o' (4RR-4FF)

S
SOME ™MODULI ARE LIFTED ...



CLASSICAL SUPERPOTENTIAL
%%K@(‘Z, DOS@ UWC&

ofeen Bhape V\/:_ j( H+ IClJ)/\Q

Lost et gl
SOME MODULI REMAIN ...
BALANCED J5 PRESERVED :

Ker(d)n N'* ?gﬁg‘ (2.2)

—/

d(pAg)
N\ NoN ~P(}mHN€, ?)-form

WE LISTED ALL CONDITIONS BUT
GENERAL ANALYSiS JS TRICKY...




SPECIAL CASE ¢ T'K K3

o DILATON 1S MODULIS
Py Py)+ SP(y)
XALE TRANSRRMATION 0oF K3

o FROM THE 1'=20 KAHLER TXF
ONLYy 50HE REMAIN

WA OJkz=0 BAARED
o NO RADIAL MODULUS (AariALy)
CIH = 2 353 - 4r Q/\R

e NO COMPLEX ST. MODVLI



NEW TORSIONAL 6EOMETRIES
ORBIFOLDS

GOAL: o CONSTRUCT NEW GEOMETRIES
o ORBIFOLDS WN =210

IF X¢ HAS DISCRETE SYMMETRY [T
WE CAN OBTAN A NEW 6EOMETRY

Xe' = Xe
:

WE DETAND THE PHYSICAL
FIELDS (g,H,F,P) TO
REMAIN INVARIANT =EWM



PRy SICAL  FIELDS

H=i(0-2)d

Hd 2
C =Sl = AuOWS PHASE
o Q-»>e¥Q

RREAKS SUSY
WHY ? 2 £ 15 BiLineaR IN Y

-Qmmp: \i K/MMPIZ

A NOWHERE VANISHING 4 (5USy)
JINPLIES THAT SL MysT BE
GLOBALLY DEFINED = INVARANT



TO CONSTRUCT ORBIFOLDS :
WE USED SPECIAL K3 BASE
SURFACES ¢

(1) XuuMER K3 WiTH T7/Z,
ORAFOLD LiMIT

@) K35 WITH ALGEBRAIC
DESCRIPTION ¢

HDRANCHED COVUERING
DESCRIPTION



K% wiTH ORBIFOWD LiMIT

Ky ATY/ 2,
0 : (%) —(Z472)

3= 1zt dzindEy 1 648

{) = C’Z;Adle\e

Di5CRETE JDENTIFICATIONS
2L~ Zit+ |~ i+t , L.=/,Z

2~ 2t~ ZHd



60AL : CONSTRUCT QRRIFOLDS
@ : (232)> (V3 17 2+% ) -
o FREELY ACTING | NO FixeD PT5
o PRESERVES (T,2)xyw9cC
» DEPENDING ON TwisT &= 2
(\) = w(2,0)+ w(l, )

TWIST

ouefdz,/\dzz -
i d_i,I\d?, t d‘Zz l\dZZ




(2) ENRIQUES INWQLUTION

' (222 ) (204 2L -2)

o SUSIC AS ENEN ThoueH
Sy --Slkg = S

6: dZ + A, (Z,—;Z-,) C‘Zz_‘)’

+ AZ. ( Zl‘il\ CIZ,
A, Ay ¢« Gaussian numbers

e FREELY ACTING



@ [ (Z|ZZ¥)—3(;'Z, 1Z, -z-rz')
o FREELYy ACTING
o W=0 A6 \)o_-_Q

TREELY ACTING OR® FOLDS HAVE
X=0 AND Negen= (3(F)=0

(4) TORSIONAL GEOMETRIES X 0
ARE. ORBIFOLDS W, FIXED (URVES | Pr5

[T (1) > (i1 iz -2)

o 5USIC w= d7Z nd#
o FIXED PTS & CURVES




MATHEMATICAL CHAUEN 6E :
REOLUTION OF SNGULARITIES

- P
© 6
M Mg
SINGULAR SMOOTH
X=0 X #0

> KAHLEQ c C(MR)=0 =
RiCCi-FLAT HETRIC

o NON-KAHLER : METRIC NEEDS
TO BE CONSTRUCTED ¥ .



MORE TORSIONAL GEOMETRIES

(1) ALGERRAIC DEARIPTION

RAN CHED (ONERINGS
CiM)=0 (HB ,Tsenj & Yav )

(2) K?3-FiBRATIONS £ DUALITY
(K- BECKER'S MONDAY TALK)

(3) MODELS wiTH NON -CoMPACT
BASE (Fu ,’I"Senf] & Yau)

7 2
dSZ: 4)dSEH+ lC|Z‘fo(\Z
A Ejvcl'li - Hanson



CHALLENGES ToR FUTURE

(1) MODULI SPACE DESCRIPTION

PREPOTENTIAL & SPECIAL
GEOHETRY | JNDEX

(2) RESOLUTION OF SiNGULARITIES
(3) BUNDLE CONSTRUCTION

(4) THREE GENERATION MODEL
(5) PHENOMENOLOGY






