MATHEMATICAL FOUNDATIONS OF
ORTENTIFOLDS

UCSR , JVULY I8 , 200%
1 INTRODUCTION

R: SuMmmaey OF RESVLTS

2 CoMMENT ON WORLDSHEET ToR HULATION

/1

3 SPACETIME AS A 7"STACK

Ll ~ORIENTIFOLDS IN A NUTSHELL

FouR. GENERALIZATIONS 6F QHO THEORY

SclFE-Dual FIELDS

5.

6.

7. THE CHARGE oF O-PLANES

¥. CONSISTENCY CoNDIMoNS FR D-RRANES
9.

CoNcLUSioN



\ 1 TNTRoDuUcTIoN l

THIS TALK 1S A PROGRESS TREPORT
ON AN EXTENSIVE PROTECT WITH
SACQUES D\STLER \a» AN FREED

QUR ORIGINAL GOAL WAS To GIVE A
K- THEORETIC FORMULA FOR THE RR. CHARGE
6F O-PLANES.

WE SULEEDED 1IN A SPECIAL CA-SE

BuT ™ Give THE GENERAL FORMULA

S qQuirc NONTRIVIAL, AND HAS FORCED
US TO UNpeRsTAN) Mer PRECISELY THLC
MATHEMATICAL FOUNDATION S

—  THERE 1S A LOT GE RORMALISM

WHICH WILL BE UNEAMILIAL T MAN Y
STRING- THEOR(STS, SO THIS TALK WILL

BE A BroaD OVERVIEW, & (PP NG
MAN Y DETAILS



A Two MOTIVATIONS

L THERE ARE PRoPMED TYPEIL
CoMPACT | FICATIONS ON My ¥ i w ITH ALL

MODUL) STABILIZED,

AN ESSENTIAL EBLEMENT IN ALL SUCH
CONSTRICTIONS ARE oRIENTIFoLds (GkP),
NEEDED To EVADE NO-GO THERREMS (G, MN)

= XTRAOGRDINARY CLAMS MER\T
EXTRASRDINARY PRooFS: THERE ARE

MAN Y TECUNICAL PONTS WHIUL OUGHT
TO BE CLEARED UP

EXAMPLE:  SOLVABILITY OF

<d+H)G:(J'Db ol
= 9Ynrg -Pauq

= Jp+de 'S TRIVIAL N LcQ+H>_
Coto™MoLoeGY



sk THIS 18 NECESSARY, BUT NbOT SUFFICIENT
FoR TADPOLE CANCELLATION

o THERE ARE EXAMPLES WHCRC
TABPOLE CoNDITIONS ARE SATIFIED

AT THE LEVEL OF DIFFERNTIHC
FORMS, BUT NOT R (NTEGRAL
Cono.

mC)r*e_ove\f} .-

o |HERE ARE CONSISTENCY CoNDITONI

Fof. D-BAANES LN ORIENTIFOLDS
WHICH MUST RE ST™TMTED QT TTRE

K-THECYY LEVEL




2@5 THE MATHEMATICAL FORMULATION
/IS A VERY TIGHT AND NONTRI|VIAL

STRUCTURE FORCI/ING US TO UNMDELSTAND
MURE DEEPLY TWO KEY THEMES

(M How To APPLY

\ T Wl 9TE_D) EO_UNAR/A/\/'G

DIFFERENTIAL, GENRALZE D,
CoHOMOLOGY THEORIES

CoMBINED W ITH

@) FotMULATING

-
| THE THEGRY 6F A

SELF-DUAL FrELD QUANTIZED
BY A PoNTRYAGN SELFDUAL
CoHOMOLOGY THEORY

L_




B Summary o KESULTS

1. WORLDSHEET FORMULATION OF THE
G-ENERAL ORIENT/FOLD C—MoDE /L

2 . ORENTIFOLD SRACETIMES (N A
NUTSHELL
2 DEFINmoN oF THE RR CHARGE
oF O-PLANES (@ THE K- THEBRETIC
LEVEL .
L~ CoMpumanoN oF THE CHARGE

ONCE WE INVEAT L.

—

5. CoNSISTENCY NDITIONS FOR
D-BRANES A/ ORIENTIEOLDS



LQ. THE. UOORLDSHEET

TT (S NoT —TRVIAL TO FORMULATE

CARE FULLY THE ORIENTIFOLDED
s modegl  (ALL GENUS, /NCLUDE Fszmorvq

Focus TDAY oN ONE QUESTION :

WHAT ARE THE TWwISTED SECTORS

L

REVIEW ORBIFOLDS !
O MoepeEL S ._ig Y, RIEMANNIGEN
T°: DISCRETE GRouP oF [SOMETRIES ON T,
GAUGE T- SYMMETRY
S~ —— PRINCIPAL T-BUNDLE E

~J

e b —» EQUVARIANT MRP ¢



gl

S - Y
Xgl{ B \Lhﬁ,
> 2y

\(Sf . Fixed Tb\'w‘l‘:"%‘ee_; Z:%/r‘

( THIS DEFINES AMAP T — X
X = Y A sk )

-
5 i/ w/od'r RoOUNDARIES

» RETRICTING T [N/OUT CIRC(LE
GET A T'-BWDLE S.— 3.

|-

« THERE ARE CLASSIEIED BY HOLONMY

(7] € Hom (7S /7 )/Cond,




o WE CAN REPLACE Sp BY AN
=QUIVALENT BUADLE

L‘:k'
=
)

(%,%") ~ (x+, ) b
D S

o T IS A SINGLE QIRILE => SINGLE
HHLBERT sfPace of CovERING THEORY

FEQUIVARIKNT MAP: X L J/X

WE RECoGN/2= THESE AS TWISTED
SE Croe.s.



ORIENTIFOLDS: NEW DATA

\ _éro__)\"ﬁ—;ZL-—a\
r= T T,
AGAN GAUGE T : RuUT Yel| 18

ACCOMPANIED BY TPARITY ON WS,

S Ty

1

ORIENTED SURFACE

ORIENTATION PRESERVING Y€ T"o

l
P
« Y3 FIXeD PoINT FREE
s
154
. R REVERSING Ye T



A GAIN RESTRICTING TO (N/oUT
CIRCLE G ET - BUNDLE Sp=3.

CLAIM @ HOLONoMY Mu¢T BE
[Y"_\ WITH  Ye T,

RECALL WE CAN REDUCE TO ?Kp

BUT R 'S TopoLoGicaLLY S

TLERE s No FEIXEDPS/NT FREE |
CRIENTATION — REVERSING MAP
S' —= &' j

L

THAT LS WHY THERE ARE

NO TWISTED SECTERS ASSOCIATED
TO ¥e 7,



NEXT NEED T0 MAKE SENSE OF
THE BR-FIELD AMP/L] TUDE :

exf[;zw{ fz qﬂ*%l |

THIS 1S QUITE TRICkKY: 2_ IS

U/\/OR_HENEJ_D AND (N GENERAL
UNGCRIEN TABLE

e WE NEED THE PROPER MATHEMATIAL
FRME FoR B, AND "THE M.EAA}M[@-OFI
2

o CRUIVARIANCE =

Laﬁ*w = w(=) ]

o SO TE B IS A W=TWISTED T™RM
T~ CAN BE (NTEGRATED




|
HERE W € M (%;ZJ
S THE QLASS 6F THE DOUBLE-OR

%= Y/

L
X = Y/

rT{ECAz_L: A  DOVBRLE~COVER
M M
(S A PRINCIPAL Z, —BUNDLE ovER M

THEY ARE CLASSIF/ED VP T6 ISoM,
BY:

How (0,0, 2,) =2 Ha(H0), 2,)
= H'(™; Z/L)J

T MULH MOKRE TO SAY. ..
RUT WE MUST MoVE N .

c)]




2 SPACETIME AS A “STAck” ]

Y

Po
CATEGORY: X { — o
MoRPHISHS Fi omgeers
P
"P; ‘]\Jr\ . L .
chire 'F S X\ G.=py($) b""?l('f:)
b
L 3
CoMPosITION ! ’%\i\ .

GRouPoI1D ! ALL MORPHISMS [(NVERTIBLE

VIEW SPACETIME AS A GRouPdiD !
K, , X, MANIFLDS




EXAMPLE A Y = MANIFOLD WITh OPEN
COVER U}

X = 11U X, = 1L /g

<. o oC‘Fs

-—;ux

Po,?, ¢ INCUSLONS u«ﬂ, = U

T SOMoRPHIEM CLASSES OF ORSEcTS I[N XX

PRE=

TPOINTS OF THE MANIFOLD Y

BUT THE GRVAID " REMEMRERS" THE
EXTRA DATA OF THE (pVERING.



EXAMPLE B: Y = MAN(FEoLD WITH
T— ACTIoN

DEFINES A GRoPOID € DENTED Y/

CRTELCTS: 3&0 =_Y
MORPHISMS 1 F, = Y x I

| SOMORPHISM CLAKES OF ORIECTS (N Y/ T
ARE

PONTS ok Y/t )

BUTT THE  Grwrp  'REMEMBERS
THH=. STMBLIZER GRoOUP 0F PoINTS




PUTTING THESE NoTIONS TOGETHER WE
GET AN "0RRIEOLD! N THE SEME 0F
SAMKE/ RUT 7D Aveld CsNFUJlon WE

WILL CaU (T A (DELIGVE- MUMFORD )
TStack

(STM,K = EQUIVALENCE CLASS OF GRouPOIDS. )

QIVEN A Grovpod (OR GENERAL
CAEGORY) WE HAVE A SIMPLICIAL

SPACE !
X,2 ¥.3 % 32X
X

. r—= SET GF ri-CoMPOSAILE MORPHISMS

Pt £ X AT



dee:  VECTOR BUNDLE oN' A GRoPOD £

S

e BUNDLE E OVER %,

' o

Ea s, E
. oM B pfE A otr X, | 3]
e —0r—,
o~ £ &

s COMPATIBLE OVER 962_

EK,EC c,
- |
\#L("
O b

7

C

EXAMPLE A: BRDINARY VB, ON Y
ConDITioN oN X, CoCYclLE CONDIT/ON

EXAMILE R T '— EQUYNVARIANT BUNDLE
6N Y




L ORIENTIFoLD BACKGROUNDS
N oA NUTSHELL

[ MAIN PeINT OF THIS -ml_k]

WE WANT TO DEKRIBE ATYPE T
ORIENTIFOLD SPACETIME N A CONCLSE
AND PREUSE WAY

CLAIM: THE DATA NEEDED TO

SPECFY A PERTURBATIVE, TYPE L
ORIENTIFOLD SPAETIME 1R :

2 WARN/NG: YoUu MIGHRT NoT
UNDERSTAND MANY WORDS;
TWIL L SUBSEQUENTLY TEXPLAN

(A LITTLE BTT . .. )



on—

/ SPACETIME 36 /

Y

T ORIENTIFOLD Xy — X W

\V

‘ B- FIELD ]

1

\
TWISTED SPIN STRUCTURE W

N R R CORRENT l

T

|RA FlELD | Trermons )

i_ SPACETIME : Bé 1R} A SMoocTH D -M

STACK TEQUIPPED W ITH RIEMAMUNIAN METRIC
AND DILATON,




2 oreeNTIFo DATA i X, K (s A
TOURLE ~ CoVE R.

N\

23 RB-_FEL: T (S A GEOMETRICAL
’ Vo
TwisTNG oF KR(Xw).

TOPoLOGICALLY L’l\él = (—[;, o, h)
, 2w
€ H (% z.)H b z) H X 2)

L TWISTEDSPIN- STRUCTKE

UU‘CBG,X = ’EV\/
W, E) =tw®+ aw

V, \/ BV
51 RR-CURRENT: ROUGHLY U;€KR (36,,)

G RR-FIELD : w\/ 0LF=3;+U"O

AF < }<VR"“’g (%w)



fS’h GENERALIZATIONS 6F COHOMLOGY ]

Copomblosy 1S A FONCTIR

TOP SPACES —> ARELIAN GROURS

X — L0

WE NEED FOoUR GENELLLIZATIONS:

K. GENERALIZED CoHOMOLOGY
3. = QUIVAR/IANT CotHoMOLoGY
Y. TWISTED CoHOMOLOGEY

§  DIFFERENTIAL COHOMOLOGY

2 PUrTING THEM TOGETHER

= X+ @4—){4—5



A GENERAL 2ZED CoHoMoLoGY

BASIQ PROPERTIES O AIATURALNESS
AND MEYER-VIETRS ALLOW CTHER
THEWIES - No7TABLY K- THEWRY,

CoMMoN FEATURE: ”S?Ec‘mum)”
A SPace b So THAT

(X)) = | %X A7
EXAMPLE:

47 (6 z) = [X, k(Z) ]
.

Elr —Qemberj - HaQLang SPQCES



—O0R. K —"THEOCRY !

'}Pé = L ,- GRADED RILBERT SPACE

T = SKEW ADIUNT oBD FREDHOLMS

< (X)= Lx, F]

Pavsics: NONCOMMUTATIVE TACHYsN

X = F
HoMoToPY CLASS oF —THE SOLIToN
| S THE R-—THEORYT CLASS,

/l

H = "UNIVERSAL CHAN-PATIN BOMDLE

T-0R  BRANE — BRANE S YSTEMS



@ - EQU/VARIANT CoHOMOLOGT

A. B QUIVARIANT cCoHsMoLoGY
J N J [ XxET
HPDQ =k ( 5 )

. l—-ldé(/];) FREE

HY (X x8T)  FIXED

T

CoR STAUS: HJ(%//P) = Hi(‘j)

\ ~
o Ho{Y;2,) = Dousie covers ¥

TOGETHER WLUTH_ A LIFT GF
™ AcCTioN T0 VY

e
e WIY) @ MEASURES WHETHER T
PRESEZVES AN oRIENTATIoN
C
. Wiy) ¢ MEASRES WHETHER Y ABMTS

A s?PM STRUCTURE W(TH A S?IN
ACTION 6+ T



B, EQUIVARIANT K—THEGRY

% Now HAS = ACTioN

?—’P = F : OPeERATRS CoMMUTING
bt T

Kp(v) + = EY7/TT:[1 1

| €. e_ct\jf\f&ffuw+ "\"E'..:Jf\aow Leld

YTy = Toy) Y Ver
ye 7

FAMIUAR TROM D-BRANES ON ORBIFOLDS



C. ORIENTIFOLD K - THEGRY

% CARRIES A REPRESENTATI ON " oF [

[+ LINEAR
T . ANTI —-LINEAR

1

“k. (V)= L¥F ]
YT<3)= TY)-Y

-« For T=2, £ w=Td

}

©k (V) = KR

« Toig STAks = T/T
“k, () = kR (%)




Y. TWISTED CoMloMoLicY

EXAMPLE 1:  ANY CoHOMOLOGY THERY

= ——

E CAN BE TWISTED BY A DouBLE CoR

T g——?X

SZ (X) = /ISO. cLASSES OFF
COCTRLES oN X

ODD UNDER T

EXAMILE R |- THEORY CAN

BE TWISTED BY A GERsg'

REPLACE X BT A GROuPoID
WITH X As THE SET OoF [SoMR.

Cl_ASSES

X~ - X 3206 3 3,



A (GEOMERID) TWISTING T oF K(X) S

o A (Z6®) | |NE RUNDLE L — &,

e W A MULTIPLICATION ON 35’2

b
L—+ : L P ad
3 el B L
- 7
o 'Q‘C /A 7L j j
Lo
9
® AND A CoMPATIBILITY oN %3

Txampe:  Xegr; X = pY//1

A TWISTING A CENTRAL EXTENSION

1s

NS

| s CF— T — T >

o MULTIPLICATION DEFINED RBY (OCYLLE

e COMPATIBLL=ITY ON 363 C ASSOC | ATIVE
e
LAW FoR T



Now RECAL .18 : VECTR BUNDLES SN
G ROLPOINS - --

A TWISTED YECTOR BUNDLE E oN X
WLTH TWASTING T 13

NOT
e A VECTOR BUNDLE E O©ON % ( o >

@ AN SOMORPHISM § ?TE@LE’FTE

oN X, Eo EBG"L—_I_
| < |
r‘j"b

o CoMPATIBILITY oN £,
E XAMPLE XT_F.\; s X = Fb//P

A TWISTED VR. oN X 1S A
PROTECTIVEE REP, o= T4

N ?Afm-\coz_pr@ A REY. o« THE
_l_w\ STING \"’ .




TWIST INGS OF KR(%,)

Nowbw ~1c MYLTIPLCATION
L_jp_ ®L3
WE SOMETIMES HAVE CoMPLEX CONT.

FoR EXAMPLE :  X=pt, X= D5/
NOW WE GET A NONCENTRAL EXT:

\—96*——9?——»?——91

(/| I
—> VFORMULATION OF DISCRETLE TORSI6N
FOR. ORIENTIFOLDS.




g, D Pferential C.é\'\oMJ’éaj

THE GAUGE | NVARANT | NREMATION
IN AN ABELIAN GALGE FIELD 1S

. [ MA,XWELL] Q:l'eldshwaﬂ\ =€ {gctvﬁzi)’

o [DIRAC | /INTEGRAL CoHOMOLOGY

CLASS IN ScME GENERALIZED
CotHomMoLocy THEORY

o (PiARINOV-ROFM ~WILSON="£HOOF T |

A FLAT FIELD /N SoME /
CoHomotogy W TH TR/y CoeFF S

THESE DATA ARE CoRRELATED,

CORRECT CONCEPT 'S A DIFFERENTAL
CoRoMoLOGY GROUP,

G IVE TWe € xAMPLES



EXAMPLE A V(1) GAUGE FLELD

=LAT 1 ELDSTRENCTH

o+ HlRZ) - 10— S5 (%)~ 6

7))
o - <) ()()/Qlcx)—a \)ZJL(XW — HZ(X, Z) —
4 ToPOL. LAY
~TOTPOLOG (<AWY c (L)

TRIV AL GAVGE PSTENT) AL
Mod GAUGE EUIVALEALE

EXAMPLE R : TYPE ITtA RR FIELDS
IN THE ABSENcCE O6F RR CORRENT
FLAT R G =G—°—I-U\.|Gz+ 4—GSG“,

Q- K-IGGWZ)H [éo()O —3 LQZC X, Rt )Kq

ﬁQ(X,TKYu.G'D)—\ R )V<O(X> N k(oX)—P .

- — |
-QZC ) o
ToPoL . CLASS
OF RR FIELD

0 -

C=3' C +-- -1—\7\.5C1

®
)



¢z X+ (.L+X+ S

—

Now ONE NEEDS To CoMRINE

HESE FoUR CONCEPTN.
AN IMPORTANT OUTCLOME
LS T HAT

THE GEOMETRICAL TWISTINGS B oF
KR(¥w ) ARE THEMSELVES

TWUTED, D\ FFERENTI AL, CLASSES
IN A (SMALL) GENERALIZATION

oF H*X)
THE TWISTING GE NERALI 2ES
TLE RUE B — —¥YB) Ye T




TOPOLOGICA. CLASSES 0F TwIST/NGS

X0
TWISTED BY a~l€
3

H W(%; Z/} — 193(%) ——>H°(96,Z/Z>xH‘éé,Z/L>

Ton Qlass((8]) = (E,a, h)

-tzbl\ = O HALE

‘.'\":
o eH‘GE;Z/L) = WHEN (-1)'F
AccoMPANIES ¥ IN
WS, THEeRY
3+h,

heH (f) Z) =) GENERALIZES FAMILIAR
QUANT, LAW 0F THE

I ELD STRENGTH



} G SELETDUAL FIELDS Y

THE SE=ECND MAN (NGREDEN T
IS THE THECRY oF &SELF-DUAL F1 oL DS
ppLIEd TO  KRY(%)

RECALL THE FAMIL/AR PARADIGM
21D ABELAN CHERN-SIMINS &> SELF-PIAL

SCALAR
1/ Z
~— = 5= = Rt
" SURCACE
S xR WITH ROUNDLGY

CS IV THE RULK IS HELOGARAPHICALLY
TVAL TO CHAAL EDGE STATES

ON THE ZRooNDARY



TO ANY PONTRYAGIN SELF-DUAL COHO. THEORY

=

THIS CONSTRUCTION CAN BE GENERALIZE.‘;l

FOR EXAMPLE FO0R THE SELF-DUAL

Fiewd (F) e ' (Myses )
USE CHERN-SIMINS (N (4Q+3)-—DIW\’S:

22+

IKEY ORSERVATION : Ae S <Hqﬂt§ >

S(A ) - S8) -SA,) = ) AdAs
M
= " K4,
\’W-HS CHEAN-SIMONS ACTIeN IS A

QUADRATIC REFINEMENT OF THE &
BILINEAR FoRM ON THE DIFF L

CoHomrlolLog N |
L -




| THE kEY INGEEDIENT (N DEFINING

A SELF-DUAL THECRY IS THE QUADRATIC
REFINEMENT OF A &5 BILNEAR FoRrM,

WHEN APRLLED To THE SELF-TVAL
RR FIELD [N ORIENTIFoLDS (WE NEED

AN /= DIMENSIONAL CHEN-SIMANS
THEORY WITH ATION:

W\ v /)

KO - U
STV g nxA Ackr(x,)

TO MAKE SENSE OF THE ACTION

WE NEED THE ISoMoRPHEM oF
TWISTINGS :

Vv

IR ft*( éo(?ed))



TLBE X STENCE oF THIS SeM
REQURES A | TWSTED SPIN STRUCTR

u

W|C%7 = tw
W,E) = twraw

A NEW TOPOLOGICAL

CONSISTENCY CoND |77 0/N
ON OCRIENTIFOLD BACKGROUNDS

e TWHE TWISTED SPIN STRUCTUKE IS
ALLS NEEDED To ®&RM THE ACTION
OR GRAVITINGS / DILATINGS

)

o [HE TWISTED SPIN STRUCTRE |8

ALIS NEEDED Td (ONSRUCT THE
LWORDSHEET THEg VY



[ A

FHRMULA FOR THE CHAKGE

O\- OTat PLANES

DuTT NG THESE [DEAS TOCETHER

WE GET
A A DEFINITIN oF THE k£ THEORET C
CUALGE oF AN O —PLANE
& A CoMPUTATION OF THE
CHARGE IN A SPEC/AL CASE:
® F = Z‘Z.
. B = "UNNERSALTWIETING (OFTEN ASSUMD
. Cod(F)e © wned 4 IN LIT. )
e : SF\'A,
T = LIXED POo/NT LocCuUs



-

C(F) |
M= I';%( HL',,Z_(EULER(‘VD © KRT%»J[ 5_&/

-

o 7,: F ey INcLUSION OF FIXED
POINT LoCcUS, W ITH NoRMAL BUNDLE V

e EUERMH)= ALV)- INGD

o '\P . ADAM S OPERATION
pB
ﬂ,b,e_: MULT. INVERSE

J
o C(T—' ) . ROTT'S NC ANNRILISTIC CLA§
A KO-THEORETIC VERSION OF THE

WU~-CLASS: KO KO
Wiy) = jC(F))/ y € K4F)
= =

PROOF INVOLVES ATIYA4H _SEGAL
/ OCAL|-ZaT10N THEORE M.



T AKING CHERN CHARATERS WE
R EPRODUCE

P —

A vy T
[po5)| = £ 27, o

¢ REPRODUCES  MORAES— SCRUCCA - SERINE,
S CRUCLCA — SERONE

o CONTRAMCTS  MUKHI —SURYANARAVYANA )
JULIA —LABSRDERS, AND ...

PossIBLY - ~-.  WCTTEN [ComMpr W/ouT
VECToR STRUCTURE | | _ .



3. CoNSISTENCY COND ITIONS FOR D-BRANES]

—

THIS TorRMALISM ALSS GIVES
CoNSISTENCY CONDITIONS oN D—-BRANES,

D-BRANE [WORLDVOLUME

i:\/\/c > Y

LINVARIANT UNDER T

GAUGE RUNDLE oN W DEFINES
T
AN ELemMenT Ec LL’kr,[w)_

TO CMPUTE RR CURRENT  7,(8)
NEED

Lyt k(W) —kE ()



[T Tt VW) —W =3E
PROTECTIoN oF THE NoRMAL BDLE

w %w UL )

"THOM  ISOMORPHIEM =>

) giold (‘tw +TV\= B &

_——> FAMILIAR RULES R WHEN
W CARRIES SO o= Sp GAUGE
GRWP + MUk MeRe



Lo(. CoNTLUSIONS |

o J LOTS MORE TO SAY ABOUT D-BRANES
IN ORIENTIFOLDS & THEIR TWISTED

{

GAUGE THEORIES

» MUCH WorK REMANS 1o BE TOoNE
Th CoMPLETE OUR PICTORE

e SOME DU22ES NEED Td RBE RESOLVED

o o FURTHER CoNSISTENCY CoNDITIONS R
D_RRANE ANOMALY CANCELLATION

e T°T WoulD BRE GOocD Td (ook AT
TXAMPLES oF STRM: BACK GROUNDS
AND EXAMINE THE CNSEQUEARES
6~ OUR CoNS ISTENCY CoNDITIOAS,

e T NCLUDE T-DUALITY

» S-DuALITY
e RELATION T0 M ¢ F THEOR Y ¢







