L TODAYS (ETTUeE IS @
OART 1 OF 2 PART L
- 8y SEOBRG ON SATURDAY,

_ DOUGLAS AND
Cowfsgcuunﬂz (wov., 1997)

AT
Smommw YANE ~MILLS
TUDRY * (IN THE SEWSE
OF A. Caes ) (S
REEVAIT TO A VERY

SPECIFIC PROBLEM IN
STRANG THEORY




r MA SURSEQUEST

HOFMAY) H.UERUADE 20t STRINGS

(4. RECENT REVIOV
8y DOUGLAS )



ON NoN-CouM YAue- MILLS
WAS TO COMPACTIFICATION
ON T* (0R T" WITH n>2)

N THE CIMIT OF SMALL
AREA, WITH FIXED, NOWZERO

@ = .f B B= NS,
T? 8-FIQD




NEKRASOY o StHWARZ
GAVE A RASC/IWATIW G
APPLICATION THAT D/D AOT
INVOLVE SMALL AR AT AU :

WSrawras AT B#FO

CoNCIptR A Type T8
THREIBRAE OF
WORLD- VOLUME
FRQ i o/
N SUCH THREEBRAME
B Uw) GCAVCE SYMMETRY




@nucro AuAY )



W€ SVPERSY
A L ‘
v OOk
T#t“
iy
P’ :




THE CLASS ICAL EQUATION

. Fit=o
IS EXACT, AS THE
INSTANTON SHRINKS, WE

EXPECT o7 CORRECTIONS.

(WITH A SUTAR(E REGULARIZAM)

THE INSTANTON EQUATION
IS Un Cor RECTED




ONE SHOWS THIS
USING THE OPEN STRING-
a- MODEL -

’ / QZX(' 9'“me'f
o ¢ PPy

> [At' d-a)-(-_g + B \PL‘ ?JJ

SPACETIME SUSY
<)
SUl2)g SYMMETRY
= r+: 0




- THE QTRNGY (NS TANTON

MODUL( SPACE (S THE
SOME A THE CASIAL




»

@
W |

S TUE
~m$,§/ v ~
e - |
_ : ' -
W (- /n/é e
v /7Y
L

a4
g

R

AN
m/mm/
.
-
A
WD .
ety
63‘729
G4 A
g

E
e
=z

P
#




/ oW B0
wE Fwd, (F B™#0,
THAT THERE A/ BE€
NO SMALL NSTANTON
SIN GULARITY  SINCE
A 3-Beue + (1 BRAME
. ARE Nor BPS




SO THE [NSTANTOY MODUL|
SPACE M MUST HAFE

o’ CoRRECTIONS AT B7#0

INDED NEKRaso/ AND

ScHUAR?  PROPISED THAT
AT @#0 OWE GETS

e mMopuLl SeAcE OF

"NOW COMM UTATIE
INSTANTONS




WHAT Age TWEY?
NONCOMMUTATIVE VA& ML

START witH A Po/Sa/
BRACkeT

iF,31=16V2f 21

X OXI
(6 witl BE DETERAMWED
W T OF B)

Deroey THE £5 7O
OPER ATORS  WITH

£35-57 <543} «0(69




op , TO B8F MORE
PRECISE, DEFWE AN
ASSOCIATIVE PRODUCT

fra= eéeq&f %:'-f(xf-u)jﬁf‘v)
x ‘pj + ¢ {{?’3}%..

GIVING AN ASSeciATIVE
- AlGERRA Q.
- (Prg)xh= L x (544)



Uln) VERS/ION .



E*:O.

NEKRASOY AND
SCHUARZ O SHOUED

THAT THE MODUL) SPACE

M OF SUCH OBIECTS
IS Clvew By A DERoem A7/

OF THE ADHM EQUATZOS —

Stvoiep 8y
NA kAT /M A
AlRealy R0 S9 8¢




OuR STORY A 8IT, IT
TURE OUT THAT M
IS /NDE&D AS CLAIMED,

coR. ALL B8T#0, BUT

NONCOMMUTATVE YAWE- HMILLS

€ MOST €FFECVE IV
DESCRIBING THE PHYSICS
FOR B VERY LARGE,

‘. o/B>>1




‘
B co |S PART

OF THE Cowwes- DOUGLAS -
SCHUARZ  STORY,

SINCE
AReA(T) = O

(8 = cowsmwr
by

ML B8 = oo,

So we ARE CLOCE 70
THE STARTING PN




cwr A ERY STRIMW -
APPLICATION , (I NERE

(in ConTRAST, SAY, TO
CALABI-YAV)s, G HERE A

FULL DESCRIPTION IS LAY
OUT OF REACH )




BUT NoW WE ARE
oG 7o LERE THE
INSTANTOL BEHWD ;

FOR THE RET OF 7THL
LEee, LwEw ey 70

DERIVE von/CamtvrnTive
YAG- MILLS SYUTENAR Dcae Yy
FRom ooy Crewcr s
& MaGiETic_F1gD

(studied 'n mid- /990
By FrRQoKn - TEYTLW

ABOIESAOCD - CAUAW - o/ AP/~ B L %?”“j




e Cf By dx' a dX?

B
: suft' SJ '

WELL BE CONSDR/ &
OPEN STRING \ERTEX

- OPERATORS ONLY , SO
WE NEFD THE COROPAGATOR

xé(e) ¥ e)D
for T Tt ON BOUNDARY







THE LOG T®
DETERM/WES THE
ANOMALOUS DIMEWLS 10MS,
INSTANCE

HAS DIMENSION
o’ GCYp; pe

- PPy

SO GY IS THE

. EFFECTIVE METRIC SEEA
BY THE OPEW STRINGS.

(oR Gy = (G‘:")-i )







' |F WE COuLD

L od “,G 9p:g;

WE’D RECAGNIZE
THE x PRODUCT




Coqu‘E 3 T'GD UP WITH

THE USUAL WORLD-SHEET

STRUCTURE L ANOHALOLS DIM
- ENS!

THE RET
OF THIS TA
HeS TWo PARTS - =

I) WHAT WE CAJ SAY
IN GENERAL

'jt) wT WE CAN SAY
WE GET RID OF

TUHE ANODMALOUS

DIMENSIONS .




1) THE 6 TeRM
DOES NOT CONTRIBUTE
TO coere. ATION

- CUNCTIONS OF

A :
) X<

SYPPOSE FOR
INSTANCE WE CONSIDER
OPEN STRINGS WITH

UN) CHAN- PATON
EACTORS

OR




MOMENTA pc, POLARIZATIONS
€, CHAN-TO WAWE

R.WC.TICNS 2“) (=4 ~- k
. <




THE ONY 6 DEVWDENE
OF THE CORRE(ATION

fudctions CoMmES
EROM A FACTOR

exp( g s>v. (s) (v-)GCJ )



CYCLIC ORDERING OF

THE VERTEX OPERATORS
~WHICH IS KEPT F/XeD
= So T FACORS OUT .

A%, <) P) G, 6
= AN &) )G:, 6=0
o /¢ (s) , (") ~¢)
- exp(~£ Z 7, 95 6 )




G\vev THE TRéE Lve. (30
S-MATRK, ONE CAN, AT
=0, FIND A LOCAL

EEFECTVE ACTIOV
ga . gd \ra Tv

¢ %s'l'




FOR @%0, WE MUST
INCORPORATE THE  PHASE

FACTOR ¢ REPLACE
ORDINARY MULT 1 PL | cATION




e

SAME ExPRESSION AS

AT O = 0, BJIT wlm
" HATS”



(AwD IMPUIES EXACTVESS

of F'=0 AT 6 #0
C\VEN EXACTNES OF

Pio AT 6=0)




GMGE NVARIANCE, TO

ALl oroeRS 1N ezfac



- WTERACTIONS - BUT

DeveEnND EXPLICITLY ON
8 Ao G (oR B AxDg)
- NOT TKET viIA # PRODUCT




Hou CAN IT Be?
TUE SAME EFFE(nVE
AcTiol (S DECRIRED
BY NONCOMMUTATIE VM
AND ALSO BY

STANDRRD YM  THEDRY.//
THE TWO CRAMEWORKS MUST

%€ €quivhLaNT (BY A

TRANSRORMATION THAT
CHANGE THE ACTION)




THRE S A
- ComMPLeTRy EXPLCIT
CualGe OoF VARIAR(E

TUAT Do THIS:

A A: + 6" {AK,QQAH-EJ.}
+0(8Y

= At & 6“‘59 A; T+
" ) }0(9,)




NOTE THAT THE
TRAJS FOfH ATIOW  OF 2
DEPENas O A

THE ORDWARY AND

NONCOUNUTATIE GAUGE
GROUES ARENr EQUIVA ey

GUT THE TWO GAUGE
EQUIVALENCE RAATIOS

(ALL OvE NEES FOR PHYSICS)
ARE THE SAME.




Chvee
OREITS

- ORDIARY AND NOACOMM YM
THEDRY : DIFFERENT
GENERATORS FOR. SAME
GAUGE ORRBITS,




mammmnw Y. M.
LED VIA THE S-HATR/X

IT wouLd BE MUCH
NICER TO EXTRACT THE

¥ PRODUCT, OR A MORC

GENERAL ASSOC/ATIE

 PRODUCT /NCLUDN 6 EXCITED
STRINGS DIRETLY FROM
T™E OPE




exp{ _g’ kep; €(T-7)
o ERX
ASSOC (ATWITY S

MULTIPLY VERTEX
operAToRS (N ORDER

V3 (1)
// } \/?. (?L)

7 V(%)




WS T WORK ,
BECAISE MULTIPLYIN G~
- VERTEX OPRATORS DEDENDS
ON Q-7
CEAUSE OF THE ANOMALOU
PIMEASIONSy AND THIS

SPOILS Assec IAITY.




- TRYING IN THE MID-0s
TO RASE OPEN STRNG-

clap THORY O AN
ASSOCIATIVE ALGERRA AND
CONNG - STYLE  NONCOMMUTATIVE
GEHETRY, T WAS NKEHARY
TO USE, NOT DIRETY

THE oframor PRODUCT
ALCEBRA | BUT A MESSY




LIKEWISE,
THE AWOM ALOUS D/MENS/LS

PREVENT oNE FROM
. SEWG EITHER  ORDINARY
- (AT ©=0) OR NON COMh.

(AT © #0) CAVUGE MVARIANCE
DIRECTLY FROM OPE s




STAND
ARD
L
A
Y 70
v
A
£
3

AT
6=
0
-

A

-
.
e
v
G
3
.
KV/E
ANl
C
.

G
0
IN
¢ T0
L
o
C

M
.
:,
5‘




Avd MAKINC A
T~ MODEL EXPANSION W
POWERS OF TWE

PROP ACATOR
XX ()= ~ol '§Yleg (e,

AT 6+#0, WE AW DO
ED(PCN.Y TUE SAME 77-!/U G-*




g} ~ 4 NULL SPACE OF .



WITH NO o/ CORRETIIONS



IF wE ARE ON A rorus, (3

7S IS THE SMALL VOLUME
LiIMT OF Cowe, DOUGLAS,
AND SCHUARZ .

IN THIS LIMIT, THE

o % PRODIC -




F-'om A MODULE FOR

TUE x-Al¢ceep QA -

/ c'k'X
= €
6 - ec‘%'x

'(9/
&




THE USUAL "'PRogECIVE MODULS
STUDI®) MATHEMATICALLY,

W FACT, WE A/ RERDILY

UNDERSTAND M ANY
ASPRTS OF THE

MATHEMATICAL THEDRY.




e exapte, TF oo &
ACTS ON A MODULE M,




@ amp @’ Aec
MORITA~ EQUNALENT VIA 7

Berway THE CoORrEIPW YA

AGEBRS Qp Gpo,



STAWOARD QUANTIRATION
OF OPcy STR/NGS,
ALonG QITH THE

OTHER. MATHEMATICAL
STreMenss

|




®

' THAT HAE B USeD
- TO Study THE

£ THEORY.




3
A
atme . o
W : o
-l WHERE
T,
LIM)

(T
ABOUT -
CWM Betr/ Z(y
Hm:_ HAVE iyl wr
= o . REV(T
oarve o, o
]
ALOWC-

)
(L
e

you




