NONCLO MMUTATIVE GEOMETRY :

FUT7Y SPACES, THE GROENEWOLD- MoyAL PLANE

THIS 1S A LEAD TALK FOR WHAT
'S TO0 C(OME .

A TASTE OF THE FUTURE, 173
INTITMATIONS WITH A PERSONAL FOCUS.
IM 1S  WELL- KNOWN THAT MULTANT
QOHAN HAaLWA DOE4 NOT EXIST OUTSIDE

LA HORE JusE RS THERE 5 0 Vi12A

OUT'SI1DE NAPOL T
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QUANTUM THEORY oN.'I‘HEAmyM
PLANE, FUZZY SPACES
"NONCOMMUMATIVE GEOMETRY |§' A
BRANCH OF MATHEMATICS DOVE To

CONNES, RIEFFEL AND OTHERS.

PHYSICISTS |Inv A VERY SHORT TIME
VUL GARISED 17 AND ULUSE THIS PHRASE
WHENEVER SPACE TIME ALGEBRA 15

NONCOMMUNMATIVE .

PARTICVLARLY
THERE ARE 9 SUCHAAC'I‘IVE F1ELDS

IN  PHYS1¢S AT PRESENT:

" FV21y Puysics.
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CLET (QUuANTUM FIELD THEORY)
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ON - MUOYRL YLANE .

ITEM 1 1S EBVOLVING INTO A TooL
FOR
To REGULATE @FT'S,ANDYNUMERICAL WORK.
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S TT 1 AN ALTERNATIVE M0 LATTICE METHODS

ITEM 2 15 MORE A PReBE ©OF
PLANCK - SCALE PHYSICS -

THIS INTRoDVCTORY TALK wiLL FOevs

Lo ook G R B



GROENEWOLD~ L -_
AMoyaL PLANE HAS ALSO EMERGED

FROM STRING PHYSI(S, AS ALse l'ouy‘ga,_
EACH BEING ALSO A SIMPLE NONCOMMU-.

TATIVE MODEL, MERIMS STUDY.
GROENE WoOLD-
HISTORY “MoyAL PLANE :
‘E/ e b o A [x“,xv).:{ 9",.

Gron-Moy AL PLANE FIRST O0CCURS IN R
LETTER FROM HEISENBERG Mo PEJERLS.
HE SVGGESTS THAT THE UNCERTAINTY

PRANCIPLE AXy A% % 4 16pv) Witt

PROVIDE SHORT DISTANCE CUT-OiFﬁ
o

REGULATE QFT’S. HE COMPLAINS  HIS

IGNORANCE OF MATHEMATICS To STudy

THIS PosSiBILITY.
PEIERLS COMMUNICATES TH'S I1DEA

™0 PAuLz , AnND PAvLI To SNYDER.

~ ;‘ F_ ,:
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THE SUBTECT THhs FotigWED D) A

PAPER OF YANG. JOE WEINBERG, 57‘,%\“ Ve,
Tue" ' OTH ER" MAWN '~ OPPEINHEIMER CASE A!_QL!!E
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TN MID- 90's | DoPLICHER, FRERNENNAGEN

NO ROBERTS SYSTEMATICALLY ¢eoNSTRUCTED
CROENEWOLD- .

_ Q Fr's ON MoyAL PLANE, EVEN
W) T H TIME - SPACE  NONCOMMUTATIVITY.
LATER smAIng PHYSIes ENCOUNT ERED

THESE STRUCTURES

WHIRTE NONCOMMVTATIVE GEOMETRY

ACCORDING To CoNNES |, NONQ,OHMU'PRTIVE

GEOMETRY 15 A SPECARAL TRIPLE HOL71Rr~|—

.
(&8 B
Gkl ety
d = B c*. ALGEBRA, PgSSIBLY Non oM MUTATIVE
V = SIRAC OTERATOR -
¥ - A& FILBERT SEACE i WHICH T HiN

pRE REPRESENTED.

IF. A S eonMumATIVE , WE CAN
RECOVER A HPUSDORFF ToPoro GreAL
SPACE ON WHILH W ARE FUNCTIWNSG,

iITS OIWFFERENTIARLE STRUCTVRE,
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(GEUFAND- NA1IMARK, ConnEsS, .. . )

(mHERE RRE ADDITIONAL nxlons,mJE TacoNuEs)

A CLASS OF FXAMPLES wiTH & ninbbie-

MU TATIVE 15 DVE Tv conNnNES AND LAND!.

\KNRNV EXAMPLES\ IF SOME AXIeMS NoT

EN FORCED : SU(‘L)% Fuzity SPACLES,GCroew

¥

MoYyaAL PLﬂNE) ol

CONCLE PTUAL REVOLVUTION : MANIFOLDS
ARE  BEING REPLACED B} THEIR BERmES,
ALGEBRAS, MUCLH AS In @QUANTUM

ME CHANICG .

THE TANGLED WE

f S

Fvzzy
QFT REGU - /7 PHYSTCS

ansn-nom\/f o s o 4

' \,enoswe—/

WOoLD -
"HALL EFFECY — MO YAL

PLANE
RQUANTUM )
G RAVI\TY
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WHAT 1S Fuily PHys\wes?

20IMENSI1ONAL EXAMPLE 51

WE GUANTISE o iy REGY LA RISE:,

INTRODUCE SHORT DISTANCE CUT-0FF

- =)

TS : %' [5?611\3: % A = R*)
NOW  CONSIDER AN GULAR MOMEWN TA
Y |

3 e - 1 Ty

EL.L, Lg'l =4 JL} ..% -& , L - LTt} .

GET
‘it R L‘ ::)
[f(tul] |
L4211 a0 ii‘ni\*.
; %) [f(h f] J
3, L l"?cz,tqg“ . AS {2 w : THEY

BECOME CoMMUTATIVE. THEY GIWE
g2 RADWHKS R,

Ful1Y GSPHERE , OF DIMENSIon 2841
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NieS,  fF oF STATEs v PHAsE

SPACE VOLUME
..

3L - 0

BuT WE KgNOw SINCE PLANCK
AND BOSE THAT Ov @QUANTISA-

TioN , )T BECOMES
AV/.h‘s * FIVMVITE .

THIS 1S THE 1peA.



WHY 15 THIS SPACF PSSy 7

AS X X (84 HR NiY CommuT

A

wE CANNOT SHARPLY Locnusk x -
(AREA)

Rov6HLY IN VOLUME ’-o-'lTR - THERE
ARE (2€41) STATES OR = STATES

PER UNIT VOLUME = (2.6.’-!-:)/1,4,_,2 20
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A

SCALAR FIELD & = PoLywomiaL N Xy

'-" (HH) - DIMENSGIONAL MATRICES.

DIFFERENTIATION: & & - (L., d):
INFINITESIMAL ROTATION. %
A SCALAR FIELD AcTION

2
6= oM 4.8 143) +2*@2)

SIMULATIONG ° X-MHRTIN, MEDINA
tET: AL
MAJOR FINDINGS °

"CONTINVUM LIMIT EXISTS B o

0RDER PHASE TRANSITION) -

e SPHERY .
(At TENSORS, O THASES -
DV\SORDERED (IlGeet 7 -V
2

UNIFORM ORDERED : { 1Cool’ 230, {!Cem! >
€40-
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NON-UNI FoRm ORDERED . ALL OVUT

2
{V'¢m 1" Y <eRo, {16t #0.

LA§T: ANALOGUE OF GUPSER- SonNDH1

ST R\PED PHASE.

SQF HAS DIRAC OPERATOR WITH

ND FERMION DOUBLING, INSTANTONS,

+-+|SEEMS] BETTER TAN LATTICE FOR SymneT

SUSY: AREPLACE SVI2) BY 0Sp(2,)=

Fuz2y STHERE BECOMES FUZ2Y N:z) Sus

SUPERS PHERE . SIMULATIONS STRRTING.

b ey

STRINGS @ MYERS: |1F v D-BRANES
ARE CLOSE | TRANSVERSE  (0ORDI-

NATES @t BECOME NYN
MATRWES . AcTion -
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ﬁuh TOTALLY ANTISY MMETRIC..

QJRGIVE

85"'9 = [@n@]] : LngR

SoLuTioNS  F G«jh STRUCTURE

CONS TANTS of SIMPLE COMPACT

LI\E GRouP.

THUS  POSSIBILITIES -

5 @t - eLA' ) IJ'& « £ E‘JR ,C = CONS -

TANT. WE CANV HAVE

ne

11 & t ‘

. ? L‘e" * MANY FVlly SPHERES.
2 (‘LL&H) : N-



i
STABILITY ANALYSIS OF THESE
¢oLuUTIoNS ANO STUDIES OF THEIR

gy ™MANy GRouPs. ( TIFR GRov?)

_ GROENEWOLO-
MOY AL PLANE
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Qw‘ 16 AN ALAEARNATIVE To LATTICE

ME THoODS -
ITEM Q& 15 MORE A PROBEf OF

LANCK- SCALE PHYSTCS.

THIS INTROODUCTORY TALK witL

PHEY
FOLVUS oN TTEMSLLZ AS M wilLL

POMINATE TH\S MEE’PINGv>

QUANTUM GRAVITY & SPACETIME NONCOMPMU.
TATIVITy * HEVRISTICS.

—

(DOPLICHER, FREDEN HA GEN, ROBERTS)
) SPACE- SPACE NONCOMMUTATIVITY :

CoMPTOoN WAVE LENGTH 'F‘/Mc e
PROBE PLANCR SCRALE L REQUIRES
T\/Mc £ L on 6y N % PLANCK
MAQ'D; SuUCH H'GH mM™MAsS v THYS SmaLL

L
VOLUME _ WiLL STRONGY CHANGE GRAVITY.
L%
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¢eAnN BECOME BLACK HoLE. SUGGEESTs A
FUNDAMENTAL LENGTH LIMITING

GPATIAL LOCALISATION -
1) SIMILAR ARGUMENMS E€AN BE MADE

ABWT T)IME- LOCALISATION OBSEnvn-
TioN OF VERY SHORT TIME SCALES
REQUIRE VERY HIGH ENERGIES. THEY
¢cAn  PRODUCE BLACK HOLES. BLACK
HOLE HORIZON WILL THEN LMY
SPAMIAL RESOLVTION SUGGESTInG

At 41X 2 L: A FUNDAMENTAL

\ENGTH:
GROENEWOLD -
THe (MoyAL PLANE

Ak Ny - Ay¥ Xy =0uy, Xu: COORDINATE
FUNCTIONS, MODELS. ABROVE SPRACETIME
UNCERTATNTIES.
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\W ™MID- ;
90°S , DoPLICHER , FREDEN.

HAGEN RAND ROBERTS SYSTEMATICALLY

DEVELOPED |UMITARY] QFT's - on

GROENEWOLD - |
Anoy AL PLANE EVEN WITH TIME-

SPACE NONCOMMUTATIVITY.

EMERGES ALSO FROM STRING

PHysSICS & QUANTUR  HALL EFFECT.

GROENEWOLD - &
WHAT lSAM()yf—IL_ PLANE \ﬁe (lR'“}

————

" ) % : Fimi

CONSIS TS 0F FUNCTIONVS A, )

WITH ¥ < TRUDULT

= ¢ wY

-
-t & -
o ¥ 8 - e p, 2No:% 8@

{ Ly X,']*-.- =4 epv :

L’ 1p*1y-1q*xr‘



'5 QHE, |
tl_g_w 'I:_I-DS EMERGES FROM/)STRInG PhySik
T S—— | — TE————

WE SAw
* HEISENBERG'S ARGUMENTS FoR MoyAL

PLANE FOR REGULATING QFT:
DOPLICHER FT AL. ARGUMENTS

FROM QUANTUM GRAVITY .

5 3% “egyrck T3 QUAUE e

HaiL CFFECT 5 AWs § SIMEAR EFFECT
' STRING THEoRY- THUS:

A HE ( LANDAU PROBLE M 3 ¢
= .
ECecTRan f -1 TERNE . B (0,0, B

:> A = -—.@-. Ealo Xb Ol;bi',l.
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[%, , %
=) st - +e'% €ab ON QUANTISATION

THIS RESUTT, FoR B9w ,!S EXACT
THEN ONLY LOWEST LAnNDAV LEVEL

PePULATED. TF P fRoOTECTOR To
TH\s LEVEL AwD Xa AtTuAL PoSiITien

oPERAMOR,
A N
xa = PXGP .

STRINGS

g Ty T N T e S T

CUNSIDER OPEN BQ STRINGS ENDING
on Dp-BRANES.

TF 6“3 s -BaL - CONSTANT 8- FORM
(NEVEV- SCHwWARZ) FIELD
E 313 x? _ara K gx
2- 4‘“d' S[g‘b a a 20 ‘f-JCl
3 Xab x? goclp

4+ SPINOR TERMS]OWUH:
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PREHISTORY ( BEFORE ~ 2004 /08

MUCH WOR K ON

@ "afFT’s AnDd RENORMALISATION

THEORY:

® ' PHENOMENOLO G LORENTZ -

gRov? VioLATIoNn, C°F, 7T, cpm, ---

L) FRO" e'gv IN txfa,x‘,].“e#”’
BT IN ~ 04,05 , CHATCHIAN ET

AL . ASCHIERT 7T A& POPVLARISE

DRIN' FELD TwIST  WHICH RESTORES
< (WiTH A TwIST! )

F’ U !. ‘, B, F ?!) !ui ” gf‘i 5‘3 H!g ¥a ]N\,;/* Q ﬁ} ;@ T\# {, g. }

CONSTANS

DESPITE THE PReESENCE OF

e -
0 N ~N }
) AL ~) 1 ™ 1 { AL A J Il

' 5
FHis Twiel gig  TWISEY £GTRTI

TitT | BRL ET HL. -

MUCH OF THI§ KNOWN FOR SOME
TIME TO M™MATID, OECkL, FIORSE;
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S0 DRIN'FELD TWIST TwisSTs BoTw

) ACTIoNn ©OF DIFFE0S |AND)
1) STATIST1¢§. |

THIS BRINGS INTO QUESTION MUCH

oF YREHISTOR Y- ANALYST S .

EXANPLE: ) LORENTZ2 INVARIANCE

NEED NOT SE  ViolLsTED ENEw IF

Gpv to. 4) MHept NEED A OE Wo

ULTRAVIOLET- INFRARED (UV-IR) MIXNG

1 81 E LATER) IW ABSENLE OF GAV6E. FIELDS:

THERE 1S ALSO A STRIKING, CLEAN
SEPARATION OF MATTER FROM

GAVGE FIELDS DVE To DRIN'FELD
TWIST. REMInISCENT OF SEPARATION

of PARTIELES RAKND WAVES e T

€hL THEBKRY. TTHey HAvE Tu BF
TREATE = o et
O DIFFERENTLY (BALSS
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THERF IS Muth Mere Te

7aLk ABovT : STANPARD MNeDEL,
GRAVITY , PHENOMENOLOG), "

MUCH RoOM FoR FANMASY -

[ExEREISE TMAGINATION

NOT ALL THE NAMES

L T

SECKIN KURKCUDGLU- ANKARA

DPABRAR QURESHI — LARORE

SALKYIN VA\DY A

KUMAR  GU PTA ey
T.R- GoVINDARRA JAN
A PINZ UL . MOSCOW

GIANPIERD MANGANO : [NAPOLT.



