Uni ﬂ Bmmund%m
’POJJ @ne ﬁemm :ﬁ Motiamizhial Phgico  Sominar
+ Axiomakic  Approsche > Quamhum teld 'TF%(

* Funcouold rl':ddfmﬂgj

von Neumann \A\i‘ebmb

Nivedita.
Aflictions : Mudor Cong,?)ewm o Tbead Physes,  Muffamlinl Trehhile

Y
\(‘ Q

miss. wivedita @ merton. ox.ac . uk

Maxch |7, 2025



& Trdoduction
Hlbet 1901 Lo ngSPJwU@vm

Sixth Prolem
Foumalalion / Axiomabsalin g W

Meiowabe Mooy, @@
— S

W\/ A Hang Kastlon Axi Ay S °
8 (o K - 30
19605 rome af_] aﬁféo.s e J jaialQ@Oim
Tidds , R\aebm ﬂ dbsmuaﬁ‘&o 5|>ace t:f St .omd
\o\m{o&m voduod A}JMM% %A(v} Wrm
AQF T ot
Placbsie. QF T FQFT

Funclounl @FT



O, Funcouinl Apbuonch Jo  Quambum Tield Wwﬂa
Ca{é}du'(’b oamd  Tumetoo Sounte -mﬂd:

AmmmiskﬂamWMogwmuwMényqu

e vnM,van Jwo & pounte olgjeotmda
uﬁm Ao rompose  workluomo , Fore WMM@WM&W%@#.
Cmn‘wsih'm 40 peootnlme | olisieo W%Awgﬁtwilcwﬂa
ExannHe;.(*;F amd morphismo )

el Qﬁe 3 Qiéc Set  (eels amd chbm
Jg& 5 .’3 af\ h \,ectm (vechor dhoeso ool Sirgon mnﬂs>
%Am ) Grp g W Amd MWWWW{ )}
7 : . T ologus @})Mt’o A
M- " C’:\;:) ( mam omd Pumaﬁ%)wm#
Soure o7 QinM LI%.:MX - 69{),,,,',, (c/osed n-1 dim monifold wrd h-dim obordlisms)

w pZ=—) ey
o O, 00, T
() e " “ compsibon SJumg /



A fwnchn F: € > H
isouvm%swd:ﬂjm C n P ﬁmdgui FCSY um ®
wch wobhisr £: X =Y in € do a mabhom FCP:FE)~FCY)
such ¥l F(gof) - F(Qo FCED fon all sompocalle fus £.q in € o
FCidc)= idFCC) {2% 1)) D%ecjo n C . P ol ; ) F(&)- F(3)
F <';</:,,,8\.—£ > 0w g\é Fz)

A woneida] mﬂae\g 3 eqund with, o vielon e&f lywduc't ﬂ«is gﬂledi [dem}ﬂler@

* almtn ® : Cx € — €
oo umd object 1 ¢ C

+  Ossotators (— ® — YO — — o (—
4ﬁeffam0’Ma&thMo 1 ® — = — , — ®1 = —
O e ( ®)
SMLAMQt (e 1o _5 e
(1o@ 7 o] N

N R CERD ok
® ®

“hringle ” ' ' )
PN CLIGEINY:, > ®((0 ® o )




Meﬁe e prupubes a(a?aiﬁ IW]
A d-dim funchnial %d&% do sarmmoﬁu'o monsle)  funchor

Z: C@Jaf, o > Vet
closed d-lmamifoll S +—— Z(S)
Hp vechnr
c %J,fm Q{%WM%
| Sm Z oul
Turclorialiy ~ Localily p/g > 7(2): 28 —» Z(5)
/D o Lo wiah C}Mﬁﬂ@o}%)
Quamtum. > — ¢
. & @ &b — c — C e C




2d ConFm/maﬂ el 77@&@
C';Wtaﬂ > @C‘:T

~_ ¢ 7

anB ¥-park

24 (hunal Con'Pg«maL Baﬂal 1%9{‘

/

N} am Axioms H tz/asfﬂw Axionw Ak a\,/QL Saaqﬂ W&M
\ x@?ﬂmbbm e (onfymal Net - - -> Z.‘CO%:T{"CD
VO As (rb Cfm‘) - W ’ L (ot

|, Kawoahiqashy
U/n”-ma lofgo,h)ein(hj 2015 @ N g\:oce OI’ cmP‘M“a

—\\enriqu,’fen% (.uPDWMJ>

2d  chml COV\[—’m/maJZ {%e@d—%m{{ Al ol e Jb@umdw(u},@(;}{’ Bd‘T@FT\



%5(0 \)'\) alaﬂ'))lao *

e g P@f, Com[sﬂoia L\J ",501089% (N"‘WVEC,%-Peme)cs)
let H b o  Hilbt Shoes . .
Al BeH) ko e * - dlhobuo. of bourdal Jomoen,  eforatons on H.

Defn.

A von Newnamn A on H 4 o *-5eb ggCH)MM ,
A" = A whee (A'=ibe BCH ;ab =bd v aeA} agpd A =(A)

A Dbt wodule oun @ von Newwomn o, A uo o Mland shaee \H  0guiftod
wlfe o JIQTHDWWLW A — R(R).

An A-B-bimodule s o Mllmt shoce \Hg oqupbl wite A — BlH) , B —RCH
1hoa. amoges Rommile BCH)

An  absiaet  uon Newniam aﬁad)m (W O L *rW dopmnbhus
Jp a won Newmann algda/m on aomp Hileosrt shoes

By Tamerup?5 piy abehract vN dgpba A ddmils 2 Lo Anooeealsel
Millyit. aL2An which d am A-A  bimpoludy .

This w albol ob wlomdwel B ( non- commuteluic |- shoco) |




Let A A— BIA) gnd € 1 A"— RO*A) be  H ackom
M”-' let Hy, amd aK ke o:éj@ o /&# A moduly vedy.
T Conms fuaom H @ K Hilbwd shaee  Lompllon

f Ao wckor spae o A, ) ® LA Hom | (L2A, K
— R A T _

wth omheet o Ho uman peoduct
(alo%, 0% 10,5500y - 9, 67D TV,
® s pssedwe  omd LA w e wmt .

A

Al lomglng ewawon
gk - t"‘Z\ﬁ“z(EmLu-m GH ®"K>> PO



Nivedita Vij
op


Next WOLQ conshuchen @d’
Segaﬁ (FW)C,@’WQB 7( CFTs Rem UWW Nels




| Tant
é Con?mwna,ﬂ Nels

6. Solilnic Reprwnlations of (omfornl Nets

é Roe o  2-Hilb smol - 3-Hilb (WWW}
.

Funchoual WW do  stobordoms
(O ad 1 dimensions)



ACD

G)\n ﬁwwma Nets ; ~

M time
vacCuwm Seclor, We define a conformal net on S* to be to be the data of
a Hilbert spae Hy equipped with a projective unitary representation U of Diff* (S?)
on Hj, and a pointing €2 € H, called the vacuum vector, as well as the data of a von T
Neumann algebra A (I) € B (H,) for every subinterval I C S*. These are required ‘_.o\-:ahm:.

to satisfy the following properties:
fy & PTop Chiral :  ALD) on\ll de,t:evds on ‘lwae

o

\ech
e Isotony: For any two subintervals I, I’ C S, if I C I’, then A (I) C A(I"). 3 O unin fry M—> M/F,

e Locality: For any two subintervals I, I’ C S, if int (/) Nint (I”) = @, then

AW, AI)] =0.

e Covariance: For any g € Diff " (S!) and any interval I C S!, we have

Ady(g) (A (1)) = A(g (I)).
e Vacuum For any g € Maob , Q) is preserved by U (g) (upto a non-zero scalar Tluoduead
. . . — !
multiple) and € is cyclic for \/, ¢ A (I). G)abbx:a/M" "}J'LOLCDW Q3 ~

e Positivity of the energy The U is a positive energy representation, that is,

the generator of the one-parameter rotation subgroup has positive spectrum.



(-mwg ppabieo hld for g Grfromst net

e Reeh-Schlieder property The vacuum vector €2 is cyclic and separating for
each local algebra A (I) for each I C S*.

Bisognano-Wichmann property For every interval I C S*, there exists a
one-parameter subgroup Ay(t) C Mob which fixes the boundary points of I,
such that U(A;(27t)) = AY where A is the modular operator associated to

A(I) and Q € Hy.  (Tomita- Tahesoki )
Haag duality The commutant of A([) in B(Hp) is A(S* \ int (1)).
Factoriality Each local algebra A(I) is a type III; factor. syvial Cenlek

Additivity Let Z denote a covering of the interval I, then A(I) C \/ ;.7 A(J).

For some conformal nets, a property called strong additivity holds. A conformal
nets A is strongly additive if A(I;)V.A(I2) = A(I) whenever I; and I, are the closures

of connected components of I \ {p} for an interior point p interval I. In the following

work, we relax this condition and hence we also do not limit ourselves to rational

conformal nets. Virasoro nets with ¢ > 1 fail to have strong additivity.
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