
 

teats
Notation Let M F and Ma 32 be
tracial von Neumann algebras

Let M M Mz be their flee product
If U is an ultrafilter on a set I then
McMU is the ultrapower UN algebra
Remade If u c UM use U Mz are Haalunitas

POPE'S u n MCM and 3424 nM C Mz
Hence u n M and 342 n M

are freely independent

Theorend let U be a free ultrafilter on IN
and u EU MY use UM1 beHaalunitas
Then 44,4 nMU and 34,4 nMU are
freely independent

Example let a L E where F a az
Let u Ua and 42 Uaz

Th
14,4mm and 424 am
are freely independent



Remad Represent u a n 42 142 n
where u nEU Mi Unit U Mz
are of finite sank
Then 34,4hm The sums n r

424 nM IT 342ns nm

where 3u.int am
342 n CM

CM are
n

Leket unnawakamelagavalli 2024
random matrix approach of to Thm
where M and Mz are Connesembeddable

f f fftheyg
M 61 ECM C ECM C 1

if in I Min QQ 1

For ie 21,25 let Wi c 14M It bethe
11112 closure of the span of wolds stastingand ending in Mi It



Let ei ECM I Mi be the orthogonal
projection

Claimd Let it 1,24 and Xn edu am
Assle 6 x

Iligan 0

Then ally 11xn ei xn 112 0

Pfying hm amounts to showing

Xin Ui4 n mu
2 Xan Ui n MU

Yan 344,4 n mu
i iz ik
3 31 2 3 Xk 0

Z X X2 Xk 0

play 3 XunYin Xian
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ClaimI 11
j n eijkj.nlf0ClaimI11xi.nxz.nXkneifxi n eifXkn7lle

Claims 2 Ei 4 n eizlxz.in link n 0
n

Claims 3 in Xan Xian 0
which finishes the proof

To prove claim we combine Claim
and the following result

Mei Ricald 20171912 pea a top 0 sit
leica llp Cp 11 1 p EM i e

ei extends to a bounded opelatol
LP M LP M Iap Coo

Fact let y EM lly.tl 114,44
Let p 2 such that

if 1 P 32

Et



K 1 times

Then

114,42 4 Ei G eiga like Is
114 Ye ye lielgede.ieteti Yti
Illyillp Hye pllyeei.ee llz 1kfdNCHoldee

a
CplYelp

Cp
eÉlyélie'se

Fact Claim



FarahHaltshelman 2011

model theory of II factors
Two II factols M and N are

elementarlyequivalent e e if
17 NV for some ultrafiltees U and V
Reman PropertyGamma and McDuff's
property are invariant under e e

Boutonnet Chifan Ioana 2015

uncountably many separable I
factol 4144242 which are pairwise

non e e
192 has McDuff's property

hence property Gamma α

Theorems Chitan I KunnawalnamElayaval
2022

a separable non Gamma II factos
M such that M is not e e to

N N Nz TN Nz diffuse
Connes
embeddable

any N with h N 0 in the sense
of Jung and Hayes



Theoremt Houdayed I 2023

a sepalable non Gamma II factol 19
which is not e e to N N Nz
Ni Nz diffuse
a separable non Gamma II factol

M such that
u u EU 19 with24,4 2424 2 independe
Haal unitaries v1 v2 U M sit

Eu v Iv u V2.42 0

in
AssumeMEN 14 NO

Let u EU N Uz U Nz Haal unitaries

Since NV M Is u uz EU NV
Haal such that u V u Uz VzMz o
Then we u n NV Thm

YE 3424 n NV v2 are
314 2 U2 0 freely independent



Vi Y 0

Questions show that
41127 HEXIE L S Z

are not e e

The proof of uses a perturbation

lemma if X Y C M C 1 are finite
M is a II factor

and X Y are almost 2 independent

Fve U M such that
11 v 1112 0 and
UXv Y

This has the following consequence
TheoremI Let M be a factor
and X Y CM C 1 be finite sets
Then UEU M such that

uXu Y
i.e Z uxu y O xEX yeY
Fs strengthens the fact that
E so ugeU M sit UqXue Y



Adc
U M M is weakly

mixing


