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Motivation :

• Abstract operator systems (Kos) originallg
from operator algebra

• siuuilar concept applaus in free semialgebraic
geometry and free wuvesei.ly

•

Many Concepts from quantum
information

can be studied in His homework

-* iuteoestiug geometrie oljects + (possible) applications



Definition :

V E- ue.d-ospa.ee with imitation

Msi ) ☒ V = Ms (v) inherits inwolution

Cs E ( Ms (a) ⑦✓ )
nur
= HeyN)

proper Converse Cone
,
for each s > 1

,
s.lt

.

Y ✗ c- Cs
,
t w c- Mats+ (E ) : ✓

*

✗ V E C
t

C = (Cs)
s„

abstract operator system



Example: ✓ = Mata (E)

Mats (E) ☒ Mata /E) = Mats (Metal = Mats.dk )

so Cs E ltersfc) Herd /G) = Hey, /E)
e.
g.
:

↳=Pass ÷ { ✗ = EA.- ⑤ Bi | ✗ 70 } positive matrices/
i States / cp maps

Important feature : d is fiseed
,
but we

cousider all s> 1

simultaneously



more exauples horn quantum information :

matrices with

PPTS := Ai @ Bi | & Ai @BI > 0 } positive partial
i transport

reparable states /
Sepg := { A; ⑤Bi | Ai 70

,
Bi 70 } eutauglemeut breaking

i
maps /

Ss : = {✗= [! Ai@BifXblodpcsi.tive } block positive matrices
i positive maps



Suchtest / borgst AOS : CE Una propen course one

[
min

g
: = { &? ⑦ Ci | ci.cc , Pi c- Hers (G ) , Pi 70}
i

C
""

± ( c!
"

)
„ ,

suchtest AOS with C. = C
.

maze

Cs := ( ✗ c- Haus (v1 / Kv c- Es : ✓*Xv c- C }
cum = (C

"

? )
sµ

borgst AOS with Cic
<



Example:
( = (one {v1 , . . .vn }- {all.la/k0,..,lmlaHo}

liutelygeuevate.de/poly!heehalcoue
(
min /Ä? ④ vi / Pi >o} polgtope
S

=

| e. = , extension

nl

(
max

s

= {AEH.ws/V) / l, /A)so , . . . , lm (A) „ o } Pohghedeal
extension



Example:

✓ = Mata / E)
,
C-- Psdd c- Herd /E)

Them (
mi"
= Sep

mose

( = BROS
.



Definition : Concrete Operator System
H Hilbert space

V E B(H ) mit.at * - subspace COS

T
Mats (v ) E Mats ( B /HD = BIHS )

Cs : B ( Hs )
psd

^ Her
,
/v )

this Structure comes for free ! !
,



Theorem [Ruan
'

88] AOS = (OS

H (Cs )
" ,

is an AOS von V, Ken

3- l : ✓→ BIH ) *- linear

s# Cs = (ids④ * Ü / BIHS ) psd) .



Definition :
An AOS has a fiui.be dimensional realisation

if the Hilbert space It from Duan'sTheorem

can be closer limit dimensional .
noncomutak.ve

This is dual to the AOS being polyheehon
fiuitely Genentech .

Example :
Dos and PPT have a f.d. ve.aliizati.cm and are fiiütdg gen .

For Sap and Bpos weither holds
.



Free Spectrakochen = AOS with f. d. realisation

V.- ä
, Hefe

"

) = Herstal
"

t : E
"

→ Matic )

( ids ⑤ e)( Ai , . . . . An ) = He. ) ⑦ A. + . . . + 1 (e)⑤ An
= M , ④A , + . . . + Mir ④ An 70 )
linear matrix inequa-li.by

delines a free spectrahedr.com
.



Theorem (Fritz ,N . &Thom , Passen , Shalit &
Sold

; Huber & N .]

( i ) Cmi" = C"" <⇒ C
, simplex come

Iii ) C, pdyhedeal but not simplex , then
(
min

fiulelygeuualed but no f. d. realisation
C
""

not f.
g.
but with a f. d. realisation

lu particular Cui" § (
"•

, alneady for s> 2 .

foroll.az [ 'laüelloi DelosCuevas ,Dresden & N . }

Ewig bipartite state of rauh 2 is separable .
MPDO bond din 2



Wigner typeTheorem [Berger ,Dresden & N .] vesult

( i ) lf E- (Cs ) s" is an AOS with C.= Psd, (E)
which has a f.d. realisation

,
then

I c- Pos or
l c- PPT

.

Iii ) lt l is a f.g.
AOS with C. = Psdd /E)

then Pos sl or PPT E e
.

Iiii) The only ÄOS with C. = Psdd ( Q )
which have a f. d. realisation and are f. g. . an

Pos und PPT
.



lovollang [Berger & N .] ehoitype
results fail

PPT n Pos is not firuitelygeueräted .
D-
ecomp := Pos +PPT has no f.d. Meditation .

Theorem [ Bergen ,Duester & N . ] just iut.eu#iug
Over C. = E IR

' there is a chain

of. AOS with f. d. realisation
,
will

limit C
""

,
which has no f. d. realisation .



Theorem [Blum & Nechita]

% . . . 8D c- Herm ( cc) am jäutly messenalle

if and only it
a certain AOS with f.d. realisation

( defined leg % .

. 8D ) coutaius the

langst operator system over the

matrix diamond
.



Quantum Magic Squares : fun !

A- = (Aij);
. „„„

E Matin /Psds /E)) quantum magic square

¥ E. Aij = Is and [Aij = Es
e j

for all i. j = 1 , . . . , n .

U-s.c.alle.cl a quantum permutation Matrix

if A = Aij in addition
.



Reinaohs:
( i) A is a quantum magic square if

Weng Column and now. containers a POVM .

Iii ) A is a quantum permutation mati.se

ewig Column and now containers a

pnojedive measurement .
Iiii) A = ( Aij) i, „

„ „
quantum permutation matrix

V isouulvy -☒ (✓
*

Aijv ); j quantum magic square



Question [Quantum Birkhoff - von Neumann
, Magic Naimak]

b
eveuy quantum magic square of the form

(✓*Aijv )
ij

for some quantum permutation matinee

(Ai;) ?

„
immer sieze

"

s is not liseed !



AOScauhelp-e.tl
= Space of nxn Complex matrices with
Content now and Column sans

* = entny.wi.se coujugation
C
,
= come of matrices with E Uher
nouuegativeeuh.i.es

Hers (v) = Matin ( Herstal)

(
max

a quantum magic squares



Theorem [De las lunas
,
Dresden & N

. ]

The AOS generaled by quantum permutation
matrices is shidly coutaiued in
(
max

.

There eseist quantum magic squares which
do not dülate to a quantum permutation
matrix

.

1-Fou n=3 this fellows since quantum permutation
generäle cui" auch C

,
is net siiupliüaly



Geometry of Linear Matrix Inequalities

Tim Netzer and Daniel Plaumann

November �, ����

Ad
-⇒wer.#summt ! ! !

avoihatte soon ...



Thank
you for your

altention ! !


