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INVESTMENTS IN EDUCATION DEVELOPMENT




seminal idea

Set A of observables of a sgstem.
We do not know whether sgstem IS

classical or quantum
Theorem (Alicki, van Ryn):

(1) A is commutative. To wit, for any pair X,Y € A,
e — e e — )
(i1) For any pair X, Y € A with X >0 and Y > 0,
{X,) Y} =XY+YX >0.
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(1) A is commutative. To wit, for any pair X,Y € A,
v Sy . |

(ii) For any pair X, Y € A with X >0 and Y > 0,
B =one dven g

quantumness witness (QW)

X, YeA

X, . 1)

on =
it Qis not Positive definite then Qis a QW
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feriments (Turin)
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P. Degjovanni, M. Genovese, V. 5chettml
and A. Mlgc]a”) Optics Express 16, 11750 (2008).
G. Brida, I.P Degjovanni, M. Genovese, I Piacentini,
N. Gisin, S.V. Polgakov, and A. Migcﬂa”, Phgs. Rev. A
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(b) Expectation value of B2 — 42,
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comments

o Alicki and Van Ryn, J. Phgs. A: Math.
Theor. 41, 062001 (2008)

Alicki, Piani and Van Ryn, J. Pl’)gs. A
Math. Theor. 41, 495303 (2008)

* many definitions of classicalitg
o semiclassical limit
* Wigner, Suclarshan) Glauber-...

o nterest ng? obvious?
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QW vs EW

We say that an observable ) € A
is a quantumness witness (QW) if

- for any classical state p one gets p(Q) > 0

- there exists a (quantum) state o
such that o(Q) < 0.

Everg EW is also a QW




(i) A is commutative. To wit, for any pair X,Y € A,

iCJCiEﬂ’ [X,Y] =XY -YX=0.

(i1) For any pair X,Y € A with X >0 and Y > 0,
{X,Y}=XY +YX >0

o extend Previous definition to states
o after a”, states are densit9 matrices

o therefore states are Positive o[:)erators

* arXiv:1201.1212 [quant-Ph]
“Measuring quantumness via anticommutators’
Phil. Trans. R. Soc. A 370 (2012) 4810

“Classical to quantum N large number limit”
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Modi, Fazio, Pascazio, Vedral, Yuasa
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repinrase in terms of unambiguous state
discrimination and Probabilistic cioning

(Bergou, Buzek, Hi”erg, Herzog)
P1

P2

states

o1, p2] =7 p1,p2| # 0
{p1,p2} assumeitcan be measured

' as well as..

{p1,p2}, {pl pi}s{p2: pa}, {{p1, p2}s prts
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N general

interference

7 I 7 between

0) and 1)

—

visibility ~ tr(p1p2p3p4)

: valid for quDitsl










irst observation

fil e b0 el ;
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p1,p2] #0 not positive definite

| >
seconcl observation

o= i > 2 o)ol.
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max elgenvalue not degenerate a
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Précel:)t (Sfeaphervn Hawkiﬁg}

Someone tolcl me that each equation

| included in the book would halve the sales.

| therefore resolved not to have any
equations at all. In the end, however,
| did put N one é:clua’cionJ Einstein's famous

equation, Ezmc”2. | hope that this will not

scare O‘H: halF OF mg POtGﬂtial reaclers.
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pure states
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reminder
XS bring to Iight quantumness bg measuring
anticommutators

> donia Fac:t: onlg anticommutators

o butin general one pays a Price:

| 1igh~orcier interference necessary

o for some states, it can be difficult to bring

quantumness to light

e o T | e e e, L S e




