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Stage & Notation

H Hilbert space
(*s+) scalar product in the Hilbert space

|| norm induced by the scalar product

Y €N .

, two normalised state vectors
Y| =y =1
A H—H, p— AY linear, continous

(A)y == (1, ) Ay A= [(42), — (4)2

expectation value rms deviation




QMIE

A:H—-H linear, continous, self-adjoint
cos := (10", 1)|  absolute value of overlap
0 € |0,7/2]

[(A)y — (A)yr|cosd < (AyA+ Ay A)sinb

Ay A+ A, A
(', ¥)|° < Byd+ By A)

(A)y = (A)y)” + (ApA+ Ay A)°




State Discrimination

QMIE generalises orthogonality of eigenvectors
to different eigenvalues of a self-adjoint operator

r o2 ! _ Ay = (A)y]
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State Discrimination
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QMIE: Proof

auxiliary vector ¥4 1= Ay — (A)y
Ya L, WA| — A¢A

(W', Ay = (@', ¢a) + (A)p (¥, )
(AP’ ) = (Y, ¥) + (A)y (Y, )

self-adoint, rearrange
N taking absolute values

[(A)y — (A)yr [ (W 0)] = [{ha, ¥0) — (@, a))




QMIE: Proof

Estimate |: Triangle inequality

‘<¢147¢> o <¢/7¢A>| < |<¢f47¢>‘ + |<¢/7¢A>|

Estimate lla: Decomposition
v = (¢ — ¥ (¥, 0)) + 9 (@, )
Y = [ )+ — o (@)
' (' )]° = sin? 6




QOMIE: Proof

Estimate |lb: Cauchy-Schwartz

(¢ — " (' ), )| < |9 =¥ (W, )| |4

N/

{t, ¥a)| < (sin0) (Ayr A)
Analogously: [(1",14)] < (sinf) (AyA)

[(A)y — (A)yr|cosd < (Ay A+ Ay A)sinb




QMIE: Saturation

® Saturate triangle inequality

® Saturate Cauchy-Schwartz inequalities




QMIE: Saturation

‘<A>¢ — <A>¢/| cos 0 = (AwA —+ Aw/A) sin 6
A\

\V4
A(Cy +Cy') C (Cy+Cy')

(¥, AY) = Mo, )
min{ (A)y, (A)y } <A < maxi(A)y, (A)y}




QMIE: Saturation

0<0<m/2

from now on
(cases on the edge are trivial)

Cauchy-Schwartz: saturation iff involved
vectors are complex multiples of each other

pa € C (W = (¥, ¥7), ¥y € C (¥ =9 (¥, ¢))

> Ay € Cy + Cv
Ay’ € Cyp + Cv)f




QMIE: Saturation

a || (¥ = (¥, ¢"))
pa |l (¥ =" (W)
AN

A(Cy+Cy') C(Cy+Cy)

ha Ly, Py Ly

stabilised subspace is 2-dimensional




QMIE: Saturation

\Wf&p@ N <¢/7w14>| — |<¢f4»¢>\ |<¢/,¢A>\

Triangle inequality: saturated iff complex
numbers are real multiples of each other;i.e.

o (Yy, ) + B (Y, Pa) =0
(a, B) e R*\ 0

(0", Avp) = A", )
Q B

A= &+6<A>W I a+ O

(A)y




Structure of A

Restricted to subspace stabilised by A now
Ho=C-v+C-¢' CH

Only look at restricted operator anymore

Aly, = Ao : Ho — Ho

(A)y < (A)y




Structure of A

Choose an ONB e = (e1,e2)

w — €1 One can ignore phases
p . . L
w — cosf - ey +sinf - e (conditions are invariant)

Matrix representation of the operator

A A
M (A, e) — (A; A;j)

Aq1,A20 € R, A1 = A5,




Structure of A

Use
' A
Ao < SE <
to find
.
A= <?<7ib’/f?l;§> — A11 + tan 6 - AQl

Aol = Aqo, A21,A12 €R




Structure of A

2.At lower bound

A1 < A +tanf - Asgy
A1 >0

3.At upper bound
Agg > Ay +tanf - Ay




Structure of A

S a
M(Ao, e) = (a s+ b- tan(9>

s,a,be R, 0<a<b




...tbc

® QMIE invariant under offset and scaling
® Normalise A to a spectrum of {I, -1}
® Reparametrise

® Put into context with other State
Discrimination literature (lvanovic, Peres)
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