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Abstract: <span>There has been renewed interest in the effect that pre and postselection has on the foundations of quantum theory. Often, but not
solely, in conjunction with weak measurement, pre and postselection scenarios are said to simultaneous create and resolve paradoxes. These
paradoxes are said to be profound quandaries which bring us closer to the resolving the mysteries of the quantum. Here | was show that the same
effects are present in classical physics when postselection and disturbance are allowed. In particular, | will demonstrate that anomalous weak values
and protective measurements are already present in classical theory, thereby showing that these effects do not represent something uniquely
guantum nor something that ought to be thought of as paradoxical. Thisisjoint work with Josh Combes and Maitt L eifer.</span>
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In any measurement of the observable associated with
the operator A, the only values that will ever be observed
are the eigenvalues a, such that Ala) = ala).

If value a is observed, then regardless what the initial
state |¢) was, the post-measurement state “collapses” to |a).

Weah measurement Weak values
UL = 3 oo ") (0 () = N (lada ) blg -~ a)
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To measure A, couple the system to a “meter” via the interaction:
U = (}—z'zfl®16
The initial state of the system and meter [10)|®) becomes:
Ulp)|@) = ) laXalyphe™""|@).
[

We want to understand the transition to some other state |a’)|q):

(a|[{q|U)|®) = {a’[1)) (g — a’).
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Weak measurement
U)I®) = 3 laXaly)e P |®).

What about some other final state |¢)|q)?

(P(qlU|4)|®) = Z(cbla Mal)®(q — a).

®(q —a) = ®(q) — ad’(q)
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Weak values

((alUl)®) = (la)al)®(g - a)

~ (614)(q) — (G| AW)P (g)
— (6ly) (@@ _ oAl <I>'<q))

(@)

) (Pl
= oW)® (q (¢|¢>)

weak value:

_ (dlAlp)
Yw = (g7
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With s € {£1} and A € [0, 1] consider the POVM elements:

(I+ sAo.).

b2 =

E, =

Check:

A=0= FE, =1/2,
A=1= E, = |sXs|

With A = 0, we use the Kraus operators:

M, = V/E, = \/g (11 + %a) + OO,
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1
My =/ FEs = § (]I+ ?O'z> + O(/\z)'

‘ cos0/2 P41
V) = ( sindl/2 ) o 1)

f
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After the weak measurement, let us do a second strong measurement in the

basis {[¢), [¢1)}.

Then, we ask what the value of weak measurement was, conditional on the final
state being @) (i.e. we postselect): Fgp (5]
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Egppls] = Y  sPr(s|¢,¢)

s==+1
Pr(¢|s, 1) Pr(s|y)
_:4; Pr(¢|v)

Pr(s|y)

1 o | (D1Ms[9) 2
Pr(¢ly) 824:‘1 V/Pr(sly)

1 I+ %8)\02
Pr(o|)) SZ:HS (9 /2 )

2
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After the weak measurement, let us do a second strong measurement in the
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o= (

cos /2
~sinfl/2

)

o) = (

cosfl/2
sinfl/2
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1. Preselection
q‘b 2. Weak measurement

4

i 5 3. Disturbance
R}

4, Postselection

1 Preselection: Alice tosses the coin, the outcome @ is recorded, and she
passes it to Bob.

2 Weak measurement: Bob reports s with the probability
1
Pr(s|tr) = =(1+ sAv)).

3 Classical disturbance: Bob returns it to Alice after flipping it with

probability
(14 sA)y—46
1+ sAy

4 Postselection: Alice looks at the coin and records the outcome ¢.
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Preselect on ¢ = +1
Postselect on ¢ = —1

Evo [3] = D 3 Prslo,v)

s==1
8 Pr(d]s, ) Pr(sl)
2N Pr(ol)

- | Zq(1+s)\—5)(1+s)\
S APr(gly) &0\ T+ sA 2

)
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. 1 .
Pr(s|y) = 5(1 + sAcost) |'¢’s> _ Ms|w> Pr(?PJ_lw.s) _ O()\2)
Pr(s|i))

If we perform such an operator for complete set of
bases, we can determine the state with a single copy.
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Protecting the bias of a coin

| | Unknown bias

I
|
0 (8 1

| I H | Measure and disturbance
0 1

| Protection

I
I I
0 4 1
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Mea

o a b
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v / 1 ‘,,"‘s
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I —n 1 —n t
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then 7 ( | — 1) ) ( | — )
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Protecting the bias of a coin

| Unknown bias

1

I Measure and disturbance
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