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So
, any single-gubit basis measurement is implementable.

Bomb-tester thought experiment (Elitzur-Vaidman 1980)

There's a purported bomb but possibly a dud.

↑ photon passes through芳

U with no effect
duch

- photon enters but then everything
ㄴ explodes



Can we figure out if bomb or not while minimising
the

chance of explosion ?
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e. acts like a rotation unitary.
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Case 1 : It's a dud
.

Pr/ascept (dud] = cos" O,

Pr) reject /dud] = sin 8,

Pr [explode/dud] = 0 Question for class :
Is there anything quantum

Case 1 : It's a bomb
.

?

Pr/ascept /bomb] = cos"O,

Po) reject /bomb] = 0

Pr [explode/bomb] = sin" 8,

↑Small O
, ensures low risk of explosion. Moreover a notification

"reject" is the all-clear. But this test isaffectively classical.
·

Can we do better?
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Now what's going on?
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If dud
,
state being measured is

cus (0,-0a) 10) + sin (8, -0z) 11).

Then
, Pr/accept /dud] = cos" (0 , -02)

Pr/reject (dud] = sin
?

(8, -02)
Pr (explode/dud] = 0.

If bomb , Pr/explode/bomb) = sin"O .

If it doesn't explode , collapse to 10) (safe path).
So second measurement is of 1-02) = cus (-0a) 10) + sin (02) /1.

By conditional probability.



Pr (accept /bomb] = cos O
,
Cus On

Pr (reject/bomb] = cos"O
,
sin"O

Po (explode/bomb] = sin "8,
,

Choose sin"O
,
= E

, explosion rish. In order to force only
1 outcome with a dud

, pick 8
,
= 82..

Then dud always accepts and

Pr (accept (bomb] = D- E) = 1- 2x + E

Prfregeet Ibomb] - ( 1 - E) E I E - E
2

Po (explode/bomb) =
-> = ε

Certified the presence of a bamb without
any explosion !

If "reject" is seen

,
bomb is known. Trouble is detection prob

detonation probabilityHow do wa boast this to something
that detects with high prob but also explodes with the same

prob



Recycledphoton bomb-test

ㄇ

↑
m

".
T times

Let's try to build on the interference patterns and instead

of using
a fresh photon each time

,
let's recycle the photon.

T times let's pass it through the beam splitter and

after tha let's measure with the detectors.



Case 1 : Duch
.

Each
pass applies Ro for a total of (R)T = RTO

.

S massured state is cos TO 10) + Sin TO 11]

=> cos" To of accept ,
sin"TO of reject..

Case 2 : Bomb
.

Claim Conditioned on surviving past rounds
, starting state is 10)

Then afte rotation ,

cos 8 10) + sin8 11).

with prob of surviving in round t
,

conditored on surviving
first t-l rounds is cos20.

Prob of surviving
= (cos)[1-T(1-cos)

=> 1- Tsin
?
8.

So Pr[explude/bomb] = Tsin"8 = TO?



If it doesn't explode , state is 8.

Pick 8 = #
.

Then,

Pr/reject (dud] = sin"TO = 1
.

器
If we tolerate risk E

, pick T= R(E).

Optimal demonstration of interaction - free measurement..
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Properties : (AB)(CD) = ASCB arming
dims match

(AB)
+

= AB"
,
(AB)" - A B" (when invertible)

A ([biBi) = [3 (1Bi)

([a : A.) B : [9 : (AiB).

Tansor products of reators as vectors are 1-3 matrices

*erines 10) (1) 1) and 10)

10) @ 1 )@ l 0 )- 10)11 )10 )- 10 ,1, 0) .

& (x1 ..., An] for Xi = 30, 13 is the x* basis rea
. When

interpretad in binary

Oftenme just ignore commas and write as Ix).

[1x) : x > (013] form computational basis ofC$2.


