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#T Fundamental Concepts & Applications in Quantum Information

AY Exchanging Quantum Information

#cloiorem There is no physical device that does this

--II* unentangled copies

for Alqubittates 14) = x10 + B11)

This is not inherently quantum as there is a similar theorem

you can prove if you have probabilistic bits

There are some similar looking things you can do

e
.g . You can make as many copies of 107

,

11
,

It 3
,
or any

fixed state

e .j . *-E is possible if 147 =[107 , 1173

How would you do this ?

C
. 8 . ** is eSenate atsitedtosty

Craryfcloniorem Unlearnability of a qubit (from one copy)

You can't learn the amplitudes a 10) +B11)

#mptsga coner Let us consider the following

"I⑯
CLONER ?

①



Does this work ?

#put Output
-

107 1807

117 1117

1 + > 1) ? but we get the EPR pair 11K
52

a 10) + Bl17 Idnt a4100) + &B101 + Bal10) +B11K
but get x100) + B111)

⑭fofflowingeven

#tive (But not a complete proof)

a10s+!I (100) + aB10K + Bal10)+211)
-

CLONER

(i) - 1! This is not a linear map

But one can do measurements & use extra qubits as well

#Proofl suppose I a doner
-

(without
measurements) - 143

Es
(14) ) = 14(a)a(f()

Let's apply 1 to 107
,
11) and It

((10)x10(
**-) = 100( x(f(0)) = 0

x(1130107
**-) = (110(f(1) = ⑪

x((te104
-

) =

1+ + x(f(+1) = 0

Since L is a linear map , I & +E*
= &

②



ja +E
=

E100)x/f(0) + =(11) e/f()

② =(1002 + 110k + 1140) + !(11) * (f(+K

But these two states are not equal

e.g . if we measure the first two qubits

+E :
see "oo" or "ll" w/prob I each

& : see all 4 outcomes w/ prod I
each *

lcompan Can we clone a biased coin ?

If we can only toss it once -> No !

If we can toss it many times , we can estimate the bias

The situation in the quantum case is similar to having a one-time flippable coin-

~

and you cannot look at the coin either

But if you have access to many copies of the quantum state , you can learn it !

This is called quantum tomography

turtation

Suppose Alice has a qubit 14) in an unknown state
and she wants to send it to Bob

- They can only exchange classical messages
- They share an EPR pair

mine-
⑧ ⑳

0 10 O
Alice sends Bod two bits

ImI I Bob has the state (4) afterwards
↳

- Alice's copy is destroyed

③



-Alice 143)-- text messageI I
⑧

IEPR] !
n- a classicall bits

Bob --
- 14

ra) "I ebit + 2 classical bits
I qubit

"

Even if Alice knew the description of 14 you would think she needs to

send many bits to describe the amplitudes , but here she only sends two
bits & Bob gets a perfect copy of 147

Hoxy does this work ?

suppose that Alice and Bob could do a distributed (NOT gate where Alice has

the control qubit & Bob has the target

We will describe how they can do this in a bit but let's proceed assuming this

Why CNOT ? It's the thing that's most similar to copying
distributed

Alice (4) = 1107 +Bi-Jaloo+BI
BOls

At the end Bob is supposed to have 14) and Alice's copy is supposed to be destroyed

What can she do
?
Measure her qubit ?

#Alice measures in the standard basis -> w/prob . (a Bob has 107 Not what

1931 Bob has 11 we wanted

⑭2 Alice measures in the 11) basis

Let's simulate this with "Alice applies a Hadamard gate & measures in the Std .
basis"

a

i
--

Bob

a+ + - = 6100 +
/10 + 10 - ④



After Alice measures

#(outcome o] = El (E = 12

Bob's qubit becomes & 10) + PIK which is 14p7 -

IP (outcome1] = E

Bob's qubit becomes alo) -BIT -> Almost 14) but not quite

Alice texts Bob her measurement outcomes

If 0 : Bob does nothing

If 1 : Bob applies the Zgate/ ! -) "!P
& Bob has 147 =

Note :
Alice's qubit is destroyed after she measures

How do they perform a distributed CNOT without getting together ?

① ②
Alice 1) --oi Let's say Alice first does

I I a local CNOT

·

#!
--Bob -

At time O the state of all three particles is
Target
↓
1000 + , 101 +100+ K(x10) +B11(x(100) +1)

= En
Control

At time ②
,
the state is 1 1000) + (101 + (110) + /10

E

Now what ? At the end Alice's wants to do a distributed (NOT with first qubit
as control and Bob's qubit as target
She measures the second qubit

⑤



-1000 + 10 + 100 +

I (outcome.
" 0") = = I

State of particles 18 3 is x 100) + B111) -> Distributed (NOT !!!

[I outcome "1")= I

State of particles 10 3 is a 101 + B110) - Not quite what we want

But Alice can text Bob what she measured :

if "O" : Bob does nothing
if "1" Bob applies NOT gate to his qubit

Then
,
the state is 2 100) + BIIK = They have performed a distributed (NOT !

NEXT TIMEi Information Content of qubits & Basics of Quantri Computing-

⑥


