
 

Distinguishing Quantum States gMation
Supposeyou are given a state Po or p and want
to know which you have s how bestto distinguish
them What's the optimummeasurement

s How does your ability to distinguish themdepend
on the properties of Po s p
In the absence of prior information about whether
the state is Po or ps and beforeperforming any
measurements the two states are equally likely

Then
supposeyouperform

a
binary

POVM measurement

Mo Mi to answer the question
Is the system in state Po or Ps

Theprobabilityofguessing the correctoutputstate
is given by
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Generalisation to arbitrary single qubitstates
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We can also expand M in Paulibasis as
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So wanttopick I that maximises g E T
This is the standard dot product between two
vectors which is maximised when the two vectors
are aligned Y Y

thntidwnoso

so want s a E E

Norm of 111 are determinedby the constraint that

M is tve s that M SJ

But we know from writingany state P as a

sum of Pauli operators that this is equivalentto
requiring that 181 s t s a k
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What changes y one of the states is more likely
to occur than one of the others ie your
prior charges
This will add an additional consideration to be
taken into account whenguessing I think about
the extreme case when its with 99 prob

po
More subtly this will also effect the optimum
measurement to be performed

One of the problemsfor this week will cover this

generalisation



What aboutdistinguishing more complex
higher dimensional states

In this case a supernice usefulresult is
that
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Thisgives a nice operationalmeaning to the I norm
between two states
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The trick to optimising this is to write Po p
as Po p s p P where Pt S P

are orthogalprojectors onto the tie and ve

parts of Po p

That is let 17 is Ii be the eigenvectors values

of Po p then we can write

Po p s Xi the Cail
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Now to maximise this you want to pick M
such that Trl M Pt is mat and Trl MB is
minimized



Sime P has only negative eigenvalues
P is positive eigenvaluesIii

gym p is only ve

i it's minimised when Trl M P 0

This is achieved by Ms M which in turn maximises

Trl M Pt
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Questionfor discussion How could you measure

Ap polls on a quantumcomputer

OtherMatriNorms

A matrix norm is a function 11 11 km s R
that satisfies thefollowing properties

11 All 0 Positivevalved
matrixof11A 11 O A O all zeros

11 x All 14111All
11 A 8 11 5 11All 11811 Susadditive triangle

inequality
probablythemostcommonfamily

Schatten P norm ofnorms encountered in QI
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confusedwinthe
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in my normofeigenvalues of A

FAA
d or for a non square

matrix

15ft my the singular values of A



The cases you actually see

1 I Norm 11All E tail
Operationally meaningful as previouslydiscussed

but can be hard to work with

2 2 Norm 11 All Sitti
Fat fruit

Frost
Tina

Doesn't have a nice operational interpretation

But easy enough to measure on quantumcomputer

eg Trip o p ot tripletrim Ipo
Can bemeasured in swaptest

or hoschmidtecho circuit

Infinity norm 11All s mas tail
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Often operationally meaningful

eg ITrump I s I Amn 11Mls

But can be hard to compute

Howcould
you compute

11Mila j M was an observable

Could war Trl Mplot
Whatabout 11p la
PCA on P


